
                                                              H����-�������� �������� �� S���� A������                                                         ₂₁₃Ecología Austral 32:xxx-xxx Aniversario 2022
Asociación Argentina de Ecología

Unravelling negative interactions between humans, mammalian 
carnivores and raptors in South America

F������� B������₁,*; P���� P����₁; A������� �� V�������₁; M���� L��������₂; 
P���� G������₃; M���� D� L�� M. G��������₄,₅; A����� N�����₆,₇; M����� F����₇ � 

S����� A. L����������₁,*

1 Grupo de Investigaciones en Biología de la Conservación, INIBIOMA-CONICET, Universidad Nacional del Comahue. San 
Carlos de Bariloche, Argentina. 2 Grupo de Ecología Comportamental de Mamíferos (GECM), Depto. de Biología, Bioquímica 
y Farmacia, Universidad Nacional del Sur (UNS). Bahía Blanca, Buenos Aires, Argentina. Instituto de Ciencias Biológicas 

y Biomédicas del Sur, Universidad Nacional del Sur - CONICET. Bahía Blanca, Buenos Aires, Argentina. 3 INTA-EEA 
Bariloche. San C. de Bariloche, Argentina. 4 División Mastozoología, Museo Argentino de Ciencias Naturales “Bernardino 
Rivadavia” (MACN-CONICET). Ciudad de Buenos Aires, Argentina. 5 Consejo Nacional de Investigaciones Científicas y 

Técnicas (CONICET). 6 Instituto de Investigación en Biodiversidad y Medioambiente (INIBIOMA) - CONICET - Universidad 
Nacional del Comahue. 7 Wildlife Conservation Society - Argentina.

A�������. Human-wildlife interactions can be negative when the needs and behavior of wildlife negatively 
influence human goals, or vice-versa, and management of these interactions may lead to conflict. Here, we 
review information on negative interactions between humans and wildlife in South America contained in 
136 scientific publications, focusing on terrestrial mammalian predators and raptors. We found that most 
studies were conducted in Brazil, Argentina, Chile and Colombia. The methodology most commonly used to 
investigate negative interactions was interviews with rural inhabitants. Studies were performed mainly on 
interactions involving large felids such as Panthera onca and Puma concolor, and —to a lesser extent— on other 
mammalian predators and raptors such as eagles or scavenger birds. The main drivers of negative interactions 
involved perceived or actual impacts on human economy (material) (e.g., livestock or crop losses) or were 
based on non-material (intangible) aspects (e.g., fear, myths, and religious beliefs). The studies showed that 
negative a�itudes and perceptions toward terrestrial mammalian predators and raptors are widespread in 
South America. Although non-lethal strategies for mitigation of negative interactions have been proposed, most 
are not widely used and lethal controls are still very common. A multidisciplinary approach is required, based 
on multiple actions (e.g., improving livestock practices, running educational programs, increasing stakeholder 
involvement, providing farmers with solutions), which would minimize negative interactions and promote 
coexistence between humans and wildlife. This is key to maintaining threatened species, ecological interactions 
and healthy environments in the anthropized landscapes of biodiverse South America.

[Keywords: carnivores, human-wildlife conflict, lethal control, predation, raptors]

R������. Desentrañando las interacciones negativas entre humanos, mamíferos carnívoros y rapaces en 
América del Sur. Las interacciones entre el ser humano y la fauna silvestre pueden ser negativas cuando las 
necesidades y el comportamiento de la fauna silvestre influyen negativamente en las metas de las personas, 
o viceversa, y manejar estas interacciones puede generar conflictos. En este artículo revisamos la información 
científica sobre este tipo de interacciones en 136 publicaciones realizadas en Sudamérica. Nos centramos en 
los mamíferos depredadores terrestres y en las aves rapaces . Encontramos que la mayoría de los estudios 
se realizaron en Brasil, Argentina, Chile y Colombia. La metodología más utilizada fueron las entrevistas a 
habitantes de zonas rurales. Los estudios se realizaron principalmente sobre interacciones con grandes félidos 
como Panthera onca y Puma concolor, y —en menor medida— sobre otros mamíferos depredadores y aves rapaces 
como las águilas o las aves carroñeras. Los impulsores principales de estas interacciones fueron los impactos 
-percibidos o reales- sobre la economía (materiales) (e.g., pérdidas de ganado o cultivos) o aspectos no materiales 
(intangibles) (e.g., miedo, mitos y creencias religiosas). Los estudios mostraron que las actitudes y percepciones 
negativas hacia los mamíferos depredadores y las aves rapaces están muy extendidas en Sudamérica. Aunque se 
propusieron estrategias no letales para mitigar las interacciones negativas, la mayoría no se utiliza ampliamente 
y los controles letales siguen siendo muy comunes. Se requiere un enfoque multidisciplinario, basado en diversas 
acciones (e.g., mejorar las prácticas ganaderas, realizar programas educativos, aumentar la participación de 
las partes interesadas, proporcionar soluciones a los agricultores) que minimicen las interacciones negativas 
y promuevan la coexistencia entre los seres humanos y la fauna silvestre. Esto es clave para conservar las 
especies amenazadas, fomentar las interacciones ecológicas y mantener entornos saludables en los paisajes 
antropizados de la biodiversa Sudamérica.
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I�����������
Human wildlife interactions could be 

considered negative (commonly framed as 
human-wildlife conflict) or positive (e.g., 
ecosystem services performed by species) 
(Nyhus 2016). Negative interactions between 
humans and wildlife commonly produces 
human-wildlife conflict, particularly when 
the needs and behavior of wildlife impact 
negatively on human goals, or vice-versa 
(Dickman and Hazzah 2016; Nyhus 2016). 
Defining conflicts with wildlife is often 
difficult, given that almost all human activities 
affect wildlife, and thus a wide range of 
conflictive situations may occur; for instance, 
conflict may arise through competition for 
space because of agricultural expansion and 
deforestation, or simply because human 
activities (e.g., hunting) deprive animals of 
their ‘right’ to live. The IUCN has, therefore, 
defined the negative interactions that provoke 
human-wildlife conflict as “struggles that 
emerge when the presence or behavior of 
wildlife poses actual or perceived, direct and 
recurring threat to human interests or needs, 
leading to disagreements between groups of 
people and negative impacts on people and/or 
wildlife” (IUCN SSC HWCTF 2020). 

