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Land sharing strategies for conciliating biodiversity conservation and human development usually do not consider the need to deal with human-wildlife conflicts, a type of human-wildlife interaction (HWI). To measure, monitor and solve conflicts is fundamental to achieve the coexistence necessary to promote environmental and social justice. Here, we present a new approach to assess and evaluate HWI aiming to inform decision-making regarding conflicts. We developed a method to classify and map events between humans and wildlife according to their nature, context and effect for both sides, distinguishing what an encounter (unidirectional) is and what an interaction (bidirectional effect) is. We typified and categorized HWI regarding their effects (positive or negative) for both sides. We compiled opportunistic observations from events between humans and wildlife in a shared landscape (campus Luiz de Queiroz, Piracicaba, São Paulo, Brazil) from February 2022 until April 2024. We created a standardized table, performed descriptive statistics, used Minimum Bounding Geometry and Kernel Density, a simple method idealized to assist scientists and managers in different contexts. We had a total of 570 events, of which 297 were characterized as encounters and 273 as HWI. We recorded 42 animal taxa related to the events, of which 36 interacted with humans, being Nasua nasua, Cairina moschata, and Didelphis albiventris the most frequent ones. We identified 16 types of HWI that can occur in shared landscapes, 10 were categorized as Human-Wildlife Conflict, six as Unsustainable Use, four as Wildlife Damage and three as Convivencia, with some classified in more than one category. Among them, 10 occurred in our studied landscape with Unintentional Feeding being the most frequent one. We classified for the first time Unexpected Encounter, Accident Avoidance and Chase Away as HWI. Spaces of interaction were close to main buildings, central lawn and cats’ feeding sites. Our approach was useful to prioritize species and stakeholders, and to identify the large amount of food supply due to inadequate waste disposal and domestic cat feeding as the primary reason for most of HWI in our studied landscape. We recommend a comprehensive characterization of HWI to find interconnections and guide strategies for coexistence.
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1 Introduction

Humans and wildlife have been increasingly co-occurring in shared landscapes leading to a vast number of interactions (Soulsbury and White, 2015; Schell et al., 2020). Human-wildlife interactions (HWI) are events involving direct or indirect contact between humans and animals (Whitehouse-Tedd et al., 2021), with effects for both sides (bidirectional effects) that can vary substantially in nature, frequency and severity (Soulsbury and White, 2019). Typical examples of HWI that result from direct contact between humans and animals are wildlife-vehicle collisions, intentional feeding, poaching or retaliation, whereas examples of interactions that result from indirect contact are crop damage, livestock predation and unintentional feeding.

HWI may vary according to land sharing/land sparing context (Crespin and Simonetti, 2019). In urban shared landscapes, we might expect more frequent conflicts such as nuisance wildlife, wildlife-vehicle collisions, intentional and non-intentional feeding, unexpected encounter, property damage and zoonotic disease. In rural shared/spared landscape, we might expect more frequently crop damage, livestock predation, poaching, harvesting, and retaliation. This emphasizes the importance of local assessment of interactions between humans and wildlife considering different contexts to better inform decision-making.

Assessing and evaluating HWI are essential for guiding decision-making towards coexistence. Coexistence is a sustainable though dynamic state, where humans and wildlife co-adapt for sharing landscapes and human interactions with wildlife are effectively governed to ensure wildlife populations persist in socially legitimate ways that ensure tolerable risk levels (Carter and Linell, 2016; Pooley et al., 2020). So, coexistence is ecologically and socially complex, context-specific, dynamic and, at some point, it generally requires agreement – or at the very least, cooperation – between different groups of people about the wildlife in question (IUCN, 2023).

Coexistence has emerged into the mainstream of conservation science to better understand and manage interactions between humans and wildlife with negative outcomes (IUCN, 2020; 2023). Interactions with negative outcomes and underpinning by social tensions between groups of people are known as human-wildlife conflicts (Dickman, 2010). The human-wildlife conflict is defined as “struggles that emerge when the presence or behavior of wildlife poses an 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, 2020). Other definitions, such as biodiversity conflicts, focus more on the competition between people about wildlife than on human-wildlife interaction and its effects on the other (Young et al., 2010; White et al., 2009). Also, the anthropological perspective of conflicts focuses not only on the material dimension of conflicts, but more on the social and cultural ones, which reveals the tensions and divisions in human society that affect conflicts (Knight, 2000).

Human-wildlife conflicts have tremendously impacted the whole global community due to the adverse effects on wildlife and ecosystems, human health, safety, equity, social dynamics, sustainable development, commodity production and businesses, ultimately impeding coexistence (Nyhus, 2016; Gross et al., 2021). Despite the importance of recognizing and managing human-wildlife conflicts for species conservation, a paradigm’ shift, from human-wildlife conflicts to human-wildlife coexistence, has been proposed and it has opened a forefront for more positive and inclusive relations with wildlife and nature (Frank and Glikman, 2019).

To advance, the science of coexistence requires a better understanding and evaluation of nature, context, dynamics, and effects of HWI, especially in shared landscapes where the conflicts of living together are even more costly and inevitable. Thus, in this study, we aim to present an approach for assessing and evaluating HWI at multispecies level, accounting the complexity and diversity of interactions, as a basis for guiding decisions towards coexistence in shared landscapes. The results presented here are part of the ongoing transdisciplinary research project Wildlife Neighbors: Towards Human-Wildlife Coexistence, which seeks to transform coproduced knowledge into accessible, useful, and actionable knowledge, supporting the decision-making process for transformative changes towards human-wildlife coexistence.

