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Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia
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Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido
Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Bioldgicas e da Salde

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof® Dr* Anelise Levay Murari - Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof? Dr® Daniela Reis Joaquim de Freitas - Universidade Federal do Piaui

Prof? Dr* Débora Luana Ribeiro Pessoa - Universidade Federal do Maranhao

Prof. Dr. Douglas Siqueira de Aimeida Chaves - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri

Prof? Dr® Elizabeth Cordeiro Fernandes - Faculdade Integrada Medicina

Prof® Dr® Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr* Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof* Dr® Eysler Gongalves Maia Brasil - Universidade da Integracdo Internacional da Lusofonia Afro-
Brasileira

Prof. Dr. Ferlando Lima Santos - Universidade Federal do Recdncavo da Bahia

Prof® Dr* Fernanda Miguel de Andrade - Universidade Federal de Pernambuco

Prof. Dr. Fernando Mendes - Instituto Politécnico de Coimbra - Escola Superior de Salde de Coimbra
Prof® Dr* Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Helio Franklin Rodrigues de Almeida - Universidade Federal de Ronddnia

Prof® Dr? lara Lucia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande

Prof. Dr. Jefferson Thiago Souza - Universidade Estadual do Ceara

Prof. Dr. Jesus Rodrigues Lemos - Universidade Federal do Piaui

Prof. Dr. J6natas de Franca Barros - Universidade Federal do Rio Grande do Norte

Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para

Prof. Dr. Luis Paulo Souza e Souza - Universidade Federal do Amazonas

Prof® Dr* Magnélia de Araljo Campos - Universidade Federal de Campina Grande

Prof. Dr. Marcus Fernando da Silva Praxedes - Universidade Federal do Reconcavo da Bahia
Prof® Dr* Maria Tatiane Gongalves Sa - Universidade do Estado do Para

Prof® Dr* Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr* Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof. Dr. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof® Dr* Regiane Luz Carvalho - Centro Universitario das Faculdades Associadas de Ensino
Prof® Dr* Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof® Dr® Vanessa da Fontoura Custodio Monteiro - Universidade do Vale do Sapucai

Prof® Dr* Vanessa Lima Gongalves - Universidade Estadual de Ponta Grossa

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof® Dr* Welma Emidio da Silva - Universidade Federal Rural de Pernambuco
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Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

ProF® Dr® Ana Grasielle Dionisio Corréa - Universidade Presbiteriana Mackenzie
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APRESENTACAO

A Ecologia é a area da Biologia que estuda o meio ambiente e os seres vivos que
vivem nele, ou seja, € o0 estudo cientifico da distribuicao e abundancia dos seres vivos e das
interacdes que determinam a sua distribuicdo. As interagbes podem ser entre seres vivos
e/ou com 0 meio ambiente.

A Biodiversidade, também chamada de Diversidade Bioldgica, pode ser definida
como a variabilidade entre os seres vivos de todas as origens, a terrestre, a marinha e outros
ecossistemas aquéaticos e os complexos ecoldgicos dos quais fazem parte. Aconservacgéo da
biodiversidade é fundamental para assegurar a diversidade de organismos vivos, incluindo
0s ecossistemas terrestres e aquaticos. Apresenta também importancia econdémica, pois
0s seres vivos sdo importante matéria-prima na fabricagdo de alimentos, medicamentos,
cosméticos, vestimentas e até habitacdo. Preservar € garantir, portanto, que esses recursos
nédo faltem no futuro e que o meio ambiente permanega em equilibrio.

Nesse contexto, apresento o livro “Ecologia e Conservacédo da Biodiversidade”, uma
obra que apresenta 14 capitulos distribuidos no formato de artigos que trazem de forma
categorizada e interdisciplinar estudos aplicados as Ciéncias Biologicas. Esse e-book
traz resultados de pesquisas desenvolvidas por professores e académicos de instituicbes
publicas e privadas. E de suma importancia ter essa divulgacao cientifica, por isso a Atena
Editora se propdem a contribuir através da publicagéo desses artigos cientificos, e assim,
contribui com o0 meio académico e cientifico.

Desejo a todos uma excelente leitura.