Negative interactions between humans and 
wildlife leading to conflicts can be shaped 
by different drivers. Some of these are 
promoted by perceived or actual material 
(economic) losses. However, recent studies 
have demonstrated that negative interactions 
and human tolerance toward wildlife can 
be more closely related to non-material 
(intangible) drivers, encompassing social, 
cognitive and emotional factors (Dickman 
2010; Carter and Linnell 2016; Nyhus 2016; 
Bhatia et al. 2020). These drivers (material and 
non-material) must be properly understood 
and analyzed on local and regional scales if 
we are to mitigate the potential consequences 
of negative human-wildlife interactions and 
promote healthy coexistence. 

In the 16th and 17th centuries, South America 
went through a colonization process that 
modified land use in different ways (e.g., 
mining, deforestation, intensive agriculture 
and livestock husbandry) (Roig 1991). This 
transformation of natural habitats, which 
still occurs today, has been reinforced by 
centuries of extractive exploitation of natural 
resources (Armesto et al. 2010; Correa 2016). 
This has led not only to a loss of biodiversity, 
but also to a reduction in the capacity of 

ecosystems to provide services (Paruelo et al. 
2014). One of the consequences of this complex 
transformative process is the change in natural 
prey composition (i.e., modification of the 
population abundances of prey consumed 
by mammalian predators and bird of prey 
in this geographical area) (Baldi et al. 2001; 
Novaro and Walker 2005; Palacios et al. 2012; 
Lambertucci et al. 2018; Guerisoli et al. 2020). 
The loss of native prey species has driven 
many predators and scavengers —probably 
due to their opportunistic behavior, to rely 
increasingly on alternative food resources— 
such as those directly or indirectly provided 
by human activities (e.g., livestock, invasive 
species) (Iriarte et al. 1990; Inskip and 
Zimmermann 2009; Lambertucci et al. 2009; 
Barbar and Lambertucci 2018), exacerbating 
negative human-wildlife interactions. This 
suggests that land use changes produced by 
humans are shaping negative human-wildlife 
interactions. The colonization process also 
affected the ancestral ecological knowledge 
of South American societies and incorporated 
new ideas and perceptions about native fauna 
that came from the ‘Old World’ (Jacques-
Coper et al. 2019; Lambertucci et al. 2021a). 
These imported ideas have also influenced the 
relationship between humans and wildlife.

Although scientific information on negative 
interactions between humans and wildlife 
in South America is increasing, we lack a 
comprehensive review that analyzes the 
different species and evaluates different 
aspects and characteristics of these interactions 
at a regional level. Identifying aspects and 
characteristics of negative interactions 
is fundamental to develop efficient and 
consensual conservation strategies. In this 
article we review the available scientific 
information on negative interactions between 
humans and wildlife in South America, 
focusing on terrestrial mammalian predators 
(including domestic dogs and cats) and bird 
raptors (including hunters and obligate 
scavenging birds). Through this review 
we expect to achieve better understanding 
of the state of knowledge of this topic. We 
also aim to promote new research on the 
subject and combine insights and include 
reported conservation actions for mitigation 
of this problem. This review includes studies 
discussing ecological factors that influence 
human-wildlife conflict (e.g., dietary or 
movement studies) and those analyzing the 
human dimensions of wildlife (e.g., interview 
or questionnaire studies). We paid particular 
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attention to the reciprocal aspect of negative 
interactions (i.e., when wildlife impacts on 
human goals and that impact leads to a 
response toward wildlife species; for example, 
negative perceptions, persecution, lethal and 
non-lethal strategies.

M�������� ��� M������
We performed a bibliographic search in 

Google Scholar and Scopus to find scientific 
information about negative human-wildlife 
interactions in South America up to April 
1st, 2021 (without restriction of year). We 
focused on terrestrial mammalian predators 
and bird raptors (hunters and obligate 
scavenging birds) as species of interest, since 
they are strongly affected by this conservation 
problem on a global scale (e.g., Inskip and 
Zimmermann 2009; Margalida et al. 2014). 
We also included feral and free-ranging dogs 
and feral cats in our searches because they 
are conflictive species that generate major 
negative interactions with humans through 
livestock and poultry damage, and because 
they also affect native wildlife (Lepczyk and 
Duffy 2017; Zamora-Nasca et al. 2021). We 
used the key term ‘human-wildlife conflicts’, 
both in English and Spanish, combined with 
the different countries of South America 
(Argentina, Brazil, Chile, Uruguay, Paraguay, 
Bolivia, Peru, Ecuador, Colombia, Venezuela, 
Guyana, Suriname, French Guiana). The search 
was also carried out in Portuguese, which was 
combined only with Brazil. Through these 
searches we covered a wide range of negative 
interactions between humans and wildlife, not 
only those produced by livestock predation. 
In addition, we performed three additional 
searches with the terms ‘human-wildlife 
coexistence’, ‘livestock attack’ and ‘livestock 
predation’ combined with the same South 
American countries mentioned above in 
English, Spanish and Portuguese (only for 
Brazil). For Google Scholar, we analyzed up 
to the first 1000 results or until the topic of 
the articles found was not related to the aim 
of this study (usually 300-500 results), and for 
Scopus we analyzed all the articles obtained. 
We performed a flow diagram adapted from 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) (Page 
et al. 2021) (Supplementary Material 2, Figure 
S1). To check and complete our search, we 
used a ‘snowball’ approach (Goodman 1961), 
looking for additional relevant publications in 
all the references of the articles we found in 
our primary literature search. To prevent the 

repetition of information already published in 
the scientific literature, we excluded theses, 
technical reports, non-scientific (i.e., popular) 
articles, book chapters (except they presented 
new data, not published in papers) and review 
articles that discussed and evaluated human 
wildlife conflicts but presented no new data.

