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Everybody eats chicken: mammal predators of domestic animals in rural 
Amazonian smallholder properties
Fernanda Michalski a,b,c, Ricardo Luiz Pires Boulhosa c and Darren Norris a,b,d

aEcology and Conservation of Amazonian Vertebrates Research Group, Federal University of Amapá, Macapá, Brazil; bPostgraduate 
Programme in Tropical Biodiversity, Federal University of Amapá, Macapá, Brazil; cResearch Department, Pro-Carnivores Institute, Atibaia, 
Brazil; dSchool of Environmental Sciences, Federal University of Amapá, Macapá, Brazil

ABSTRACT
Wildlife predation on livestock remains a global challenge for both smallholders and biodiversity 
conservation. Using in-person semi-structured interviews, we investigated the mammal predators 
of livestock and domestic animals at smallholder properties in the eastern Brazilian Amazonia. 
Smallholders raised between zero and four livestock species and the type of livestock raised at 
these properties was the most important determinant of mammal predation. Across all proper-
ties, six domestic species (cattle, chicken, dog, duck, horse and pig) were reported to be predated 
by 11 terrestrial mammal species. Chicken was the most frequently reported domestic animal and 
prey, with 87% of smallholders raising chicken, which were reported to be predated by nearly all 
(n = 9) of the mammal predator species. Terrestrial mammals were reported as problematic in 
two-thirds of properties. The most frequently cited problematic predator species was the small- 
bodied opossum (Didelphis sp.), whereas most predators including large-bodied species such as 
jaguar (Panthera onca) and puma (Puma concolor) were cited as problematic in less than 15% of 
interviews. Capacity building and environmental education are likely to be key to ensuring 
smallholders can adapt and implement effective management solutions to reduce possible 
negative human–wildlife interactions.
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Introduction

The rapid growth and expansion of the human popula-
tion worldwide (United Nations 2024) coupled with 
the ongoing and future land-use change (Powers and 
Jetz 2019; Winkler et al. 2021) will probably increase 
the proximity between wildlife and people. As humans 
and wildlife compete for space and resources, human– 
wildlife interactions are likely to continue to increase 
through the 21st century (Nyhus 2016). Such interac-
tions can be negative when the needs and behavior of 
wildlife impact and/or are perceived to impact nega-
tively on the goals of humans (Madden 2004). Most 
common negative human–wildlife interactions are 
related to crop damage, the killing of livestock or 
game, or occasional attacks on people (Thirgood et al.  
2005; Inskip and Zimmermann 2009; König et al. 2020; 
Bombieri et al. 2023).

These interactions are historically best documented 
with large mammals with a focus on carnivores (Inskip 
and Zimmermann 2009; Torres et al. 2018), which are 
more prone to interact with humans because of their 
large home ranges and diet (Tucker et al. 2014; van 

Eeden et al. 2018). Mammal predation on livestock 
remains a global challenge for both smallholders and 
biodiversity conservation. Indeed, a global review of 
conflicts between humans and terrestrial vertebrates 
found that attacks on domestic animals are one of the 
most common causes of conflicts (Torres et al. 2018). 
Thus, due to the wide diversity of predators and 
domestic livestock, detailed local knowledge is needed 
to inform the development of effective actions to miti-
gate depredation, reduce negative human–wildlife 
interactions, and favor a more sustainable coexistence 
of humans and wild animals.

Most of the literature on wildlife predation in the 
neotropics is related to large predators on large domes-
tic animals (e.g. cattle) (Michalski et al. 2006; Rosas- 
Rosas et al. 2008), and in Brazil, this research topic is 
mainly restricted to biomes such as Pantanal and 
Atlantic Forest (Palmeira et al. 2015; de Souza et al.  
2018). Thus, there is a lack of literature documenting 
wildlife predation on small and mid-sized livestock, 
which can be particularly important to rural small-
holders across Amazonia (Perreault 2005; de Souza
Mello Bicalho and Hoefle 2008).
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Here, we examined the effects of private property 
and forest cover characteristics on the occurrence of 
predation events upon domestic animals in a highly 
conserved region of the eastern Brazilian Amazon. 
First, we describe mammal predation events as well as 
the predator−prey species network reported by small-
holder landowners. We then evaluate multiple working 
hypotheses to examine if property characteristics could 
affect the occurrence of predation on domestic animals. 
Finally, we examine if forest cover could affect predator 
species reported. We also contribute with suggestions 
to reduce human–wildlife negative interactions in small 
properties across the Amazon.

Materials and methods

Ethics statement

Permission to conduct research and to perform inter-
views with rural residents was approved by IBAMA/ 

SISBIO (permits 45,034–1, 45,034–2, and 45034–3). 
Ethical approval to conduct interviews with humans 
was obtained from the Ethics Committee in Research 
of the Federal University of Amapá (CAAE 
42,064,815.50000.0003, Permit number 1.013.843).