Renan Monteiro do Nascimento
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ABSTRACT. Distribution patterns in the
biomes are being modified by direct effects
as modification of size and shape of forests,

Ecologia e Conservacao da Biodiversidade

A REVIEW

availability of resources, conditions, as well as
indirect effects that influence the interactions at
different taxonomic levels. Exploratory action on
the Cerrado and Atlantic Forest have resulted
in the formation of small relict forest fragments
inserted in matrix that makes it impossible to
seedlings dispersion of vegetation and movement
of small mammals hindering the understanding of
these distribution patterns.. The situation is even
more worrying for ecotone environments between
these domains by the lack of information. So,
this book chapter presents a briefly review about
forest conservation aspects and microhabitat
structure to small mammals with the objective
of elucidate the effects of the modifications
caused by humans on the environment. Here we
concluded that the Brazilian domains are sharply
reduced and endangered. And these aspects
results in a different microhabitat structure that
generate a simpler small mammal community.
KEYWORDS: Conservation of fragments.
Diversity of rodents and marsupials. Forest
diversity.

INTRODUCTION

One of the main objectives of ecology is to
understand what determines species distribution
patterns. This distribution is intrinsically related
to certain habitats and, therefore, to the
characteristics and variables that influence
the appearance of flora and fauna. A great
effort has been expended in the attempt to
describe and relate patterns of distribution and
microenvironments (JORGENSEN, 2004), but
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these studies present areas of study in extensive forest environments. This situation is not
in accordance with the reality of two of the most biodiverse and threatened morphoclimatic
domains in the Brazilian territory, the Atlantic Forest and the Cerrado (MYERS et al., 2000).
The distribution patterns in these domains are being modified by direct effects of changes
in the size and shape of forests, as well as indirect effects on the availability of resources,
abiotic conditions, intra and interspecific interactions.

The exploratory action has resulted in the formation of small relict fragments,
usually smaller than 50 hectares (RIBEIRO et al., 2009), inserted in a matrix of lower plant
biomass that makes it difficult to spread propagules of vegetation and the movement of
small mammals. However, there is a lack of information on the ecology of these small forest
fragments in areas with the intersection of the characteristics of the Atlantic and Cerrado
domain, commonly called the ecotonal region. Ecotonal environments present changes in
climatological, edaphic and vegetative patterns, thus generating patterns of microstructure
not yet explored in the scientific literature (MACHADO et al., 2016).

In addition, there is an imminent need to expand knowledge about the ecology of
small forest fragments to serve as technical-scientific arguments for future forest recovery
and recomposition work (MACHADO et al., 2016; MACHADO et al., 2017). These works will
aid in the conservation of rare and general habitat species, will encourage the permanence
of legal reserve areas, the connection between remnants, ecological corridors and possible
creation of conservation units in strategic sites with a focus on maintaining viable minimum
populations. Then, this article presents a briefly review about forest conservation aspects
and microhabitat structure to small mammals with the objective of elucidate the effects of
the modifications caused by humans on the environment.

CONSERVATION FOREST ASPECTS

Brazil had a significant economic growth from the 1940s and 1950s (ROSA, 2006;
PEREIRA; LESSA, 2011) during the Brazilian industrial revolution (BRESSER-PEREIRA
et al.,, 1963). During this period, the ecological concepts related to the protection and
maintenance of biodiversity were still incipient. Over the years, beyond economic aspects,
the preservation and conservation of natural environments started to become essential for
the maintenance of life on Earth. Ecological efforts related to the preservation of natural
resources had its highpoint during the United Nations Conference on Environment and
Development, ECO 92 (NOVAES, 1992).

The increasing expansion of anthropic areas has been gradually reducing native
natural environments, modifying them in urban areas, plantations, pastures, mining, and
hydroelectric areas, among others. This expansion has created a drastic alteration and
reduction of the vegetative formations of the Brazilian morphoclimatic domains. It was
precisely in the 1990s that there was a massive concern with natural environments that
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resulted in the development of research on processes and patterns on continental scales
culminating in disturbing publications. According to Fonseca (1985) and the NGO SOS Mata
Atlantica (1993), the Atlantic domain was (and is) threatened with disappearance when it
was estimated that only approximately 7% of its original coverage remained. More recent
data from satellite data have shown that nearly 11.7% of the Brazilian Atlantic Forest remains
(RIBEIRO et al., 2009). However, this new data did not change the situation of the Atlantic
Forest since the advent of this more precise methodology showed that 83.4% of the total
is formed by fragments smaller than 50 hectares, which is of concern from an ecological
and conservationist point of view. This concern is related not only to the loss of biodiversity
but also to the performance of the fauna and flora, such as the inability of persistent habitat
species (PARDINI et al., 2010), problems in the movement through the matrix (PUTTKER
et al., 2011), dispersion of propagules preclusion (TABARELLI et al., 2012), among other
factors.