From each scientific article found we 
extracted the year of publication and 
geographic location of the study, the species 
studied and their global conservation status 
according to the global IUCN Red List (IUCN 
2017). In addition, we extracted information 
about: a) the methodology used in each study, 
b) the kind of negative interaction (e.g., animal 
livestock interaction), c) people’s perception of 
studied species, and d) the potential reasons 
or drivers shaping the negative interactions 
addressed or suggested by the authors. To 
define the type of negative interaction we 
used the classification proposed in Peterson 
et al. (2010). We classified the drivers of 
negative interactions and conflicts between 
humans and wildlife into two main categories: 
material (economic) (i.e., when perceived and 
actual economic losses were the main reasons 
for negative interactions between humans 
and wildlife) and non-material (intangible) 
drivers (i.e., when negative interactions 
between humans and wildlife were primarily 
related to social, cognitive and emotional 
factors). These categories were not mutually 
exclusive since some articles addressed or 
mentioned both material and non-material 
drivers simultaneously. Finally, we gathered 
information on the conservation actions to 
mitigate human-wildlife conflict proposed by 
the articles reviewed and identified knowledge 
gaps to be considered in future research.

R������ ��� ����������

Year of publication and geographical areas 
studied

We found 136 articles from South American 
countries. Most of these (74%) were published 
during the last decade, from 2011 to 2021 
(Figure 1A; Supplementary Material 1, Table 
S1), whereas the remainder were published 
from 2001 to 2010 (24%) and 1991-2000 (2%) 
(Figure 1A; Supplementary Material 1, Table 
S1). These results show that interest in this 
topic has increased greatly over the last decade, 
possibly in association with the pronounced 
changes in land use that occurred in this region 
(De-Sy et al. 2015; Salazar et al. 2015), which 
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led to negative interactions and competition 
for resources between humans and wildlife 
(Jorgenson and Sandoval 2005; Jampel 2016; 
Caruso et al. 2017). Moreover, the recent loss 
of traditional livestock farming practice in this 
geographical region and the increase in farm 
size and mechanization —with reductions of 
workforce— could have led to a reduction in 
positive perception of wildlife (perceptions 
primarily related to the contributions 
provided by wildlife to humans’ lives) and 
to the deterioration of interactions between 
humans and wildlife (Silva-Rodríguez et al. 
2009; Silva-Andrade et al. 2016). However, this 
trend could also be explained by the increasing 
interest of scientists in approaching the subject 
from the social and conservation perspectives 
(Bennett et al. 2017).

Although we found scientific publications 
from 10 countries, most retrieved articles 
came from Brazil (n=46), followed by 
Argentina (n=33), Chile (n=18) and Colombia 
(n=16), which together represented almost 
83% of the articles we found (Figure 2; 
Supplementary Material 1, Table S1). These 
results were to be expected, since Brazil, 
Argentina, Chile and Colombia generally 
produce more scientific articles than the 
other South American countries (Noorden 
2014). This could result in a significant bias 
(data for several species were available from 
only four of the thirteen countries) because 
although there is little scientific information 
from several countries, it is likely that 
negative interactions are happening there 
and producing unknown consequences on 
wildlife (Figure 2; Supplementary Material 
1, Table S1). Geographical and taxonomic 
representation in the scientific information 
collected should therefore be improved for 

better understanding of this problem and its 
local complexities and particularities.

Species studied
The studies we found showed that at least 56 

species were involved in negative interactions 
with humans in South America (Table 1). Of 
these species, 30% are included by the IUCN 
in categories of conservation concern (Table 1). 
The most frequently studied species were the 
puma (Puma concolor) and the jaguar (Panthera 
onca), and, to a lesser extent, the Andean bear 
(Tremarctos ornatus) (Table 1). Other species 
such as small felids, canids (e.g., some foxes), 
mustelids and raptors (including scavenging 
birds) were mentioned less in the articles we 
analyzed (Table 1). Articles studying mammals 
(n=117) were much more numerous than 
those studying raptors (n=24) (Figure 1B; 
Supplementary Material 1, Table S1). The fact 
that large felids are the most studied species is 
not surprising, given that they are well-adapted 
to preying on large mammals (Macdonald and 
Sillero-Zubiri 2002). Furthermore, negative 
interactions between felids and humans are 
more severe when the body mass of the felid 
is large (Inskip and Zimmermann 2009), and 
pumas and jaguars are the only two large 
South American felids, as well as the two 
largest carnivores in the continent. Added 
to this, the higher number of studies on large 
felids may be associated not only to greater 
frequency of conflicts, but also to a bias for 
these charismatic species that attract more 
public attention and conservation effort than 
other species (Macdonald et al. 2015).

Of the raptors, the most studied species 
were black vultures (Coragyps atratus), turkey 
vultures (Cathartes aura), Southern caracaras 

Figure 1. A) Percentage of articles published over the last three decades. B) Absolute number of interactions studies 
involving mammalian predators and raptors.
Figura 1. A) Porcentaje de artículos publicados en las últimas tres décadas. B) Número absoluto de estudios sobre las 
interacciones negativas involucrando depredadores mamíferos y rapaces.
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(Caracara plancus), Andean condors (Vultur 
gryphus), black-and-chestnut eagles (Spizaetus 
isidori), crowned eagles (Harpyhaliaetus 
coronatus) and harpy eagles (Harpia harpyja) 
(between three and seven studies per species) 
(Table 1). These species are persecuted by 
some farmers for being perceived as harmful 
to livestock, leading to economic losses 
(Ballejo et al. 2020a; Restrepo-Cardona et al. 
2020; Giraldo-Amaya et al. 2021). The smaller 
amount of information found on negative 
interactions between raptors and humans 
compared to mammalian carnivores and 
humans (Figure 1B) may be because raptors 

generally cause smaller economic losses than 
mammals (Ballejo et al. 2020b) or because 
research efforts on these birds are more limited 
than those on mammals. All these results 
suggest a need to promote further research on 
species that are poorly studied and to evaluate 
the general perception of each species in the 
different geographical areas of South America. 
This would improve our knowledge and our 
ability to design specific mitigation actions 
for each species and geographical area, but 
also to understand better the particularities 
of negative interactions according to species 
involved.

