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RESUMO
Modificacbes da cobertura do solo, perturbacdes antropogénicas e mudancas climaticas na
regido Neotropical tém sido associadas a crise da biodiversidade. Nesta tese, o objetivo
principal foi investigar os efeitos que a estrutura da paisagem (incluindo a perturbagéo
antropogénica) e a qualidade do habitat tém na distribuicdo espacial, nos padres de
movimento e na selecdo de habitat da queixada - Tayassu pecari. Esta espécie € o Unico
ungulado florestal Neotropical que forma grandes bandos e é uma espécie-chave nos
ecossistemas florestais, pois sua extincdo local pode causar perdas adicionais de
biodiversidade por meio de efeitos em cascata. Ainda assim, pouco se sabe sobre uso do
espaco e movimentos de queixadas em escala fina. Para tanto, estudamos a distribuicdo e
movimentacdo da espécie em diferentes escalas e biomas do Brasil, investigando quais
variaveis de paisagem influenciaram a mesma em diferentes escalas e ordens de selecdo.
Nossos resultados mostram fortes efeitos negativos da modificacdo da paisagem e
fragmentacdo do habitat na distribuicdo de queixadas, restando apenas 47% do territorio
brasileiro com areas adequadas para a espécie. Verificamos que menos da metade de todas as
areas protegidas nos biomas Cerrado e Mata Atlantica tém um habitat adequado para a
queixada. Para a andlise do movimento, rastreamos 30 individuos com colares de GPS de
julho de 2013 a outubro de 2016 no Pantanal e no Cerrado do estado do Mato Grosso do Sul.
Nossos principais resultados mostraram uma selecdo positiva de queixadas para areas
florestais quando comparada com a matriz composta principalmente por pastagens. Uma
porcentagem maior de cobertura de arvores, maiores areas de floresta, proximidade de fontes
de agua e proximidade com o centro de fragmentos tiveram um efeito positivo na selecéo de
habitat. A queixada evitou areas de declividade mais ingremes, estradas pavimentadas e areas
de maior densidade populacional humana. A distancia maxima que as queixadas cruzaram na
matriz da paisagem ndo excedeu 700m. Nossos resultados mostraram que a conectividade
funcional para a queixada pode ser limitada pelo tipo de cobertura da terra, por estradas
pavimentadas e por regifes altamente povoadas, e essa informagdo pode ser aplicada para
determinar novas acGes de manejo de conservacdo em nossa regido de estudo. Além disso, a
distancia média diaria percorrida para os individuos monitorados foi de 3501m. O tamanho
total da area de vida teve valores médios que variaram dependendo do estimador utilizado: 28
km? (MCP), 33 km? (minHREFK) e 52 km? (AKDE). Com este estudo, pudemos identificar
gue mudancgas sazonais nos recursos e no contexto da paisagem podem desencadear mudancas
nos padrbes de movimento e na area de vida durante a vida dos animais. Analisar o

comportamento de movimento e area de vida de individuos em diferentes biomas e escalas de



tempo e espaco pode levar a diferentes conclusGes sobre os requisitos de habitat para a
persisténcia da espécie, e essa informacdo é essencial para a conservacdo da mesma em
paisagens heterogéneas produtivas.

Palavras-chave: Ecologia espacial, Conservacdo, Ecologia de paisagens, Perda de habitat,

Mamiferos, Area de vida.

