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 Resumo 

 

O planeta Terra está atualmente enfrentando desafios sem precedentes decorrentes 

de mudanças induzidas pelos seres humanos, especialmente a antropização da paisagem e 

as mudanças climáticas, que resultaram na perda de habitat, fragmentação, poluição, 

espécies invasoras e eventos climáticos extremos. Esses fatores estressantes colocam em 

perigo a biodiversidade terrestre e perturbam o funcionamento dos ecossistemas. Entre os 

mais afetados estão as populações de animais, especialmente os carnívoros, cujos padrões 

de movimento são diretamente influenciados por esses fatores estressantes cumulativos, 

moldando a distribuição e as interações das espécies. Esta tese de doutorado tem como 

objetivo compreender o impacto do clima e da antropização da paisagem sobre a 

movimentação de carnívoros. O primeiro capítulo fornece uma revisão bibliográfica 

evidenciando a necessidade de uma análise integrada de clima e paisagem para 

planejamento de estratégias de conservação de carnívoros em uma escala global. Esta 

revisão culmina em um framework conceitual que conecta sistematicamente os diversos 

aspectos climáticos e de paisagem afetando a movimentação e uso do espaço por canívoros. 

O segundo capítulo explora o impacto do clima e da paisagem na adequação do habitat e no 

movimento da Panthera onca no bioma do Pantanal Brasileiro e também é explorado a 

influência da sazonalidade, da precipitação e do uso da terra no comprimento de passo das 

onças-pintadas. Os resultados obtidos indicaram as regiões mais adequadas para a espécie, 

bem como mostraram a sensibilidade das onças às interações entre clima e paisagem, e a 

influência da precipitação e da sazonalidade no movimento. Considerando as evidentes 

mudanças climáticas, medidas regenerativas de conservação, como agrofloresta e sistemas 

de integração Lavoura, Pecuária Floresta (LPF), que integram a produção de recursos para 

os humanos e proporcionam um ecossistema saudável para a vida selvagem, são estratégias 

que indicam ser eficazes dentro do nosso contexto atual. Portanto, essa tese gera dados 

empíricos demonstrando quais fatores devem ser considerados para conservação da onça-
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 pintada e consequentemente para o bioma Pantanal, já que a onça atua como uma espécie 

chave mantendo o equilíbrio do bioma.  

 

Palavras-chave:  Clima, Sazonalidade, Pantanal, antropização da paisagem, onça-

pintada, Modelagem de distribuição de espécies, movimento animal, comprimento de passo.  
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 Abstract 

 

The Earth is currently facing unprecedented challenges arising from human-induced 

changes, notably landscape anthropization and climate change, which have led to habitat loss, 

fragmentation, pollution, invasive species, and extreme climate events. These stressors 

endanger terrestrial biodiversity and disrupt ecosystem functioning. Among the most affected 

are animal populations, particularly carnivores, whose movement patterns are directly 

influenced by these cumulative stressors, ultimately shaping species distribution and 

interactions. This doctoral thesis aims to comprehend the repercussions of climate and 

landscape anthropization on carnivore movement. The first chapter provides a review of the 

influence of climate and landscape anthropization on animal movement, with a specific focus 

on carnivore mammals. It was evidenced that there are few studies analyzing the effects of 

climate and landscape on carnivore movement, and the combined analysis of these factors is 

of utmost importance to plan conservation strategies in a scenario of constant climate and 

landscape changes. The second chapter explores the impact of climate and landscape on 

habitat suitability and movement of Panthera onca in the Pantanal biome and we also explore 

the influence of seasonality, rainfall and land use on Step Length of jaguars. The results 

obtained indicated the regions most suitable for jaguars, as well as showing the sensitivity of 

this species to the interactions between climate and landscape and the influence of rainfall 

and seasonality in the movement. Considering the evident climate changes, regenerative 

conservation measures, such as agroforestry and agro-silvopastoral systems, which integrate 

resource production for humans and provide a healthy ecosystem for wildlife, are strategies 

that appear to be effective within our current context. Therefore, this thesis generates empirical 

data demonstrating which factors should be considered for jaguar conservation and 

consequently for the Pantanal biome since the jaguar acts as a keystone species maintaining 

the biome's balance. 
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Keywords: Climate change, seasonality, Pantanal, landscape anthropization, jaguars, 

Panthera onca, species distribution modeling, animal movement, step length.  
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 1. General Introduction 

The Earth is facing unprecedented challenges as a result of human-induced changes, 

such as landscape anthropization caused by land use and climate change (Newbold et al., 

2015; Crowther et al., 2014; Aycrigg et al., 2021; Wolf et al., 2020). These stressors, including 

habitat loss, fragmentation, pollution, invasive species, and extreme climate events, are 

threatening terrestrial biodiversity and disrupting ecosystem functioning (Newbold et al., 2015). 

