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17 Wildlife and Landscape Geometry in Silvicultural
Landscapes
Abstract: Recent improvements in personal computers processing speed and
capacity have led to the development of novel technics on landscape analysis and
to improvements in statistical procedures which encompass intensive computational
routines, some of those suggested long ago, but practically impossible to be
implemented until present. In addition, satellite imagery has showed exponential
increase in resolution, diversity of products and their availability making it feasible
for a large number of researchers and students to address issues of conservation and
management at wider spatial scales. These changes have shed light on questions
as crucial as the dichotomy of pattern and process in ecology, and risen questions
such as the appropriate scale in which patterns should be accessed to adequately
illustrate the relationship among landscape patterns and biotic (taxonomic and
functional) groups as part of the growing effort to develop knowledge that may form
a solid basis for conservation and management planning and practice. Some of the
more prominent and largely used landscape analysis technics are based on landscape
metrics, which, in turn, encompass landscape geometry metrics and indices. In this
chapter, we present an overview of landscape pattern evaluation and the influence
of those accessible metrics on the estimation of wildlife patterns of abundance
and distribution. We make use of an example where landscape geometry patterns
are used as background for the distribution and abundance of mammals (large to
medium size, ground dwelling) in Southwestern São Paulo State, Brazil, to address
issues of theory and practice in the field of wildlife conservation research. Finally, we
point to uncertainties in the concepts of habitat as human perceived patterns and the
relevance of such metrics on the delimitation of management practices and public
policies for the maintenance of wildlife diversity and functionality.