Study area

This study was conducted across 10,000 km2 in Amapá 
State, eastern Brazilian Amazon (Figure 1). The state 
has an extensive network of protected areas, including 
indigenous lands, strictly protected, and sustainable- 
use reserves (IUCN & UNEP-WCMC 2024), which 
represents about 74% of the total area of Amapá state 
(Michalski et al. 2020). According to the International 
Union for Conservation of Nature (IUCN) criteria 
strictly protected areas and sustainable-use reserves 
are categorized as classes I-IV and V-VI, respectively 
(Dudley 2008). As a consequence, Amapá is the state

Figure 1. Location of the study region in Amapá, eastern Brazilian amazon (inset map), showing the distribution of the 71 
interviews (dark gray circles) conducted from May to August 2015. Green, white and blue areas represent forest, non-forest area, 
and open water, respectively.
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with the lowest deforestation rate among all states of 
the Legal Brazilian Amazon. From 1988 to 2023, 
Amapá state contributed to an accumulated deforesta-
tion rate of only 0.34% (1,687.00 km2) within the Legal 
Brazilian Amazon, whereas neighboring Pará state, 
contributed to an accumulated deforestation rate of 
34.64% (170,073.00 km2) over the same period (INPE  
2024). The Legal Brazilian Amazon is a political- 
administrative region created by a Decree in 1953 to 
promote economic and social development of nine 
states (Acre, Amapá, Amazonas, Pará, Rondônia, 
Roraima, Mato Grosso, Tocantins and part of 
Maranhão) sharing the Amazon biome (Cabral et al.  
2018; IBGE 2022).

Even with a large proportion of its territory under 
protection, Amapá state is facing emerging threats such 
as hydroelectric dams (Fearnside 2009; Norris et al.  
2018) and continued agricultural expansion that is 
driving land cover change (Schneider et al. 2021; 
IBGE 2024c). Additionally, the population of Amapá 
has experienced significant growth, rising from 669,526 
in 2010 to 733,759 in 2022, and is projected to nearly 
double to 1,312,240 by 2060 (IBGE 2024b). Thus, as 
per many regions across Amazonia, interactions 
between rural people and wildlife species have been 
recorded inside and outside protected areas 
(Michalski et al. 2012, 2020; Norris and Michalski  
2013).

Study design

Locations of interviews across the 10,000 km2 study 
area were initially selected using Google Earth (GE) 
to obtain approximate coordinates of local commu-
nities supported by key landmarks such as rivers, 
roads, and other visual features that could be clearly 
distinguished by GE images. The potential locations 
were stratified between two habitat types: savanna 
and forest [Guianan savanna and Uatumã-Trombetas 
moist forest ecoregions, respectively, following 
Dinerstein et al. (2017)]. To provide a standardized 
comparison between habitat types, all potential sam-
pling locations that had been previously identified 
using GE images were associated with at least one 
person from the local community, usually a long-term 
resident or landowner, who was (1) willing to be inter-
viewed, (2) was thoroughly familiar with the history of 
the area, (3) had knowledge of the local wild fauna, and 
(4) had been living on the property or close to it for at 
least 1 year. This sampling technique of representative 
sampling, where a sample is chosen to be representa-
tive of the total population, involves stratification and 
has been widely adopted in studies with interviews in 

conservation science research (Young et al. 2018). Our 
sample followed the property size distribution for the 
region, where most properties are relatively small 
family farms. In a census in 2017, from a total of 
8,319 rural properties across Amapá, more than half 
(54.9%) were less than 50 ha and 99% were less than 
1,000 ha (IBGE 2024a). Our interviews followed 
a similar distribution with 40.1% of the properties 
with less than 50 ha and 97% with less than 1,000 ha.

Data collection

From May to August 2015 we used pre-elaborated 
semi-structured questionnaires to interview rural resi-
dents (Figure 1). Interviews were carried out on a one- 
to-one basis with researchers asking questions and 
taking notes of the responses. We recorded the socio-
economic characteristics of the respondents, including 
gender, age, level of education, number of years living 
on the property, total number of people living on the 
property, total monthly income, property size, and 
information on livestock (e.g. poultry, pig, cattle) raised 
at the property. We acknowledge that several vertebrate 
species (including raptors, and reptiles) can prey on 
domestic animals (Zuluaga and Echeverry-Galvis 2016; 
Champagne et al. 2024), but mammals were chosen to 
represent wild predators in our study region as 
a previous detailed study evaluating diverse wildlife 
groups, ranging from invertebrates to large-bodied ver-
tebrates, mammals were by far the most perceived 
group predating domestic animals/livestock by local 
people (Michalski et al. 2020). To examine patterns of 
mammal predation on domestic animals we focused on 
replies to two questions considering the previous 5 
years: (1) Do you have any predation problem?; (2) If 
yes, which mammal predators did you identify and 
which domestic animals they preyed upon? All inter-
views were aided by color plates in field guides 
(Eisenberg and Redford 1999) and photographs 
(Michalski et al. 2015) of the most common terrestrial 
mammals known from the region. The taxonomy of 
terrestrial mammals follows the IUCN Red List of 
Threatened Species (IUCN 2024).