Among the various impacts, the movement patterns of animal populations, particularlly 

carnivores, are directly affected by these cumulative stressors, ultimately influencing species 

distribution and interactions (Tucker et al., 2018; Yackulic et al., 2011; Gaynor et al., 2018). 

Carnivores, as large-bodied predators, play critical roles in ecosystems functioning, 

regulating their prey population levels and sometimes acting as seed dispersers (McColgin et 

al., 2017; Symes et al., 2017; Silveira et al., 2016). However, they are highly susceptible to the 

effects of landscape anthropization due to their needs for extensive living areas and their 

solitary or small group behavior. Another challenge that the carnivores are facing is related to 

climate modifications, once it is undeniable that the Earth’s climate has been changing due to 

human activities (Wolf et al., 2020).  

To persist in these rapidly changing climate condition environments, much of today’s 

biota will need to traverse human-dominated landscapes (Gaynor et al., 2018). Therefore, 

understanding how climate variables, such as temperature, precipitation, and seasonal 

variations, interact with habitat loss and fragmentation to influence carnivore movement is 

essential to develop more effective conservation strategies (Ausband et al., 2016; Droghini & 

Boltin, 2018). 

Animal movement is driven by factors like thermoregulation, resource availability, and 

seasonal changes, which directly impact foraging and dispersal movements (Inman et al., 

2020; Farhadinia et al., 2020). The animal movement is a multifaceted process that operates 

across various spatio-temporal scales and shapes biodiversity patterns (Schweiger et al., 

2012), thus affecting genetic diversity, metapopulation and metacommunity dynamics (Blaum 

et al., 2012; Vanschoenwinkel et al., 2008). Consequently, elucidating the relationship 
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between landscape attributes and habitat distribution is crucial for assessing species survival 

and conservation planning (Jennings et al., 2016; Hämäläinen et al., 2017). 

To address these pressing ecological challenges, the main objective of this doctoral 

thesis is to understand the effects of climate and landscape anthropization in the movement 

of carnivores. The first chapter aims to provide a comprehensive conceptual synthesis of 

climate and landscape anthropization on animal movement, with a focus on carnivore 

mammals. By examining the responses of carnivores to climate variables and anthropogenic 

landscape attributes, this research contributes to a better understanding of species 

distribution, genetic structure, and population viability (Karelus et al., 2019; Aycrigg et al., 

2021).  

The second chapter aims to understand the impact of climate and landscape 

alterations in the habitat suitability and movement behavior of Panthera onca in the pantanal 

biome and the influence of seasonality in the movement patterns shaped by rainfall and land 

use. Ultimately, our findings are crucial to carefully implement conservation measures and 

strategies to safeguard ecosystems and the diverse fauna they support in the face of rapid 

global changes. 
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5.CONCLUSIONS

Our results represent an important step in evaluating synergetic effects of climate and 

landscape on habitat suitability and animal movement, specifically jaguars. Our habitat 

suitability map, considering climate and landscape variables, presented complementary 

perceptions, acting as two scale processes. The final habitat suitability map, reinforced the 

association between jaguar movement and variables related to climate and landscape, 

highlighting the relevance of habitat-based analyses in wildlife conservation efforts. 
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Furthermore, we observed that the movement patterns of jaguars are influenced by 

seasonal variations of rainfall, habitat type, and anthropogenic features, indicating shifts in 

resource availability, prey distribution, vegetation structure or human features presence. 

Understanding these seasonal variations in step lengths is crucial for elucidating how jaguars 

adapt their movement strategies to cope with changing environmental conditions and resource 

availability throughout the seasons. The observed synergetic effects of climate and landscape 

on jaguar movement that offer vital insights into their adaptive strategies.  

Effective conservation, mitigation, and regenerative strategies, such as agroforestry 

and agro-silvopastoral are crucial to balance ecosystem dynamics in the face of growing 

human demands and climate challenges. Climate change is not anymore a problem for future 

generations, but a current challenge not only for wildlife, but also for humans and their needs. 

Therefore, this study can be an important tool and source of information on planning and 

decision making related to jaguar conservation, affecting not only the wildlife, but also 

people. 
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