17.1 Geometry, Ecology and Landscape as Study Frame
17.1.1 Brief History of the Abstraction of Space or Bending the Cartesian Plane
Mankind abstractions on the characteristics of features and phenomena inherent to
the space where we dwell are as ancient as the capability of rational thought itself.
Greek geometricians inherited concepts and tools from Babylonians and Egyptians,
who developed calculations for the description of space based on needs of land
partitioning and taxation (Mlodinow, 2010). Early before them, a piece of bone with
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notches carved on its sides may have been a kind of ancient calculator used by those
who lived at the margins of Lake Edward in what we know now as the Democratic
Republic of Congo. This artifact, ca. 8,000 years old, found by archaeologists (De
Heinzelin, 1962), may well represent the efforts of primitive human beings on
quantifying and abstracting what is achieved by direct perception and transforming
it into a deeper kind of cognition, the model.
From the harpedonopta, the rope stretchers who measured terrains to Egyptian
architects, to nowadays topographers and further, astronomers and physicists, a long
road was travelled, and not only in the forward direction. One of the most important
steps ahead was given by Aristotle, as he perceived Earth’s surface curvature by
watching vessels vanishing on the horizon (Mlodinow, 2010; Guthrie, 2012). Although
his perception was as early as 24 centuries ago, descriptions of space and shape were
restricted to what is known as Euclidean, for most of western civilization history.
Thales of Miletus was the first to prove geometric theorems, in a first effort
towards its systematization, around 2,500 B.C. (Guthrie, 1962, 2012). His work was the
basis for Pythagoras and his followers, who took mathematics to a spiritual level, but
contributed with the homonymous theorem (Guthrie, 1967). Later, (around 300 B.C.),
Euclid compiled Ancient-Greek knowledge in geometry in the work known worldwide
and exhaustively studied Elements (Heath, 1909; Guthrie, 1969). His was the first
approach to the nature of two dimensional spaces with no account to the physical
world, a premise for the abstraction in space description (Mlodinow, 2010).
René Descartes despised the Ancient-Greek’s system of proofs and by consequence,
translated geometry into algebra (Molland, 1995). The importance of the above cited
abstraction is maximized by Descartes, as his algebraic descriptions of space and
shape result, in first instance, in the plane representation where we place our x,y
pairs. The underlying usefulness of geometry’s algebraic description is the ability to
relate features to each other, and in this sense, to compare different lengths, areas
and shapes (Mlodinow, 2010), with obvious advantages for cartography and, more
recently, landscape ecology.
It was Johan Carl Friedrich Gauss who finally broke with the “carved in stone”
statements of traditional geometry. By recognizing that the sum of the inner angles
of a triangle cannot result in 180° he established a new paradigm in science, the so
called hyperbolic geometry (Dunnington, 2004; Mlodinow, 2010). It may sound strange
and even unsettling that a triangle doesn’t have the expected 180° in it, but, this is
consistent with the reality perceived by Aristotle during his contemplative reflections
on a harbor. The Euclidean postulate here discussed only holds for very small spaces,
or large absolute scales (in this sense, the representation unity divided by the unity
of interest).
The basis is settled and, then, Jules Henri Poincaré takes Gauss’s abstractions to
the next level of cognition, he models them (Greenberg, 1993). Poincaré’s model of
hyperbolic space and the work of Bernhard Riemann, a prominent Gauss student,
on differential geometry contributed significantly to a new cornerstone of science,
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Einstein’s general theory of relativity (Mlodinow, 2010). Albert Eintein’s contribution
to physics and geometry incited a boiling effervescence to exact sciences and brought
uncertainty, non-linearity and multiple dimensions to the front pages, thus creating
the proper environment for the development and spread of discussion on criticality
and self-affinity, basic concepts of fractals and Chaos Theory.
Two mathematicians, contemporary to Poincaré, worked on geometric
abstractions that deeply influenced science in the most unexpected fields. Georg F.
L. Phillip Cantor and Niels Fabian Helge von Koch envisaged complex structures with
consistent basic properties in any scale they were observed (Gleick, 2011; Falconer,
2013). The structures are the Cantor Set and the Koch Curve. These figures present selfaffinity, their structures self-replicates as they are extended (Voss, 1989; Mandelbrot,
1999, 2002).
The works of Cantor and Koch had a profound influence on two 20th century
scientists in particular, Edward Lorenz and Benoit Mandelbrot, a meteorologist and
a mathematician (Gleick, 2011). Lorenz developed graphical sets resultant from his
attractors, pendulums attracted by magnets used to predict the behavior of weather
conditions and coined the term “Butterfly Effect”, based on the appearance of his
graphical sets. Mandelbrot studied as many fields as is vast his contribution to postmodern science. He analyzed the variations in cotton prices, investigated game
theory, applied Cantor Sets to noise in IBM data transmission and finally wrote “The
Fractal Geometry of Nature” (1982) (Gleick, 2011).
Fractals are self-similar or self-affine structures that replicate themselves across
every scale or nearly self-replicate in different scales (Mandelbrot, 1982). For this very
particular property, fractals are widely used, and actually were developed, in the
study of chaotic and noisy phenomena and fine scale complex structures (Mandelbrot,
1976, 1982, 1985, 1999, 2002). Criticality applies to situations of hierarchical non-linear
relations of cause and effect in which slight alterations in one level may represent
subtle large structural or organizational modifications of the next level, or not, as
the interactions amongst components of a complex system are considered to result in
non-predictable patterns (Bak & Bak, 1996).
Self-similarity and criticality are closely related and are both of great interest
to natural sciences, such as ecology. Patterns of phenotypic characteristics, genetic
frequencies, population distributions, community compositions and ecosystem
functions are considered to be all levels of the same staircase (Holling, 1986, 1992;
Holling & Allen, 2002). The influence of fractal geometry and Chaos Theory in many
fields of science is wide and their applications range from geology (e.g. Kruhl, 2013)
to astronomy (e.g. Persinger & Koren, 2013) and population (e.g. Nilsen et al., 2013),
community and ecosystem ecology (e.g. Marsh & Ewers, 2013) as a few examples.
Fractal Geometry and Chaos Theory impacts in Landscape Ecology are profound,
and range from the development of satellite imagery instruments engineering and
vehicle launching, to the study of environmental monitoring images and landscape
geometric indices and metrics, as we will discuss in next sections.
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17.1.2 Landscape in Ecology
17.1.2.1 Perceptions of Space and Cultural Influence
Geometry is the basic field of knowledge in the description of the physical world. As we
are visual animals, every abstraction concerning to our surroundings starts with our
perception of shape, perspective, length, and roughness as many other combinations
of basic geometric features that we use to characterize the environment. To perform
the exercise of translating it to others and making the information available through
time and portable on space, perception has been modeled in different media. Useful
examples for such a task are maps. Maps are as ancient as geometry itself and the
practice of cartography has a long history, having been studied by Ptolemy in his book
Geographia (Ptolemy, 1525; Marshall, 1972) written in the second century of Christian
Age.
Partitioning of space, crop planning, war and trade are among the main promoters
of map elaborations (Friendly, 2008). As humankind expanded their influential webs
from small group settlements to cities, countries and continents, maps became more
and more important to plan administration, routes and to present regional aspects of
land management interests to decision makers (Sack, 1986). Along with cartography,
positioning systems and instruments were developed. As an example, the combination
of the sextant and compass aided in the global scale expansion of western cultural
influence.
Landscape is defined by Alexander Von Humboldt as “the total character of a
region of the Earth” (Zonneveld, 1995). Von Humboldt described landscapes of the New
World with a heavy tone of the ideal aesthetics that dominated European cultures of his
historical momentum (17th century), and the descriptive model’s basic scheme that he
adopted remained the same for the next 100 years (Antrop, 2005).
In the beginning of the 20th century, Eastern and Central European geographers
approached landscape with more holistic concepts (Turner et al., 2001). Carl Troll,
inspired by the advent of aerial photography and the ecosystem concept (Tansley, 1935),
introduced the term landscape ecology and declared that it was “the marriage between
biology and geography”, to which he developed a methodological basis (Zonneveld,
1995; Antrop, 2005). Sukachef, Troll’s contemporary, paralleled him but called it
biogeocenology (Antrop, 2005).
The framework of landscape ecology, from the early 1940’s to the end of 1950’s,
combined an integrated view of the human surroundings (Turner et al., 2001) with
explicit accounting for sensory perception (Granö, 2003) and aesthetics. With the
adoption of more deductive and quantitative research programs by geographers,
landscape was rarely revisited (Antrop, 2005). Interest in landscape ecology was
gradually revived in Central Europe during the 1980’s and spread to North America by
the same time (Turner et al., 2001).
Although satellite imagery was not a novelty, the access to their data and
visualization during the early 1980’s was expensive (powerful personal computers were
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not yet popular), time consuming (data processing and exchange needed high volumes
of media) and computer intensive (there were no software for friendly interfaces widely
available). The Cold War and Space Rush contributed substantially to the development
of landscape ecology.
This time, there was a lag between the media and the capacity of cognition that was
not a limiting factor in Troll’s years. As the Cold War lost its breath, satellite imagery
technology only available to military, along with cheaper, smaller and more efficient
microchips, disclosed a spread of new environmental monitoring remote sensing
products with finer resolution. The theoretical framework of landscape ecology by that
given moment orbited the properties of middle scale resolution landscape features.
The application of comparative analyses to the geometric characteristics of
landscape features evident at middle resolutions was solved long before by Gauss,
and the curvature of the planet was no longer a problem in cartography, as projections
could be interconverted through automated algorithms in geographical information
systems, representing features from irregular surfaces in Euclidean plane graphical
sets (Coppock & Rhind, 1991; Friendly & Denis, 2008; Friendly, 2008). But still, fine
resolution satellite imagery made the investigation of questions, already accessed
by theoretic ecology and macro ecology, such as self-affinity and self-criticality in
ecosystem functions and biodiversity patterns, more prone to researchers, once their
evaluation demanded hierarchical approaches and local higher quality remote sensing
data that were at hand.
And there was the problem. Most theory and analytical framework relied on
Euclidean measures and linear models for hypothesis testing and data comparisons,
such as species-area relationships (Connor & Mccoy, 1979). The conceptual framework
that included patches, matrix, corridors, permeability, edge, isolation and connectivity
as the basis for fragmentation paradigm (Turner, 1989; Turner et al., 2001; Fahrig, 2003)
had to invoke fractal geometry and chaos theory in order to balance the equation with
ecology’s theoretical advances. Multidimensional indexes of shape, such as the fractal
dimension index (O’Neill et al., 1988), came to the attention of landscape ecologists
and better captured finer resolution discrepancies between spatial features inside and
across different extension scales. Their interpretation was not completely understood
and, until presently, it is not readily absorbed by management practitioners or decision
makers.
The conceptual lag that arises at this point is placed between theory and biodiversity
conservation practice. Most countries, multinational corporations, commodities
production and trade regulation agencies and international environmental treaties have
their environmental protection premises supported by more conventional and simple
aspects of a fragmentation paradigm already well-established (Primdahl & Swaffield,
2010). The widespread application of conservation unities design is an example of a
political/socio-economical limited use of landscape ecology framework that is being
reviewed in the light of novel findings fostered by the possibility of spatial complexity
measures.
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17.1.2.2 Concepts, Measures and Paradigms as Basis for the Decision Making
Process
Fragmentation paradigm was influenced by concepts such as the Island Biogeography
(Mcarthur & Wilson, 1967) and the Dynamic of Metapopulations (Hanski & Gilpin, 1991),
which provided this landscape ecology subject with premises of relationships between
area and diversity, species richness and genetic variation respectively. Habitat quality
and qualitative interactions in fragmentation paradigm were supplied by discussions
on habitat heterogeneity (Bazzaz, 1975) and complementation (Dunning et al., 1992).
Fragmentation has two basic meanings; it can refer to the spatial pattern or to
the spatial-temporal process (Fahrig, 2003). Landscape Ecology Metrics and Indices
obtained through measures of length, area and combination of both that result in
shape indices, along with indices of land-use and land-cover diversity, are state-space
measures of landscape features that represent snapshots of spatial characteristics based
on fragmentation pattern, rather than provide immediate insights on the fragmentation
process (Trzcinski et al., 1999; Lee et al., 2002; Fahrig, 2003).
Given the distinction between pattern and process, inferences on fragmentation
processes are limited by the scarcity of biodiversity data at wide ranges in temporal
scale. Samplings of large spatial extents, that represent different patterns and offer
insights on intensity of habitat removal or loss, are used as surrogates. The exchange
of time for space poses a challenge to the conduction of research and interpretation of
results (Jelinski & Wu, 1996). Aiming to answer questions of management pertained
by landscape design needs, that fulfill legal environmental regulations and private
environmental certification agendas, decision makers rely on studies conducted at fine
resolution, but small extent or, large extent with coarse resolution (Li & Wu, 2004; Li
et al., 2005).
Therefore, most evaluations of the impact of land-cover and land-use change on
patterns of biodiversity resulting from private enterprises are deficient in the regard
of basic landscape ecology paradigm premises (Atauri & De Lucio, 2001). In addition,
when large areas are sampled, qualitative differences of habitat cover composition
and species intrinsic or community variations may pose bias to the overall evaluation
results (Nielsen et al., 2007). Biases of such nature must be explicitly taken into account
and discussed in order to avoid misleading predictions and decisions of management
based on spurious model results.
The State of São Paulo is the economically and industrially most developed state
of Brazil and holds only 13.94% of its total surface occupied by reminiscent native
vegetation (Secretaria do Meio Ambiente, 2005). Legal regulation applied to such
areas is the New Brazilian Forest Code (Novo Código Florestal - Lei Nº 12.651, 25th
May 2012), a federal law that dictates, among other resolutions, proportions of native
vegetation that must be protected by landowners. The great majority of the reminiscent
native vegetation in the State is located in private areas and is submitted to CETESB
(Companhia de Tecnologia de Saneamento Ambiental – Secretaria do Meio Ambiente/
SP) for supervisory monitoring.
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The New Brazilian Forest Code, unlike other environmental regulatory laws
worldwide, had its elaboration guided by traditional well established and popularly
accepted ecological theoretical background. It was considered by the scientific
community as a relaxation of the demands from the former code, that dates back to
1965, with a few improvements concerning to declaration of the private area under
protection by the landowners in an on-line database, that is still not yet up to date
(Pardini et al., 2010). Moreover, it demands that smaller areas of overall protected
native vegetation as riparian areas are summed to legal reserves, but the calculation of
the riparian area to be protected was changed from the higher flood level to the lower
shoreline. Advances in designs that should have aided in the preference for choosing
to protect contiguous areas of neighboring properties completely disregarded as were
more complex considerations concerning to recent advances of ecological theoretical
and applied fields of research were not even considered.
The importance of riparian forests for wildlife conservation is exhaustively pointed
as crucial (e.g. Lomolino & Perault, 2001; Mac Nally et al., 2001; Lindenmayer & Hobbs,
2004; Macdonald et al., 2006; Palmer & Bennett, 2006; Hawes et al., 2008; Keuroghlian
& Eaton, 2008; Luck & Korodaj, 2008; Galliez et al., 2009; Rosalino et al., 2009; Berges
et al., 2010; Smith-Ramirez et al., 2010), as much as the amount of native vegetation at
regional scale (e.g. Edenius & Sjoberg, 1997; Chiarello, 1999; Jacquemyn et al., 2003;
Numa et al., 2005; Beisiegel, 2006; Jiménez García et al., 2006). Ecological processes
subjected to cross-scale self-critical effects are of dramatic influence on nutrient and
energy flows that take place on rivers and streams, physical structures with fractal
behavior by themselves (Holling, 1992). In addition, the combination of riparian
habitats and upland native vegetation are complementary, henceforth provide wildlife
with different resources (Dunning et al., 1992).
In the State of São Paulo, dramatic shifts in land-use and land-cover that distanced
landscape from what was familiar to pre-Columbian inhabitants started around 500
years ago, but became much more intense and reached wider extensions on the edge
of the 19th and beginning of the 20th century. The territory occupation by non-original
human populations demanded the extirpation of indigenous groups that resemble Old
West invasion in North America, and has railroads as driving forces of expansion in
common to that region.