Figure 2. Map of species involved in negative interactions between humans and wildlife, showing the countries 
where the studies were performed. The different countries are represented by geometric symbols and the numbers in 
parentheses indicate the quantity of articles published in each country.
Figura 2. Mapa de las especies implicadas en las interacciones negativas entre el ser humano y la fauna silvestre, en el 
que se muestran los países donde se realizaron los estudios. Los diferentes países están representados por símbolos 
geométricos y los números entre paréntesis indican la cantidad de artículos publicados en cada país.
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Species Global conservation 
status

Number of 
articles

Raptors
   Crowned eagle (Harpyhaliaetus coronatus) Endangered 3
   Black-and-chestnut eagle (Spizaetus isidori) Endangered 5
   Harpy eagle (Harpia harpyja) Vulnerable 3
   Andean condor (Vultur gryphus) Vulnerable 4
   Black vulture (Coragyps atratus) Least concern 6
   Turkey vulture (Cathartes aura) Least concern 5
   Lesser yellow-headed vulture (Cathartes burrovianus) Least concern 1
   Black-chested buzzard-eagle (Geranoaetus melanoleucus) Least concern 2
   Rufous-legged owl (Strix rufipes) Least concern 2
   Short-eared owl (Asio flammeus) Least concern 1
   Burrowing owl (Athene cunicularia) Least concern 2
   Austral pygmy-owl (Glaucidium nana) Least concern 2
   Tropical screech-owl (Megascops choliba) Least concern 1
   Spectacled owl (Pulsatrix perspicillata) Least concern 1
   Barn owl (Tyto alba) Least concern 3
   Southern caracara (Caracara plancus) Least concern 7
   Chimango (Milvago chimango) Least concern 4
   Roadside hawk (Rupornis magnirostris) Least concern 2
   Great black hawk (Urubitinga urubitinga) Least concern 1
   Harris’s hawk (Parabuteo unicinctus) Least concern 1
   Variable hawk (Geranoaetus polyosoma) Least concern 2
Mammalian carnivores
   Puma (Puma concolor) Least concern 65
   Jaguar (Panthera onca) Near threatened 46
   Andean cat (Leopardus jacobita) Endangered 3
   Geoffroy’s cat (Leopardus geoffroyi) Least concern 4
   Ocelot (Leopardus pardalis) Least concern 5
   Pampas cat (Leopardus colocolo) Near threatened 5
   Margay (Leopardus wiedii) Near threatened 2
   Güiña (Leopardus guigna) Vulnerable 5
   Northern tiger cat (Leopardus tigrinus) Vulnerable 1
   Jaguarundi (Herpailurus yagouaroundi) Least concern 6
   Culpeo (Lycalopex culpaeus) Least concern 15
   Chilla (Lycalopex griseus) Least concern 7
   Pampas fox (Lycalopex gymnocercus) Least concern 3
   Crab-eating fox (Cerdocyon thous) Least concern 8
   Hoary fox (Lycalopex vetulus) Near threatened 1
   Darwin’s fox (Lycalopex fulvipes) Endangered 1
   Sechuran fox (Lycalopex sechurae) Near threatened 1
   Maned wolf (Chrysocyon brachyurus) Near threatened 4
   Crab-eating raccoon (Procyon cancrivorus) Least concern 4
   Coati (Nasua nasua) Least concern 4
   Western mountain coati (Nasuella olivacea) Near threatened 1
   Molina’s hog-nosed skunk (Conepatus chinga) Least concern 6
   Striped hog-nosed skunk (Conepatus semistriatus) Least concern 1
   Opossum (Didelphis aurita) Least concern 3
   White-eared opossum (Didelphis albiventris) Least concern 3
   Common opossum (Didelphis marsupialis) Least concern 1
   Andean white-eared opossum (Didelphis pernigra) Least concern 1
   Brown four-eyed opossum (Metachirus nudicaudatus) Least concern 1
   Andean bear (Tremarctos ornatus) Vulnerable 12
   Tayra (Eira Barbara) Least concern 4
   Long-tailed weasel (Mustela frenata) Least concern 2
   Neotropical o�er (Lontra longicaudis) Near threatened 2
   Lesser grison (Galictis cuja) Least concern 2
   Kinkajou (Potos flavus) Least concern 1
   Dog (Canis lupus familiaris) --------- 7

Table 1. South American species reportedly involved in negative interactions with humans, conservation status and 
number of articles mentioning negative interactions for each species. In bold, species with a global conservation status 
of concern.
Tabla 1. Especies sudamericanas implicadas en interacciones negativas con el ser humano, estado de conservación y 
número de artículos que mencionan interacciones negativas para cada especie. En negrita se indican las especies en 
estado de conservación global preocupante.
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Methods implemented
The articles addressing negative interactions 

between humans and wildlife in South 
America we found employed a wide range of 
techniques (Supplementary Material 1, Table 
S1). Field observations, camera trap studies, 
case reports and livestock predation surveys 
were mainly used to detect the presence, 
abundance and behavior of target species. For 
instance, camera traps and field observations 
were used to determine the landscape used 
by several species (e.g., pumas) (Caruso et al. 
2017; Guerisoli et al. 2019), their abundance or 
density and some behavioral patterns such as 
predation behavior (e.g., Quiroga et al. 2016; 
de Souza et al. 2018). Similarly, movement 
studies (e.g., through radio- or GPS-tagged 
individuals) were employed to study habitat 
use and potential negative interactions such 
as predation events (e.g., pumas and jaguars) 
(Cavalcanti and Gese 2010; Elbroch and 
Wittmer 2013). Habitat modeling was used to 
detect landscape characteristics affecting the 
use by predatory species (e.g., pumas) (Caruso 
et al. 2015) and to map risky areas (i.e., areas 
with high risk of predation for livestock) (e.g., 
Kissling et al. 2009). Diet studies were used 
mainly to address the presence/prevalence of 
livestock in wildlife diets (e.g., raptors feeding 
on poultry or felids eating livestock), which 
could lead to persecution by humans (De 
Azevedo and Murray 2007; Sarasola et al. 2010; 
Aráoz et al. 2017; Guerisoli et al. 2021).