Later on, Myers et al. (2000) included the Cerrado domain as one of the most
biodiverse and threatened areas of extinction of the planet, which is considered a
conservation hotspot. According to these authors, the percentage of remnants of primary
forests was only 20%. Klink and Machado (2005) reported that 30,000 km? are modified per
year, largely as a result of the opening of new agricultural fronts, occupying 53% of the total
Cerrado area.

The other two major Brazilian morphoclimatic domains, the Caatinga and the Amazon
Forest, still have extensive areas. However, predatory actions have drastically reduced their
natural areas. For the Caatinga domain, it is estimated that nearly 30.4 - 51.7% of its total
area has already been modified by some anthropic activity. This information places the
Caatinga as the third most threatened Brazilian domain to disappear. The Caatinga can pass
the Cerrado regarding its threat status if this last estimate is confirmed (LEAL et al., 2005).
The Amazonian domain is the one that presents the greatest extension of tropical forest in
the world and, unlike other areas (e.g. Cerrado) the legislation favors its preservation for the
conservation of 80% of the forests in legal reserves (KLINK; MACHADO, 2005). However,
the advance of new frontiers (e.g. invasion of land by organized landless squatters and
highways — BARNI et al., 2012) has resulted in annual losses of approximately 30,500 km?
(FEARNSIDE, 2005).

The exploratory and predatory actions on the morphoclimatic domains results in the
formation of a mosaic in the landscape composed of forest fragments preserved in the form
of Legal Reserves and Permanent Preservation Areas (BRASIL, 2012), which are inserted
in a matrix composed of pastures, urban areas and exotic species, such as those for human
consumption (e.g. beans and soybeans), as well as for silviculture (e.g. eucalyptus and
pines - TABARELLI et al., 2010).

These small forest fragments present ecological peculiarities in their tree diversity
because when a forest continuum is transformed into fragmented habitat, the survivors find
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a reduced total area, greater isolation and an anthropic matrix (EWERS; DIDHAM, 2006).
However, fragmentation and its effects are difficult to understand due to the great number
of intermediate causal processes that synergistically act in different ways for each type of
taxon. Some populations, for example, may decline or disappear from the fragments, while
others may remain stable or even increase (DEBINSKI; HOLT, 2000; LAURANCE, 2008;
LAURANCE et al., 2002). In the case of arboreal diversity, the richness and abundance
in these small fragments are reduced when compared to large forest fragments, and the
composition and structure are simplified (LAURANCE et al., 2002; LOBO et al., 2011;
ARROYO-RODRIGUES et al., 2013) by the influence of biotic and abiotic characteristics
of the matrix and the forest environment together in association with a number of other
stochastic (demographic, genetic and environmental) and deterministic factors. This effect
is commonly called the edge effect (MURCIA, 1995).

The edge effect is the interaction between two contiguous systems that are
not suddenly separated by a border (MURCIA, 1995). This border shows changes of
environmental variables ranging up to 400 meters from the forest limits (LAURANCE et
al., 2002), and three groups of these changes are more evident. The first group includes
those that affect the abiotic parameters because of the intersection of the conditions of both
boundary systems, resulting in a differentiated environment in relation to the matrix and
the forest interior. The second group is formed by direct biological effects represented by
the alteration of abundance patterns and species distribution. The alteration of the abiotic
parameters incapacitates the occurrence of species with environmental requirements
commonly found in mature forests as a result of their physiological tolerances. The third
group is formed by indirect biological effects such as changes in rates of predation,
parasitism, herbivores, and seed dispersal, among others (MURCIA, 1995).

Wind disturbances, alteration of fauna community patterns (vertebrates and
invertebrates), reduction of relative air humidity, canopy height and soil moisture, among
others, are common features in fragments with high edge effect (LAURANCE et al., 2002).
These changes favor species substitution, generating an oligodominance pattern observed
for both large-scale and fragmented forest environments (SCHEER et al., 2011; STEEGE
et al., 2013). These bases of local domains with a general pattern of oligodominance on
a larger scale are favored by the marked light intensity, which favors fast growing species
(TABARELLI et al., 1999) in detriment of other species with reduced growth rates (VAN
DEN BERG et al., 2012). Therefore, small fragments tend to present a high amount of
plant species of initial stages of succession, favored by the anthropic action associated with
environmental variables (MURCIA 1995; LAURANCE et al., 2002) with small fruits and easy
anemocoric and autochoric dispersion (TABARELLI et al., 1999).
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MICROHABITAT STRUCTURE TO SMALL MAMMALS