17.2 Wildlife and Planted Forests in the State of São Paulo, Brazil
17.2.1 Wildlife in South America and the State of São Paulo
17.2.1.1 Mammals and Human Colonization
Mammals are a monophiletic clade that derived from late permian cynodonta
(Kemp, 2005). Present known wider groups (in particular Therians: Marsupials
and Placentals) radiated after the late Mesozoic Great extinction Event, reaching its
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maximum diversity in late Cenozoic and achieving recent levels of known species
numbers after Pleistocene/Holocene interface (Kemp, 2005). In South America,
mammal evolution was subjected to events of isolation, dispersal and faunal
interchange (mainly with North America) (Goin et al., 2012) in a history that can be
traced to 250 Mya. In this context, Goin et al. (2012) identify at least five major events
in which the primary driving forces were tectonics, climatic fluctuations and human
arrival (at the Pleistocene dawn). The full length of this time span is beyond of the
scope of our work, but some selected examples may help us explain a few patterns
observed in mammal species present distribution in the light of continental faunal
evolution.
Procyonids arrived from North America at ca. 7 - 6 Mya, during late Miocene
(Eizirik, 2012; Goin et al., 2012), much before the Great American Biotic Interchange
(GABI) (that began at ca. 4.5 Mya with the most recent connection of South and
North Americas through Panamanian Isthmus). Other Carnivora came to the South
later, but yet, before GABI, and radiated in many forms that included omnivorous
species. Mustelids and Canids arrived early during GABI, and are still less recent in
South America than other Carnivora Clades. Leopardus species diverged in South
America after an ancestral northern taxon invaded neotropics post GABI, ca. 2.8 Mya
(Eizirik, 2012). Canidae immigrated to South America in two separated taxonomic
groups during the GABI, one included relatives of domestic dog and wolf, the other
originated endemic South American species which included Cerdocyon thous (Eizirik,
2012). Anteaters are first found in the fossil record from 17 Mya and the Myrmecophaga
genus, 6.8 – 4 Mya (Flynn et al., 2012). Dasypodidae, a family that includes the
Dasypus genus, is present in a palaeofauna that ranges from 13.5 to 11.8 Mya (Flynn
et al., 2012). Xenarthra, a group to which anteaters and armadillos belong, dates back
to 102 Mya (Scally et al., 2001) in the Eocene of South America (Vizcaino et al., 2012).
Tapirs and deer arrived in the continent at around 1.8 Mya, during GABI (Goin et al.,
2012).
The South American Megafaunal Extinction (SAME) occurred around 10,000
years BP (Patterson & Costa, 2012) and the taxa above cited co-occurred with many
elements of late Pleistocene hypercarnivores and other taxonomic groups larger in
size than extant terrestrial mammal species. The first confirmed evidence of human
presence in South America dates its most early settlement layer on ca. 10,000 years BP
(Roosevelt et al., 1996). Although Johnson (2002) points out the arrival of humans as a
contributing factor to SAME, Roosevelt et al. (1996) present evidence for a much wider
spectrum of hunting, fishing and gathering habits of Paleoindians from the Amazon
Basin. In addition, no evidence of Megafaunal remains or proper weapons for hunting
such animals were found in the sediments studied by them.
According to Gouveia et al. (2002) it is possible that charcoal presence in soils
under forest vegetation in São Paulo State that were dated in a range from middle
Holocene to present, were associated to human occupancy in the last 6000 years. The
analysis of the floristic composition of localities in Botucatu and Anhembí, São Paulo
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State, through anthracology, and the identification of charcoal particles, indicate
that, at early Holocene, both localities were dominated by forested vegetation
and, moisture conditions increased to levels very similar to present day patterns of
precipitation since at least 3000 years BP (Gouveia et al., 2002; Scheel-Ybert et al.,
2003). Although, there is controversy on the productions systems and food-webs of
human populations occupying uplands of South-Eastern Brazil in early and middle
Holocene, Roosevelt et al. (1996) point to a high diversity of foraging strategies that
ranged from fishing to horticulture in several combinations and different sequences
of local and regional substitution.
Studies show the presence of Itararé-Taquara ceramic tradition in São Paulo State
highlands until at least the fourth century of the recent age (de Mello Araujo, 2007)
and Tupi-Guarany traditions were present since 1800 ya (Noelli, 2008). Lentz (2000)
argues that Pre-Columbian Indians impacted landscapes mainly by interaction
with domesticated plants, extending the range of organisms of economic interest,
disseminating parasites and ruderal species, controlling competing species and
reducing plant and animal prey populations. Moreover, indigenous South American
groups practice diverse and complex modalities of silviculture (Peters, 2000). The
influence of these human cultures on vegetation and landscape may have shaped
animal communities (Dyer, 2007), in addition to hunting impact. In 1500 AD the
Portuguese arrived on Brazilian Shores (de Abreu, 1999) and a process of decimation
and enslavement of Amerindians pushed them to peripheral areas causing the
disruption of traditional foraging systems of the surviving groups (Roosevelt et al.,
1996).