Importantly, most of the studies found (n=91, 
66%) were mostly based on questionnaires and 
interviews with diverse stakeholders such as 
farmers and local people (Supplementary 
Material 1, Table S1). These studies mainly 
focused on stakeholder’s perceptions and 
attitudes toward wildlife (n=80), but also 
defined the presence or behavior of a particular 
species in a specified geographical area and 
the mitigation actions performed by farmers 
(n=11) (Supplementary Material 1, Table 
S1). The predominance of this method may 
be due its suitability for collecting relevant 
information with limited economic costs. 
Moreover, this kind of study may uncover 
important information as it enables researchers 
to explore people’s attitudes, tolerance and 
behaviors toward species of interest and 
potentially identify the drivers underlying 
negative interactions (e.g., Guerisoli et al. 2017; 
Ballejo et al. 2019). Specifically, perceptions 
of pumas, jaguars and raptors were studied 
in several South American countries such as 
Argentina, Brazil and Colombia (e.g., Conforti 

and De Azevedo 2003; Ballejo et al. 2020a; 
Caruso et al. 2020; Llanos et al. 2020; Nanni et 
al. 2020; Restrepo-Cardona et al. 2020). Most 
of the studies evaluating perception of and 
attitudes toward wildlife (96%) reported that 
these were negative with regard to several 
species (Supplementary Material 1, Table 
S1), and many studies showed that lethal 
strategies were frequently implemented 
to deal with conflictive wildlife. However, 
one of the main limitations of these studies 
is that they did not evaluate in detail the 
actual impact of the species involved in the 
conflict. To compensate for this, a few studies 
complemented questionnaires and interviews 
with field observations (e.g., Perovic and 
Herrán 1998; Ballejo et al. 2020a; Escobar-Lasso 
et al. 2020). Contrasting perceived with actual 
economic losses (e.g., Ballejo et al. 2020a) is 
useful, because this information can clarify 
whether people’s persecution of wildlife is 
due to actual negative impacts produced by 
the species involved or is primarily associated 
with other (non-material) drivers leading to 
low tolerance of wildlife (Lucherini et al. 2018; 
Nanni et al. 2020; Lambertucci et al. 2021a,b). 
Further research should focus on this issue in 
different species and geographical areas of 
South America. In addition, it is important 
to further clarify the pros and cons of each 
methodology implemented when the aim is to 
detect different causes of negative interactions 
between humans and wildlife.

Type of conflict and main drivers

Identifying geographical areas, types of 
conflict and species-specific drivers leading to 
negative human wildlife interactions is key to 
understand human-wildlife relationships and 
to promote their coexistence. The detailed 
analysis of the studies shows that the most 
relevant type of conflict in South America 
corresponded to animal-livestock interaction 
(n=121), followed by those related to human 
safety (n=39), animal-crop interaction (n=8), 
exploitation of animal parts (n=5) and disease 
transmission (n=2). This is expected given 
mammalian predators and raptors are the 
target species of this review.

The studies we found reported both 
material and non-material drivers (Figure 
3; Supplementary Material 1, Table S1) that 
gave rise to reduced tolerance toward wildlife 
species and, thus, to negative interactions and 
conflicts. The perceived or actual economic 
(material) losses associated with wildlife 
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(e.g., livestock predation or crop damage) 
were mentioned frequently in the articles we 
found (Supplementary Material 1, Table S1). 
However, non-material drivers shaped by 
social, cognitive and emotional factors such 
as fear, myths, beliefs and the influence of 
social media were also reported as leading to 
negative interactions between humans and 
wildlife (Supplementary Material 1, Table S1) 
(Lambertucci et al. 2021b).

Material drivers (economic). Most of the 
articles we retrieved (n=125) mentioned 
economic loss as the main reason for negative 
interactions between humans and wildlife 
(e.g., Mazzolli et al. 2002; Guerisoli et al. 2017; 
Cossios et al. 2018; de Lima et al. 2020; Nanni et 
al. 2020; Zuluaga et al. 2021) (Supplementary 
Material 1, Table S1). However, because most 
studies —both on mammals and birds— are 
based on human perception of loss, it is often 
difficult to distinguish between perceived 
and actual damage for any particular species. 
Thus, some damages may be caused by 
other species or factors different from those 
perceived, such as health problems, climate 
or inadequate husbandry practices. Very few 
articles aimed to quantify the actual damage or 
economic loss that wildlife causes to humans 
(e.g., Mazzolli et al. 2002; Palmeira et al. 2008; 
Boulhosa and De Azevedo 2014; Tortato et al. 
2015). Although the economic loss provoked 
by wildlife tends to be comparatively limited, 
extreme situations can also occur. For example, 
for local communities that rely on subsistence 
livestock breeding, the level of damage caused 
by carnivore predation can be so high that 
their lifestyle may become economically 
unsustainable (Schulz et al. 2014; Guerisoli et 

al. 2017). Nonetheless, the potential mismatch 
between perception and actual damage in 
terms of economic loss should be assessed 
for different species and geographical areas. 
This could be key to the design of strategies 
to reduce the impact of negative interactions 
between wildlife and humans associated with 
perceived livelihood loss.