To illustrate this approach, we used HWI recorded in the last two years in a shared landscape in southeastern Brazil, characterized by an interesting scenario, common from urban spaces, which brings together people, wildlife, wildlife-unfriendly infrastructure, feeding sites for abandoned cats, abundant and available organic waste, and restored green spaces. All these elements together make up a landscape conducive to human-wildlife conflicts that are difficult for public managers to resolve. We analyzed the hotspots of the most typical HWI according to the landscape attributes to (i) better understand the reasons for the high frequency of the HWI and (ii) properly plan for the impacts mitigation in the spaces delimited.

In the last two decades, the campus has undergone a profound process of land cover change, due to a Conduct Adjustment Agreement (CAA) established by the Public Ministry to ensure the restoration of the riparian forests and Legal Reserve in compliance with the Brazilian Forest Code (Brazil, 2012). The total increase in forested habitats since the CAA was established is 55,7 ha1. Therefore, nowadays the landscape of the Luiz de Queiroz campus is totally favorable for hosting a high diversity of wildlife (Alexandrino et al., 2013; Bovo et al., 2018; Alexandrino et al., 2021), which seems to be increasing as new species of birds and mammals have been more frequently recorded recently.

Planned to host a public park in the urban perimeter, the campus has artificial lakes that contribute to maintaining a significant diversity of wildlife, particularly waterfowl (such as ducks, geese and teals) in areas with intense human use. For cultural reasons, humans intentionally feed the waterfowls, especially the muscovy ducks (Cairina moschata), what result in a high frequency of encounters between these species and humans. The food provided for the waterfowls also attracts other vertebrate species.

Additionally, the campus has many abandoned cats, which have been cared for by volunteers (employees, students, external users) for over 20 years, and who are responsible for installing and maintaining more than 60 cat feeding sites throughout the area. Many wildlife species have been frequently sighted feeding at cat feeding sites.

In a landscape with so many people and high diversity and abundance of wildlife, encounters and interactions between humans and animals are inevitable and have increased considerably in recent years, with the majority of the interactions resulting in negative outcomes for both.




2 Methods



2.1 Study area

We have been carrying out a HWI assessment and evaluation in a shared landscape (campus USP “Luiz de Queiroz”, 22 42’ 30” S and 47 38’ 30” W, 546 meters of elevation, and 914,5 ha), in Piracicaba, São Paulo state, Brazil (Figure 1). The Luiz de Queiroz campus is part of the University of São Paulo since 1934 and is composed by buildings for students and professionals (graduate and undergraduate students, professors, researchers and employees), open green areas for leisure activities, agricultural fields (sugar cane, corn, rice) and livestock (cattle, sheep, goats, horses) for experimental researches and classes, Pinus and eucalyptus plantation for forestry management, artificial water bodies and streams, semi-deciduous seasonal Atlantic forest remnants, riparian forests, and paved and unpaved streets. The Luiz de Queiroz campus is bordered by the Piracicaba River on one side and by avenues and residential houses (Piracicaba city) on the other. Around 5,000 people, 4,000 vehicles and 400 cyclists circulate on the campus daily for teaching, researching, outreach and leisure activities.




Figure 1 | Luiz de Queiroz campus, Piracicaba, São Paulo, Brazil.






2.2 Data collection and classification

We compiled opportunistic observations from events between humans and wildlife in the campus from February 2022 until April 2024. Events were gathered by two different sources: (i) from the research group (primary data), during wildlife surveys or opportunistic sightings; and (ii) from external collaborators (secondary data), made by someone interested in sharing the observations with our research team, usually sent via WhatsApp, but also by email or phone call. As the Wildlife Neighbors Project became more popular on the campus, others became more interested in collaborating by sharing events with wildlife. The data collected by the research team was also complemented by other records from projects conducted on campus such as the monitoring of feral cats (2022), the assessment of the impact of cat feeding sites on wildlife (2022), the monitoring and population management of coatis (2023-2024), and emergency wildlife rescue (2023-2024).

To organize the events recorded, we created a standardized table (Supplementary Table S1) containing as much information as possible. This table included information about the (i) event itself, such as date, time, GPS coordinates, place, nature, context, effect for humans, effect for animal, type (if interaction), picture/video; and (ii) details about the involved animal, such as species and number of individuals.

The effects of each event could be positive, negative or neutral (i.e., no effect). Events with neutral effects for one of the parts (humans or wildlife) involved in the interactions were classified as unidirectional, while events with effects (negative or positive) for both, regardless of who, were classified as bidirectional. Then, based on uni or bidirectional effects, events were classified as encounters or interactions, respectively.

To avoid subjectiveness, we did not evaluate reactions from animals or people to interactions. For example, some people enjoy feeding wildlife, others do not like it, but, regardless of the feeling/reaction, the consequences of feeding wildlife are almost always negative for the animals as they become habituated to human food and places, resulting in behavioral and metabolic changes.