17.2.1.2 From Slave Hunters to Railroads and Industry
Less than a century after first contact with South American Amerindians, European
settlers established sugarcane plantations on coastal regions (Buarque de Holanda,
1994) and relied on the Amerindians as both slave labor and slave labor providers, as
colonists used for their own sake the fluid system of ritualized wars of Tupi-Guarany
(Fausto, 2008). Aiming to capture more slaves, as slaves had a fast turnover rate in
the tropical developed Neo-European modality of monoculture, incursions were
organized to hunt extant Amerindian populations in São Paulo State forests of the
Central Plateau and beyond (Buarque de Holanda, 1990). Those who did not succumb
to foreign diseases where evangelized by Jesuit priests (Dean, 1997) and, eventually,
captured by colonists in attacks on Jesuit Missions (Davidoff, 1986).
From the 17th to 18th century, gold and diamond mines, in regions currently
comprehended by Minas Gerais State and others in Northeastern Brazil, established
trade routes for food, cattle and beasts of mount and burden (Buarque de Holanda,
1990). While beasts were raised in the Southern Regions of Brazil, livestock were bred
in the São Paulo State countryside and Bahia and other Northeastern states (Buarque
de Holanda, 1990).
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More intense fires to open pastures and the introduction of African aggressive
grasses contributed to the clearing of wide forest areas that were on the surroundings
of emergent Neo-European settlements (Schmidt, 1959; Parsons, 1972; Buarque de
Holanda, 1990; Dean, 1997). Saint-Hilaire (1972) visited the region in the first decade
of the 19th century, and he described a landscape with several secondary forest
fragments intermingled by African grasses dominated pastures, native savannas, and
scrublands with riparian forests and, large areas of semi-deciduous and deciduous
forests on the ridges of the Paulista Plateu.
The trade of livestock and beasts brought enough financial income to acquire
African slaves by São Paulo Neo-European inhabitants granting expansion of
sugarcane monoculture that later was completely substituted by coffee (Secretaria
do Meio Ambiente, 2007). Coffee plantations spread to the Southeast, Southwest
and West of São Paulo State (Brioschi, 1999). By the early 20th century there were no
regions without settlers and the population increased from 170 thousand in the 17th
century to more than one million with the immigration of salaried European laborers,
as African and Amerindian slavery was abolished (Dean, 1997; Brioschi, 1999).
Expansion of coffee plantations was fostered by the rapid and massive transport
capability of railroads, their construction and functioning demanded enormous
quantities of wood supplied by native vegetation (Dean, 1997). In addition, the
allegiance between estate owners, opportunist illegal settlers and the railroad
company to pay for troops of Native American killers devastated with extreme brutality
the remnant Amerindian populations (Ghirardello, 2002). Already reduced by
extensive coffee plantations and firewood extraction, large traits of native vegetation
were flooded for the operation of hydroelectric dams that supplied a growing industry
and a nascent population that emigrated from other regions of Brazil, looking for job
opportunities in the emergent market (Secretaria do Meio Ambiente, 2007).

17.2.2 Eucalypt Planted Forests and Wildlife
The first two decades of the 20th century saw nascent demand for wood to supply
railroads. Predicting the rarity of the native commodity, one company from São Paulo
State invested in the development of planted forests of exotic tree species. Eucalypt
was the tree of choice and forestry engineer Edmundo Navarro de Andrade imputed
enthusiasm on the task of disseminating its cultivation (Sampaio, 1949, 1957). Despite
of Navarro’s efforts, eucalypt was not enough to alleviate pressure on native vegetation
in the face of demand not only for firewood, but also for timber for construction and
furniture to supply the growing human population (Dean, 1997).
The coffee market in Brazil passed through two consecutive crises, and the second
brought the end to this economic cycle, resulting in the crash of markets worldwide
(Monbeig, 1984). However, more than 150 years after it fostered the conditions for
coffee monoculture cycle, sugarcane spread again through the São Paulo State
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countryside, interrupting a brief period of diversification and becoming the dominant
feature of the landscape in vast areas of the state (Mendonça, 2004). More recently,
agricultural production of São Paulo State assumed a more defined regional pattern.
International market demand, governmental agricultural programs and politics
resulted in the increase of areas planted with sugarcane, wheat, soybeans and planted
forests (Mendonça, 2004).
The expansion of the new sugarcane cycle was reinforced by the modernization
of Brazilian agriculture, that took place from the 1960’s and was characterized by
the use of biological and chemical inputs and, by the intense use of machinery.
Entrepreneurs closer to industrial funds became administrators of this new modality
of agriculture and transformed landowner profiles through the creation of commodity
trade cooperatives, trans and multi-national markets and increasing credit use
(Tartaglia, 1988; Tilman et al., 2002; Butler et al., 2007).
Eucalypt plantations currently occupy over one million hectares in São Paulo, the
richest and most developed state in Brazil. Their main commodities are the pulp and
paper (ABRAF, 2013). Together with livestock production, the ethanol agroindustry
primarily based on sugarcane, and the pulp and paper silvicultural industry primarily
based on Eucalyptus, are the main agroindustrial sectors of São Paulo State.
However, unlike the other two agroindustrial sectors, the pulp and paper industry
follows Brazilian Environmental Law relatively well due to market pressure posed by
certification organizations such as the Forest Stewardship Council (FSC) (Verdade
et al., 2012).
FSC in Brazil has strict standards that concern to the observation of national,
regional and local environmental legal regulation, and to the evaluation of
environmental impact (FSC Principles and Criteria for Forest Stewardship). However,
standardized worldwide accepted patterns may pose a threat to local biodiversity
patterns, as traditional practices are lost and some general standards may not apply
to fine-scale characteristics of particular remnant biota (Primdahl & Swaffield, 2010).

