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4  Dealing with Fragmentation and Road Effects 
in Highly Degraded and Heterogeneous Landscapes

4.1  Introduction

Over the past 100,000 years human activities have caused continuous and severe 
disturbances in natural ecosystems, resulting in the extinction of many species 
(Enrlich & Enrlich, 1988). According to Wilson (1988), these activities continue to 
sharply rise, leading to the local and regional extinction of hundreds of plant and 
animal species, many of which are yet unknown. Issues involving endangered 
species and conservation of natural resources are critical, especially in tropical 
and developing countries. Although great effort has been made in order to reduce 
biodiversity loss worldwide, in many regions habitat loss and fragmentation continue 
to negatively influence species and key ecological processes, particularly in tropical 
regions (Butchart et al., 2010).

The spatial arrangement of natural remnants in the landscape is an essential issue 
that could favor or hamper ecological processes such as dispersion and movement 
of individuals to succeed in maintaining the population of other animals and plants 
dispersed by them. In addition, the effects of reduced vegetation cover and the 
spatial arrangement of vegetation remnants, urban-agroecosystems and roads in the 
landscape have been shown to be important elements of different ecological aspects. 
Roads are vital to the economic growth of a nation and permit the creation of new 
service opportunities, jobs and the installation of new residential and industrial areas 
(Wilkie et al., 2000). Therefore, we should consider that traffic, the size of opening 
roads and the effect of barriers created by road construction are components that 
should be considered at the landscapes scale.

The growth of road networks has been causing deleterious effects on wildlife 
since it increases the risk of mortality by vehicles (Gunson et al., 2011) and profoundly 
changes the amount and arrangement of natural remnants (Frair et  al., 2008). 
Studies indicate that the unwillingness or inability of vertebrates to cross roads can 
lead to isolation of animal populations, with negative effects on local and regional 
species maintenance (Jaeger et al., 2005; Taylor & Goldingay, 2010). The reduction 
in abundance of a great number of species is therefore likely to be influenced by the 
increase of road density (Frair et al., 2008).

According to Laurance et  al. (2009), when a road leads to the fragmentation 
process in a natural landscape, there is an inhibition of dispersal and migration of 
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44   Dealing with Fragmentation and Road Effects 

species and a growth in processes that increase the impacts on wildlife (e.g. fire, 
pollution, biological invasion and hunting). Consequently, fragmentation of natural 
areas by roads negatively affects species that: i) do not survive well in areas under 
the influence of edge habitats, ii) are sensitive to human presence, iii) occur in low 
densities, iv), tend to avoid or are unable to cross roads (Van der Ree et al., 2011). 
Thus, it is important to identify which animal species use roads in some way, and 
stimulate the development of new studies about the use and behavior of these species 
along the roads. This would allow stakeholders, government and other sectors of 
society to predict the effects of roads on wildlife and on key ecological processes, and 
to develop actions to mitigate the impacts.

The present text overviews the advances in studies of cover and spatial structure 
of habitats and road effects on different groups within highly fragmented and 
heterogeneous landscapes. Using a spatial ecology approach, we also propose a 
potential research agenda for these fields, in order to stimulate new studies focusing 
on key issues to maintain and recovery biodiversity within agroecosystem-dominated 
landscapes. We focus on these issues with examples of studies conducted mostly in 
the Neotropical region due to its importance in terms of biodiversity and presence 
of agroecosystems and also because of the growing number of studies carried out in 
this region, permitting the detection of gaps in knowledge to which research efforts 
should be directed. We start by discussing general aspects of agroecosystems, roads 
and edge effects. Then we outline studies using genetics and stable isotope analysis 
for functional groups, which are useful tools for understanding landscape effects. 
Finally, we provide an overview of road and edge effects on two example animal 
groups, bats and ants, and we finish with highlights on landscape ecology and 
agroecosystems. 

4.1.1  Urban-agroecosystem Gradients and Biodiversity

The urbanization process leads to large variation in the composition of natural 
communities and, therefore, in ecological dynamics. While many species are lost due 
to the suppression of their habitats, the development of the anthropic landscape also 
brings forth new micro-climatic spaces favorable to the settlement and development 
of species that cannot be found in other ecosystems in the surrounding area. This 
process may be seen as positive when considering the possibility of these species 
settling in the area, or negative, as many native species may lose their capacity to 
develop in this new environment, permitting the entry of exotic, more competitive, 
groups.

In some cases, even when exotic species are excluded from measurements 
of biodiversity the sub- and peri-urban systems still have more species than the 
environment that existed before the urbanization process (McKinney, 2008). This 
may be due to many reasons, such as the unavoidable creation of new micro-habitats 

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



 Introduction   45

that may harbor new animal and plant groups and the intentional introduction of 
species, as is the case of cultivated areas in city outskirts, which can increase the 
amount of resources available for other species. These peri-urban environments 
are the natural entryways and outlets of the material and energy flow between 
the predominantly human ecosystems formed by cities and the rural and natural 
ecosystems. 

Moreover, the variation that exists in these sites cannot be viewed as a linear 
gradient between the urban and rural areas. Environmental and ecological conditions 
depend not on a point located along a straight line, but on characteristics that are 
also determined by the adjacent points (Ramalho & Hobbs, 2012). Thus, an area 
with high biodiversity may act both as a shelter for many species and as a source 
of propagules into neighboring sites, increasing the complexity and heterogeneity of 
these gradients.

There are many ways to achieve high biodiversity in urban areas, and one method 
that has been shown to be highly efficient in many environmental, social and economic 
aspects is the development of more sustainable landscapes though agroecosystems, 
particularly in urban-rural gradients (Alvey, 2006; Grimm et al., 2008). This combined 
cultivation technique that often takes place in peripheral environments may ensure 
not only better soil quality, but also the possibility to maintain the ecosystem services 
found in the area, such as water source preservation, pollination services and greater 
carbon sequestration (Alberti et al., 2003).

In addition, the development of agroecosystems permits a complete association 
between environmental preservation, improvement of urban environments, and 
increases in the income of the less favored population. All this makes Agroecosystems 
one of the main agents of biodiversity conservation projects in cities. No less important 
is the approximation between society and nature, which has been one of the big key 
points in the success of urban ecology-related actions, as decision making by public 
agencies is difficult in places without a good relationship between humans and their 
ecosystem. 

4.1.2  Road Ecology, Landscape Structure and Biodiversity

Together with the urbanization process comes the transportation system, which is 
an increasing issue to biodiversity - although important to humans, roads promote 
several negative effects to species and ecological processes. One of the main effects of 
roads and highways is the interruption of the dispersal of animals and plants, breaking 
connectivity and leading to a change in habitat quality due to fragmentation. In turn, 
disturbance of between-fragment movement interferes with between-population 
migrations and, consequently, with the populations’ structure and viability (Forman 
& Alexander, 1998), making the impacts of anthropic interventions on species more 
evident. The isolation generated by fragmentation also decreases the populations’ 
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46   Dealing with Fragmentation and Road Effects 

genetic diversity, interfering with the adaptive plasticity of species in face of 
environmental changes that take place through time (Frankham et al., 2002). 

The local and global variation generated by these interventions may influence 
evolutionary processes, and responses to these changes require high genetic 
variability to ensure a species’ reproductive success and ongoing existence (Sork & 
Smouse, 2006). High levels of genetic variation are maintained by a constant flow 
of individuals between populations; however, the construction and presence of 
roads and the lack of ecological corridors in natural environments interrupt these 
flows, and species’ spatial patterns come to be defined by habitat removal and by the 
subdivision of continuous areas (Miller et al., 1996; Forman & Deblinger, 2000).

The flow of individuals between populations is not constant for all the species 
that exist in a given fragment – for instance, Hawbaker et al. (2006) have shown that 
some species avoid crossing roads, whereas other species cross them. However, the 
individuals that take their chances in crossing the roads end up generating high levels 
of roadkill along these pathways (Forman & Alexander, 1998). These individuals are 
usually reproductive-age adults, and their mortality contributes to the fast decreases 
in population size of each of the species found in these fragments (Ashley & Robinson, 
1996).