Populations of small mammals also suffer from the effects of habitat loss and
fragmentation, with emphasis on changes in abiotic and biotic factors due to the edge effect,
reduction of home range, interruption of gene flow and consequent reduction of genetic
variability, increased inbreeding, parasitism, and population stress (FAHRIG, 2003; PRUGH
et al., 2008). However, the relationship between mammalian community parameters and
fragmentation is still controversial. For example, there is no consensus on the relationship
between population abundances and fragment sizes. Some studies show that abundance
increases with fragment size, while others show that there is only generalist or ecologically
flexible species. Each study presents peculiar results for each study area, occupation history
and forms of deforestation (see discussion in CHIARELLO, 2000).

Fragmentation promotes the formation of a forest mosaic surrounded by a matrix
of lower biomass and less structural complexity (AUGUST, 1993). Simpler structures
show marked variations in abiotic parameters while in more complex environments they
tend to uniformity. These changes reflect on population changes, since few species
have wide phenotypic flexibility capable of tolerating wide environmental variation. In
this case, terrestrial mammals are good indicators of these variations (MALCOLM, 1994;
CHIARELLO, 1999; CHIARELLO, 2000; PARDINI, 2004), since they respond differently
because they have antagonistic responses to the expansion of anthropic environments,
among other characteristics (CHIARELLO, 1999; CHIARELLO, 2000). As a consequence,
most of these species are on the list of endangered animals (MACHADO et al., 1998;
MACHADO; DRUMMOND; PAGLIA, 2008; MMA, 2003). Studies on the disturbances
caused by fragmentation on the community of small mammals also document changes
due to the invasion of exotic species, changes in forest dynamics and alteration in the
trophic structure (BIERREGAARD et al., 1992; CHARLES; ANG, 2010; CHIARELLO, 1999;
CHIARELLO, 2000). Therefore, small terrestrial mammals become indicators that allow an
analysis of the consequences of fragmentation because of their ability to persist in isolated
fragments or occupy non-forest environments and anthropically altered environments
(PARDINI, 2004; PARDINI et al., 2005; UMETSU; PARDINI, 2007). Charles and Ang (2010)
mentioned that fragmentation induces eight possible positive and negative responses on
small mammals: (1) reduction in richness and alteration of composition, (2) disappearance
of species with large living areas (3) invasion of opportunistic and generalist species, (4)
absence of predators, (5) reduction of activity of generalist species, (6) changes in trophic
structure, (7) changes in species abundance and (8) the dominance of a few species in
small fragments. However, these aspects may occur in synergy and the communities of
small mammals should be analyzed locally since they present peculiarities in relation to the
topographic, climatological, phytophysiognomic and historical variations of occupation of
the environment (CHIARELLO, 2000).
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On the other hand, the study of the dynamics of fragmentation and its influence
on the communities of small terrestrial mammals requires studies of the microstructure of
habitat. For conceptual purposes, this thesis will use the same concepts of microstructure
and macrostructure of habitats presented by Jorgensen (2004) and Hodara and Busch
(2010). Thus, the macrostructure is the spatial area in which the individuals of a given
community perform all their ecological and biological functions. Habitat microstructure is
the composition of vegetative and environmental variables that directly or indirectly affect
both the behavior of individuals and aspects of the community of small terrestrial mammals,
determining which areas of life are used most intensively. This type of study focuses
on how vegetation characteristics influence the composition and structure of the small
mammal community. The fragmentation rates influence the structure of the forest, affect
the occurrence of the species, as well as the community composition and, consequently,
determine the sustainability of the habitat (TEWS et al., 2004; DUNN, 2004).

Considering that several Brazilian domains, such as the Atlantic Forest and the
Cerrado, have been markedly reduced, the present remnants are small fragments with
secondary vegetation, which makes the knowledge of the conditions in these environments
preponderant to the understanding of the distribution of the organisms (PUTTKER et al.,
2008). A great effort has been expended in studies of habitat microstructure for small
terrestrial mammals (JORGENSEN, 2004), not only for descriptive purposes, but also in the
attempt to obtain information on spatial and temporal (niche) structuring and segregation
(LIMAet al., 2010), community separation by biomass quantity or morphologic characteristics
and microenvironment selection (NAXARA; PINOTTI; PARDINI, 2009), as well as species
coexistence and community pattern descriptions.