17.3 Mammals in Eucalypt Plantations of Southwestern São Paulo
State
17.3.1 Study Area
This study was carried out at Southwestern São Paulo State and was divided in three
sub-areas with different landscape patterns: i) matrix of native vegetation with low
amount of eucalypt plantations (A); ii) intermediary quantities of both vegetation
types (B); small amount of native vegetation and higher quantity of eucalypt
plantations (C) (Fig. 17.1).
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Fig. 17.1: Study area. State of São Paulo, Brazil. Region of the study area inside State of São Paulo
limits. Locations of sampled Eucalyptus farms and forest cover (both native and planted). A –
matrix of native vegetation with small eucalypt area; B – intermediate areas of eucalypt and native
vegetation; C – eucalypt matrix with small area of native vegetation. Examples are extracts of 3000
m radius from center of mammal data collecting trails. In A, B and C: Black – Native Vegetation,
Gray – Eucalypt and Light Gray – Water. State of São Paulo and Study Region are presented in GCS
SIRGAS 2000, forest cover and 3000 m radius extracts are presented in SIRGAS 2000, UTM, zone
22S.

The area A has native vegetation mainly composed of moist broadleaf forest and is
continuous to the larger remnants of local Atlantic Forest (Parque Estadual Carlos
Botelho). Area B has native remnants of semi-deciduous forest and tropical savanna
and scrubland (“Cerrado”). Area C presents the same vegetation types as area B, and
is located at the margins of a large dam (Jurumirim Hydroelectric Dam).

17.3.2 Landscape Assessment
Classes of land-use and land-cover were obtained from Landsat TM 5, orbit 220,
scenes 076 and 077; from 19/06/2006 and 20/06/2007. Images of the same date were
mosaicked and standardized, geometric correction was performed with basis on
land-cover maps of the sampled eucalypt farms and had Total RMS error of 12,1667 m.
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Images were classified by the Maximum Likelihood algorithm (Jensen, 1996) using the
bands 3 (0.63 – 0.69 μm), 4 (0.76 – 0.90 μm) and 5 (1.55 – 1.75 μm). Training samples
were taken for seven classes, three of native vegetation, one eucalypt, two for open
pastures and crops and one for exposed or paved soil.
After classification, we performed a weighted overlay of the two images
19/06/2006 and 20/06/2007 with equal weights (50%) for both. The resulting raster
image was transformed in a vector file and misclassifications were corrected by photo
interpretation, all classes of land-use and land-cover, except for native vegetation and
eucalypt were joined and discarded from analyses.
Buffers of 500, 1000, 1500, 2000, 2500 and 3000 m radius were extracted around
every central point estimated from the trace of footprint collecting trails. Landscape
metrics and indices for both classes (native vegetation – NV and eucalypt – EU) were
calculated for each of 16 points in areas obtained from above cited buffers.
Metrics estimated for each class on each buffer were: class perimeter (PE); class
area (A); percentage of the class corresponding to the total area (ZA); perimeterarea ratio (PA); mean patch fractal dimension (FD) and area weighted mean fractal
dimension (AWFD), which is adjusted to shape size (Mcgarigal & Marks, 1995; Rempel
et al., 2012).

17.3.3 Analytical Design
Three events of data collecting took place between December 2006 and March 2007.
On each event, sand plots were visited for three consecutive days, weather permitting,
and camera traps remained triggered for approximately 15 days. A total of 15 sand
plots were placed by point, five in eucalypt stands, five in native vegetation and five
on the edge of the two classes. Two camera-traps were placed by point, one in the
eucalypt stand and other in the native vegetation. Sand plots were placed in three
parallel lines 25 m from each other.
The total number of species was calculated for each point by summing the number
of species detected for the total time span of the sample collection. Total numbers of
occurrences were the sums of detections on different days of each event. Detection
histories were obtained by register of presence and absence on each event. Numbers
of occurrences were also grouped by functional group: herbivorous, omnivorous,
carnivorous and insectivorous (adapted from Eisenberg, 1981; Fonseca et al., 1996;
Robinson & Redford, 1986a,b; Dotta, 2005; Dotta & Verdade, 2007).
To estimate a total number of species for the whole taxocenosis we used a
hierarchical Bayesian approach as described by Dorazio et al. (2006) and Royle et al.
(2007), with zero-inflation of 28 detection histories in order to achieve the sum of
medium to large terrestrial mammal species known from São Paulo State that our
sampling methods would be able to detected (de Vivo et al., 2011). General Linear
Models with identity function of the family Poisson were used when mammal data had
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variance and means with close values, when these values were discrepant, NegativeBinomial models were used. Dependent variables in the models were Total Number
of Species (TSpp), Total Number of Occurrences (Occ), and Number of Occurrences of
Herbivores (Herb) and Omnivores (Omn). Independent variables were the landscape
metrics for each class on each buffer radius. Estimation was performed by robust
algorithm. Models were selected through comparison of Delta AICc (Anderson et al.,
1998; Burnham & Anderson, 2004).
Hierarchical procedures for individual species were performed by Maximum
Likelihood Estimation of probability of occurrence, based on detection history with
account to missing data and logistic link function (Mackenzie et al., 2006). Only
species with more than four detections were tested by this approach.

17.3.4 Results
Sixteen taxa of mammals (14 species and two genera with indistinct species) from
12 families in six orders (Wilson & Reeder, 2005) were detected during the three data
collecting events. Total species number estimated from hierarchical Bayesian procedure
that had the higher frequency in 1000 iterations was 18 species (Fig. 17.2). Species
detected in each of the three sampling areas (A, B and C) are listed in Table 17.1.

Fig. 17.2: Numbers of species estimated by hierarchical Bayesian procedure and frequencies of
estimation. Mean estimated species are represented by the red line.
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A total of 79 regression models had significant results (p < 0.05) and only the first
four models with lower Delta AICc were selected. Results for the selected models are
shown in Table 17.2. Models were not run for carnivorous and insectivorous numbers
of occurrences, as both groups had small numbers of detections. Graphs showing
fitted curves from the GLM models are in Figure17.3 for Total Species Numbers, Figure
17.4. for Total Occurrences, Figure 17.5. for Herbivorous Occurrences and Figure 17.6. for
Omnivorous Occurrences.
Tab.17.1: Species detected and functional groups in the areas accessed in this study.
Taxonomy
Family

Area
Species

Dasypodidae
Dasypus novemcinctus (Linnaeus, 1758)
Myrmecophagidae Myrmecophaga tridactyla (Linnaeus, 1758)
Tamandua tetradactyla (Linnaeus, 1758)
Dasyproctidae
Dasyprocta azarae (Lichtenstein, 1823)
Cuniculidae
Cuniculus paca (Linnaeus, 1758)
Leporidae
Sylvilagus brasiliensis (Linnaeus, 1758)
Tayassuidae
Pecari tajacu (Linnaeus, 1758)
Cervidae
Mazama sp. (Rafinesque, 1817)
Tapiridae
Tapirus terrestris (Linnaeus, 1758)
Felidae
Leopardus sp. (Linnaeus, 1758)
Panthera onca (Linnaeus, 1758)
Puma concolor (Linnaeus, 1771)
Puma yagouaroundi (É. Geoffroy Saint-Hilare, 1803)
Canidae
Cerdocyon thous (Linnaeus, 1766)
Mustelidae
Eira barbara (Linnaeus, 1758)
Procionidae
Nasua nasua (Linnaeus, 1766)
Atelidae
Alouatta guariba (Humboldt, 1812)
Cebidae
Cebus nigritus (Goldfuss, 1809)