Forest cover

To obtain forest cover in 2015, we used the Global 
Forest Change Database (GFCD) (Hansen et al.  
2013). This database has the flexibility to derive forest 
cover maps based on different requirements and can be 
adjusted for different applications (Defries et al. 2000). 
Forest was defined as pixels with greater than 60% tree 
cover following the classification developed by the
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International Geosphere-Biosphere Programme Data 
and Information System (IGBP-DIS) (Loveland and 
Belward 1997). Using the threshold of >60% tree 
cover, we conducted a reclassification in ArcGIS 
(ESRI 2011) and obtained a tree canopy cover for the 
reference year 2000. We then calculated the percentage 
of forest within 1-km and 10-km buffers around the 
central point where each interview was conducted by 
subtracting the cumulative deforestation from 2001 to 
2015 from the tree canopy cover reference year 2000.

Data analysis

Mammal predator−prey network
The predator−prey network showing the interactions 
between terrestrial mammals and predated domestic 
animals was established using the bipartite package in 
R (Dormann et al. 2008).

Explaining patterns in predation
Three responses were used to examine patterns in pre-
dation by terrestrial mammals. First, the occurrence of 
predation, and then two additional responses to char-
acterize the mammal predator assemblage at each 
property: number of species and maximum weight of 
species. Maximum weight was included as this is 
strongly correlated with prey choice and it is also likely 
to dictate necessary management actions (Torres et al.  
2018).

A model selection approach was adopted to examine 
support for seven non-mutually exclusive working 
hypotheses that were likely to explain variation in the 
reported mammal predator assemblage (see Table 1 for 
the working hypotheses) (Burnham and Anderson  
2004). Variation in the three responses was modeled 
as a function of each of the seven models using 
Generalized Additive Models [GAMs, (Marra and 
Wood 2011)]. Each model contained uncorrelated 

variables (all pair-wise correlations <0.7) that were 
selected as relevant for each hypothesis. Some variables 
were repeated in different models (e.g. distance to city) 
as they represented important components of multiple 
hypotheses. As our aim was to establish support for the 
different hypotheses and not cause-effect of any indi-
vidual variable, we did not include variable selection 
analysis. The support for each model was compared 
using information criteria (Burnham and Anderson  
2002, 2004).

Patterns in mammal predator species
To explain patterns in mammal predators, we focused 
on the seven most commonly reported species repre-
senting >95% of records. We excluded from this analy-
sis Puma concolor as it was reported as a mammal 
predator in only two interviews. We classified each 
terrestrial mammal predator into one of the three 
habitat use classes: generalist, intermediate and specia-
list. Generalist species included small and mid-sized 
mammals that are known to use and/or persist in 
open and disturbed habitats (Michalski et al. 2006; 
Michalski and Peres 2007), intermediate species 
included larger-bodied mammals that could also use 
some disturbed areas (Michalski and Peres 2005), 
whereas specialist species included those with a strong 
association with forested areas (Oliveira 1998; 
Michalski and Peres 2005; Michalski et al. 2006).

As per the analysis of mammal predator assem-
blage, a model selection approach was also adopted to 
examine support for non-mutually exclusive working 
hypotheses that were likely to explain variations in 
the reported presence of mammal predators 
(Table 2). Variations in the binary response of mam-
mal predator species presence were modeled as 
a function of each of the models for each species 
using Generalized Additive Models [GAMs, (Marra 
and Wood 2011)]. Models differed from those

Table 1. Predator assemblage working hypotheses and variables.

Model Variables
Working hypotheses explaining variation in 

mammal predators

intercept Intercept only.
location †Geographic coordinates, †distance to city, ‡forest type. Geographic differences.
respondent †Age, †years resident at property, †level of schooling. Differences among respondents.
property †Property size, †property age, †distance to city. Differences among properties.
economic †Household income, †number of residents, †distance to city. Differences among households.
livestock †Number of domestic species, †presence of chicken, †presence of duck, †presence of 

cattle, †presence of pigs.
Differences among livestock.

forest cover 1  
km

* Forest cover percent within 1 km, †property age. Differences among local scale forest coverage.

forest cover 
10 km

* Forest cover percent within 10 km, †property age. Differences among meso-scale forest coverage.

† Obtained during interviews. 
‡Uatumã-Trombetas moist forests or Guianan savanna ecoregions, obtained from Dinerstein et al. (2017). 
* Derived from Hansen et al. (2013). 
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adopted for the mammal predator assemblage to 
more closely reflect individual species and provide 
numerically stable model convergence. This was 
achieved by the inclusion of separate models for 

small (duck and chicken) and large (cattle and pigs) 
domestic livestock (Table 2). The support for each 
model was compared using information criteria
(Burnham and Anderson 2002, 2004).

Table 2. Predator species working hypotheses and variables.