Animal roadkill is the most evident direct cause of mortality of wild vertebrates 
that is related to fragmentation by roads (Forman & Alexander, 1998). The yearly 
roadkill rates estimated by Forman (1995) and by Van der Zande et  al. (1980) are 
disturbing: 159 thousand mammals and 653 thousand birds in the Netherlands; seven 
million birds in Bulgaria; five million frogs and reptiles in Australia and one million 
vertebrates in the United States. Reports of roadkill of vertebrate species are scarce in 
many areas; this situation is even more worrisome when considering the wide road 
and highway system and the country’s biodiversity.

These impacts become even greater when considering that roads encourage the 
building of houses (Hawbaker et al., 2006) which, in turn, encourage the construction 
of new roads, leading to a vicious circle. It is also important to highlight that the 
species’ responses to change take time, increasing the conflict due to the high speed 
with which construction-related changes occur in the environment. Another factor to 
be considered is the increase in traffic volume, which may lead to avoidance effects. 
Thus, maintenance of habitat quality demands the reduction of construction-related 
impacts; however, in order to mitigate the barrier effect produced, it is fundamental to 
assess the impacts and to identify the species most affected. Estimating the quantity 
of roadkill of small vertebrates is hard, especially due to difficulties in identifying 
the affected animals. Therefore, despite being hard to mitigate this impact, actions 
are urgently needed in order to reduce the negative effects of roads to biodiversity 
maintenance. 
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4.1.3  Overview of Edge Effects in Fragmented Landscapes

In addition to the direct effects of roads and other anthropic land uses on animal 
mortality and connectivity, it is important to consider how these land uses affect the 
structure and function of the adjacent natural ecosystems. These edge effects¹ may 
be defined as detectable differences between forest edge and the ecosystem on either 
side of the edge with regard to the ecosystem’s structure, composition and function 
(Harper et al., 2005). Edge effects may be described by two parameters, the depth or 
distance of edge influence (also known as “edge width”) and the magnitude of edge 
influence (Harper et al., 2005). Depth of edge influence is a measure of how far into the 
fragment statistically significant edge effects may be detected, whereas magnitude of 
edge influence is a measure of how different the edge and interior environments are 
in relation to each other. Edges may be characterized by different combinations of 
high and low depth and magnitude of edge influence (Harper et al., 2005). A variable 
may be influenced positively or negatively by the edge (Ries et al., 2004), and non-
monotonic responses may also be observed (e.g. Dodonov et al., 2013).

Edge effects often result from changes in microclimate, such as increased light 
and wind incidence, which may result in greater temperature, lower moisture and 
increased wind throw at the edges (Saunders, 1991; Laurance & Curran, 2008). These 
changes in microclimate and the resultant modifications in vegetation structure and 
composition may, in turn, affect the resident fauna (Meyer et al., 2009) and vegetation 
(Cadenasso & Picket, 2000). In addition, as the edge vegetation regenerates or 
undergoes changes in structure and/or composition, the extent of microclimatic edge 
effects will also change (Didham & Lawton, 1999).

It is important, however, to note that edge effects are not caused solely by 
microclimatic changes, nor are they restricted to closed forests. For example, edge-
related changes in vegetation composition have been observed at road edges of 
grasslands in Australia and Africa (Cilliers et al., 2008) and at different types of edges 
in the Brazilian savanna (Dodonov et al., 2013). In these areas, edge vegetation was 
largely dominated by exotic species, possibly because the establishment of these 
species was favored by disturbances or changes in soil chemistry. Another example 
of edge effects resulting from linear openings was observed by Smit & Asner (2012) 
in an African savanna, where there was a greater abundance of woody plants close 

1 Some authors (e.g. Harper et  al., 2005) recommend to use the term “edge influence” instead of 
“edge effects” for historical reasons: whereas the term “edge effects” was initially used to describe the 
increase in abundance of game species at forest edges (Leopold, 1933, cited by Harper et al., 2005), 
“edge influence” is more general and refers to all edge-related modifications in the ecosystem. How-
ever, we preferred to use “edge effects” in this chapter because this term is more commonly found in 
the literature (e.g. Fahrig, 2003; Ries et al., 2004).
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to firebreak roads. This edge effect could have resulted from increased water run-off 
from the roads, thus increasing soil moisture at the edges (Smit & Asner, 2012).

These examples show the complexity of edge effects in different environments, 
and a number of factors have to be considered in order to successfully account for 
edge effects in a landscape study. The extent of edge effects may be affected by 
factors such as vegetation type (Delgado et al., 2007), adjacent land use (Pohlman 
et  al., 2007), fragment size (Mascarúa-Lopez et  al., 2006) and edge age (Chabrerie 
et al., 2013). Areas located close to more than one edge may also suffer greater edge 
effects than areas close to a single edge (Fletcher, 2005). In addition, it is important 
to note that different variables respond to edges in different ways, and there may 
be marked differences in the depth and magnitude of edge influence observed for 
variables such as seedling mortality and species diversity (Harper et al., 2005). Finally, 
different statistical analyses may give different results for the same data set (Harper 
& Macdonald, 2011). Therefore, detailed studies are needed before the extension and 
characteristics of edge effects in a given region may be predicted.

4.1.4  Understanding Landscape Effects on Genetic Diversity and Gene Flow 

On a larger scale, roads and other sources of habitat fragmentation may lead to 
important changes in the genetics of different populations. A fragmented landscape 
is characterized essentially by the reduction of favorable habitats and by changes in 
its spatial configuration (Fahrig, 2003). Habitat loss and fragmentation may affect 
species richness (Martensen et  al., 2012) and interaction processes such as seed 
dispersal, as well as decrease in population abundance (Fahrig, 2003; Uriarte et al., 
2011). These are also considered the main factors that lead to decreases in the genetic 
variability of different species (Lowe et  al., 2005; Aguilar et  al., 2008), mostly due 
to a drastic decrease in population size (e.g. Andersen et al., 2004). In addition, in 
populations where size has been reduced there is a greater probability of mating 
between related individuals which, combined with genetic drift, also decreases 
genetic viability (e.g. Breed et al., 2012). Low genetic variability may in turn decrease 
the species’ adaptive potential in face of environmental changes, which may lead to 
extinction (Hoffmann & Willi, 2008).

Movement and dispersal capacity of individuals is also affected by landscape 
fragmentation (Awade & Metzger, 2008). The movement of individuals between 
populations maintains species’ connectivity; in plants, this connectivity is preserved 
by pollen and seed dispersal (Sork & Smouse, 2006). Animal and plant dispersal 
depends on natural history and landscape characteristics, such as matrix type 
(Umetsu et al., 2008), and distance between favorable habitats (Boscolo & Metzger, 
2011). For example, population isolation and matrix resistance may limit the dispersal 
of individuals between populations, reducing genetic flow and consequently 
population connectivity (e.g. Lange et al., 2012). This may lead to a disturbance in the 
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migration-drift balance, as the alleles lost due to genetic drift will not be replaced by 
the gene flow (Hamrick, 2004).

Even though the population genetics theory predicts the effects of habitat loss 
and fragmentation in reducing genetic variability (Young et al., 1996), many studies 
do not support these predictions (e.g. Collevatti et al., 2001; Winkler et al., 2011). This 
may be due mostly to the recent fragmentation of the area, considering the life cycle 
of the species studied (Collevatti et al., 2001; see also Lowe et al., 2005 for a review). In 
addition, the non-detection of the effects of habitat loss and fragmentation of genetic 
variability and gene flow may be due to the sampling designs often used in studies of 
this kind, as they do not compare different landscapes and often do not explicitly test 
the influence of landscape characteristics on the genetic structure of populations (e.g. 
Chambers & Garant, 2010 and see Storfer et al., 2010 for review). 

Alternatively, there may be a reduction of genetic variability due to intense 
population reduction, as in the case of large mammals (Roelke et al., 1993). Combining 
studies to understand landscape effects on genetic variability, persistence of species 
and ecological processes is something needed in conservation biology. We live in a 
defaunated world (Dirzo & Galetti, 2013) and the use of genetics and other tools, such 
as the one we present below, may help provide guidelines for maintaining ecological 
processes.