For the events classified as interactions, we created a typology, attributing names for each interaction based on its characteristics. Some of the interactions are typically already known as HWI such as Wildlife Damage, Livestock Predation and Retaliation, while others, such as Unintentional Feeding, Unexpected Encounter, Accident Avoidance, and Chase Away were classified as HWI for the first time in this paper. We also included in the list of interactions others not recorded in our landscape, but frequently reported in others, in order to provide a more complete picture of the variety of the HWI that can occur in shared landscapes. For some specific situations, the event was classified into more than one type of interaction, according to its nature and interrelation (e.g., Unintentionally Feeding and Nuisance Wildlife).

Regarding species classification, the recorded bird species were categorized based on their taxonomic order, underlining that similarities in morphological and behavioral traits within a taxon imply similar management strategies for addressing conflicts between closely related species. The snakes were classified into venomous and non-venomous categories, as this distinction dictates the urgency in implementing management measures to address potential conflicts. It’s important to note that alternative groupings may also be considered, depending on specific characteristics relevant to the management context. Toads, frogs and tree frogs were grouped in the Anura Order. If a species could not be identified to a specific level, it was categorized as ‘non-identified,’ such as ‘non-identified snakes’ or ‘non-identified birds’.




2.3 Human-wildlife interactions analysis

Since our purpose was to identify interactions that should be managed to change the negative outcomes for promoting coexistence, we focused our analysis only on HWI. We analyzed all the attributes of the interactions (type, species, place, nature, context, and frequency) and the effects (positive or negative) by descriptive statistics in excel. We also framed the interactions, under conservation and social perspectives, following the conceptual framework proposed by Marchini et al. (2021), into four categories: (i) Unsustainable Use: the effect is negative for wildlife, but positive for humans, (ii) Human-Wildlife Conflicts: the effect is negative for both, (iii) Wildlife Damage: the effect is positive for wildlife, but negative for humans, and (iv) Convivencia: the effect is positive for both wildlife and humans.

We plotted all recorded HWI in the landscape. We delimited the human-wildlife spaces for the most typical interactions (e.g., human-coati) by using the Minimum Bounding Geometry (convex_hull) in the ArcGis 10.3 (ESRI, 2014). Then, we used the Kernel Density tool (default search radius = bandwidth) to calculate the density of features (HWI) in a neighborhood around those features in the ArcGis 10.3 (ESRI, 2014).





3 Results

We recorded 570 events involving humans and wildlife in the studied shared landscape, of which 297 were characterized as encounters (with unidirectional effects either for humans or for wildlife) and 273 were characterized as HWI (effects for both humans and wildlife). From these events, we recorded 42 taxa, of which 36 taxa interacted with humans, of which coatis (Nasua nasua), muscovy ducks (Cairina moschata) and white-eared opossums (Didelphis albiventris) were the most frequent ones (Table 1).


Table 1 | List of taxons, classifications, common names, scientific names, number of encounters and number of interactions recorded in the shared landscape.





3.1 Typology of human-wildlife interactions

We identified 16 types of HWI that can occur in shared landscapes, of which eight resulted from direct contact between humans and wildlife, four resulted from indirect contact and five could result from direct or indirect contact (Table 2). Regarding HWI categorization according to their effects on humans and wildlife, 10 were classified as Human-Wildlife Conflict, six as Unsustainable Use, four as Wildlife Damage and three as Convivencia. Between them, six HWI were classified in more than one category, because their effect on humans and animals may vary depending on the situation.


Table 2 | Types of human-wildlife interactions (HWI), description, direct/indirect contact, and effects for humans and animals.






3.2 Human-wildlife interactions assessment and evaluation

From the 16 types of HWI that can occur in shared landscapes, we identified ten types of HWI in our study area. The most frequent interaction recorded in our landscape was Unintentional Feeding (34.08%), followed by Unexpected Encounter (15.02%), Accident Avoidance (14.65%), Wildlife-Vehicle Collision (10.62%) and Nuisance Wildlife (10.62%) (Figure 2).




Figure 2 | Number of events of each human-wildlife interaction in the shared landscape.



Unintentional Feeding occurred more with coatis (53.68%) and muscovy ducks (21.05%), while Unexpected Encounter (36.59%), Accident Avoidance (30%) and Wildlife-Vehicle Collision (24.14%) were mostly related to coatis. Nuisance Wildlife was equally related to coatis and white-eared opossum (27.59% each) (Figure 3). A result that stood out is that 55% of Nuisance Wildlife events led to emergency rescues, especially with white-eared opossums (N = 6), red-tailed boa (Boa constrictor; N = 4) and coatis (N = 2).




Figure 3 | Relative frequency of each taxon for Unintentional Feeding (A), Unexpected Encounter (B), Accident Avoidance (C), Wildlife-Vehicle Collision (D) and Nuisance Wildlife (E) in the shared landscape.



Of the 29 Wildlife-Vehicle Collisions registered, 58.62% involved mammals, 20.69% (N = 6) reptiles, 17.24% (N = 5) birds, and 3.45% (N = 1) amphibians. Of these, 86.20% (N = 25) of the animals were found deceased, while the others either escaped and couldn’t be rescued or were taken to veterinary clinics for treatment. Coatis were the most frequently involved species in this interaction, accounting for 24.14% (N = 7) of the cases, followed by the armadillos (Dasypus sp.) and Paraguayan hairy dwarf porcupines (Coendou spinosus), each comprising 13.79% (N = 4) of the cases. Other taxa involved were Anseriformes (N = 3), Anura (N = 1), Columbiformes (N = 1), Passeriformes (N = 1), non-identified snake (N = 1), red-tailed boa (N = 1), black-and-white tegu (Salvator merianae; N = 1), non-identified lizard (N = 1), capybara (Hydrochoerus hydrochaeris; N = 1), crab-eating fox (Cerdocyon thous; N =1) and amphisbaena (N = 2).