Model Variables Working hypotheses explaining variation in mammal predators

intercept Intercept only.

location †Geographic coordinates. Geographic differences.
habitat type ‡Forest type, †distance to city. Habitat differences.

respondent †Age, †years resident at property, †level of schooling. Differences among respondents.
property †Property size, †property age, †distance to city. Differences among properties.

economic †Household income, †number of residents, †distance to city. Differences among households.
livestock †Number of domestic species. Differences among livestock.
small livestock †Presence of chicken, †presence of duck. Differences among livestock.

large livestock †Presence of cattle, †presence of pigs. Differences among livestock.
forest cover 1 km * Forest cover percent within 1 km, ‡forest type. Differences among local scale forest coverage.

forest cover 10 km * Forest cover percent within 10 km, ‡forest type. Differences among meso-scale forest coverage.

† Obtained during interviews. 
‡Uatumã-Trombetas moist forests or Guianan savanna ecoregions, obtained from Dinerstein et al. (2017). 
* Derived from Hansen et al. (2013). 

Table 3. Predator assemblage model selection. Results from generalized additive models used to identify the most strongly 
supported working hypotheses explaining patterns in terrestrial mammal species reported as predators across 71 rural properties. 
Models ordered by AICc.

Model R2
adj Deviance explained (%) AICc Delta AICc Weight AICc BIC Delta BIC Weight BIC

Presence of mammal predators (binomial)
livestock 0.22 0.22 81.62 0.00 0.82 92.01 0.00 0.50
forest cover 10 km 0.17 0.16 84.74 3.12 0.17 93.19 1.18 0.28

property 0.03 0.03 92.32 10.70 0.00 96.42 4.41 0.06
economic 0.04 0.05 92.32 10.71 0.00 98.10 6.09 0.02

intercept 0.00 0.00 92.90 11.28 0.00 95.10 3.09 0.11
forest cover 1 km 0.01 0.01 93.59 11.97 0.00 97.76 5.75 0.03

location 0.00 0.02 95.55 13.93 0.00 101.82 9.81 0.00
respondent 0.04 0.08 96.89 15.27 0.00 109.02 17.01 0.00

Mammal predator species count (tweedie)
livestock 0.14 0.23 375.70 0.00 1.00 389.76 0.00 1.00
location 0.13 0.18 419.00 43.30 0.00 440.75 50.98 0.00

forest cover 10 km 0.09 0.10 448.54 72.83 0.00 460.50 70.74 0.00
property 0.09 0.11 451.61 75.91 0.00 463.87 74.10 0.00

economic 0.02 0.02 468.14 92.44 0.00 476.37 86.61 0.00
respondent 0.02 0.04 468.58 92.87 0.00 484.01 94.25 0.00
forest cover 1 km 0.01 0.02 473.60 97.90 0.00 481.71 91.95 0.00

intercept 0.00 0.00 489.08 113.37 0.00 495.51 105.74 0.00
Maximum predator weight (tweedie)

livestock 0.47 0.39 461.32 0.00 1.00 477.08 0.00 1.00
property 0.11 0.26 478.07 16.75 0.00 494.64 17.55 0.00

economic 0.05 0.09 484.96 23.63 0.00 494.53 17.45 0.00
forest cover 10 km 0.07 0.12 486.81 25.48 0.00 499.76 22.68 0.00
forest cover 1 km 0.07 0.09 487.10 25.77 0.00 498.35 21.27 0.00

location 0.17 0.30 488.94 27.61 0.00 512.96 35.87 0.00
intercept 0.00 0.00 490.10 28.78 0.00 496.53 19.45 0.00

respondent 0.03 0.14 492.25 30.92 0.00 510.11 33.02 0.00
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Results

Mammal predator−prey network

We conducted 71 interviews with rural residents in 
Amapá State (Figure 1). From this total, 60 intervie-
wees reported some predation problem. Terrestrial 
mammals were cited as problematic in 47 properties 
(66.2% of all interviewed) and were cited as proble-
matic in the majority of properties with predation 
problems (78.3%, 47/60). More than half of households 
(60.6%, n = 43) had multiple sources of income and 
only five respondents identified livestock (‘pecuaria,’ 
‘agropecuaria’) as a source of household income and 
only one respondent identified livestock as 

representing their only source of household income. 
The principal income of the 11 households without 
predation problems was not related to rearing livestock 
with household income obtained from other employ-
ment, agriculture, fishing, and/or government benefits.

There were nearly twice as many mammal predator 
species as domestic prey. Across all properties inter-
viewed, six domestic animals were reported to be pre-
dated by terrestrial mammals, with chicken as the most 
frequently reported domestic prey (Figure 2). A total of 
11 terrestrial mammals were reported as predators 
(Figure 2), with opossum (Didelphis sp.) most cited at 
24 (33%) of 71 interviews, followed by crab-eating fox
(Cerdocyon thous).

Figure 2. Pairwise interactions in the predator-domestic prey network in the eastern Brazilian amazon. Each black box represents 
a mammal species while color boxes represent domestic prey species. The lines represent the interactions and the thickness of the 
line reflects the number of interactions.
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Figure 3. Predation by terrestrial mammals. Patterns of predation by terrestrial mammals in 71 rural properties. Circle colors show 
the number of different livestock species raised at each property. Solid lines are predictions from generalized additive models to aid 
visual interpretation of trends. To reduce overlapping points and aid visual interpretation the 11 properties where no predation 
problems by any species (mammal or otherwise) were reported are presented separately in (B) and (C).