4.2  Case Studies 

4.2.1  Stable Isotope Analysis and Functional Diversity: Potential Tools for Subsidize 
Mammal Conservation Strategies in a Landscape Perspective

Mammals are one of the most vulnerable groups to threats such as habitat loss and 
fragmentation (Chiarello, 1999; Galetti et al., 2009; Dotta & Verdade, 2011), hunting 
pressure (Cullen et  al., 2000; Peres, 2000) and roadkilling (Forman & Alexander, 
1998; Scoss et al., 2004; Huijser et al., 2013). Medium- and large-sized mammals are 
key organisms for the structuring of biological communities (Dotta & Verdade, 2007), 
and are involved in fundamental ecological processes, such as herbivory, predation 
(Cuarón, 2000) and seed dispersal (Fragoso & Huffmann, 2000; Galetti et al., 2001). 
Therefore, they play a unique role in the maintenance, regeneration and dynamics 
of tropical forests (Jorge et al., 2013), even in modified and defaunated landscapes 
(Galetti et al., 2013).

In studies linking species, ecosystem fragmentation, and conservation, landscape 
ecology has been providing new study models (Metzger, 2001). Several studies 
indicate that mammals use the landscape matrix (Dotta & Verdade, 2007; Ferraz et al., 
2010; Ferraz et al., 2012; Magioli et al., 2014a; Magioli et al., 2014b, Chapter 11 of this 
book), which is currently a dominant component in most Atlantic Forest domains, 
occupying approximately 84% of the biome original extension (Ribeiro et al., 2009). 
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Thus, in order to understand ecological processes, it is important to consider these 
modified habitats, since studies that included the effect of matrices in heterogeneous 
landscapes increased the explanatory power of ecological models (Umetsu et  al., 
2008; Prevedello & Vieira, 2010; Watling et al., 2011).

Several studies in landscape ecology have taken into account the influence of 
the landscape matrices over wildlife communities (Baum et  al., 2004; Murphy & 
Lovett-Doust, 2004; Antongiovanni & Metzger, 2005; Dotta & Verdade, 2007; Umetsu 
et  al., 2008; Pardini et  al., 2009). However, knowledge on the effects of landscape 
structure on medium- and large-sized mammal species is scarce (Grelle, 2010; 
Prevedello & Vieira, 2010), raising some questions: 1) how do mammal species use 
these modified habitats? 2) which food resources are available and consumed? and 
3) what is the contribution of persistent species for ecosystem functioning? Seeking 
new ecological approaches to answer these questions requires the combination of 
studies in landscape ecology. Two methods present potential for the acquisition of 
new information on modified landscapes: stable isotope analysis and functional 
diversity measurements.

Stable isotope analysis (SIA) generates information on trophic ecology, feeding 
patterns, origin of food resources, and has been used with considerable success in 
mammal studies (Kelly, 2000; Crawford et  al., 2008; Ben-David & Flaherty, 2012). 
Carbon (13C/12C) and nitrogen (15N/14N) stable isotopes are used to assess animal diet 
and resource use, which also provides insight into trophic chain processes (De Niro 
& Epstein, 1978; Boecklen et  al., 2011), and represents a useful tool for obtaining 
information on highly modified landscapes (Magioli et  al., 2014b). SIA requires a 
tissue sample from the species of interest, with muscles and bone collagen being the 
most often used (Ben-David & Flaherty, 2012). Collecting these tissues requires the 
capture and sacrifice of the specimens, a strategy that is not particularly easy or ideal 
for studying rare or threatened species. Alternatively, the analysis of hair or feces 
offers a non-invasive method (Magioli et al., 2014b).

Thus, SIA can provide important information on trophic ecology, being 
complementary to diet studies and can help infer changes in habitat and resource use 
over both short and long time periods, which is of great value for species conservation 
(Kelly, 2000; Sponheimer et al., 2003; Codron et al., 2005; Crawford et al., 2008; Magioli 
et al., 2014b). However, the proper use of this tool requires i) a carefully elaborated 
sampling design, ii) questions and objectives that SIA may be able to answer, and 
iii) comparison of isotopic results with ecological and behavioral data of the studied 
species to avoid misinterpretations.

Functional diversity measures are presented as tools that may offer insights on 
the relationships between species and ecosystem functioning (Cadotte et al., 2011), 
and are being applied in various ecology fields and with different taxonomic groups 
(Cianciaruso et al., 2009). Functional diversity assesses the amount of interspecific 
variation in functional characteristics of a community, treating each species as 
unique (Poos et al., 2009).
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There are several distance-based functional diversity measures (Mouchet et al., 
2010), which can use species presence/absence data, such as the functional diversity 
index (FD) (Petchey & Gaston, 2002, 2006) and functional richness (FRic) (Villéger 
et al., 2008). Also, metric on abundance data can be used, such as Rao’s quadratic 
entropy (Q) (Rao, 1982), functional evenness (FEve), and functional divergence (FDiv) 
(Villéger et al., 2008). When related to landscape characteristics, ecosystem processes 
and other metrics, each offer distinct insights on the relationship between species 
and ecosystem functioning. One of the most important things to consider when 
calculating functional diversity measures is to select an ecologically meaningful set 
of species traits. These traits need to be directly linked to the questions and objectives 
of the study (Cianciaruso et al., 2009), and preferably uncorrelated.

There is a large amount of information on the ecology and behavior of terrestrial 
vertebrates, particularly for mammals, which is widely used in conservation planning 
strategies (Jenkins et al., 2013). Over the last decade, functional diversity has been 
used to address several issues in mammal studies, providing insights for species 
conservation. Specifically, studies address the loss of functional diversity due to the 
intensification of land use by human activity, and the identification of thresholds 
between functional diversity and landscape metrics (Stevens et al., 2003; Blackburn 
et al., 2005; Flynn et al., 2009; Chillo & Ajeda, 2012; Magioli et al., 2015).

4.2.2  Anthropogenic Effects on Bats

Bats are a very large order of mammals in terms of diversity and abundance. They 
provide crucial environmental services such as pest control in agroforest ecosystems 
(Willians-Guillén et al., 2008) and function in ecological succession (Lobova et al., 
2009). Therefore it is important to quantify the various ecological roles of bats and 
assess how intense human ecosystem modification affects these services. For example, 
bats play an important role in seed dispersal (Lobova et al., 2009), and contribute to 
the landscape-scale habitat regeneration of native species in agroecosystems. 

Despite their abundance, bat populations are in decline in many areas (Altringham, 
2011) with almost 25% of populations threatened by extinction (Mickleburgh et al., 
2002). With advances in technology, new studies are able to monitor bat populations 
with higher accuracy (O´Mara et  al., 2014), providing evidence for this population 
decline over decades (Betke et al., 2008).

Much has been done to understand the impact of human activities on bats, 
mainly in Poland and the USA. For example, great efforts have been made to minimize 
the effects of white nose syndrome in temperate regions (Blehert et al., 2009), which 
has killed thousands of bats over a decade. In the following section, we discuss two 
aspects of anthropogenic impacts: the presence of roads and a disease that affects 
both bats and humans.
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4.2.3  Roads and Bats in Heterogeneous Landscapes

As optimal foragers (Pyke, 1984), bats always look for minimum cost paths in their 
daily routes (in migrating species this idea is more complex, see Fleming et  al., 
2008). Therefore, bats commonly use linear landscape features, such as open trails 
inside fragments, rivers and roads. Russel et al. (2009), investigated these aspects, 
demonstrating that bats cross roads in low flights (< 2 m high), with an annual 
mortality of 5%. Several papers (Shaub & Siemers, 2008; Siemers & Shaub, 2010, 
Berthinussen & Altringham, 2012a,b) showed an intense negative impact of roads 
on bat populations, but these effects remain unknown in the Neotropics, where few 
studies investigate this issue (Bernard et al., 2012).

Bats are common and abundant near cities and agroecosystems, being able 
to feed and roost in these environments (Bredt et al., 2012). Bats are also a known 
vector for many types of viruses (Calisher et al., 2006; Sabino-Santos Jr et al., 2015). 
An important issue affecting both bat and human health is rabies, a viral disease. In 
very altered ecosystems, such as those arising from deforestation, virus outbreaks 
can become more frequent due to increased contact of vampire bats with humans 
(Schneider et al., 2001) or alteration of viral rates on bat populations with unknown 
causes. Viral rates vary between different regions (Ruppretch et  al., 2002) but in 
general the main rabies vectors are dogs and bats (Paéz et al., 2003). Several species 
of bats are well adapted to live in cities and houses (see Bredt et  al., 2012), which 
increases contact risk to humans and also to herbivores in pastures (Gomes et  al., 
2010), such as cattle and horses. 