We found that several mammal species are 
persecuted due to the damage they cause 
on livestock or crops. For instance, ranchers 
perceived pumas and jaguars as a threat to 
their production and economy due to felid 
predation on livestock; pursuing and killing 
the felids is often the ranchers’ main solution to 
this problem in many areas of South America 
(e.g., Argentina, Brazil, Uruguay, Bolivia, 
Colombia) (Lucherini et al. 2008; Palmeira et 
al. 2008; Carvalho and Pezzuti 2010; Garrote 
2012; Guerisoli et al. 2017; Gáspero et al. 2018; 
Villalva and Palomares 2019; Nanni et al. 
2020). Of concern, in some geographical areas 
(e.g., Argentina), provincial governments even 
promote lethal strategies (e.g., trapping or 
hunting with firearms) to control predators 
such as pumas and foxes (Llanos et al. 2014). 
The Andean bear is persecuted in Perú, 
Colombia, Ecuador and Venezuela mainly 
because it may damage crops and livestock 
(Goldstein 1991; Jorgenson and Sandoval 
2005; Figueroa Pizarro 2015; Zukowski and 
Ormsby 2016; Robles and Gómez-Carrillo 
2017; Escobar-Lasso et al. 2020). Other species 
including foxes, maned wolves (Chrysocyon 
brachyurus), small cats (Leopardus spp.) and 
skunks are perceived negatively particularly 
because they may prey on poultry (Silva-
Rodríguez and Ortega-Solís 2007; Lucherini 

Figure 3. Scheme showing drivers of negative interactions between wildlife species and humans, and actions proposed 
to favor human-wildlife coexistence.
Figura 3. Esquema sobre los impulsores de las interacciones negativas entre las especies silvestres y los humanos, y 
las acciones propuestas para favorecer la coexistencia entre ambos.
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and Merino 2008; Silva-Rodríguez et al. 
2009; García-Olaechea and Hurtado 2018; 
Aximoff et al. 2020; Bickley et al. 2020). In 
particular foxes, but also other mammalian 
predators, are frequently involved in severe 
negative interaction with humans, especially 
in association with predation on goats, sheep 
and poultry (Travaini et al. 2000; Cossíos 
Meza 2004; Caruso et al. 2017; Bickley et al. 
2020). As a consequence, attitudes toward 
them are negative and people are known to 
have implemented lethal strategies to reduce 
negative impacts (Caruso et al. 2017; Cossios 
et al. 2018; Sacristán et al. 2018; Benavides 
Medina 2020; De-Lima et al. 2020). Sometimes, 
however, negative and positive attitudes of 
local people toward carnivores can be spatially 
heterogeneous and this can lead to landscape 
level population persistence (Novaro and 
Walker 2005).

Several strategies that can be implemented 
to reduce the risk of predation on livestock 
are mentioned in the articles (see Action 
proposed to promote coexistence). In some 
cases, losses can be partially compensated 
for by the income and services provided by 
these species (e.g., income from tourism, 
reduction of the presence of other carnivores 
or pests) (Wallach et al. 2015; Tortato et al. 
2017; Jiménez et al. 2019; Ohrens et al. 2021). 
Therefore, a potential strategy to promote 
human-wildlife coexistence is to highlight 
the positive contributions of predators and 
scavengers to human life, contrasting them 
with the negative impacts. It would, thus, be 
possible to show that reducing the presence 
of top carnivores or scavengers may even be 
more expensive and harmful than allowing 
them to live, since they might be limiting 
the increase of conflictive species such as 
rodents, feral dogs, mesopredators and other 
species that can produce diverse impacts on 
ecosystems and conflicts with humans (e.g., 
disease transmission) (O’Bryan et al. 2018).

We did not find articles that mentioned 
negative interactions driven by economic loss 
associated with feral cats. However, several 
articles mentioned the impact of feral and 
free-ranging dogs (Supplementary Material 
1, Table S1). It is worth noting that these 
animals are currently one of the main causes of 
livestock loss (especially of small ruminants) 
in some regions of the continent such as Chile 
and Argentina; they generate even more 
predation events and economic damage than 
large felids and other carnivores combined 
(Gáspero et al. 2019; Montecino-Latorre and 

San Martín 2019; Rodriguez et al. 2019). Lethal 
strategies frequently used to control feral dogs 
could affect wildlife in general. For example, 
poisoned bait targeting dogs (and also 
foxes) (Travaini et al. 2000) caused massive 
mortality in other species such as obligate 
scavenger birds (Plaza and Lambertucci 2020). 
Moreover, some predation events caused by 
feral dogs may be erroneously attributed to 
carnivores. The lethal control of feral dogs 
with ethical methods could be necessary to 
solve this problem in some particular cases, 
but education and neutering programs are 
also essential, together with the promotion 
of responsible care (e.g., sterilization) as a 
preventative measure (Plaza et al. 2019).

The material (economic) driver is also 
involved in negative interaction between 
humans and raptors (hunter and obligate 
scavenging birds). For instance, the 
endangered black-and-chestnut eagle is at risk 
due to persecution in several countries, such 
as Argentina and Colombia, because it may 
consume poultry (Zuluaga and Echeverry-
Galvis 2016; Aráoz et al. 2017; Restrepo-
Cardona et al. 2019; Zuluaga et al. 2021). 
Although the available information suggests 
the crowned eagle rarely consumes livestock, 
it is also persecuted and killed in Argentina 
(Sarasola and Maceda 2006; Sarasola et al. 
2010; Barbar et al. 2016). Similarly, the harpy 
eagle is persecuted in parts of its distribution, 
in some cases because it is perceived as a threat 
to livestock (Trinca et al. 2008; Giraldo-Amaya 
et al. 2021). In several parts of the world, 
including South America, people blame 
obligate scavenger birds for economic losses 
associated with attacks on livestock (specially 
on newborns) and consequently persecute 
them (Avery and Cummings 2004; Margalida 
et al. 2014). However, the available evidence 
suggests that predation events associated with 
scavenger birds are rare and likely to take a 
long time to be carried out because these birds 
are well adapted to eating carrion, but not to 
killing (Toledo et al. 2013; Ballejo et al. 2020a; 
Lambertucci et al. 2021a). This suggests that 
perceptions of the losses generated by these 
birds may be worse than the actual damage 
they cause, probably associated also with 
non -material (intangible) factors such as 
fear, beliefs and myths among others (see 
section 3.4.2).