STUDIES ON NEOTROPICAL FAUNA AND ENVIRONMENT 7



Explaining patterns in mammal predator 
assemblage

Properties raising more domestic livestock species 
tended to have a higher number of mammal predator 
species (Pearson’s correlation 0.29, p = 0.0148, 
Figure 3). Model selection showed that the type of 
livestock raised at the properties was by far the most 
important determinant of the three responses used to 
represent mammal predation at the properties (pre-
sence, species count and maximum weight; Table 3). 
Mammal predator size increased on properties with 
cattle, indeed large-bodied jaguars and cougars were 
mainly reported from properties raising cattle 
(Figure 3C).

Patterns in mammal predator occurrences

Overall, there was a low probability (<0.5, Figure 4) of 
any individual mammal species being cited as 
a predator. Most species were rarely cited, with Tayra 
(Eira barbara), Jaguarundi (Herpailurus yagouar-
oundi), Ocelot (Leopardus pardalis), Puma (Puma con-
color) and Jaguar (Panthera onca) all being cited 10 or 
less times (i.e. cited in less than 15% of all interviews).

Models were able to explain patterns in the specialist 
species (Jaguar – P. onca and Margay – Leopardus 
wiedii deviance explained = 46% and 23%, respec-
tively), but only weakly for the more generalist 
(Tables 4, and 5). The type of livestock at the properties 
was supported as explaining predation by all species

Table 4. Species model selection. Showing models with AICc values less than the associated intercept only models (complete model 
selection Table 5). Table organized by species grouped as generalist, intermediate and specialist.

Species Model K R2
adj Dev. Exp. (%) AICc Delta AICc Weight AICc BIC Delta BIC Weight BIC

generalist
Crab eating fox livestock large 2 0.10 0.11 84.97 0.00 0.44 91.40 0.00 0.29

livestock small 2 0.05 0.09 86.32 1.35 0.23 92.74 1.35 0.15

livestock count 1 0.04 0.05 87.31 2.34 0.14 91.57 0.17 0.26
intercept 0 −0.00 −0.00 89.95 4.98 0.04 92.16 0.76 0.20

Jaguarundi economic 2 0.06 0.10 56.67 0.00 0.39 61.55 0.00 0.41
local 5 0.13 0.19 58.96 2.29 0.12 70.46 8.91 0.00
livestock count 1 0.02 0.04 59.50 2.83 0.09 63.52 1.98 0.15

property 4 0.07 0.13 59.54 2.87 0.09 68.74 7.20 0.01
intercept 0 0.00 −0.00 59.78 3.11 0.08 61.98 0.44 0.33

Opossum livestock small 2 0.07 0.11 87.59 0.00 0.60 94.02 0.00 0.26
forstcover1km 3 0.06 0.09 90.85 3.26 0.12 98.93 4.91 0.02

forstcover10km 2 0.04 0.05 92.61 5.02 0.05 98.94 4.92 0.02
intercept 0 −0.00 0.00 92.90 5.31 0.04 95.10 1.08 0.15

Tayra property 5 0.13 0.27 46.40 0.00 0.24 58.39 8.41 0.00
intercept 0 0.00 0.00 47.78 1.38 0.12 49.98 0.00 0.28

intermediate
Ocelot livestock small 3 0.10 0.17 51.00 0.00 0.58 57.43 0.00 0.35

livestock count 2 0.04 0.10 54.61 3.61 0.09 60.59 3.16 0.07

forstcover1km 2 0.04 0.09 55.26 4.25 0.07 61.46 4.02 0.05
forstcover10km 3 0.07 0.11 55.94 4.94 0.05 63.92 6.49 0.01

habitat 2 0.04 0.07 56.00 5.00 0.05 61.78 4.35 0.04
intercept 0 −0.00 0.00 56.04 5.04 0.05 58.25 0.82 0.23

specialist
Jaguar livestock large 2 0.47 0.46 37.70 0.00 1.00 44.13 0.00 1.00

property 3 0.14 0.20 54.33 16.63 0.00 62.59 18.46 0.00

economic 1 0.07 0.10 56.07 18.37 0.00 60.36 16.23 0.00
forstcover10km 3 0.11 0.16 56.18 18.47 0.00 63.83 19.70 0.00

livestock count 2 0.06 0.11 57.21 19.50 0.00 63.30 19.17 0.00
habitat 2 0.06 0.11 57.94 20.24 0.00 64.32 20.18 0.00

intercept 0 0.00 −0.00 59.78 22.08 0.00 61.98 17.85 0.00
Margay forstcover10km 4 0.20 0.23 72.52 0.00 0.46 82.44 3.23 0.10

livestock small 3 0.15 0.17 72.78 0.26 0.40 79.21 0.00 0.49

livestock count 1 0.10 0.11 75.91 3.39 0.08 80.23 1.02 0.30
respondent 4 0.09 0.14 77.59 5.07 0.04 86.04 6.83 0.02

intercept 0 0.00 0.00 82.45 9.94 0.00 84.66 5.45 0.03
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Table 5. Full model section table for species. Table organized by species grouped as generalist, intermediate and specialist.