Although instances of rabies are less common than other diseases, survival is 
rare once symptoms occur (Willoughby Jr et al., 2005). Therefore, strategies on how 
to prevent rabies are needed. This issue should be addressed mainly in cities with 
nearby extensive natural environments, such as in the “arc of deforestation” around 
the Amazon forest. In these areas, rapid infra-structural changes due to increases 
in agricultural crops and cattle fields can cause the rapid, opportunistic population 
growth of vampire bats.

In general, responses to fragmentation are still unclear for many bat species in 
the Neotropics (see Cunto & Bernard, 2012; but see also Ripperberger et al., 2015) and 
this remains especially true for agroecosystems, where more studies are still needed 
(Faria et  al., 2007; Heer et  al., 2015; Muylaert, 2015) in order to elucidate effective 
management strategies (see Chapter 8, this book). Moreover, isotopic analysis studies 
and functional diversity approaches could help determine how bats respond to 
heterogeneous landscape features. 
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4.2.4  Ants as Bioindicators of Fragmentation and Edge Effect in Neotropical 
Environments

Ants are among the most diverse organisms on the planet: they can inhabit any 
terrestrial environment, with the exception of the polar caps, and, due to their high 
richness and abundance, tend to be a dominant group in many habitats (Folgarait, 
1988). Extreme ant biodiversity is observed in the Neotropics – for example, in the 
Amazon rainforest ants may represent more than 25% of the faunal biomass and 
over 40 species may be found in a single tree (Schultz, 2000; Wilson, 1987). This high 
diversity demonstrates the importance ants have in ecological processes, acting as 
disperses of seeds, decomposers, and agents of soil cycling and aeration (Lobry de 
Bruyn, 1999).

Due to their importance to ecosystems, high diversity, and the facility of sampling 
and identification, ants are considered good indicators of the impact of human 
activities on the environment (Majer, 1983; Andersen, 1993; Andersen & Majer, 2004). 
In addition, ant assemblage composition reflects trends in the composition of others 
groups more so than plants, terrestrial invertebrates and birds (Majer et al., 2007). Ant 
species can be grouped in functional groups (based on taxonomic, morphological, 
trophic and nesting behaviors) in order to reduce ecological complexity, enabling 
comparative analyses among environments that have few or no species in common 
(Philpott et al., 2010).

Compared to other regions and organism groups, there are few studies on the 
effect of fragmentation on ant assemblages in Neotropical natural habitats (Leal 
et al., 2012). Fragmentation characteristics, such as fragment size and isolation, are 
considered important factors driving the richness of ant assembly. On the contrary, 
the main factors affecting the richness of ant assemblages are the structural 
characteristics of vegetation and landscape, such as tree density and richness, as well 
as landscape heterogeneity (Carvalho & Vasconcelos, 1999; Pacheco & Vasconcelos, 
2012; Ribas & Schoereder, 2007; Santos et al., 2006). 

This relationship of ants with vegetation structure shows a relevant indirect 
effect of fragmentation on the assembly of ants. The hyperproliferation of pioneer 
tree species, as consequence of fragmentation, simplifies the forest structure, 
consequently reducing the heterogeneity and diversity of resources used by ants 
(nesting sites and food) (Leal et al., 2012). Studies that partitioned ant assemblages 
into functional groups show direct effects caused by fragmentation: functional 
groups such as army ants, specialist predators and cryptic species had their richness 
reduced when the fragment area was reduced (Leal et al., 2012; Petters et al., 2011). On 
the contrary, fragmentation usually benefits generalists, dominant and opportunist 
species of the Myrmicinae and Dolichoderinae subfamilies, as well as the leaf-cutting 
Attinae tribe (Dohm et al., 2011).

Edge effects influence ant assemblages in ways similar to fragmentation, reducing 
the diversity of some functional groups while benefiting generalist and opportunist 

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



54   Dealing with Fragmentation and Road Effects 

species (Carvalho & Vasconcelos, 1999; Wirth et al., 2007; Dohm et al., 2011). Areas 
under edge influence usually have exotic species of ants (which generally belong to 
generalists, opportunistic and dominants functional groups), that directly compete 
with and reduce the diversity of native ants and others arthropods (Suarez et al., 1998; 
Holway, 2005). Some of these exotic species are among the most important invasive 
alien species (Lowe et al., 2000). These species often have a close relationship with 
human activity, which can cause accidental dispersal and offers a resource-rich 
environment free of natural predators, such as in urban areas, roads and powerlines 
(Lodge, 1993; Stiles & Jones, 1998; Suarez et al., 1998).

Therefore, studies that focus on the assembly of ants in fragmented environments 
are essential for Neotropical forest conservation on three different levels. First, 
the total diversity of ants could provide a good diagnostic measure regarding the 
vegetation structure and heterogeneity of the landscape. Second, by looking at 
functional groups of ants it is possible to see direct effects of fragmentation on ant 
assemblage, as well as the consequences of these changing patterns of ant assembly 
on ecological processes. Third, such studies could identify and delineate strategies 
to reduce the consequences of biological invasions caused by species of exotic ants. 

4.3  Where Should We Go with Landscape Ecology within 
Agroecosystems?

The demand for information on how to manage landscapes in order to archive a better 
balance between human needs/activity and biodiversity conservation is by far higher 
than the information available to date. Government agencies, landowners, NGOs and 
a variety of industries ask for more precise information to be used in conservation 
planning, and prioritizing areas for conservation and restoration. But we still 
know very little about how habitat cover, configuration, matrix, edges and roads 
influences different species, functional groups and ecological processes. These are 
gaps that need to be urgently addressed in order to better understand the importance 
of landscape structure and the effects of roads on biodiversity, particularly within 
agriculture-dominated ecosystems:

 – More than a habitat-matrix dichotomy: first we need to improve our concept of 
habitat, because many species use a variety of landscape features with different 
intensities and for different ecological functions (feeding, shelter, breeding, 
dispersal, escape from fire or pests). Thus, we need to avoid the idea that species 
interact with landscape features as habitat/matrix; however, information about 
how species uses natural and modified land cover types is scarce. Developing 
new research to effectively deal with the landscape as a complex mosaic is a great 
avenue for researchers during the next decade.

 – Matrix types matter: we consider that it is important to broaden our vision of 
habitat types when classifying landscape elements, especially in diversified 
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landscapes such as agroecosystems. Within agroecosystems-dominated 
landscapes it is possible to have different types of matrices. This heterogeneity 
can be of good use for wildlife and also for economy, in terms of local economy 
and the appropriate use of soil, We need to consider how different matrices 
influence species persistence and movement at the landscape scale, as well as 
the effects of “matrix depth” (or matrix extent) on biodiversity maintenance. In 
this sense, we need to sample gradients of distance within the matrix in relation 
to habitats of reference within landscapes.

 – Variation in edge effects: it is also important to consider both the vegetation 
type and the surrounding matrix when modelling edge effects in fragmented 
landscapes. Considering habitat and matrix as homogeneous, without accounting 
for differences in their structure, composition and function is likely to lead to an 
oversimplification of the proposed models.

 – From patch-based to landscape-based studies: although landscape ecology 
advanced in different important directions during the last two decades, we need 
to move on toward a more landscape-based sampling design instead of patch-
based surveys. Many of the studies with a landscape ecology approach still focus 
on patches as sampling units, often surveying only one patch or a particular type 
of habitat (e.g. forest). To effectively understand the full influence of landscape 
structure on biodiversity (see part II) we need to use landscapes as sampling 
unities and sample a variety of habitats and matrices within each landscape.

 – Road ecology - beyond roadkill: road ecology studies became more common, but 
many of them still focus mainly on road kill-based research. There are plenty 
of ecological processes, for a great variety of taxa and regions, which need to 
be investigated in the light of road ecology. For example, what is the influence 
of road structure on facilitating or impeding road cross? What are the effects of 
roads on ecological processes such as frugivory, herbivory, hydrological regime, 
landscape regeneration etc?

 – Movement ecology as a research agenda: movement is a key aspect of ecological 
processes because it is central to determine gene flow, dispersion, landscape 
regeneration etc. Understanding how landscape influences spatial-temporal 
movements at different scales will allow us to better define conservation and 
restoration priorities and strategies, especially for species or ecological processes 
that are more influenced by landscape spatial heterogeneity and habitat 
degradation. More than just knowing the home range of species, we need to 
effectively monitor and understand the movement patterns of keystone species, 
and consequently to better comprehend ecological processes that are more 
influenced by movements of different organisms.