Functional
group

A

B C

Omnivorous
Insectivorous
Insectivorous
Herbivorous
Herbivorous
Herbivorous
Herbivorous
Herbivorous
Herbivorous
Carnivorous
Carnivorous
Carnivorous
Carnivorous
Omnivorous
Omnivorous
Omnivorous
Herbivorous
Herbivorous

X
X

X

X
X
X
X
X
X
X

X
X

X
X
X
X
X

X

X

X

X

X

X

X
X
X
X

X

Results of single species probabilities of occurrence (psi) were selected on the basis
of Delta AIC, although here, the first models of the set were not always selected as
some sets had negative values of Delta AIC. Models were selected with a Delta AIC
limit of ten, and by the observation of their fit and convergence. For every selected
species 38 models were run with two covariates, correspondent landscape metrics for
native vegetation and eucalypt, on each spatial scale. Graphs are shown as pairs for
each functional group, except for Leopardus sp. and Myrmecophaga tridactyla, that
were the single species with sufficient detections in their groups, carnivorous and
insectivorous. Herbivorous species were represented by Tapirus terrestris (Delta AIC =
9.92, -2*log(Likelihood) = 9.8589) and Mazama sp. (Delta AIC=4.11, -2*log(Likelihood)
= 50.3636), both fitted for Mean Fractal Dimension of Native Forest (FDNV) and

< 0.001

< 0.001

< 0.001

1.357

1.429

0.571

0.429

Indep. Var.

FDNV20

PENV05

FDEU25

PEEU25

Herb

Omn

Carn

Ins

Dep. Var.

TSpp

Omn

Herb

Occ

0.013

6.429

Occ

< 0.001

< 0.001

0.048

0.001

AWFDNV30

ANV10

0.004

AWFDEU15

ANV15

0.003

AWFDEU20

ANV20

0.017

0.004

AWFDEU10

AWFDEU10

0.019

PAEU15

0.02

0.001

AWFDEU05

PANV05

< 0.001

FDEU25

P>z

0.514

0.646

1.089

0.929

5.360

2.293

3.786

TSpp

Std. Dev.

Mean

Group Set

2.950

2.949

2.920

2.871

2.802

2.793

2.769

2.718

5.962

5.952

5.938

5.912

4.323

4.290

4.261

4.106

AIC

0.264

0.418

1.187

0.863

28.725

5.258

Variance

314.950

314.949

314.920

314.871

314.802

314.793

314.769

314.718

317.962

317.952

317.938

317.912

316.323

316.290

316.261

316.106

AICc

0.289

0.616

0.559

0.433

1.514

1.384

Skewness

0.079

0.078

0.049

0.000

0.084

0.075

0.051

0.000

0.050

0.040

0.026

0.000

0.217

0.184

0.154

0.000

DeltaAICc

1.083

2.429

3.352

2.447

4.867

4.858

Kurtosis

1

1

1

1

1

1

Min

1

2

4

3

21

10

Max

14

14

14

14

14

14

Obs.

12

12

12

12

12

12

D.f.

NA

NA

GLM

GLM

GLM

GLM

Model

NA

NA

Poisson

Poisson

Bin. Neg.

Family
Poisson

Tab. 17.2: Summary of GLM Poisson and Binomial-Negative models. Group sets are: TSpp = Total Species, Occ = Total Occurrences, Herb = Herbivorous Occurrences, Omn = Omnivorous Occurrences, Carn = Carnivorous Occurrences, Ins = Insectivorous Occurrences; Independent variables are written with prefixes: A =
Area, PE = Perimeter, PA = Perimeter/Area Ratio, FD = Fractal Dimension, AWFD = Area Weighted fractal Dimension; sugixes: NV = Native Vegetation, EU = Eucalypt
Plantation; and spatial scales: 05 = 500 m buffer ratio, 10 = 1000 m buffer ratio, 15 = 1500 m buffer ratio, 20 = 2000 m buffer ratio, 25 = 2500 m buffer ratio, 30 =
3000 m buffer ratio.
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Fig. 17.3: Fitted curves of GLM models with Poisson identity function for Total Number of Species and
Landscape metrics. Radius of buffer is referred in parentheses.

Eucalypt (FDEU) at 3000 m radius of buffers (Fig. 17.7). Omnivorous species were
represented by Dasypus novemcinctus and Cerdocyon thous, fitted with Area Weighted
Fractal Dimension at 1500 m of buffer radius (Delta AIC = 4.74, -2*log(Likelihood)
= 52.71) and Percentage of Class Area at 2500 m of buffer radius (Delta AIC = 0.93,
-2*log(Likelihood) = 21.32) respectively (Fig. 17.8). Carnivorous group was represented
by Leopardus sp. and fitted in relation to Area Weighted Fractal Dimension at 2500 m of
buffer radius (Delta AIC = 6.07, -2*log(Likelihood) = 28.49). Myrmecophaga trydactila,
an insectivorous, was fitted with Perimeter of Classes Native Forest and Eucalypt at
500 m of buffer radius (Delta AIC = 1.51, -2*log(Likelihood) = 24.56). Leopardus sp. and
M. tridactyla probabilities of occurrence are shown in Figure 17.9.
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Fig. 17.4: Fitted curves of GLM models with Poisson identity function for Total Number of Occurrences
and Landscape metrics. Radius of buffer is referred in parentheses.

17.3.5 Processes Inferred
17.3.5.1 Goals Achieved Hitherto: Riparian Forests Protection, Other Land Owned
Protected Areas and Extant Wildlife Species
The total species numbers are negatively influenced by the increase of native
vegetation perimeter at 500 m buffer radius and by increase in eucalypt perimeter
at 2500 m buffer radius. In contrast, mean fractal dimension increase of native
vegetation at 2000 m radius influences positively the number of species, as at 2500
m radius, eucalypt mean fractal dimension increase shows negative effect on species
numbers. These results may imply that the increase of native vegetation perimeter in
the immediate vicinities is favorable to the overall taxocenosis until some level when
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Fig. 17.5: Fitted curves of GLM models with Poisson identity function for Herbivorous Occurrences
and Landscape metrics. Radius of buffer is referred in parentheses.

species numbers start to fall. This effect may be due to the ability of the buffer, as a
window, in capturing complexity at this particular scale. The increase in perimeter
of native vegetation in this scale means smaller dendritic shapes of this class that
reflects the disruption of maintenance of more diverse floras able to sustain large
herbivores (Milne et al., 1992). The same trend is shown for perimeter of eucalypt at
2500 m radius. We suggest that the increase in eucalypt plantation perimeters reflect
the increase of their total area in the landscape, as the shape of stands is preferably
regular for management reasons.
Concerning the mean fractal dimension, total species numbers are favored by the
increase of this metric for native forest at 2000 m radius and disfavored by increase
of FD at 2500 m in eucalypt class. These results are complementary as mean fractal
dimension takes area into account and reflects not only the shape complexity, but
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Fig. 17.6: Fitted curves of GLM models with Poisson identity function for Omnivorous Occurrences
and Landscape metrics. Radius of buffer is referred in parentheses.