Species Model K R2
adj Dev. Exp. (%) AICc Delta AICc Weight AICc BIC Delta BIC Weight BIC

generalist
Crab eating fox livestock large 2 0.10 0.11 84.97 0.00 0.44 91.40 0.00 0.29

livestock small 2 0.05 0.09 86.32 1.35 0.23 92.74 1.35 0.15

livestock count 1 0.04 0.05 87.31 2.34 0.14 91.57 0.17 0.26
intercept 0 −0.00 −0.00 89.95 4.98 0.04 92.16 0.76 0.20

habitat 5 0.07 0.10 90.09 5.12 0.03 100.76 9.36 0.00
property 2 0.03 0.04 90.22 5.25 0.03 95.78 4.38 0.03
local 10 0.23 0.27 90.29 5.32 0.03 110.62 19.22 0.00

economic 1 0.01 0.01 90.53 5.56 0.03 94.30 2.90 0.07
forstcover10km 5 0.07 0.11 91.35 6.38 0.02 103.28 11.88 0.00

forstcover1km 2 0.00 0.02 92.28 7.31 0.01 98.51 7.11 0.01
respondent 4 −0.02 0.02 94.90 9.93 0.00 103.34 11.94 0.00

Jaguarundi economic 2 0.06 0.10 56.67 0.00 0.39 61.55 0.00 0.41
local 5 0.13 0.19 58.96 2.29 0.12 70.46 8.91 0.00
livestock count 1 0.02 0.04 59.50 2.83 0.09 63.52 1.98 0.15

property 4 0.07 0.13 59.54 2.87 0.09 68.74 7.20 0.01
intercept 0 0.00 −0.00 59.78 3.11 0.08 61.98 0.44 0.33

livestock small 2 0.01 0.06 60.51 3.85 0.06 66.94 5.40 0.03
respondent 4 0.07 0.14 60.62 3.95 0.05 70.89 9.34 0.00

habitat 4 0.04 0.09 61.06 4.40 0.04 69.58 8.04 0.01
forstcover1km 2 −0.01 0.00 61.62 4.95 0.03 65.96 4.42 0.04

forstcover10km 3 0.01 0.05 62.48 5.81 0.02 69.84 8.29 0.01
livestock large 2 −0.02 0.01 63.32 6.65 0.01 69.75 8.20 0.01

Opossum livestock small 2 0.07 0.11 87.59 0.00 0.60 94.02 0.00 0.26

forstcover1km 3 0.06 0.09 90.85 3.26 0.12 98.93 4.91 0.02
forstcover10km 2 0.04 0.05 92.61 5.02 0.05 98.94 4.92 0.02

intercept 0 −0.00 0.00 92.90 5.31 0.04 95.10 1.08 0.15
local 1 −0.00 0.00 92.90 5.31 0.04 95.10 1.08 0.15

economic 1 −0.00 0.00 92.90 5.31 0.04 95.10 1.08 0.15
livestock count 1 −0.00 0.00 92.90 5.31 0.04 95.10 1.08 0.15
property 1 0.01 0.01 93.22 5.63 0.04 96.73 2.71 0.07

habitat 2 −0.01 0.01 95.10 7.51 0.01 100.36 6.34 0.01
livestock large 2 −0.00 0.02 95.11 7.52 0.01 101.54 7.52 0.01

respondent 5 0.02 0.06 97.57 9.98 0.00 108.80 14.78 0.00
Tayra property 5 0.13 0.27 46.40 0.00 0.24 58.39 8.41 0.00

intercept 0 0.00 0.00 47.78 1.38 0.12 49.98 0.00 0.28
livestock count 1 −0.00 0.00 47.78 1.38 0.12 49.98 0.00 0.28

economic 1 0.00 0.00 47.78 1.38 0.12 49.98 0.00 0.28
local 6 0.18 0.26 48.04 1.63 0.11 60.83 10.84 0.00
forstcover10km 2 −0.00 0.02 49.20 2.80 0.06 53.55 3.57 0.05

habitat 2 −0.00 0.02 49.20 2.80 0.06 53.55 3.57 0.05
forstcover1km 2 −0.00 0.02 49.20 2.80 0.06 53.55 3.57 0.05

respondent 9 0.24 0.39 49.70 3.30 0.05 67.60 17.62 0.00
livestock small 3 −0.01 0.05 49.72 3.32 0.05 56.15 6.17 0.01

livestock large 3 −0.02 0.02 51.24 4.84 0.02 57.67 7.69 0.01
intermediate

Ocelot livestock small 3 0.10 0.17 51.00 0.00 0.58 57.43 0.00 0.35

livestock count 2 0.04 0.10 54.61 3.61 0.09 60.59 3.16 0.07
forstcover1km 2 0.04 0.09 55.26 4.25 0.07 61.46 4.02 0.05