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



56   Dealing with Fragmentation and Road Effects 

Bibliography
Aguilar, R., Quesada, M., Ashworth, L., et al. (2008). Genetic consequences of habitat fragmentation 

in plant populations: susceptible signals in plant traits and methodological approaches. 
Molecular Ecology, 17, 5177-5188.

Alberti, M., Marzluff, J.M., Shulenberger, E., et al. (2003). Integrating humans into ecology: 
opportunities and challenges for studying urban ecosystems. BioScience, 53, 1169-1179.

Almeida, W.R., Meyer, S.T., Wirth, R., et al. (2007). Increasing densities of leaf cutting ants (Atta 
spp.) with proximity to the edge in a Brazilian Atlantic forest. Journal of Tropical Ecology, 23, 
501--507.

Altringham, J.D. (2011). Bats: From Evolution to Conservation. 368 p. Oxford: Oxford University Press.
Alvey, A.A. (2006). Promoting and preserving biodiversity in the urban forest. Urban Forestry & 

Urban Greening, 5, 195--201.
Andersen, A.N. (1993). Ants as indicators of restoration success at a uranium mine in tropical 

Australia. Restoration Ecology, 1, 156-167.
Andersen, A.N., & Majer, J.D. (2004).Ants shows the Way Down Under: Invertebrates as bioindicators 

in Land Management. Frontiers in Ecology and Environment, 2 (6) 291-298.
Andersen, L.W., Fog, K., & Damgaard, C. (2004). Habitat fragmentation causes bottlenecks and 

inbreeding in the European tree frog (Hylaarborea). Proceedings of the Royal Society, 271, 
1293-1302.

Antongiovanni, M., & Metzger, J.P. (2005). Influence of matrix habitats on the occurrence of 
insectivorous bird species in Amazonian forest fragments. Biological Conservation, 122, 
441-451.

Aparicio, A., Hampe, A., Fernadez-Carrillo, L., & Albaladejo, R.G. (2012). Fragmentation and 
comparative genetic structure of four mediterranean woody species: complex interactions 
between life history traits and the landscape context. Diversity and Distributions, 18, 226-235.

Armbrecht, I., Perfecto, I., Philpott, S.M., et al. (2010). Ant Diversity and Function in Disturbed and 
Changing Habitats. In L. Lach, C.L. Parr, & K.L. Abbott (Eds.), Ant Ecology (p.137-156). New York: 
Oxford University Press.

Ashley, E.P., & Robinson, J.T. (1996). Road mortality of amphibians, reptiles and other wildlife on the 
Long Point Causeway, Lake Erie, Ontario. Canadian Field Naturalist, 110, 403-12.

Awade, M., & Metzger, J.P. (2008). Using gap-crossing capacity to evaluate functional connectivity of 
two Atlantic rainforest birds and their response to fragmentation. Austral Ecology, 33, 863-871.

Bacles, C.F.E., Burczyk, J., Lowe, A.J., & Ennos, R.A. (2005). Historical and contemporary mating 
patterns in remnant populations of the forest tree Fraxinus excelsior. Evolution, 59, 979-990.

Baum, K.A., Haynes, K.J., Dillemuth, F.P., & Cronin, J.T. (2004). The matrix enhances the effectiveness 
of corridors and stepping stones. Ecology, 85, 2671-2676.

Ben-David, M., & Flaherty, E.A. (2012).Stable isotopes in mammalian research a beginner’s guide. 
Journal of Mammalogy, 93, 312-328.

Bennett, A.F., Radford, J.K., & Haslem, A. (2006).Properties of land mosaics, implications for nature 
conservation in agricultural environments. Biological Conservation, 133, 250-264.

Bernard, E., Aguiar, L.M.S. Brito, D., et al. (2012). Uma análise de horizontes sobre a conservação 
de morcegos no Brasil (2012) 65-77. In T.R.O Freitas & E.M. Vieira (Eds.) Mamíferos do Brasil: 
Genética, Sistemática, Ecologia e Conservação (p. 1-17). Rio de Janeiro: Sociedade Brasileira de 
Mastozoologia.

Berthinussen, A., & Altringham J. (2012a). The effect of a major road on bat activity and diversity. 
Journal of Applied Ecology, 49, 82-89, DOI:10.1111/j.1365-2664.2011.02068.x.

Berthinussen, A, & Altringham, J. (2012b). Do bat gantries and underpasses help bats cross roads 
safely? PLoS One, 7, e38775, DOI:10.1371/journal.pone.0038775,

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



 Bibliography   57

Betke, M., Hirsh, D.E., Makris, N.C., McCracken, G.F., et al. (2008). Thermal imaging reveals 
significantly smaller Brazilian free-tailed bat colonies than previously estimated. Journal of 
Mammalogy, 89, 18-24.

Blackburn, T.M., Petchey, O.L., Cassey, P., Gaston, K.J., et al. (2005). Functional diversity of 
mammalian predators and extinction in island birds. Ecology, 86, 2916-2923.

Boecklen, W.J., Yarnes, C.T., Cook, B.A., & James, A.C., et al. (2011). On the use of stable isotopes in 
trophic ecology. Annual Review of Ecology and Systematics, 42, 411-440.

Boscolo, D., & Metzger, J.P. (2011). Isolation determines patterns of species presence in highly 
fragmented landscapes. Ecography, 34, 1018-1029.

Bredt, A., Uieda, W., & Pedro, W.A. (2012). Plantas e Morcegos na recuperação de áreas degradadas 
e na paisagem urbana. 1ª. ed. Brasília: Rede de Sementes do Cerrado.

Breed, M.F., Gardner, M.G., Ottewell, K.M., Navarro, C.M., Lowe, A.J., et al. (2012). Shifts in 
reproductive assurance strategies and inbreeding costs associated with habitat fragmentation 
in Central American mahogany. Ecology Letters, 15, 444-452.

Butchart, S.H.M., Walpole, M., Collen, B., et al. (2010). Global Biodiversity: Indicators of recent 
declines. Science, 328, 1164-1168.

Cadenasso, M.L., & Picket, S.T.A. (2000). Linking forest edge structure to edge function: mediation 
of herbivore damage. Journal of Ecology, 88, 31-44.

Cadotte, M.W., Carscadden, K., & Mirotchnick, N. (2011). Beyond species: functional diversity 
and the maintenance of ecological processes and services. Journal of Applied Ecology, 48, 
1079-1087.

Calisher, C.H., Childs, J.E., Field, H.E., Holmes, K.V., & Schountz, T. (2006). Bats: important reservoir 
hosts of emerging viruses. Clinical Microbiology Reviews, 19, 531-545.

Carvalho, K.S., & Vasconcelos, H.L. (1999). Forest fragmentation in central Amazonia and its effects 
on litter dwelling ants. Biological Conservation, 91, 151-157.

Chabrerie, O., Jamoneau, A., Gallet-Moron, E., & Decocq, G. (2013). Maturation of forest edges is 
constrained by neighbouring agricultural land management. Journal of Vegetation Science, 24, 
58-69.

Chambers, J.L., & Garant, D. (2010). Determinants of population genetic structure in eastern 
chipmunks (Tamias striatus): the role of landscape barriers and sex-biased dispersal. Journal of 
Heredity, 101, 413-422.

Chiarello, A.G. (1999). Effects of fragmentation of the Atlantic forest on mammal communities in 
south-eastern Brazil. Biological Conservation, 89, 71-82.

Chillo, V., & Ajeda, R.A. (2012). Mammal functional diversity loss under human-induced disturbances 
in arid lands. Journal of Arid Environments, 87, 95-102.

Cianciaruso, M.V., Silva, I.A., & Batalha, M.A. (2009). Diversidades filogenética e funcional: novas 
abordagens para a ecologia de comunidades. Biota Neotropica, 9, 93-103.

Cilliers, S.S., Williams, N.S.G., & Barnard, F.J. (2008). Patterns of exotic plant invasions in 
fragmented urban and rural grasslands across continents. Landscape Ecology, 23, 1243-1256.