Out of the 40 Accident Avoidance incidents, coatis were involved in the most frequent occurrences, comprising 30% (N =12) of the events. The next more frequent taxa were the armadillos, which accounted for 15% (N = 6), and the Cariamiformes order, represented here by the red-legged seriema (Cariama cristata), which constituted 12.50% (N = 5) of the incidents.

We also identified 18 interactions classified as Wildlife-Structure Accidents, in which 83.33% (N = 15) of the taxons involved were birds, including Anseriformes (N = 1), Cariamiformes (N = 1), Columbiformes (N = 2), Passeriformes (N = 8), Piciformes (N = 1) and non-identified birds (N = 2). The other three Wildlife-Structure Accidents registered happened with mammals: two with coatis and one with the Paraguayan hairy dwarf porcupine. Regarding the birds, 80% (N = 12) of accidents were due to bird-window collisions with glass panes. The other interactions occurred with other man-made infrastructure, such as electrical cables or fences. Considering all the Wildlife-Structure Accidents, in 83.33% (N = 15) of these cases, the animals were already found dead due to these accidents. In the remaining three cases, the animals were transported to a veterinary clinic for necessary care. Unfortunately, the Paraguayan hairy dwarf porcupine did not survive, the toco toucan (Ramphastos toco) couldn’t regain flight due to internal injuries, and the seriema is currently still recovering from treatment.

We classified nine of the interactions identified in the studied shared landscape as Human-Wildlife Conflicts, due to the negative effects for humans and animals, totaling 230 events, of which 41.30% were Unintentional Feeding, 17.39% Unexpected Encounter, 12.61% Wildlife-Vehicle Collision and 12.61% Nuisance Wildlife. We did not record any interactions related to Wildlife Damage (Figure 4).




Figure 4 | Human-wildlife interactions framed in four categories (Unsustainable Use, Human-Wildlife Conflict, Wildlife Damage, Convivencia) according to the effects under conservation and social perspectives (adapted from Marchini et al., 2021). Red color indicates negative effects. Blue color indicates a positive effect. The number in the parenthesis indicates the number of human-wildlife interactions recorded in the shared landscape.



The most frequent species involved in interactions with humans was the coati (97 human-coati interactions) (Figure 5), being 52.58% due to Unintentional Feeding, 15.46% due to Unexpected Encounter and 12.37% due to Accident Avoidance. The second most frequent species was the muscovy duck (37 human-duck interactions), due to Unintentional Feeding (54.05%), Intentional Feeding (16.22%), Accident Avoidance (10.81%) and Wildlife-Vehicle Collisions (8.11%). The third most frequent species was the white-eared opossum (23 human-opossum interactions), due to Nuisance Wildlife (34.78%), Unexpected Encounter (26.09%) and Unintentional Feeding (21.74%).




Figure 5 | Relative frequency of human-wildlife interactions for coati (Nasua nasua) (A), muscovy duck (Cairina moschata) (B), white-eared opossum (Didelphis albiventris) (C), red-legged seriema (Cariama cristata) (D), armadillo (Dasypus sp.) (E) and Paraguayan hairy dwarf porcupine (Coendou spinosus) (F) in the shared landscape.



The human-coati space of interactions was widely distributed on the campus (Figure 6A), while the human-duck (Figure 6B) and human-opossum (Figure 6C) spaces of interactions were restricted and concentrated on the central lawn of the campus (open green space used for leisure activities). Although, most of the interactions with coatis, ducks and opossums were close to the main buildings, central lawn and cats’ feeding sites. Within these human-coati unintentional feeding interactions, 38 (74.51%) were observed at cats’ feeding sites. For human-opossum unintentional feeding interactions, 3 (60%) of them occurred at cat feeding sites, and for human-duck unintentional feeding interactions, all of them (N = 20; 100%) were related to cat feeding sites. Coatis, ducks and opossums were frequently observed consuming cat food on these sites.




Figure 6 | Human-coati interaction density and the space of interaction (A), human-muscovy duck interaction density and the space of interaction (B) and human-white-eared opossum interaction and the space of interaction (C) in the shared landscape.







4 Discussion

More than 80% of interactions recorded in the shared landscape were framed as Human-Wildlife Conflicts because of their negative outcomes, which highlights the enormous challenge for decision-makers in seeking solutions that avoid conflicts or minimize their effects and increase people’s tolerance toward the presence of wildlife. The context of the shared landscape studied explains most of the current conflicts. The Luiz de Queiroz campus is used for multiple purposes such as for teaching, research, sports, leisure activities, agricultural experiments, livestock raising, and wildlife conservation. Garbage cans are distributed throughout the urbanized area, especially close to buildings, open green spaces, restaurants and streets. Most garbage cans are open, accumulating a significant amount of leftover food, especially on weekends, as the campus is one of the most frequented urban green spaces for leisure activities in the region. In addition to the high availability of organic waste, the abundance of cat food at numerous feeding sites is an important attractiveness factor for wildlife, leading to the high frequency of Unintentional Feeding by generalist species. Since Intentional Feeding is neither common nor encouraged practice on the campus, this interaction´s frequency was low.