ABSTRACT
Land cover modifications, anthropogenic disturbances and climate change in the Neotropical
region have been linked to the biodiversity crisis. This thesis proposal was to investigate the
effects that landscape structure (including anthropogenic disturbance) and habitat quality have
in the spatial distribution, in the movement patterns and in the habitat selection of the white-
lipped peccary - Tayassu pecari (WLP). This species is the only Neotropical forest ungulate
that forms large herds, and it is a keystone species in forest ecosystems because its local
extinction may cause additional biodiversity losses through cascading effects. Still, little is
known about WLPs space use and fine-scale movement. For that aim we studied the species
distribution and movements in different scales and biomes of Brazil, investigating which
landscape variables would influence the species in different scales and orders of selection.
Our findings show strong negative effects of landscape modification and habitat
fragmentation on white-lipped peccary distribution, with only 47% of the Brazilian territory
with suitable areas for the species. We also found that less than half of all protected areas in
the Cerrado and the Atlantic Forest biomes have suitable habitat for WLP. For the movement
analysis we tracked 30 individuals with GPS collars from July 2013 to October of 2016 in the
Pantanal and in the Cerrado of Mato Grosso do Sul state. Our main results showed a positive
selection of WLP for forest areas when compared with the matrix composed mainly by
pasture. A higher percent of tree cover, larger forest patches, proximity to water sources and
proximity with fragment center had a positive effect on habitat selection. WLP avoided steep
slope areas, paved roads, and areas of higher human population density. The maximum matrix
crossing distance for pasture cover did not exceed 700m. Our results showed that functional
connectivity for WLP can be limited by land cover, roads and highly populated regions and
this information can be applied to determine new conservation management actions in our
study region. Also, the mean daily distance traveled for the monitored individuals was 3501m.
The total home range size had mean values varying depending on the estimator used: 28 km?
(MCP), 33 km? (minHREFK) and 52 km? (AKDE). With this study, we could identify that

seasonal changes in resources and the landscape context can trigger changes in the movement



patterns and in the home range during the animals’ lifetime. Analyzing movement and home
range behavior of individuals in different biomes and scales of time and space can drive
different conclusions about the habitat requirements for the species persistence, and that
information is essential for its conservation in heterogeneous productive landscapes.

Keywords: Spatial Ecology, Conservation, Landscape Ecology, Habitat loss, Mammals,
Home range.
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Land-use changes have been causing reduction of terrestrial biodiversity globally
(Newbold et al., 2015). Anthropogenic impacts associated with landscape alterations can
direct or indirectly affect biodiversity, and one of the main current impacts is habitat loss and
fragmentation. These land-use m theodifications can affect the range (Yackulic et al., 2011),
movement (Tucker et al., 2018), and activity patterns (Gaynor et al., 2018) of mammal
population. Therefore, currently a central challenge for the conservation biology of mammals
is to monitor the influences and predict the future consequences that environmental changes
have on animal populations’ distribution and persistence.

In heterogeneous environments, investigating how the landscape structure (composition
and configuration) affects range distribution, home range and movements of animals allow us
to understand what the habitat requirements for species persistence are. We can also gain
insights on how individuals are currently adapting their movements (inside and among habitat
patches), space use and activity patterns to survive in altered landscapes (Fahrig, 2007;
Gaynor et al., 2018; Shepard et al., 2008). Understanding and simulating how landscape
changes will affect natural populations and communities in the long-term are important steps
for determining more effective conservation actions’ planning (e.g. Crouzeilles et al., 2015;
Hanski and Gilpin, 1991; Jeltsch et al., 2013; Morales et al., 2005).

Exploring the effects of habitat loss and fragmentation in habitat selection may also
require multi-scale approaches (Benhamou, 2014; Mayor et al., 2009; McGarigal et al., 2016)
to explore how the impacts of landscape alterations can change if we focus in a different scale
of analysis. Habitat selection assumes a disproportional use of space when comparing used
versus available habitat categories (Beyer et al., 2010; Johnson, 1980; Lele et al., 2013).
Multi-scale approaches explore how different spatial scales can affect the ratios of use and
availability in habitat selection (Mayor et al., 2009). In addition, habitat selection may not be
scaled up or down because different habitat variables can be selected in different scales and
consequently the tradeoff between fitness costs and benefits can also be affected differently
depending on the scale of analysis (Mayor et al., 2009; McGarigal et al., 2016). Thus, using a
multi-scale approach allows to evaluate and to quantify those differences.

Another challenge to integrate landscape elements in habitat selection studies is
evaluating the hierarchical nature within different orders of selection (Johnson, 1980;
McGarigal et al., 2016). This evaluation comprise exploring the selection in the range
distribution of a species (first order), the home range of individuals (second order), the habitat
components within the home range (third order), and finally, the specific habitat components

15



in focal sites for feeding or specific resources in preferred core areas of use (fourth order)
(Johnson, 1980). More than a multi-scale approach, knowing the different impacts that
landscape structure can have for species persistence in those different orders of selection,
require thinking also about which biological responses and ecological processes are affected
in each scale. Information provided for those different orders of selection can help to develop
conservation strategies in different economic and political levels (i.e., local, regional and
global).