Cleveland, C.J., Betke, M., Federico, P., Frank, J., et al. (2006). Economic value of the pest control 
service provided by Brazilian free-tailed bats in south-central Texas. Frontiers in Ecology and 
the Environment, 4, 238-243.

Codron, D., Codron, J., Sponheimer, M., et al. (2005). Assessing diet in savanna herbivores using 
stable carbon isotope ratios of faeces. Koedoe, 48, 115-124.

Collevatti, R.G., Grattapaglia, D., & Hay, J.D. (2001).Population genetic structure of the endangered 
tropical tree species Caryocar brasiliense, based on variability at microsatellite loci. Molecular 
Ecology, 10, 349-356.

Costa, L. P., Leite, Y.L.R., Mendes, S.L, et al. (2005). Mammal Conservation in Brazil. Conservation 
Biology, 19, 672-679.

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



58   Dealing with Fragmentation and Road Effects 

Coulon, A., Cosson, J.F., Angibault, M., et al. (2004). Landscape connectivity influences gene flow 
in a roe deer population inhabiting a fragmented landscape: an individual-based approach. 
Molecular Ecology, 13, 2841-2850.

Crawford, K., McDonald, R.A., & Bearhop, S. (2008). Applications of stable isotope techniques to the 
ecology of mammals. Mammal Review, 38, 87-107.

Cuarón, A.D. (2000). A global perspective on habitat disturbance and tropical rainforest mammals. 
Conservation Biology, 14, 1574-1579.

Cullen, L., Bodmer, R.E., & Pádua, C.V. (2000). Effects of hunting in habitat fragments of the Atlantic 
forest, Brazil. Biological Conservation, 95, 49-56.

Cunto, G.C., & Bernard, E. (2012). Neotropical bats as indicators of environmental disturbance: what 
is the emerging message? Acta Chiropterologica, 14, 143-151.

Delgado, J.D., Arroyo, N.L., Arevalo, J.R., & Fernandez-Palacios, J.M. (2007). Edge effects of roads on 
temperature, light, canopy cover, and canopy height in laurel and pine forests (Tenerife, Canary 
Islands). Landscape and Urban Planning, 81, 328-340.

DeNiro, M.J., & Epstein, S. (1978). Influence of diet on the distribution of carbon isotopes in animals. 
Geochimica et Cosmochimica Acta, 42, 495-506.

Dibattista, J.D. (2008). Patterns of genetic variation in anthropogenically impacted populations. 
Conservation Genetics, 9, 141-156.

Didham, R.K., & Lawton, J.H. (1999). Edge structure determines the magnitude of changes in 
microclimate and vegetation structure in tropical forest fragments. Biotropica, 31, 17-30.

Differdorfer, J.E., Gaines, M.S., & Holt, R.D. (1995). Habitat fragmentation and movements of three 
small mammals (Sigmodon, Microtus, and Peromyscus). Ecology, 76 (3), 827-839.

Dodonov, P., Harper, K.A., & Silva-Matos, D.M. (2013). The role of edge contrast and forest structure 
in edge influence: vegetation and microclimate at edges in the Brazilian Cerrado. Plant Ecology, 
214, 1345-1359.

Dohm, C., Leal, I.R., Tabarelli, et al. (2011). Leaf-cutting ants proliferate in the Amazon: an expected 
response to forest fragmentation? Journal of Tropical Ecology, 27, 645-649.

Dotta, G., & Verdade, L.M. (2007). Trophic categories in a mammal assemblage: diversity in an 
agricultural landscape. Biota Neotropica, 7 (2), 287-292.

Dotta, G., & Verdade, L.M. (2011). Medium to large-sized mammals in agricultural landscapes of 
south-eastern Brazil. Mammalia, 75, 345-352.

Ehrlich, P.R. (1988). The loss of diversity. Biodiversity. Washington, DC: National Academy Press.
Fahrig, L. (2003). Effects of habitat fragmentation on biodiversity. Annual Review of Ecology 

Evolution Systematics, 34, 487-515.
Ferraz, K.M.P.M.B., Siqueira, M.F., Alexandrino, E.R., et al. (2012). Environmental suitability of a 

highly fragmented and heterogeneous landscape for forest bird species in south-eastern Brazil. 
Environmental Conservation, 39, 316-324.

Ferraz, K.M.P.M.B., Siqueira, M.F., Martin, P.S., et al. (2010). Assessment of Cerdocyon thous 
distribution in an agricultural mosaic, southeastern Brazil. Mammalia, 74, 275-280.

Filgueiras B.K.C., Iannuzzi L., Leal I.R. (2011). Habitat fragmentation alters the structure of dung 
beetle communities in the Atlantic forest. Biological Conservation, 144, 362-369.

Filgueiras, B.K.C., Gomes, J.P., Leal, I.R., et al. (2012). Effects of habitat fragmentation on ant 
richness and functional composition in Brazilian Atlantic forest. Biodiversity and Conservation, 
21, 1687-1701.

Fletcher, R.J. (2005). Multiple edge effects and their implications in fragmented landscapes. Journal 
of Animal Ecology, 74, 342-352.

Flynn, D.F.B., Gogol-Prokurat, M., Nogeire, T., et al. (2009). Loss of functional diversity under land 
use intensification across multiple taxa. Ecology Letters, 12, 22-33.

Folgarait, P.J. (1998). Ant biodiversity and its relationship to ecosystem functioning: a review. 
Biodiversity and Conservation, 7, 1221-1244.

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



 Bibliography   59

Forman, R.T. (1995) Land mosaics: the ecology of landscapes and regions. Cambridge: Cambridge 
University Press.

Forman, R.T.T, & Deblinger R.D. (2000). The Ecological Road‐Effect Zone of a Massachusetts (USA) 
Suburban Highway. Conservation Biology, 14, 36-46.

Forman, R.T.T., & Alexander, L.E. (1998). Roads and Their Major Ecological Effects. Annual Review of 
Ecology and Systematics, 29, 207-231.

Fragoso, J.M.V., & Huffmann, J.M. (2000). Seed-dispersal and seedling recruitment patterns by the 
last Neotropical megafaunal element in Amazonia, the tapir. Journal of Tropical Ecology, 16, 
369-385.

Frair, J.L., Merrill, E.H., Beyer, H.L., et al. (2008). Thresholds in landscape connectivity and mortality 
risks in response to growing road networks. Journal of Applied Ecology, 45, 1504-1513.

Frankham, R., Ballou J., & Briscoe, D. (2002). Introduction to Conservation Genetics. Cambridge: 
Cambridge University Press.

Galetti, M., & Dirzo, R. (2013). Ecological and evolutionary consequences of living in a defaunated 
world. Biological Conservation, 163, 1-6.

Galetti, M., Giacomini, H.C., Bueno, R.S., et al. (2009) Priority areas for the conservation of Atlantic 
forest large mammals. Biological Conservation, 142, 1229-1241.

Galetti, M., Guevara, R., Cortes, M., et al. (2013). Functional extinction of birds drives rapid 
evolutionary changes in seed size. Science, 340, 1086-1090.

Galetti, M., Keuroghlian, A., Hanada, L., et al. (2001). Frugivory and seed dispersal by the Lowland 
Tapir (Tapirus terrestris) in southeast Brasil. Biotropica, 33, 723-726.

Gomes, M.N., Monteiro, A.M., Nogueira, V., & Gonçalves, C.A. (2010). Landscape risk factors for 
attacks of vampire bats on cattle in Sao Paulo, Brazil. Preventive Veterinary Medicine, 93, 
139-146.

Grimm, N.B., Faeth, S.H., Golubiewski, N.E., et al. (2008). Global Change and the Ecology of Cities. 
Science, 319, 756-760.

Gunson, K.E., Mountrakis, G. & Quackenbush, L.J. (2011) Spatial wildlife-vehicle collision models: 
A review of current work and its application to transportation mitigation projects. Journal of 
Environmental Management, 92, 1074-1082.

Hamrick, J.L. (2004). Response of forest trees to global environmental changes. Forest Ecology and 
Management, 197, 323-335.

Harper, K.A., & Macdonald, S.E. (2011) Quantifying distance of edge influence: a comparison of 
methods and a new randomization method. Ecosphere, 2, 94.

Harper, K.A., Macdonald, S.E., Burton, P.K., et al. (2005). Edge influence on forest structure and 
composition in fragmented landscapes. Conservation Biology, 19, 768-782.