also the habitat amount (Theiler, 1990). In this context, species richness increases
with the increase of mean fractal dimension of native vegetation and diminishes
with the same increase for eucalypt, except that spatial scales are slightly different.
However, the perception of such effect occurs at broad extensions what may suggest
that area and its interaction with shape are factors that affect diversity at broad scale
in the landscape. In addition, the pattern observed for species richness and fractal
dimension points to a corroboration of the classic species-area relationship (Connor
& Mccoy, 1979).
Area Weighted Mean Fractal Dimension (AWFD) is a metric of shape complexity,
but as it is weighted for patch area, the effect of the specific habitat amount is annulated
in the final output of the metric, making shape complexity the central measure of
interest (Lausch & Herzog, 2002). Total Occurrences were increased with AWFD of
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Fig. 17.7: Probability of Occurrence (Psi) of Tapirus terrestris and Mazama sp. in relation to Mean
Fractal Dimension of Native Forest (FDNV) and Eucalypt (FDEU) at 3000 m of buffer radius.

Eucalypt at 500 and 1000 m buffer radiuses. The increase in eucalypt stands shape
complexity may well reflect the increase of natural vegetation amount on landscape,
as simpler shapes of stands are preferable for management reasons. Also, more
complex shapes of eucalypt may represent higher length and complexity of contacts
with native vegetation, which grants bigger ruderal species exchange and bigger
turnover of plant matter on edges. This is likely to favor directly the occurrences of
large herbivores and indirectly foster the subsistence of omnivorous and insectivorous
species (Fletcher, 2005; Fleury & Galetti, 2006; Fischer & Lindenmayer, 2007; Taylor
et al., 2008; Pawson et al., 2009).
On the other hand, Perimeter-Area Ratio (PA) at 1500 m and Mean Fractal
Dimension (FD) at 2500 m radius for eucalypt show opposing trends. Numbers of
occurrences are negatively influenced by FD (as mentioned above, this metric is area
sensitive), yet show positive relation with PA. The pattern shown by these two metrics
is, again, of the increase in eucalypt area as the limiting factor for number of mammal
occurrences. As complexity of eucalypt increases (PA), so does the amount of natural
vegetation, as the interaction of area and shape of eucalypt enlarges (FD), the area of
natural vegetation shrinks.
The relationship of Herbivorous Occurrences with Perimeter-Area Ratio (at 500 m
radius) illustrates the importance of native vegetation amount on the landscape and
the role of shape complexity by showing a steeper increase of occurrences on initial
levels of complexity followed by a mild decreasing trend when perimeter values
surpass those of area for Native Vegetation. In contrast, complexity of eucalypt shape
(AWFD) favors occurrence numbers of such group, corroborating the hypothesis
that increased complexity is a positive factor in production of plant matter resources
(Venevsky & Veneskaia, 2003; Anderson et al., 2004; De Jager et al., 2009).
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Fig. 17.8: Probability of Occurrence (Psi) of Dasypus novemcinctus in relation to Area Weighted
Fractal Dimension of Native Forest (AWFDNV) and Eucalypt (AWFDEU) at 1500m of Buffer radius and,
Cerdocyon thous in relation to Percentage of Area Class of Native Forest (AWFDNV) and Eucalypt
(AWFDEU) at 2500 m of buffer radius.

Trends observed for occurrence numbers are confirmed by individual herbivorous
species. Tapirus terrestris probability of occurrence is favored by the increase of native
vegetation fractal dimension (FDNV) at 3000 m of buffer radius and shows a negative
relationship with the corresponding metric of eucalypt. Mazama sp. is also favored
by the increase of the interaction between area and shape of native vegetation, but
shows a positive relation with eucalypt area as well (although a less steep influence
than for FDNV). This result highlights that in the same foraging functional group
there are differences particular to each species. We hypothesize that the reasons for
such differences rely on foraging habits, as tapirs consume great quantities of plant
matter from a large number of species every day (Bodmer, 1991; Padilla & Dowler,
1994; Salas & Fuller, 1996; Stoner et al., 2007), while deer are less specialized and
have a more relaxed diet (Kufner et al., 2008). In addition, tapirs are larger animals
and much more attractive to poachers and hunters, and have lower birth rates than
deer (Padilla & Dowler, 1994; Hurtado-Gonzales & Bodmer, 2006; Rivero et al., 2007;
Di Bitetti et al., 2008).
In contrast to Herbivorous Occurrences results, Omnivorous Species Occurrences
are negatively influenced by the amount of native vegetation on landscape (here
represented by Area of Native Vegetation – ANV). The increase in spatial scale of this
relationship shows an interesting pattern- a slight increase in occurrence numbers
happens at the lower levels of native vegetation area at 1000 m radius buffers, while
this increase is diluted at broader scales (1500 and 2000 m). This trend suggests that
landscape class area dependence is also scale dependent for numbers of occurrences
of omnivorous. Moreover, these results show that these generalist and opportunist
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Fig. 17.9: Probability of Occurrence (Psi) of Leopardus sp. in relation to Area Weighted Fractal
Dimension of Native Forest (AWFDNV) and Eucalypt (AWFDEU) at 2500 m of buffer radius and,
Myrmecophaga trydactila in relation to Perimeter of Class of Native Forest (AWFDNV) and Eucalypt
(AWFDEU) at 500 m of buffer radius.

