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Resumo
O movimento de organismos é uma das caracteristicas mais importantes da vida na

Terra e um componente crucial para quase todos 0s processos ecoldgicos e evolutivos,
ligando a ecologia de organismos, populagdes, comunidades e ecossistemas. Exemplos
de processos dependentes de movimento incluem dispersdo e migracao, o que pode ter
impactos em dispersdo de sementes, regeneracdo de plantas e fluxo génico. Movimentos
sdo determinados por interacfes entre o estado interno dos individuos e o ambiente
externo, dependendo de habilidades sensoriais dos animais. N0osso objetivo neste estudo
foi desenvolver uma melhor compreensdo da ecologia do movimento e suas
consequéncias no comportamento animal e dispersdo de sementes. Nds desenvolvemos
trés capitulos: uma revisdo sobre desafios e perspectivas em ecologia do movimento no
Brasil; um estudo sobre estruturas sociais de lobos guara (Chrysocyon brachyurus) em
um mosaico de areas protegidas e fragmentadas; e um outro estudo onde testamos o
papel de dois canideos frugivoros (lobo guara e cachorro do mato - Cerdocyon thous) na
dispersdo de sementes e distribuicdo espacial de Solanum lycocarpum. Nesta tese nés
mostramos a importancia da ecologia do movimento, assim como suas consequéncias
no comportamento social de animais e na dispersdo de sementes. Utilizando dados
espaciais nés descobrimos mais sobre a ecologia de importantes espécies presentes na

América do Sul, assim como suas intera¢fes animal-animal e animal-planta.



Abstract
The movement of organisms is one of the most important characteristics of life on Earth

and is a crucial component of almost all ecological and evolutionary processes, linking
the ecology of organisms, populations, communities and ecosystems. Examples of
movement-dependent processes include dispersion and migration, which can have
impacts on seed dispersal, plant regeneration and gene flow. Movements are determined
by feedback interactions between the internal state of individuals and the external
environment, conditional on the animal’s movement and sensory abilities. In this study
we aim at developing a better comprehension on movement ecology and its
consequences on animal behavior and seed dispersal. We developed three chapters: a
review about challenges and perspectives of movement ecology in Brazil; a study on
social structure of maned wolves (Chrysocyon brachyurus) living in a mosaic of
protected and fragmented areas; and another study where we tested the role of two canid
frugivores (maned wolves and crab-eating foxes — Cerdocyon thous) on the seed
dispersal and spatial distribution of Solanum lycocarpum. In this thesis we showed the
importance of movement ecology, as well as its consequences on social behavior and
seed dispersal. Using spatial data we could discover more about the ecology of
important species present in South America, as well as their interactions animal-animal

and animal-plant.
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General Introduction
The movement of organisms is one of the most important characteristics of life

on Earth and is a crucial component of almost all ecological and evolutionary processes,
linking the ecology of organisms, populations, communities and ecosystems (Nathan et
al., 2008; Jeltsch et al. 2013).Research on movement ecology has progressed in recent
decades, driven by advances in analytical techniques and technologies that acquire and
quantify movement (Holyoak et al. 2008; Nathan et al. 2008; Kays et al. 2015).

Examples of movement processes include dispersion and migration, which can
have impacts on seed dispersal, plant regeneration and gene flow (Nathan et al., 2008;
Kays et al., 2015). These movement processes act over a great variety of spatial-
temporal scales (Hundertmark, 1998; Nathan et al., 2008; Niebuhr et al., 2015; da
Silveira, 2016; Molin et al., 2017).

Movements are determined by feedback interactions between the internal state
of individuals and the external environment, conditional on the individual’s movement
and sensory abilities (Nathan et al. 2008). A key component of the external environment
is other individuals (conspecifics and non), affecting, for example, competition for food,
mate search, predator-prey interactions, hence comprehending it is an important step to
understand social and mating systems (Emlen & Oring, 1977; Clutton-Brock, 1989) and
for the conservation of species and areas (Delgado et al. 2014, Kays et al., 2015;
Spiegel et al., 2016).