Hawbaker T.J., Radeloff V.C., Clayton M.K., et al. (2006). Road development, housing growth, and 
landscape fragmentation in northern Wisconsin: 1937-1999. Ecological Applications, 16, 
1222-37.

Heer, K., Helbig-Bonitz, M., Fernandes, R.G., et al. (2015). Effects of land use on bat diversity in a 
complex plantation-forest landscape in northeastern Brazil. Journal of Mammalogy, 96 (4), 
720-731.

Hoffmann, A.A., & Willi, Y. (2008). Detecting genetic responses to environmental change. Genetics, 
9, 421-432.

Holway, D.A. (2005). Edge effects of an invasive species across a natural ecological boundary. 
Biological Conservation, 121, 561-567.

Huijser, M.P., Abra, F.D., & Duffield, J.W. (2013). Mammal road mortality and cost-benefit analyses of 
mitigation measures aimed at reducing collisions with capybara (Hydrochoerus hydrochaeris) 
in São Paulo State, Brazil. Oecologia Australis, 17, 129-146.

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



60   Dealing with Fragmentation and Road Effects 

Jaeger, J.A., Bowman, J., Brennan, J., et al. (2005). Predicting when animal populations are at risk 
from roads: an interactive model of road avoidance behavior. Ecological Modelling, 185, 
329-348.

Jenkins, C.N., Pimm, S.L., & Joppa, L.N. (2013). Global patterns of terrestrial vertebrate diversity and 
conservation. Proceedings of the National Academy of Science, 110, 2602-2610.

Johansson, M., Primmer, C. R., Merila, J. (2007). Does habitat fragmentation reduce fitness 
and adaptability? A case study of common frog (Rana temporaria). Molecular Ecology, 16, 
2693-2700.

Jorge, M.L.S.P., Galetti, M., Ribeiro, M.C., et al. (2013). Mammal defaunation as surrogate of trophic 
cascades in a biodiversity hotspot. Biological Conservation, 163, 49-57.

Kelly, J.F. (2000). Stable isotopes of carbon and nitrogen in the study of avian and mammalian 
trophic ecology. Canadian Journal of Zoology, 78, 1-27.

Lange, R., Diekotter, T., Schiffmann, L.A., Wolters, V., & Durka, W. (2012). Matrix quality and habitat 
configuration interactively determine functional connectivity in a widespread bush cricket at a 
small spatial scale. Landscape Ecology, 27, 381-392.

Laurance, W.F., & Curran, T.J. (2008). Impacts of wind disturbance on fragmented tropical forests: A 
review and synthesis. Austral Ecology, 33, 399-408.

Laurance, W., Goosem, M. & Laurance, S. (2009). Impacts of roads and linear clearings on tropical 
forests. Trends in Ecology and Evolution, 24, 659-669.

Lobova, T.A., Geiselman, C.K., & Mori, S.A. (2009). Seed dispersal by bats in the Neotropics. New 
York, NY: Botanical Garden Press.

Lobry de Bruyn, L.A. (1999) Ants as bionidicators of soil function in rural environments. Agriculture, 
Ecosystems and Environment, 74, 425-441.

Lodge, D.M. (1993). Biological Invasions: Lesson for Ecology. Trends in Ecology and Evolution, 8, 
133-137.

Lowe, A.J., Boshier, D., Ward, M., Bacles, C.F.E., & Navarro, C. (2005). Genetic resource impacts 
of habitat loss and degradation; reconciling empirical evidence and predicted theory for 
Neotropical trees. Heredity, 95, 255-273.

Lung, T., Peters, M. K, Schaab, G., et al. (2011). Deforestation and the population decline of the army 
ant Doryluswilverthi in western Kenya over the last century. Journal of Applied Ecology, 48, 
697-705.

Magioli, M., Ferraz, K.M.P.M.B., & Rodrigues, M.G. (2014a). Medium and large-sized mammals of an 
isolated Atlantic Forest remnant, southeast São Paulo State, Brazil. Check List, 10, 850-856.

Magioli, M., Moreira, M.Z., Ferraz, K.M.B., et al. (2014b). Stable isotope evidence of Puma concolor 
(Felidae) feeding patterns in agricultural landscapes in southeastern Brazil. Biotropica, 46, 
451-460.

Magioli, M., Ribeiro, M.C., Ferraz, K.M.P.M.B., et al. (2015). Thresholds in the relationship between 
functional diversity and patch size for mammals in the Brazilian Atlantic Forest. Animal 
Conservation, 18 (6), 499-511, DOI 10.1111/acv.12201.

Majer, J.D. (1983). Ants: bio-indicators of mine site rehabilitation, land-use, and land conservation. 
Environmental Management, 7, 375-383.

Majer, J.D., Orabi, G., & Bisevac, L. (2007). Ants (Hymenoptera: Formicidae) pass the bioindicator 
scorecard. Myrmecological News, 10, 69-76.

Martensen, A.C., Ribeiro, M.C.; Banks-Leite, C.; Prado, P.I.; Metzger, J.P. (2012). Associations of 
forest cover, fragment area, and connectivity with neotropical understory bird species richness 
and abundance. Conservation Biology, 26, 1100-1111.

Mascarúa Lopez, L.E., Harper, K.A., & Drapeau, P. (2006).Edge influence on forest structure in large 
forest remnants, cutblock separators, eand riparian buffers in managed black spruce forests. 
Ecoscience, 13, 226-233.

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



 Bibliography   61

McKinney, M.L. (2008). Effects of urbanization on species richness: A review of plants and animals. 
Urban Ecosystems, 11, 161-176.

Meyer, S.T., Leal, I.R., & Wirth, R. (2009). Persisting hyper-abundance of leaf-cutting ants (Atta spp.) 
at the edge of an old Atlantic forest fragment. Biotropica, 41, 711--716.

Mickleburgh, S.P., Hutson, A.M., & Racey, P.A. (2002). A review of the global conservation status of 
bats. Oryx, 36, 18-34.

Miller J.R., Joyce L.A., Knight R.L. & King R.M. (1996). Forest roads and landscape structure in the 
southern Rocky Mountains. Landscape Ecology, 11, 115-27.

Mouchet, M.A., Villéger, S., Mason, N.H.W., & Mouillot, D. (2010). Functional diversity measures: 
an overview of their redundancy and their ability to discriminate community assembly rules. 
Functional Ecology, 24, 867-876.

Murphy, H.T., & Lovett-Doust, J. (2004). Context and connectivity in plant metapopulations and 
landscape mosaics: does the matrix matter? Oikos, 105, 3-14.

Muylaert, R.L. 2014. Influências multi-escala da paisagem e limiar da fragmentação em morcegos 
no Cerrado, Universidade Estadual Paulista, Rio Claro, Brazil. URL <http://repositorio.unesp.br/
bitstream/handle/11449/121888/000814936.pdf?sequence=1> Accessed September 2015

O´Mara, T., Wikelski, M. & Dechmann, D.K.N. (2014). 50 years of bat tracking: device attachment 
and future directions. Methods in Ecology and Evolution, 5 (4), 311-319, DOI: 10.1111/2041-
210X.12172

Pacheco, R. & Vasconcelos, H.L. (2012). Habitat diversity enhances ant diversity in a naturally hetero-
geneous Brazilian landscape. Biodiversity and Conservation, 21, 797-809.

Páez, A., Nũnez, C., García, C., et al. (2003). Molecular epidemiology of rabies epizootics in 
Colombia: evidence for human and dog rabies associated with bats. Journal of Genetic Virology, 
84, 795-802.

Pardini, R., Faria, D., Accacio, G.M., et al. (2009). The challenge of maintaining Atlantic forest 
biodiversity: a multi-taxa conservation assessment of specialist and generalist species in an 
agro-forestry mosaic in Southern Bahia. Biological Conservation, 142, 1178-1190.

Peres, C.A. (2000). Effects of subsistence hunting on vertebrate community structure in Amazonian 
forests. Conservation Biology, 14, 240-253.

Petchey, O.L., & Gaston, K.J. (2002). Functional diversity (FD), species richness and community 
composition. Ecology Letters, 5, 402-411.

Petchey, O.L., & Gaston, K.J. (2006). Functional diversity: back to basics and looking forward. 
Ecology Letters, 9, 741-758.