All the most frequent HWI (Unintentional Feeding, Unexpected Encounter, Accident Avoidance, Wildlife-Vehicle Collision and Nuisance Wildlife) recorded in the area form an intricate web, with elements that are context-dependent and interconnected (Figure 7). The steady and great availability of food is probably the main factor that is attracting wildlife close to humans and to areas with higher human traffic, buildings and vehicle flow, consequently increasing interactions of nuisance and unexpected encounters. It also increases the risk of Wildlife-Vehicle Collisions, Accident Avoidance and Wildlife-Structure Accidents (Basilio et al., 2020; Da Silva et al., 2022). In urban spaces that were not initially planned to considerer wildlife presence and use, accidents involving human structures can become frequent, such as animals getting electrocuted by power lines, trapped in building gaps, or injured on barbed wire fences (Martín et al., 2022). In situations like these, it is necessary to adapt the spaces to the specific needs of each shared landscape, aiming to reduce damage risks for both wildlife and people.




Figure 7 | Interrelation between the most frequent human-wildlife interactions in the shared landscape.



Feeding wildlife (intentionally or unintentionally) can profoundly alter natural animal behavior, physiology, reproduction and population levels (Orams, 2002; Griffin and Ciuti, 2023). Evidence suggests that wildlife residing in urban areas may not exhibit the same life history traits as their rural counterparts because of adaptation to human-induced stresses (Ditchkoff et al., 2006). A steady human-supplied food source has a high potential to attract wildlife closer to humans, and habituate them to human presence and urban spaces, which will certainly result in an increase in human-wildlife conflicts like disease transmission, physical attacks, roadkills, property damage, nuisance and others (Soulsbury and White, 2015) thereby demanding conflict resolution.

The great availability of food can stimulate population growth in these animals (Abbas et al., 2011), leading to more interactions and consequently, more conflicts. While adaptation to the anthropogenic environments might initially seem advantageous for animal survival, it can lead to habituation to human-provided food (Blumstein, 2016), with young animals learning to forage in trash bins and cat feeding sites instead of their natural environment, which brings them closer to domestication and the loss of natural foraging behaviors. Furthermore, as they are in fragmented environments, the top-down regulation may not be effective when top predators are at very low densities (Terborgh et al., 2001).

Unexpected Encounter, the second most frequent interaction in the shared landscape, was more related to interactions between humans and coatis, mostly when coatis were moving towards or coming from cat feeding sites. This interaction was the only one with three different possibilities, according to the bidirectional effects, of being classified under social and ecological perspectives (according to Marchini et al., 2021). Especially for this interaction the description of nature must be sufficiently detailed to facilitate its framing as Unsustainable Use, Human-Wildlife Conflict and Convivencia.

Accident Avoidance was the only interaction with positive effects for humans and wildlife as the collision was avoided in all cases. However, it is undeniable that the risk of an accident exists, since the encounters between cars and animals almost resulted in accidents. Therefore, even though this interaction is positive (framed as Convivencia in the diagram), a more effective preventive measure to promote coexistence would be eliminating the risk of accidents. Most accident avoidances and vehicle collisions occurred on streets with intense vehicle circulation within the campus, and close to the main buildings and vegetation. Also, the lower number of Wildlife-Vehicle Collisions involving amphibians and reptiles does not necessarily indicate fewer collisions with these taxa, but rather may reflect the challenge in detecting smaller-bodied specimens.

Our results demonstrated that the coati, followed by the muscovy duck and the white-eared opossum, were the species most frequently involved in interactions with humans. These species have in common a generalist diet (Alves-Costa et al., 2004; Sá et al., 2014; Islam et al., 2020), which facilitates the adaptation of these individuals to anthropogenic landscapes given the steady availability of food sources (Andren, 1994; Gascon et al., 1999; Silva et al., 2005; Kupfer et al., 2006; Devictor et al., 2008). The coati has a broad dietary niche, consuming from fruits to insects and gastropods (Alves-Costa et al., 2004). The muscovy duck is native to South America and has been domesticated in parts of it. In natural environments, the muscovy duck feeds on plants and insects (Islam et al., 2020) through filtration, while in anthropogenic environments its foraging is influenced by the availability of food (Harun et al., 1998; Chapman and Jones, 2009, 2011). In our shared landscape, resident populations of muscovy ducks are mainly found around three artificial lakes, which are high-traffic areas for people, including visitors who feed these animals daily as part of a local cultural tradition. The white-eared opossum is widely distributed in Brazil (Emmons and Feer, 1997; Reis et al., 2014), has solitary and nocturnal habits (Loretto and Vieira, 2005), and feeds from plant material to vertebrates such as bats and snakes (Reis et al., 2014). In this study, this species was frequently observed in garbage cans and on streets near cat’ feeding sites.

Shared landscapes bring even more challenges for coexistence planning and management as conflicts and land-sharing are uncoupled (Crespin and Simonetti, 2019). Human-wildlife conflicts are rampant in a land-sharing context where wildlife co-occurs with humans, crops or livestock, ultimately hindering coexistence if not properly managed (Soulsbury and White, 2015; Crespin and Simonetti, 2019). Unfortunately, the viability of land-sharing/sparing approaches has not considered the importance of coexistence between humans and wildlife (Crespin, 2018). Therefore, efforts to change human behavior may be crucial in promoting coexistence in shared landscapes, like the ability to effectively prevent human-wildlife conflict, to recover from these conflicts and to manage emergency issues precisely (Chen et al., 2023). Also, a key part of shared landscape management is not only to reduce conflicts but also to explore the positive aspects of human-wildlife interactions (Soulsbury and White, 2019).