forstcover10km 3 0.07 0.11 55.94 4.94 0.05 63.92 6.49 0.01
habitat 2 0.04 0.07 56.00 5.00 0.05 61.78 4.35 0.04

intercept 0 −0.00 0.00 56.04 5.04 0.05 58.25 0.82 0.23
property 1 0.00 0.01 56.31 5.31 0.04 59.14 1.70 0.15
economic 1 0.01 0.01 56.62 5.61 0.03 60.18 2.75 0.09

respondent 4 0.02 0.12 57.41 6.40 0.02 66.95 9.51 0.00
local 5 0.07 0.12 58.66 7.65 0.01 69.38 11.95 0.00

livestock large 3 −0.02 0.01 59.78 8.78 0.01 66.21 8.78 0.00
specialist

Jaguar livestock large 2 0.47 0.46 37.70 0.00 1.00 44.13 0.00 1.00

(Continued )
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except for Tayra. Margay predation increased with the 
presence of small livestock (chicken or ducks) and 
increasing forest cover within a 10 km radius.

Discussion

Our analysis of rural residents’ problems related to 
terrestrial mammal predation of domestic animals 
showed that a large number of mammal predators 
preyed upon a relatively small number of domestic 

species, but the most frequently reported problems 
were concentrated on predators of a single species – 
chicken. Interviews in our study region, located in one 
of the most preserved regions of the Brazilian Amazon 
and with a large coverage of protected areas, showed 
that problems related to terrestrial mammals preying 
upon domestic animals were predominantly concen-
trated in small and mid-sized generalist species mainly 
dominated by opossum (Didelphis sp.) and crab-eating 
fox (Cerdocyon thous). We first turn to highlight the

Table 5. (Continued). 

Species Model K R2
adj Dev. Exp. (%) AICc Delta AICc Weight AICc BIC Delta BIC Weight BIC

property 3 0.14 0.20 54.33 16.63 0.00 62.59 18.46 0.00
economic 1 0.07 0.10 56.07 18.37 0.00 60.36 16.23 0.00

forstcover10km 3 0.11 0.16 56.18 18.47 0.00 63.83 19.70 0.00
livestock count 2 0.06 0.11 57.21 19.50 0.00 63.30 19.17 0.00
habitat 2 0.06 0.11 57.94 20.24 0.00 64.32 20.18 0.00

intercept 0 0.00 −0.00 59.78 22.08 0.00 61.98 17.85 0.00
livestock small 3 0.02 0.07 59.86 22.16 0.00 66.29 22.16 0.00

local 10 0.28 0.38 61.08 23.38 0.00 81.03 36.90 0.00
forstcover1km 3 0.02 0.04 61.89 24.19 0.00 68.41 24.27 0.00

respondent 4 −0.01 0.06 62.75 25.05 0.00 71.20 27.06 0.00
Margay forstcover10km 4 0.20 0.23 72.52 0.00 0.46 82.44 3.23 0.10

livestock small 3 0.15 0.17 72.78 0.26 0.40 79.21 0.00 0.49

livestock count 1 0.10 0.11 75.91 3.39 0.08 80.23 1.02 0.30
respondent 4 0.09 0.14 77.59 5.07 0.04 86.04 6.83 0.02

null inter 0 0.00 0.00 82.45 9.94 0.00 84.66 5.45 0.03
property 1 −0.00 0.00 82.45 9.94 0.00 84.66 5.45 0.03

forstcover1km 2 0.03 0.05 82.60 10.08 0.00 88.74 9.53 0.00
economic 1 0.00 0.01 82.80 10.28 0.00 85.92 6.71 0.02

habitat 2 0.01 0.02 82.84 10.32 0.00 87.19 7.98 0.01
livestock large 2 −0.01 0.02 85.28 12.76 0.00 91.71 12.50 0.00
local 5 0.08 0.10 85.32 12.80 0.00 97.49 18.28 0.00

Figure 4. Predation probability of generalist, intermediate and specialist mammal species. Lines represent mean predation prob-
ability (shaded areas represent ±95% CI) of four generalist, two intermediate and two specialist mammal species in 71 rural 
properties as a function of proportion of forest cover within 1 km radius, predicted using logistic regression models based on the 
reports of the species predation reported.
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mammal predator−prey network and then explore 
variables affecting the predations reported by residents. 
Finally, we discuss potential suggestions to reduce 
human–wildlife negative interactions in small proper-
ties across the Amazon.

Our results showed that chicken was by far the most 
frequently reported predated species and that almost all 
terrestrial mammals were reported to be predators. In 
fact, poultry commonly constitutes the main target of 
wild predators in tropical regions (Amador-Alcalá et al.  
2013). In the central Brazilian Cerrado (savanna), 
chicken were also commonly reported by residents to 
be predated by wild canids such as foxes and maned 
wolves (Bickley et al. 2020).