Pohlman, C.L., Turton, S.M., & Goosem, M. (2007). Edge effects of linear canopy openings on tropical 
rain forest understory microclimate. Biotropica, 39, 62-71.

Poos, M.S., Walker, S.C., & Jackson, D.A. (2009). Functional-diversity indices can be driven by 
methodological choices and species richness. Ecology, 90, 341-347.

Prevedello, J.A., & Vieira, M.V. (2010). Does the type of matrix matter? A quantitative review of the 
evidence. Biodiversity and Conservation, 19, 1205-1223.

Pyke, G.H. (1984). Optimal foraging theory: a critical review. Annual Review in Ecoogy and 
Systematics, 15, 523-575.

Ramalho, C.E., Hobbs, R.J. (2012). Time for a change: dynamic urban ecology. Trends in Ecology and 
Evolution, 27, 179-188.

Rao, C.R. (1982). Diversity and dissimilarity coefficients: a unified approach. Theoretical Population 
Biology, 21, 24-43.

Ribas, C.R. & Schoereder, J.H. (2007). Ant communities, environmental characteristics and their 
implications for conservation in the Brazilian Pantanal. Biodiversity and Conservation, 16, 
1511-1520.

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



62   Dealing with Fragmentation and Road Effects 

Ribeiro, M.C., Metzger, J.P., Martensen, A.C., et al. (2009). The Brazilian Atlantic Forest: how much 
is left, and how is the remaining forest distributed? Implications for conservation. Biological 
Conservation, 142, 1141-1153.

Ries, L., Fletcher, R.J., Battin, J., & Sisk, T.D. (2004). Ecological responses to habitat edges: 
Mechanisms, models, and variability explained. Annual Review of Ecology, Evolution and 
Systematics, 35, 491-522.

Ripperger, S.P. Kalko, E.K.V., Rodríguez-Herrera, B., Mayer, F., & Tschapka, M., (2015). Frugivorous 
Bats Maintain Functional Habitat Connectivity in Agricultural Landscapes but Rely Strongly on 
Natural Forest Fragments. PLoS One, 10, e0120535.

Roelke, M., Martenson, J., & O´Brien, S. (1993). The consequences of demographic reduction and 
genetic depletion in the endangered Florida panther. Current Biology, 3, 340-350.

Rupprecht, C.E., Hanlon, C.A & Hemachudha, T., (2002), Rabies re-examined, The Lancet Infectious 
Diseases, 2, 327-343.

Russell, A.L., Butchoski, C., Saidak, L., et al. (2009). Road-killed bats, highway design, and the 
commuting ecology of bats. Endangered Species Research, 8, 49-60.

Sabino-Santos Jr, G., F. G. M. Maia, Vieira, T.M., Muylaert, R.L. Lima, S.M, et al. (2015). Evidence 
of Hantavirus Infection among Bats in Brazil. The American Journal of Tropical Medicine and 
Hygiene 93 (2), 404-406, DOI:10.4269/ajtmh.15-0032.

Saunders, D.A., Hobbs, R.J., & Margules, C.R. (1991). Biological consequences of ecosystem 
fragmentation - a review. Conservation Biology, 5, 18-32.

Schaub, A., Ostwald, J., & Siemers, B. M. (2008). Foraging bats avoid noise. Journal of Experimental 
Biology, 211, 3174-3780.

Schneider, M.C., Aron, J., Santos-Burgoa C., et al. (2001). Common vampire bat attacks on humans in 
a village of the Amazon region of Brazil. Caderno Saúde Pública,17, 1531-36.

Scoss, L.M., Júnior, P.D.M., Silva, E., et al. (2004). Uso de parcelas de areia para o monitoramento de 
impacto de estradas sobre a riqueza de espécies de mamíferos. Revista Árvore, 28, 121-127.

Shutz, T.R. (2000). In search of ant ancestors. Proceedings of the National Academy of Sciences, 97, 
14028-14029.

Siemers, B.M., & Schaub, A. (2011). Hunting at the highway: traffic noise reduces foraging efficiency 
in acoustic predators. Proceedings of the Royal Society B, 278, 1646-1652

Silva Jr, A.P., & Pontes, A.R.M. (2008).The effect of a mega-fragmentation process on large mammal 
assemblages in the highly-threatened Pernambuco Endemism Centre, north-eastern Brazil. 
Biodiversity and Conservation, 17, 1455-1464.

Smit, I.P.J., & Asner, G.P. (2012). Roads increase woody cover under varying geological, rainfall and 
fire regimes in African savanna. Journal of Arid Environments, 80, 74-80.

Sork, V.L., & Smouse, P.E. (2006).Genetic analysis of landscape connectivity in tree populations. 
Landscape Ecology, 21, 821-836.

Sponheimer, M., Grant, C.C., Ruiter, D.J., Lee-Thorp, J.A., Codron, D.M., & Codron, J. (2003). Diets of 
impala from Kruger National Park evidence from stable carbon isotopes. Koedoe, 46, 101-106.

Stevens, R.D., Cox, S.B., Strauss, R.E., et al. (2003). Patterns of functional diversity across an 
extensive environmental gradient: vertebrate consumers, hidden treatments and latitudinal 
trends. Ecology Letters, 6, 1099-1108.

Stiles, J.H. & Jones, R.H. (1998). Distribution of the Red Imported Ant, Solenopsisinvicta, in Road and 
Powerline. Landscape Ecology, 13, 335-346.

Storfer, A., Murphy, M.A., Spear, S.F., et al. (2010). Landscape genetics: where are we now? 
Molecular Ecology, 19, 3496-3514.

Suarez, A.V.; Bolger, D.T. & Case, T.J. (1998). Effects of fragmentation and invasion on native ant 
communities in coastal southern in California. Ecology, 79, 2041-2056.

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



 Bibliography   63

Umetsu, F., & Pardini, R. (2007).Small mammals in a mosaic of forest remnants and anthropogenic 
habitats - evaluating matrix quality in an Atlantic forest landscape. Landscape Ecology, 22, 
517-530.

Umetsu, F., Metzger, J.P., & Pardini, R. (2008). Importance of estimating matrix quality for modeling 
species distribution in complex tropical landscape: a test with Atlantic forest small mammals. 
Ecography, 31, 359-370.

Uriarte, M., Anciães, M., Silva, M.T.B., et al. (2011). Disentangling the drivers of reduce long-distance 
seed dispersal by birds in an experimentally fragmented landscape. Ecology, 92, 924-937.

van der Ree, R., Jaeger, J.A. van der Grift, E.A. et al. (2011). Effects of roads and traffic on wildlife 
populations and landscape function: road ecology is moving towards larger scales. Ecology and 
Society, 16, 48.

Villéger, S., Mason, N.W., & Mouillot, D. (2008). New multidimensional functional diversity indices 
for a multifaceted framework in functional ecology. Ecology, 89, 2290-2301.

Watling, J.I., Nowakowski, A.J., Donnelly, M.A., et al. (2011). Meta-analysis reveals the importance of 
matrix composition for animals in fragmented habitat. Global Ecology and Biogeography, 20, 
209-217.

Wilkie, D., Shaw, E., Rotberg, F., et al. (2000). Roads, development, and conservation in the Congo 
Basin. Conservation Biology, 14, 1614-1622.

Willians-Guillén, K., Perfecto, I., & Vandermeer, J. (2008). Bats Limit Insects in a Neotropical 
Agroforestry System. Science, 320, 70.

Willoughby Jr, R.E., Tieves, K.S., Hoffman, G.M., et al. (2005). Survival after treatment of rabies with 
induction of coma. New England Journal of Medicine, 352, 2508-2514.

Wilson, E.O. (1987).The arboreal ant fauna of Peruvian Amazon forests: A first assessment. 
Biotropica, 19, 245-251.

Wilson, E.O. (1988). The current state of biological diversity. Biodiversity, 521.
Winkler, M., Koch, M., & Hietz, P. (2011). High gene flow in epiphytic ferns despite habitat loss and 

fragmentation. Conservation Genetics, 12, 1411-1420.
Young, A., Boyle, T., & Brown, T. (1996).The population genetic consequences of habitat 

fragmentation for plants. Trends in Ecology and Evolution, 11, 413-418.

Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM



Brought to you by | Universidade Estadual Paulista - Sao Paulo
Authenticated

Download Date | 4/15/16 2:51 PM