The choice of habitat by a certain animal depends on two aspects. The first is
where to establish a living area and the second is where to get shelter and resources
that, consequently, generate high fitness. This choice varies between species and with the
perception of size and degree of heterogeneity. The selection scale depends on habitat
characteristics, responses in terms of dispersal capacity and available habitat aspects, such
as size, shape and connectivity between environments (HODARA; BUSCH, 2010). In an
attempt to join these aspects, Plttker et al. (2008) related vegetation structure parameters
such as canopy cover and height, vegetation density in the various strata and the set of
bamboos and other horizontal structures with five species of small terrestrial mammals:
Akodon montensis, Oligoryzomys nigripes, Gracilinanus microtarsus, Delomys sublineatus
and Marmosops incanus. The authors demonstrated that micro-scale preferences in
vegetation influence the ability of some species to occupy altered areas, evidencing species
vulnerable to fragmentation or alteration of environments. Naxara, Pinotti and Pardini (2009)
compared seasonal aspects of litter and humidity, as well as woody debris and availability of
arthropods, which are larger in mature forests and in rainy periods. It has been shown that
seasonal variation alters the availability of food resources and shelters against predators,
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resulting in a variation in the populations of some species. Lima et al. (2010) correlated
environmental parameters such as canopy and cover, number of trees, understory, presence
of bamboos and ferns, exposition of rocky outcrops, fallen logs and dry litter weight with
the three most common rodent species, Sooretamys angouya, Akodon montensis and
Oligoryzomys nigripes. The first two species are correlated with the abundance of bamboos,
while the latter is correlated with the density of shrubs, demonstrating that this species
present separation of microenvironments through their diets and locomotion.

Even with this wide range of studies, many of them present numerous problems.
Jorgensen (2004) collected 70 studies on the microstructure of habitats and small terrestrial
mammals and found a wide range of conceptual problems arising from inaccuracies and a
consolidation of an incorrect paradigm. When analyzing “how robust are the microstructure
studies of habitat?”, the studies presented a disturbing pattern of small scale spatial scales
and modest efforts to capture individuals. The average grids studied were 3 to 4, for a
sampling effort between 4000 and 5000 nights of capture, where vegetation was frequently
not measured. When considered, 22% of the studies measured vegetation variables in
only 8 m2 or less and 88% assumed categorical variables or summarized the vegetation
assessment in only 45 m2. The author understood that there is no way to recognize patterns
of occupation or population density determined by the microstructure, and there is a need
to increase the effort both in catching individuals and in vegetation measurements for a
sufficient reasoning about the microhabitat partition.

FINAL CONSIDERATIONS

Brazil is the neotropical country with the greatest diversity of species, and has domains
with the greatest diversity in the world, highlighting the Cerrado and the Atlantic Forest,
which are two global hotspots, being the Cerrado that maintains the richest flora among the
Savannas in the world and with high levels of endemism of birds, fish, insects, reptiles and
amphibians, and the Atlantic Forest one of the world’s most diverse environments, with a
large part of its occurrence (Serra da Mantiqueira) being the eighth most irreplaceable area
in the world. Among these Brazilian vegetation domains, we also highlight the Caatinga,
which is the only originally Brazilian biome and the Amazon, which has the largest forest and
hydrographic basin in the world, however, contrary to these data, due to political interests
in terms of agriculture has been losing international financial resources for conservation.

In fact, the environment is the result of a series of interactions that took place over
time. These interactions change over time and understanding the environmental patterns that
influence the distribution of small terrestrial mammals becomes a challenge. This challenge
needs to be faced to confront the destruction of habitats generated by human actions, as
it alters (and destroys) the fine environmental balance and complicates preservation and

conservation actions. The habitat microstructure correlates this environmental history,
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helps in conservation and preservation actions by considering all the biotic and abiotic
environmental characteristics that influence a rate in a given period. His concept is mixed
with Hutchinson’s niche concept, since the microstructure variables can be considered as
each of the dimensions of the hypervolume. The variables that are usually studied are part
of past studies that demonstrate some kind of significant relationship. However, most of
the researches either use reduced sampling effort or reduced sampled area or another
methodological problem that reduces the explanatory power of ecological patterns in
medium and large scale. Here we suggest that more researches on habitat microstructure
with small terrestrial mammals with greater sampling efforts, larger areas and new scientific
questions be carried out in order to assist in the understanding of ecological patterns for
conservation purposes
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