Indeed, solid waste management significantly impacts the chain of HWI. In this sense, a more appropriate plan for promoting coexistence should consider not only the implementation of wildlife-proof waste disposal structures but also, crucially, environmental education and conflict resolution strategies capable of addressing the collective and individual benefits of behaviors conducive to harmonious interactions with wildlife. At the Luiz de Queiroz campus, dialogue strategies between campus authorities and groups responsible for providing food for abandoned cats have shown promising results in behavior change, as the parties involved have begun to forge new agreements to facilitate coexistence. Following guidance from experts in wildlife conservation, the groups have agreed to gradually relocate the feeding sites away from areas with a high presence of humans, thereby contributing to the reduction of Nuisance Wildlife such as coatis. Measures like these are expected to mitigate the effects of indirect feeding and could influence the chain of HWI that leads to human-wildlife conflicts in this landscape. Further studies about this case are still ongoing, but they underscore the importance of viewing HWI as an interdisciplinary issue that should also be addressed through the lens of social sciences (Soulsbury and White, 2019; Hull et al., 2023). Therefore, by eliminating the causal factors, it is likely that all subsequent interactions will be reduced. Ultimately, the need for emergency wildlife rescues would also decrease. Emergency wildlife rescue is an effective and immediate solution to human-wildlife conflict. Although, it is not sustainable in the long term, and it should not be necessary once coexistence is achieved.

We presented here an approach to assess and evaluate HWI aiming to inform decision-making regarding conflict resolutions to promote coexistence in shared landscapes. This approach should focus on understanding the complexity and diversity of the interactions at multi-species level, providing useful results to guide the interventions that should be made to prioritize and manage HWI with negative outcomes. The HWI assessment and evaluation approach must (i) survey the interactions, (ii) classify the interactions based on their attributes, (iii) map the interactions in the landscape, and (iv) analyze the interactions’ attributes and effects. Based on the results, the decision-maker can prioritize the interaction, species and/or even the location for intervention planning tailored to a specific situation to minimize conflicts, especially in shared landscapes where conflict resolution is more urgent and necessary.




5 Final considerations

The best way to encompass and understand the complexity and diversity of interactions in a shared landscape is to properly assess and evaluate the HWI, as proposed in this paper. Interactions between humans and wildlife occur within a singular and complex context that is crucial for guiding decision-makers with solid, evidence-based solutions. This context encompasses a range of elements that shape and influence such interactions, going beyond isolated situations within the landscape context in which they are embedded (Hull et al., 2023). To provide a more accurate and reliable basis for analysis, we strongly advocate for HWI assessment and evaluation, considering specific factors inherent to each context, such as restored areas, visitor presence, and wildlife attraction factors. Recognizing and understanding this backdrop is essential for developing more effective and sustainable solutions that consider not only the available data, but also the environmental and social context in which these interactions take place.

The nature of interaction is paramount for a more refined analysis. Therefore, the interaction must be described with as many details as possible, so that its effects on people and wildlife can be assessed. This will determine which category the interaction fits into and, consequently, the most appropriate management action. For example, the interaction Chase Away can be situated in two quadrants of the diagram (Marchini et al., 2021), depending on the effect on the person. In general, it is a situation of human-wildlife conflict, as it causes stress both for the person who chases away the animal and for the animal itself. However, we have encountered situations in our landscape where the person who chases away the animal was clearly enjoying the interaction, usually with birds. This type of interaction requires specific management actions, not only focusing on cognitive aspects, such as awareness campaigns, but also on emotional aspects, as the interaction provokes feelings of joy and euphoria in the person. Several studies on moral emotions have made significant contributions to the discussion of a “willingness to act” that leads to actions directed toward the common good (La Taille, 2002, 2010). Incorporating this layer of analysis into studies on HWI also presents great potential.

Other interactions, also related to emotional aspects, require specific actions, such as Intentional Feeding. In many cases, the information that food is harmful to wildlife is not enough, due to the feelings of joy caused by the proximity to the animal. In these cases, it may be more effective to recognize that there is a desire for interaction than to simply prohibit it, suggesting ways of approaching that are not harmful to the animals, such as taking pictures and birdwatching. The emphasis on coexistence, instead of on conflicts, can transform conflicts/risks into opportunities so that humans and wildlife can live in proximity sustainably sharing resources (Jacobs and Vaske, 2019).