Non-material (intangible) drivers. We 
found that perceptions and attitudes toward 
wildlife could also be influenced by non-
material (intangible) drivers such as myths, 
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fear, cultural customs, supernatural beliefs, 
religious cultural patterns and social media. 
These factors were mentioned by 60 articles 
as being responsible for negative interactions 
(Supplementary Material 1, Table S1). For 
instance, some people from Chile have 
negative attitudes toward the kodkod 
(or güiña, Leopardus guigna) because it is 
considered a symbol of negative events or bad 
luck (Napolitano et al. 2016). Molina’s hog-
nosed skunk (Conepatus chinga) is hunted in 
Perú to give prestige to hunters (Cossios et al. 
2018), suggesting that this practice is related 
to ancestral customs. Moreover, the Sechuran 
fox (Lycalopex sechurae) is used in alternative 
medicine (ancestral customs) and parts of 
this species are sold as handicrafts in Perú 
(Cossíos Meza 2004). Several harpy eagles 
killed or persecuted in Brazil were associated 
with dread, fear or curiosity (Trinca et al. 
2008; Giraldo-Amaya et al. 2021). Moreover, 
although people are aware of the important 
ecosystem service that birds such as owls 
perform by eating pest species (e.g., rodents), 
owls are traditionally considered diabolic and 
persecuted in Argentinian Patagonia (Molares 
and Gurovich 2018). Similarly, superstitions 
are present in Chile, where some birds of 
prey are thought to bring bad luck (Muñoz-
Pedreros et al. 2018).

It is likely that fear often lies behind negative 
interactions between wildlife and humans in 
South America. We found 35 articles (58% 
of articles mentioning non-material drivers) 
mentioning that fear is a major factor 
leading to negative interactions and conflicts 
(Supplementary Material 1, Table S1). Many 
people consider wildlife species, such as 
jaguars and pumas, or even raptors, as threats 
to their lives. It is true that some species (e.g., 
jaguars and pumas) can occasionally attack 
people and cause injury or even death, but 
they are very rare events (Coss et al. 2009; 
Neto et al. 2011; Iserson and Francis 2015; 
Lambertucci et al. 2021b). In fact, negative 
perceptions, lack of tolerance, persecution 
and the hunting of jaguars in the Argentinean 
Chaco, Brazilian Atlantic forest, Amazonia 
and Pantanal seem to be more associated 
with fear than with livestock predation and 
its concomitant economic loss (Altrichter et 
al. 2006; Marchini and Macdonald 2012; Engel 
et al. 2016; Porfirio et al. 2016). Similarly, a 
study performed in Argentina found that 
all interviewees mentioned that jaguars are 
dangerous and harmful and expressed a 
desire to eliminate them, even though most 
interviewees had never seen jaguars or even 

signs of their presence (Altrichter et al. 2006). 
Moreover, species that do not kill humans, 
such as Molina’s hog-nosed skunk in Perú, can 
be hunted out of fear or aversion (Cossios et 
al. 2018). Fear is therefore an important non-
material driver that should be considered in 
order to understand and mitigate negative 
human-wildlife interactions in South America 
(Figure 3) (Lambertucci et al. 2021b). 

Finally, over recent years, the negative 
influence of fake or misleading news in 
the media has become an emergent threat 
to wildlife species (especially threatened 
species). Misinformed or fake news could 
negatively influence human perception of 
species and increase the severity of negative 
attitudes and extant conflicts (e.g., farmer-
scavenger conflicts) (Llanos et al. 2016; Ballejo 
et al. 2021; Lambertucci et al. 2021a, b). The 
study of the effect of fake news on interaction 
between humans and wildlife is an emergent 
topic; further research is needed to evaluate 
the influence and consequences of fake news 
on species of conservation concern in South 
America. In addition, it would be interesting 
to explore the potential usefulness of social 
marketing tools to improve the image of 
carnivores, raptors and scavenging birds 
and thus favor human-wildlife coexistence 
(Veríssimo et al. 2017). 

The examples mentioned above regarding 
non-material (intangible) drivers involved in 
negative interactions between humans and 
wildlife shed light on the many challenges 
involved in the conservation of some wildlife 
species in South America. In this sense, it is 
important to note that perceptions of wildlife 
species vary according to people’s cultural 
patterns. Mitigation action should therefore 
be specific to each culture and consider local 
perspectives so as to include a broader view 
of human needs, perceptions and knowledge 
(Camino et al. 2016).

Action proposed to promote coexistence

Husbandry practices. In the articles we found 
a range of recommendations for husbandry 
measures to mitigate the amount of damage 
caused by wild animals and to reduce negative 
interactions between humans and wild animals 
in South America. For instance, the use of 
livestock protection dogs in Argentina reduced 
predation on livestock (e.g., goats, sheep) by 
pumas and foxes and, as a consequence, 
the implementation of lethal strategies by 
ranchers (González et al. 2012; Novaro et al. 
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2017). Although the cost-effectiveness of using 
dogs to protect livestock needs to be carefully 
assessed in each productive context (Moral et 
al. 2016), this tool appears to be successful at 
mitigating conflict. The incorporation of fences 
and flashlights on corrals can also help to 
reduce predation events by large felids (Polisar 
et al. 2003; Guerisoli et al. 2017; Ohrens et al. 
2019). The risk of predation by large South 
American felids can be high near forest patch 
remains (Michalski et al. 2006; Palmeira et al. 
2008; Kissling et al. 2009; Schulz et al. 2014; 
Carvalho et al. 2015) because species such as 
pumas avoid deforested landscapes (Caruso 
et al. 2015, 2017). Therefore, keeping livestock 
as far as possible from these areas would help 
reduce predation events (Schulz et al. 2014; 
De-Souza et al. 2018). The restoration of native 
herbivore populations may also be effective in 
reducing the livestock damage associated with 
large felids, as wild prey scarcity increases the 
probability of livestock predation (Polisar et 
al. 2003; Khorozyan et al. 2015). Finally, the 
presence of people during the livestock birth 
season (routine patrols) has been suggested 
as an action to reduce predation events by 
scavenging birds (Ballejo et al. 2020a).