Overall, we found a lower proportion of residents 
reporting predation problems compared with other 
Amazonian regions. For example, 58% to 86% of inter-
viewees reported problems with large cats (Puma con-
color and Panthera onca) in the southern ‘arc of 
deforestation’ (Michalski et al. 2006), while in our 
study region, only 66% of people reported predation 
problems with any of the mammal predators. Indeed, 
less than 15% of all interviews identified large cats as 
livestock predators. This can be a result of several non- 
mutually exclusive factors. Firstly, the remaining forest 
cover retains diverse and abundant native prey 
(Michalski et al. 2015), which in turn reduces the 
probability of large cats encroaching into properties 
and predating on cattle (Polisar et al. 2003). A recent 
study in Mexico comparing two phases (I – phase 
before, and II – phase after the augmentation of prey) 
with Global Positioning System-collared jaguar and 
puma and prey identification from scats using molecu-
lar DNA found a significant reduction in the consump-
tion of bovids and a significant increase in the 
consumption of peccaries during phase II (Cassaigne 
et al. 2021). Currently, Amapá State has a very low 
deforestation rate compared with other regions in the 
Brazilian Amazon (INPE 2024), with a high coverage of 
protected areas, which represents ca. 74% of the total 
State area (Michalski et al. 2020). Secondly, the rela-
tively low number of cattle raised in the State. For 
example, by 2017, Amapá State registered a cattle 
herd of approximately 36K (IBGE 2024c), while Mato 
Grosso, located in the ‘arc of deforestation’ registered 
24MK cattle herd (IBGE 2024d). This is a hundredfold 
difference when accounting for differences in territorial 
area, Mato Grosso State has 26.9 herds/km2 compared 
with 0.26 herds/km2 in Amapá State. Thus, it is not 
surprising that problems related to large cat predation 
were relatively rare in our study region and restricted 
to a small number of properties rearing large livestock 
(e.g. cattle).

The most common mammal predator reported by 
our interviewees was opossum (Didelphis sp.), which is 
a frequent wild predator reported in tropical regions, 
especially related to poultry predation (Amador-Alcalá 
et al. 2013). Opossum is a generalist species that can 
inhabit a variety of habitats and persist even in small 
disturbed habitat remnants (Michalski and Peres 2007; 
Adler et al. 2012).

Finally, our models were able to explain patterns in 
the specialist species (Jaguar – P. onca and Margay – 
Leopardus wiedii), but only weakly for the more gen-
eralist ones. Jaguar predation was strongly related to 
properties rearing large-bodied livestock, while Margay 
predation was associated with forest habitat within 
a radius of 10 km. Jaguar is a large cat that is frequently 
associated with predation on cattle and other large 
livestock such as sheep, pigs, and horses (Michalski 
et al. 2006; Amador-Alcalá et al. 2013). Margay is 
a small-bodied arboreal cat that is strongly associated 
with forested habitats (Oliveira 1998). Thus, our results 
concur with those available in the literature.

Conclusions

The most frequently reported predated species associated 
with almost all mammal predators was chicken. We 
demonstrated that even in a highly preserved region, 
human proximity to wild animals can generate negative 
interactions that can potentially generate retaliation and 
persecution. Thus, to avoid future negative and unsustain-
able mammal predator−livestock interactions, we highlight 
that environmental education and management practices 
must be developed with rural residents. There are a broad 
range of management practices available to reduce depre-
dation risks depending on each predator and location. For 
example, confining chickens and other small livestock such 
as ducks in some form of fenced area at night could reduce 
levels of depredation and potentialize sustainable coexis-
tence between humans and wild animals. Relocating risky 
enclosures that are close to forest edges or water sources to 
safer places when possible can also be a strategy to reduce 
depredation by wild animals (Amador-Alcalá et al. 2013). 
The implementation of intermittent light sources, asso-
ciated with the use of scarecrows and battery-powered 
radios, in nighttime livestock enclosures can mitigate pre-
dation risks (Cavalcanti and Perilli 2015). Keeping dogs 
outdoors was also another common practice to avoid 
chicken predation adopted in other regions in Central 
Brazil (Bickley et al. 2020) and could be another possible 
alternative for rural residents both in our study region and 
other areas across Amazonia. However, it is important to 
keep dogs restricted to areas where the domestic animals 
are raised and far from natural habitats as domestic dogs
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can also predate wild animals and/or cause pathogen 
transmission (Lessa et al. 2016). Economic benefits related 
to observational ecotourism can induce changes in local 
peoples’ perceptions and have proven to strengthen con-
servation initiatives for large apex predators such as harpy 
eagles (Harpia harpyja) in the Brazilian Amazon (Miranda 
et al. 2022). To reduce potential negative wildlife-livestock 
and human–wildlife interactions, there is a need to expand 
research into areas that do not necessarily contain large 
densities of large livestock, and also investigate locally 
effective management options to minimize depredation 
by small and mid-sized terrestrial mammals on small 
domestic animals. Expand studies not only focusing on 
mammals but also on other groups, such as raptors and 
reptiles, also known to predate on domestic animals can 
also improve the knowledge of human–wildlife interac-
tions. This is certainly a gap in the scientific literature and 
could be even more important in areas across Amazonia, 
where it seems like the predation on domestic animals at 
rural smallholdings has been largely overlooked in the past 
decades.
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