All human actions that lead to an increase in food availability for wildlife will certainly result in an increase in human-wildlife conflicts. To improve decision-making in solving conflicts, it is crucial to prioritize actions that address the root cause of the problem in a chain of impacts, identifying and correcting the primary cause of conflict to prevent subsequent effects. Our results highlight the urgency to implement measures to reduce the conflicts related to the presence of wildlife in the proximity of humans in the shared landscape. Therefore, in this context, it is paramount for decision-makers to focus their efforts on tackling a combination of interventions, with multiple and alternative methods (Treves et al., 2009), that accomplish the three realms - landscape, individual, institution and politics (Jacobs, 2006) - of the HWI. Affective aspects will be crucial in this final realm, linking morality to politics to produce agreements and coordinated actions. At landscape level, we recommend (i) replace open by closed garbage cans; (ii) implement mitigation measures in the hotspots of accident avoidance, such as speed reducers, speed enforcement cameras and warning signs, and wildlife crossings; (iii) adopt wildlife-inclusive urban planning and design (Kay et al., 2021). At individual level, we recommend (i) inform and advise users towards a more conscious use of the area, taking away their leftover or disposing them properly in closed garbage cans; (ii) advise the cat feeders about the negative effects of supplying feeding sites with exaggerate amount of cat food in areas with high wildlife diversity; (iii) disseminate information about the negative impacts of feeding wildlife (attacks, disease transmission, nuisance and others); and, (iv) conduct training courses for campus employees and visitors on best practices in coexistence with wildlife. And, at the institutional and political level, we suggest (i) improve regulations and policies for proper solid waste management in wildlife areas; (ii) create guidelines and regulations to promote ‘leave no trace’ practices; (iii) implement protocols for nuisance wildlife and emergency rescues; (iv) create accessible and inexpensive common spaces for conflict resolution among stakeholders. This has proven to be particularly important in the case of cat feeders. While such integrated approaches are unlikely to fully resolve the complex and unique nature of most human-wildlife interactions, they will contribute toward making better decisions while promoting human-wildlife coexistence (König et al., 2021). By adopting appropriate tools and management, public policies, and societal support, people and wildlife can coexist in human-dominated landscapes (Nyhus, 2016).

Mutual adaptation (co-adaptation) between humans and wildlife species is essential to facilitate coexistence in space and time. This means that, to a certain extent, both can change their behavior, learn from experience and pursue their interests concerning each other (Carter and Linell, 2016). This is particularly necessary in urban environments such as the Luiz de Queiroz campus. Promoting a perspective of the common good supported by notions of coexistence makes it possible to produce a pathway to co-adaptation, leading to a more harmonious scenario with wildlife. In this sense, by transforming the attitude of users and visitors in the area into more positive and conscious ones, the related conflicts can be reduced. Therefore, understanding the patterns of interaction through the HWI approach, as part of a process of co-adaptation, is crucial for decision-makers aiming to achieve a scenario of coexistence.
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Accident Defensive behavior by humans to avoid potential Direct Positive Positive Convivencia
Avoidance accidents with animals
Attack Attack or attacking threat (predatory, territorial, Direct Negative Negative Human-Wildlife Conflict

defense) by wildlife on humans

Chase Away Measures taken to prevent human-wildlife conflict, Direct or Indirect = Positive Negative Unsustainable Use

which may involve implementing physical barriers,
using sound or visual deterrents, and other strategies Direct or Indirect = Negative Negative Human-Wildlife Conflict

to chase the animal away

Crop Damage Damage caused by wildlife in agricultural crops Indirect Negative Positive Wildlife Damage
Intentional Access of food by animal due to direct Direct Negative Negative Human-Wildlife Conflict
Feeding human interaction
Positive Negative Unsustainable Use
Harvesting Wildlife use by humans that can be sustainable Direct or Indirect = Positive Positive Convivencia
or unsustainable
Positive Negative Unsustainable Use
Unintentional Accidental access of food by animal Indirect Negative Negative Human-Wildlife Conflict
Feeding
Livestock Predation of the livestock by wildlife Indirect Negative Positive Wildlife Damage
Predation
Nuisance Wildlife that cause damage to crops/property or Direct Negative Negative Human-Wildlife Conflict
Wildlife threat to the safety of people, pets, or livestock
Negative Positive Wildlife Damage
Poaching Chasing, capturing and killing animals by humans Direct Positive Negative Unsustainable Use
Property Damage  Injury caused by wildlife in houses, fences, wirings Indirect Negative Positive Wildlife Damage
and others
Negative Negative Human-Wildlife Conflict
Retaliation Persecution and killing of animals by humans due to Direct Positive Negative Unsustainable Use
damage caused or perceived by animals
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Encounter presence leads exclusively to a reaction from the . .
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Wildlife- Collisions with man-made infrastructure (buildings, Direct or Indirect = Negative Negative Human-Wildlife Conflict
Structure towers, electrical cables, etc) often resulting in injury,
Accidents mortality, or damage to both animal and
human properties
Wildlife- Collision between vehicle and animals, usually Direct Negative Negative Human-Wildlife Conflict
Vehicle causing serious injuries to animals
Collisions
Zoonotic Disease  Diseases caused by germs that spread between Direct or indirect = Negative Negative Human-Wildlife Conflict

animals and humans





OEBPS/Images/fcosc.2024.1456072_cover.jpg
& frontiers | Frontiers in Conservation Science

Assessing and evaluating human-wildlife
interactions for coexistence in shared
landscapes





OEBPS/Images/fcosc-05-1456072-g003.jpg
(B)

(A)

cooooooocoo
ST OXETD BT A~

(%) Kouanbaiy aane[oy

SO0 000D OO
SOV nTF N —

(%) Aouanbaiy aAne|y

(D)

(©)

cooooocQooo00
ST wnFAAQ—~

(%) Kouanbaiy aane[oy

cooooQoo0Qo Q00
S XTGBT OHAQ—

(%) Kouanbaiy aaneey

(E)

o
S

coooooooo
S XEO B F A~

(%) Aouanbaiy saney





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Conservation Science





OEBPS/Images/fcosc-05-1456072-g005.jpg
3

(A)