The presence of conspecifics — other individuals of the same species - can thus
influence individual movement patterns, and the attraction or avoidance by individuals
depends on the benefits and costs of this association (Bode et al., 2012; Delgado et al.
2014). Solitary animals usually prefer avoiding interactions with conspecifics and show
limited sociality (Logan & Sweanor, 2001; Dammhahn & Kappeler, 2009). However,
solitary species may interact with conspecifics in some moments of their life cycle, like
to rear cubs, mate, or defend a territory (Sandell, 1989; Elbroch et al. 2015, 2017).

Another important aspect related to the interaction between the movement of
animals and the external environment are the ecological processes, as pollination and
seed dispersal (Kremen at al. 2007; Mitchell et al. 2015). Several facets played by
frugivores have been highlighted to favor plant fitness. Removing seeds from the high
mortality zone near the maternal plant, increasing germination rate, moving the seeds to

favorable sites, and promoting gene flow via seed dispersal are some of the few direct
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examples of how frugivores increase the chances of plant’s survival (Herrera, 1985;
Jordano et al., 2007). This is particularly important in tropical regions, where most of
the plant species are dispersed by animals (Almeida-Neto et al., 2008).

Frugivore canids often consume large amounts of fruit and may be responsible
for the seed shadow of many animal-dispersed plant species, however their role as seed-
dispersers remains relatively unexplored. These species generate seed rain patterns that
capture their foraging and post-feeding movements, therefore, sites chosen for patrolling
or territorial marking receives a disproportionate number of seeds (Jordano et al., 2007;
Gonzélez-Varo et al., 2013). Canids are important seed dispersers for fruits of the
Cerrado vegetation—a Brazilian like savanna— as they do not possess physiological
adaptations for digesting cellulose. As seeds pass through the canids gut largely intact —
they exhibit limited mastication during consumption-seed damage rates are low (Juarez
& Marinho-Filho, 2002).

The maned wolf is a South American canid, with a broad diet which comprises
fruits, small rodents, insects etc (Dietz, 1984; Santos et al., 2003). The species is
considered a vulnerable species at risk of extinction due to a drastic reduction and
fragmentation of its original habitat (IBAMA 2003). The maned wolf is closed
associated withSolanum lycocarpum, a conspicuous plant in the Cerrado, where it
occurs in natural areas, pastures, and in natural remnants scatteredwithin agricultural
landscapes.Fruits of S. lycocarpum are an important food source and are reported to
make up between 3.4% and 53.5% of total occurrence in maned wolf scat samples
(Bueno & Motta-Junior, 2004, 2009; Juarez & Marinho-Filho, 2002; Motta-Junior &
Martins, 2002; Santos et al., 2003; Silva & Talomoni, 2003). Besides maned wolves, the
crab-eating fox (Cerdocyon thous), the hoary fox (Lycalopex vetulus) and the tapir
(Tapirus terrestris) disperse Solanum seeds (Dalponte & Lima, 1999;Juarez &
Marinho-Filho, 2002; Bueno & Motta-Junior, 2004; Jacomo et al. 2004).

The social system of the maned wolf is based on monogamous breeding pairs,
but little is known about their social behavior or landscape use. Dietz (1984) and
Jacomo et al. (2009) contend that maned wolves are solitary animals that interact
occasionally, especially during the mating season. However, these studies were
conducted using VHF radiotelemetry technology, which obtain sparse and less accurate
data when compared with modern global positioning systems (GPS). In addition, many
of VHF data are collected during the day, which limits some analysis of movement

behavior ecology. In fact, Bandeira de Melo et al. (2007) studied the social behavior of
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three maned wolves — a couple and a juvenile female — using GPS for six months and
found a strong interaction between the couples and high tolerance of both adults with
the juvenile.