Using multi-scale approaches to define what are the main scales in which different
species respond (and how that response happens) to land-cover change, fragmentation,
agriculture expansion, and creation of barriers such as roads is of extreme importance to
determine how the anthropogenic matrix affects the permeability for different species, and
how functional connectivity can be re-created in a dynamic changing world (Fahrig, 2017,
Vasudev and Fletcher, 2015). However, it is also necessary to avoid confounding effects that
fragmentation per se can have on different biological groups to determine the positive and the
negative effects of landscape modifications on biodiversity (Ewers and Didham, 2006; Fahrig,
2017, 2003).

Spatial data collected using GPS technology can provide new information about
behavior and decisions made by animals while moving through the landscape (Fortin et al.,
2005; Gurarie et al., 2016). This information combined with new statistical approaches create
new possibilities to explore species spatial distribution, movement behavior and habitat
selection changes with much more detail and in shorter periods of time (Bracis et al., 2018;
Gurarie et al., 2009; Morales et al., 2004; Ovaskainen et al., 2014). It also makes the
identification of ecological corridors and key habitats a more dynamic and reasonable task
(Chetkiewicz et al., 2006; Thurfjell et al., 2014; Vasudev and Fletcher, 2015). This is
especially interesting for forest mammals that are sensible to habitat loss and fragmentation
(Magioli et al., 2015; Pardini et al., 2017) since habitat alteration and anthropogenic impacts
also affect mammal occurrence, movements and space use patterns (e.g. Beca et al., 2017;
Betts et al., 2017; Davies et al., 2017; Ferreira et al., 2017; Morato et al., 2016; Tucker et al.,
2018). Therefore, the use of environmental thresholds to predict effects of habitat loss on
biodiversity occurrence and movement, may produce valuable information for species
conservation, especially for forest dependent mammals.

Usually, monitoring the movement of several species in a given area is difficult and

expensive. Surrogate species may be used to understand the effects of landscape composition
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on biodiversity by monitoring a few key species, due to the high costs to study and to create
strategies to protect all threatened species (Sanderson et al., 2002). Because of their biological
requirements and ecological role in forest ecosystems, the white-lipped peccary (WLP)
(Tayassu pecari) is a good example of a surrogate species to identify the effects of habitat loss
and modification on forest dependent mammals (Altrichter et al., 2012; Jorge et al., 2013;
Keuroghlian et al., 2015; Reyna-Hurtado et al., 2016). They are frugivorous-omnivorous
ungulates living in large herds and composing the largest biomass of mammals in the
Neotropical forests (Beck, 2006; Eisenberg, 1980; Peres, 1996). WLP depend on forests to
survive, and the forests are also affected by their absence because the extirpation of WLP may
cause habitat alterations and additional biodiversity losses (Altrichter et al., 2012; Beck, 2006;
Galetti et al., 2017; Keuroghlian et al., 2015; Keuroghlian and Eaton, 2009, 2008a). For all
those reasons, WLP is excellent candidate to be used as surrogate “landscape species”
(Sanderson et al., 2002) allowing deeper understanding of how landscape structure and
anthropogenic impacts can affect the distribution and movements of other medium and large
sized forest mammals.

Finally, despite the progress on the habitat selection and movement ecology research,
much work is needed to account for the types of movement behavior often observed in long-
lived species with spatial memory, learned behavior and social structure (Fryxell et al., 2008;
Morales et al., 2004; Mueller and Fagan, 2008). Therefore, the study of the WLP habitat
selection and movement addresses new information for movement ecology itself and may
provide answers about what are the habitat-specific parameters and traits of large social

mammals that influence their population persistence in altered landscapes.

1.1. General objectives

Our main objective in this research was to understand the effects that landscape
structure (including anthropogenic disturbance and habitat quality) have in the habitat
suitability and in the fine-scale movement patterns of WLP. Thus, we studied the species
distribution and movements in different scales and biomes of Brazil, investigating which
landscape variables would influence the species in different scales and orders of selection.

More specifically, in this research we ask:

In Chapter 1 - Bioclimatic and landscape suitability models as planning tools for the

conservation of a Neotropical forest ecosystem engineer
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1. What is the amount of remaining suitable habitat areas for WLPs in Brazil?