species need, at least in some degree, that native vegetation is present in the landscape
and they are not only favored by the native habitats scarcity, as they may be fostered
by the absence of larger predators as well (Crooks & Soulé, 1999).
Dasypus novemcinctus had a positive relationship with higher complexities of
native forest shapes, as well as it was not favored by the increase of eucalypt complexity
at 1500m radius. Common Long-Nosed Armadillos are generalists, ancient (they were
here when vegetation shifted with climate changes from Miocene, Pleistocene and
Holocene, according to Flynn et al. (2012) and Goin et al. (2012)), resilient and highly
successful reproductive organisms (Mcbee & Baker, 1982; Breece & Dusi, 1985). Their
adaptability to new habitats can be illustrated by the recent range expansion to North
American northern regions (Taulman & Robbins, 1996).
Cerdocyon thous presents a diverse pattern, as it is negatively influenced by native
vegetation percentage of area in the landscape (ZANV) and positively influenced by
the same metric for eucalypt (ZAEU) at 2500 m radius of buffers. As Eizirik (2012)
points out, C. thous radiated from an ancestral species that reached South America
during GABI, on the interface of Pleistocene and Holocene. Although this Canidae has
its phylogeography strongly related to Mata Atlântica (Costa & Leite, 2012; Tchaicka
et al., 2007), C. thous is a forest edge dweller with generalist diet (Berta, 1982; Arruda
Bueno & Motta-Junior, 2004; Gatti et al., 2006; Di Bitetti et al., 2009).
Although insectivorous and carnivorous species were not evaluated as community
groups, single species from both had enough detections that allowed us to model their
relation with landscape. Leopardus sp. and Myrmecophaga tridatyla showed opposite
patterns of probabilities of occurrence. While the first is favored by the increase of
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complexity of native vegetation patches’ shapes at broad scale (AWFDNV at 2500 m
buffers radiuses), the former benefits from eucalypt increasing in perimeter at 500 m
radiuses. Leopardus sp. radiated in South America from an ancestor species after GABI.
Myrmecophaga genus, in contrast, has a long history of presence in South America,
as its own Order is of South American origin, the Xenarthra. Ocelots and margays
are relatively small Neotropical cats in comparison to Puma concolor and Panthera
onca, especially margay. These species probably benefit from the absence of larger
predators and may also be favored by edge habitats (Gonz et al., 2003; Dillon & Kelly,
2008; Lyra-Jorge et al., 2008; Rocha-Mendes & Bianconi, 2009; de Oliveira Calleia
et al., 2009) as more abundant small mammals are found in highly productive edges
(Freemark, 1995; Bayne & Hobson, 1997; Christian et al., 1998; Gascon et al., 1999;
Gheler-Costa, 2006). M. tridactyla, is influenced positively by narrow scale (500 m
radius buffers) increase in eucalypt perimeter. This ancient edentate is fostered,
probably, by the profusion of social insects that benefit from the high plant matter
turnover of eucalypt edges. The M. tridactyla diet is based on insects, especially ants
and termites, usually abundant in Eucalyptus plantations (Breece & Dusi, 1985; Medri
et al., 2003). As a matter of fact, ants are considered the most important “plague” of
Eucalyptus plantations in Southeastern Brazil demanding a rigorous control by the
pulp and paper industry (Ramos et al., 2004).
Our results suggest a strong relationship between large to medium mammal
species and the geometry of landscape, including the length of borders and the area
of features. Although omnivorous species are less dependent on the amount of native
vegetation than herbivores, they clearly need, at least, small areas of these vegetation
types, even if in extensive spatial scales. Complexity of edges and the shifts between
the intensity of influence of both tested vegetation types point to self-critical effects
of landscape geometry on community structure (Holling, 1992; With & Crist, 1995;
Hill & Caswell, 1999; Nikora et al., 1999) as exemplified by the relationship of species
richness and perimeters and mean fractal dimensions of native vegetation and
eucalypt.
Dependence on even small amounts of native vegetation stresses the need
for proper protection of riparian vegetation stripes as long upland traits of native
vegetation. More efficient designs of such protected areas may favor the occurrence
and permanence of more than only generalist species. Furthermore, it may certainly
aid in the fluxes of energy, matter and genetic information that favors intra and
interspecific diversity (Taylor et al., 1993; With & Crist, 1995; Lindborg & Eriksson,
2004; Martins, 2005).
Legal environmental regulation and international trade certificates play an
important role in determining the overall geometry of forest plantation farms, in
addition to local socioeconomic characteristics and physical and biotic factors.
Management decisions and environmental protection are, in final analyses, results
of economic demands and governments concerns with natural resources. Although
organized civil society affects the balance of this relation, most of the time, market
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driving forces surpass them in infinite fold, and the legal craftiness applied on such
maneuvers is astonishing (e.g. Dalebout et al., 2002). While conservation of extant
native Neotropical species demands a deeper analysis encompassing multiple
dimensions, including time (as long-term inventories and historical accessory data),
legal regulation relies on flexible theoretical concepts and legal requirements.
As emphasized previously in this chapter, Brazilian Environmental Laws require
that landowners of São Paulo State protect riparian forests, sometimes very narrow
stripes, and medium to large landowners protect at least 20% of native vegetation in
relation to the total area of each property, riparian forests accounted. This does not
guarantee the protection of native vegetation at the same locality, as compensation for
incomplete reserves may be conducted by planting native forest tree species in other
areas. The panorama presented above may not be enough to maintain many large
and medium mammal species with the growing demand for food and commodities
combined with the standardization of agricultural international trade cooperatives.

17.3.5.2 From Now On: Novel Analysis, Complex Geometries and Market Driven
Review of Environmental Legal Regulation
The questions accessed herein are complex and, in some way, the fate of Neotropical
extant faunas is unpredictable. Our ability to model their reactions to landscape
changes and cultural shifts is limited to our comprehension of the factors that shape
their biological characteristics and the influence of innumerous factors in their
evolution. Our historical moment has been called the “Anthropocene” (Crutzen
& Stoermer, 2000) for the impact of our production systems became much more
intense and widespread than those observed for past lived cultures, and now we
are comparable to a combination of geological scale forces that are used to name
geological periods.
Long-term studies of biodiversity are still scarce and expensive but analyses are
improving and, more models and modelling frameworks are becoming available
that can address variables collected from diverse sources and account explicitly for
error and biases, at least those prevenient from biological sampling schemes (e.g.
Mackenzie et al., 2002; Dorazio & Royle, 2005; Stanley & Royle, 2005; Dorazio et al.,
2006; Kéry & Royle, 2008; Russell et al., 2009; Zipkin et al., 2009).
Human constructed features such as roads, power-lines, ducts and many others
impose an artificial sense of order to the landscape for our civilized point of view.
Contrary to the first perception of beauty in symmetry, the anthropomorphized
environments in western modern and post-modern market driven fashion disrupts
several fluxes of a very complex web that maintains wildlife (Meine, 1997). The
investigation of the hierarchical structure of wildlife communities poses a very
difficult task given that, as the landscape shaped by ancient human inhabitants
were substituted during the process of drastic reductions and extirpations of their
populations, wildlife was also reshaped (Verdade et al., 2014a).

318

Wildlife and Landscape Geometry in Silvicultural Landscapes

17.4 Wildlife Conservation and Silviculture
Mankind evolved in comprehension of the space where it dwells and developed as
complex concepts such as self-affinity and self-criticality aided with the conquest of
new technologies, the exploration of extra-terrestrial space and the shift of scientific
paradigms that is leading to novel ways of perceiving processes and patterns in every
knowledge field.
As culture spreads through novel kinds of media, less and less space is left
to traditional knowledge and, despite efforts of rescue of such ways of life and
production systems, globalized networks of food and commodity productions threaten
the diversity of agricultural systems among others. Like other agricultural sectors,
silvicultural practice is part of this panorama and is subjected to local environmental
laws (Verdade et al., 2014b). Environmental law regulations, by their turn, are more
and more subjected by thresholds imposed from market, as large corporations spread
influence in every social stratum.
This time, the changes in production systems are much faster and wider than
they used to be from the arrival of man in South America to the construction of the
first railroads for coffee exportation in São Paulo State. As culture and perception
drive decisions that, at final analyses, encompass even the widest and impersonal
management schemes, ours is the decision of incorporating in education and
formal/informal professions, the issues of complexity and their role in the “almost
unpredictable” behavior of nature.
As the current magnitude of our impact on planet earth can be comparable to that
of a geological force, our responsibility lies in choosing the path to follow concerning
landscape and wildlife, and what landscape we may shape and who will share it with
us.
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