(=3
(=7

f=3
(=)}

[=3
o

f=]
=

(=3
o

S O O O OO
<t n AN —

9,) Aouanbaiy aAne[RYy
o L. AN B

[=3
(=
—

(=
(=)}

f=3
0

=]
=

(=3
o

oS O O O OO
it on N —

(%) Aouonboiy oanjeoy

(D)

(€)

(=3
(=

S OO o OO oo oo
DO O N T N A —

(%) Aouonboiy oaneoy

(=3
(=]

S OO O OO oo oo
DO >0O N T A~

(95) Aouanbaiy oAnje[OY

(F)

(E)

(=3
S

S O o o oo O o oo
DO OV T N AN —

(%) Aouanbaiy oAnje[y

=)
(=]

S OO0 O OO OO OO
NSO WV N A —

(9) Aouanbaiy oAnje[oy





OEBPS/Images/fcosc-05-1456072-g001.jpg
Legend

O cat feeding sites






OEBPS/Images/table1.jpg
Main Family Species Number Number

classification of encounters = of interactions

Amphibia | Anura Anura Leptodactylidae  Leptodactylus Frog 0 1
sp.

Birds Anseriformes Anseriformes Anatidae Anser anser Greylag Goose 0 1
Cairina Muscovy Duck 14 37
moschata

Cariamiformes Cariamiformes Cariamidae Cariama Red-legged Seriema 18 14
cristata
Charadriiformes  Charadriiformes Charadriidae Vanellus Southern Lapwing 2 0
chilensis
Columbiformes Columbiformes Columbidae Columba livia Rock Dove 0 1
Columbina Ruddy Ground Dove 0 2
talpacoti
Patagioenas Picazuro Pigeon 0 1
picazuro
Zenaida Eared Dove 0 2
auriculata
Cuculiformes Cuculiformes Cuculidae Guira guira Guira Cuckoo 1 0
Falconiformes Falconiformes Falconidae Caracara Crested Caracara 2 2
plancus
Fringillidae Euphonia Violaceous Euphonia | 0 1
violacea
Passeriformes Passeriformes Thraupidae Dacnis cayana Blue Dacnis 0 1
Tangara sayaca Sayaca Tanager 0 2
Tangara Palm Tanager 0 1
palmarum
Mimidae Mimus Chalk- 1 1
saturninus browed Mockingbird
Passeridae Passer House Sparrow 1 1
domesticus
Tyrannidae Pitangus Great Kiskadee 0 1
sulphuratus
Turdidae Turdus Creamy- 0 1
amaurochalinus  bellied Thrush
Turdus Pale-breasted Thrush 0 2
leucomelas
Non- Non- Non-identified bird 0 2

identified bird identified bird

Piciformes Piciformes Ramphastidae Ramphastos toco  Toco Toucan 1 1
Psittaciformes Psittaciformes Psittacidae Psittacara White-eyed Parakeet 0 2
leucophthalmus
Non- Non-identified bird Non- Non- Non-identified bird 3 2
identified bird identified bird identified bird
Mammalia |~ Carnivora Crab-eating Fox Canidae Cerdocyon thous  Crab-eating Fox 5 5
Puma Felidae Puma concolor Puma 5 3
Neotropical Otter Mustelidae Lontra Neotropical Otter 1 0
longicaudis
Coati Procyonidae Nasua nasua South 114 97

American Coati

Cingulata Armadillo Dasypodidae Dasypus sp. Armadillo 23 13
Chiroptera Bat Non- Non- Non-identified bat 3 1
identified bat identified bat
Didelphimorphia =~ White- Didelphidae Didelphis White- 26 23
eared Opossum albiventris eared Opossum
Rodentia Capybara Caviidae Hydrochoerus Capybara 3 1
hydrochaeris
Paraguayan Hairy Erethizontidae Coendou Paraguayan Hairy 22 12
Dwarf Porcupine spinosus Dwarf Porcupine
Non- Non- Non- Non- 1 0
identified rodentia identified identified identified rodentia
rodentia rodentia
Coypu Echimyidae Myocastor Coypu 1 1
coypus
Primates Black- Callitrichidae Callithrix Black- 21 11
pencilled Marmoset penicillata pencilled Marmoset
Reptilia Squamata Amphisbaena Amphisbaenidae = Amphisbaena Amphisbaena 0 2
sp.
Non-identified lizard ~ Non- Non- Non-identified lizard 0 1

identified lizard | identified lizard

Non-identified snake  Non- Non- Non-identified snakes 1 5
identified snakes = identified snakes

Non-venomous snake ~ Boidae Boa constrictor Red-tailed Boa 11 7
Colubridae Chironius Central Sipo 1 0
quadricarinatus
Dipsadidae Oxyrhopus sp.  False Coral Snake 1 0
Venomous snakes Viperidae Crotalus Cascabel Rattlesnake 0 2
durissus
Bothrops Jararaca 1 0
Jjararaca
Black-and-white Tegu ~ Teiidae Salvator Black-and-white Tegu = 13 10
merianae
Testudines Geoffroy's side- Chelidae Phrynops Geoffroy's side- 1 0

necked Turtle geoffroanus necked Turtle