The removal of problematic individuals 
of some mammalian predators belonging 
to ‘least-concern’ species, such as pumas, 
has been proposed as a potential strategy to 
facilitate human wildlife coexistence in South 
America (Elbroch and Wittmer 2013; Llanos et 
al. 2014). From the conservation perspective, 
it has been argued this could be preferable 
than the indiscriminate removal of individuals 
that is legally approved in some geographical 
areas (e.g., Argentinian Patagonia) (Llanos et 
al. 2014). This action might favor the presence 
of individuals that are more likely to avoid 
humans and the role of the species within the 
ecosystem would not be lost (Jorgensen et al. 
1978; Treves et al. 2002). However, if applied, 
this method must be mediated by prior surveys 
that can identify problematic individuals. 
Moreover, the elimination of individuals 
may have unforeseen negative consequences 
on other individuals through destabilization of 
social structures. This strategy may also allow 
other problematic species (e.g., dogs, foxes) 
to occupy the position of the removed animal 
(Swan et al. 2017). Hence, if implemented, it 
should be accompanied by studies that assess 
its effectiveness and unexpected impacts in 
specific management and ecological contexts 
(Laundré and Papouchis 2020). In fact, there 
is still little evidence that the removal of a 

few problematic individuals will increase 
human tolerance of those remaining (Treves 
et al. 2016; Swan et al. 2017). Therefore, well-
designed studies are required to improve our 
understanding of the ecological implications 
and usefulness of selective management.

A combination of methods applied in other 
geographical areas could be implemented 
and evaluated in South America. In Mexico, 
predation events by jaguars were significantly 
reduced using mixed interventions such as 
electric fences associated with the use of guard 
animals, sounds and scarecrows (Khorozyan 
and Waltert 2021). The effectiveness of 
livestock protection interventions against 
pumas varied depending on the geographical 
area (Khorozyan and Waltert 2021), but visual 
and auditory deterrents produced promising 
results in Mexico (Zarco-González and 
Monroy-Vilchis 2014). Moreover, there is a 
need to evaluate the potential adverse effects 
on the ecosystem of some interventions (e.g., 
guard dogs consuming native wildlife as 
secondary food, Whitehouse Tedd et al. 2020) 
in order to evaluate the benefits and impacts 
of actions before or during the implementation 
of these strategies. Finally, to reduce negative 
interaction between wildlife and humans, 
governments and authorities should help 
farmers improve their husbandry practices 
and infrastructure, with special emphasis on 
subsistence farmers for whom livestock raising 
is the primary means of subsistence.

Educational programs. Education in diverse 
forms (e.g., formal and informal) may help to 
mitigate human-wildlife negative interactions 
and increase tolerance toward wildlife species. 
Educational programs should be implemented 
to reduce negative attitudes toward 
scavenging birds in diverse geographical 
areas of South America (Cailly Arnulphi et al. 
2017; Castillo-Figueroa et al. 2019; Restrepo et 
al. 2019; Lambertucci et al. 2021a). Similarly, 
education seems to be a plausible strategy for 
reducing negative perception of mammalian 
predators such as jaguars and Andean bears 
(Espinosa and Jacobson 2012; Engel et al. 2016; 
Sacristán et al. 2018). To be effective, however, 
educational programs should consider the 
diversity of stakeholders and the diversity of 
their cultural patterns (Camino et al. 2016). 
In other words, these programs should be 
tailored to each social group according to 
their cultural and religious idiosyncrasies, 
which merit special attention in pursuit of 
human-wildlife coexistence.
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A multidisciplinary approach. Mitigation of 
negative human-wildlife interaction requires 
an understanding of how ecological theories 
work within domestic predator-prey systems 
(Wilkinson et al. 2020). In addition, given the 
diversity of intangible factors that can affect 
the dynamics of human-wildlife interactions, 
the incorporation of social and communication 
scientists is essential in order to reduce the 
effect of these negative interactions (Marchini 
2014; Kansky et al. 2016). Our review found that 
interdisciplinary strategies were frequently 
proposed in the literature, but, as yet there 
is little implementation or experience of this. 
Further efforts should aim to include experts 
from the social sciences (e.g., anthropology and 
sociology) in the design and implementation 
of strategies to improve interaction between 
wildlife and humans. Such strategy would also 
facilitate the integration of rural communities, 
particularly livestock breeders, in the decision-
making process of conflict management plans, 
an approach that is largely advocated but still 
rarely implemented. Also, the incorporation of 
marketing specialists to design communication 
approaches is likely to be of help in our quest 
for human-wildlife coexistence (Veríssimo et 
al. 2017).

C���������� 
Our review shows that the drivers leading 

to negative interactions between humans 
and wildlife in South America include 
material (economic) (e.g., livestock or crop 
loss) and non-material (intangible) factors 
(e.g., mainly fear). Negative attitudes toward 
terrestrial mammalian predators and raptors 
are still widespread in this region and lead, 
in some cases, to the use of lethal strategies to 
deal with wildlife. These lethal strategies are 
sometimes even promoted by governments 
and authorities in order to reduce livestock 
losses. However, important knowledge gaps 
must be addressed if we are to properly 
understand negative interactions between 
wildlife and humans in South America. 
First, information should be gathered on the 
levels and outcomes of negative interactions 

for several species and geographical areas. 
Second, the actual economic losses generated 
by target species should be put into context 
and compared, for instance, with the perceived 
losses and with losses caused by other sources 
of livestock mortality (e.g., poor livestock 
management, parasitic and infectious diseases 
and starvation). It is also essential to weigh 
the costs generated by wildlife against the 
species’ contributions to humans and nature, 
even though these benefits may be difficult to 
quantify (e.g., Gilbert and Carter 2021). Third, 
a detailed assessment of current mitigation 
strategies is required, as some of these may 
be effective only in certain areas and may even 
have a negative effect on some socio-ecological 
systems; new mitigation methodologies should 
also be explored and evaluated. At the same 
time, human appreciation of the intrinsic value 
of these species should be promoted. Finally, 
social scientists, biologists, conservation 
agents, managers and marketing specialists 
should work together to identify strategies 
and define action that will increase tolerance 
toward wildlife species. This multidisciplinary 
approach will aid understanding the drivers 
of negative interactions between humans and 
wildlife and help farmers sustain production 
while reducing its impact on native wildlife. 
In addition, this approach would be useful 
to reduce hegemonic discourses about this 
conservation problem and promote the 
consensus approach needed. This work 
should consider the diversity and richness 
of the different cultures inhabiting this 
vast geographical area, while striving for 
conservation of its high biological diversity.
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