Paula (2016) showed in his study that maned wolves living in the Serra da
Canastra National Park comprised couples sharing the same territories. However, the
overlap between the home range of individuals cannot be considered a complete
measure of interactions between individuals, as overlap does not provide any
information about the intensity of interactions (Atwood & Weeks, 2003) and the
presence of dynamic interactions between individuals. Formore complete information, it
IS necessary to obtain data on the spatio-temporal location of both individuals of a
potentially interacting pair (‘dyad’) of individuals (Mace & Waller, 1997).

The general aim of this thesis searches a better comprehension of movement
ecology and its consequences on behavior and seed dispersal. The thesis is divided into
three chapters:

1 - Challenges and perspectives of movement ecology research in Brazil — a
systematic review where we describe the recent scientific research on movement
ecology in Brazil, as well as its main topics, challenges and perspectives.

2 - Coordinated movements of maned wolves (Chrysocyon brachyurus) in
protected and fragmented landscapes — a study that focus on the social structure of
maned wolves (Chrysocyon brachyurus) living inside a national park and itssurrounding
fragmented area, in Brazil.

3 - Effects of frugivores canids on the seed dispersal and spatial distribution
of Solanum lycocarpum in a Brazilian savanna — a study where we test the role of two
canid frugivore species — maned wolf (Chrysocyon brachyurus) and crab-eating fox
(Cerdocyon thous) — on the seed dispersal and spatial distribution of Solanum
lycocarpum. We also assess the importance of this fruit to the canid species in habitats

where less plant resource is available.
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Final considerations
This study provides information on movement ecology and their consequences

on social interactions and seed dispersal. We could identify the main challenges on
movement ecology in Brazil and suggest possible solutions, such as access to
technology without bureaucracy, incentives to Brazilian companies that develop
tracking equipment and collaborations among science fields and interdisciplinary
research centers and institutes related to movement ecology. We also highlight the need
to link the mechanisms, processes and causes that influence movement in nature, to
shape better ecological questions and to understand the consequences of movement for
conservation.

The main suggestion for the future directions in movement ecology research in
Brazil is to explore organism movement data without forgetting the guiding principles,
i.e. the underlying ecological questions. Now it is time to move beyond researching
animal movement for its own sake and integrate patterns and specific questions with
ecological processes involved in movement itself, such as predation, pollination and
seed dispersal. Further exploration on how movement facilitates natural forest
restoration, ecosystem services and other phenomena could advance conservation policy
planning and implementation.

We also explored the consequences of movement on social behavior and
interactions of maned wolves (Chrysocyon brachyurus), once the contact between
conspecifics is one of the most important occurrences within an animal life. We found
that although maned wolves are solitary, they present some interactions between
couples and a high tolerance between spatially contiguous neighbors and thus providing
evidence for a degree of sociality. The interactions between couples are more related to
space than time, and are stronger on reproductive seasons.

The landscape use within the home range of maned wolves can influence the
length of the pairwise distances, which therefore reflects the impact of human-
dominated areas on behavior and movement of this important species. However, we did
not find evidences that the movement of an individual maned wolf can affect the
direction of movement of another individual, independent of the landscape in which
they live.

We also found that maned wolves are the main responsible by the distribution of
Solanum trees on Emas National Park. Besides being a more efficient seed disperser

than crab-eating foxes, they also present preference on habitats where they can feed on
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Solanum trees. Maned wolves also moved throughout the studied area, dispersing seeds
in all available microhabitats, while crab-eating foxes distributed seeds mainly on the
border of the park. On this thesis we showed the importance of movement ecology, as
well as its consequences on social behavior and seed dispersal. Using spatial data we
could discover more about the ecology of important species present on South America,
as well as their interactions animal-animal and animal-plant. We recommend the
development of more studies that integrates aspects and consequences of movement,

especially on tropical ecosystems.