2. Is habitat suitability in different regions of Brazil predicted by the same landscape
and bioclimatic variables?

3. How are the remaining suitable areas distributed across different Brazilian
biomes?

4. How forest loss in recent years affected the amount of suitable habitat available
for the WLPs in Brazil?

In Chapter 2 - Planning my next step: how landscape variables influence movement decisions

of a forest ungulate within tropical landscapes?

1. What are the main landscape variables that influence movement decisions and
habitat selection for WLPs in the Pantanal and Cerrado of Mato Grosso do Sul state?

2. What is the gap crossing capacity for the species in the studied region?

In Chapter 3 - Can movement patterns, home range and displacement rates be used as

indicators of habitat quality for the last large-herd-living ungulate of neotropical forests?

1. Do WLP herds in the Pantanal and Cerrado display similar patterns of movement,
home range and displacement?

2. Is there a difference in the movement patterns of male and female
WLPs?

3. Can we detect different movement modes and average daily distance traveled per
day in the different seasons and regions of study?

4. How landscape structure is influencing the herds’ space use patterns and can we

detect non-optimal movements of WLP in response to landscape modification and
habitat disturbance?
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CONCLUSION

In this study, we brought new information about white-lipped peccary (Tayassu
pecari) distribution and movements explored in different scales and biomes of Brazil. We
investigated which landscape variables would influence the species space use in different
scales and orders of selection. Our results represent an important step to evaluate where are
the remaining suitable areas for WLPs in Brazil, providing spatial information about how
landscape modifications and anthropogenic pressure is affecting the species persistence. This
is essential to determine the species current conservation status and to define more efficient
conservation actions, such as defining new areas for population surveys and monitoring,
placement of ecological corridors and target regions for educational programs that seek to
reduce habitat loss and illegal hunting. Finally, our models showed that T. pecari responds to
landscape changes and have been losing habitat in recent years with only 47% of Brazil
remaining with suitable areas for the species. Forest loss in Brazil impacted 337,318 km? that
were suitable for the species in the last decade and only half of all protected areas in the
Cerrado and the Atlantic Forest biomes have suitable habitat for the species. With the
movement analysis, we showed that higher percent of tree cover, larger forest patches,
proximity to water sources and proximity with fragment center had a positive effect on habitat
selection by white-lipped peccaries. But the species avoided steep slope areas, paved roads,
and areas of higher population density. We showed that riparian areas are essential to improve
functional connectivity for the species and that the matrix crossing distance for pasture cover
did not exceed 700m, which means that connectivity for T. pecari can be limited by land
cover, paved roads, and highly populated regions. This information can be applied to
determine new conservation management actions in our study region. As previous studies
have also shown, white-lipped peccaries are highly mobile moving on average 3501m per day
in our study region. The total home range size can be affected by the estimator used and in our
study, it was 52 km? (AKDE) on average. Considering autocorrelation in the home range
estimates was important to verify that the species can require even larger areas than
previously expected. With this study, we could identify that seasonal changes in resources and
in the landscape structure can trigger changes in the movement patterns and in the home range
during the animals’ lifetime. Analyzing movement and home range behavior of individuals in
different biomes and scales of time and space can drive different conclusions about the habitat

requirements for the species persistence, and that information is essential for its conservation
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in heterogeneous productive landscapes. Monitoring movements of T. pecari can be
challenging and safety procedures aiming animal welfare during capture and tracking of
white-lipped peccaries should be considered for future studies. Our research also provided
data to fill in some gaps about wildlife GPS tracking information that was incorporated in a
collaborative manuscript recently published about the performance of satellite telemetry in
terrestrial wildlife research by Hofman et al. 2019 in Plos One. In that document there are
recommendations for both researchears and manufactures working with wildlife telemetry.
Finally, despite the progress on the habitat selection and movement ecology research that have
been developed for WLP, much work is still needed so we can better understand how spatial
memory, learned behavior and social organization is influencing the species spatial use.
Therefore the study of the WLP habitat selection and movement addresses new information
for movement ecology itself and may provide answers about what are the habitat-specific
parameters and the traits of large social mammals that influence their population persistence

in altered landscapes.
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