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RESUMO

Atualmente estudos ecoldgicos tém expandido sua abordagem de maneira a enfocar padrdes e
processos que transitam entre a ecologia de comunidades, macroecologia e biogeografia.
Ainda, € cada vez mais notavel o direcionamento do conhecimento teérico gerado para
estratégias voltadas a conservacdo da biodiversidade. Desta maneira, nesta tese buscamos
revisar brevemente os grandes marcos dentro da ecologia de comunidades, como as diferentes
dimensoes da diversidade tém sido estudadas, e como vem sendo conduzida a integragéo das
teorias em ecologia de comunidades com a macroecologia, biogeografia e conservagdo. No
primeiro capitulo nosso principal objetivo foi selecionar areas prioritarias para conservagao
baseadas em padrdes de diversidade taxonémica, funcional e filogenética de anuros, em um
bioma amplamente ameagado pela expansdo do cultivo de soja no Centro-Oeste brasileiro, o
Cerrado. No segundo capitulo, buscamos elucidar os principais fatores climaticos (atuais e
passados), geoldgicos e energéticos (e.g., produtividade), responsaveis pela distribuicdo da
diversidade taxonbmica, funcional e filogenética de anuros nos trés maiores biomas
brasileiros, Amazonia, Cerrado e Mata Atlantica. No primeiro capitulo, nossos resultados
revelaram quatro areas de maior interesse para a conservagao no Cerrado que ndo foram
detectadas quando consideramos apenas a riqueza de espécies. Isso indica que selecionar
areas prioritarias para conservacdo no Cerrado com base unicamente em métricas tradicionais
de diversidade, como riqueza de espécies, que ignoram o grau de singularidade das espécies
ndo é a estratégia mais adequada. Além das métricas tradicionais de diversidade ndo serem
capazes de identificar padrdes evolutivos, elas também ndo garantem a persisténcia das
comunidades ao longo do tempo e, ndo permitem gerar predicbes a respeito das
consequéncias das mudancas climéaticas para o funcionamento ecossistémico. No segundo
capitulo, verificamos que cada tipo de dominio (florestado ou savanico) possui uma dinamica

prépria na geracdo e manutencdo dos padrBes de diversidade nas trés dimensdes analisadas o



que parece ser reflexo de um gradiente ambiental mais evidente em areas florestadas e de uma
maior heterogeneidade ambiental devido aos mosaicos de habitat presentes no Cerrado.
Biomas florestados (Amazonia e Mata Atlantica) sofreram maior influéncia da estabilidade
climatica e da heterogeneidade de relevo, enquanto que o Cerrado ndo exibiu um padrdo
predominante, com ambas as variaveis influenciando em maior ou menor grau cada uma das
dimensbes de diversidade analisadas. Portanto, entender as peculiaridades de florestas e
savanas pode ajudar a criar generalizagdes sobre como as diferentes dimens6es da diversidade

estdo distribuidas ao redor do mundo.

Palavras-chave: América do Sul, dimensdes da diversidade, dominios savanicos e florestais,

Amazobnia, Cerrado, Mata Atlantica, estabilidade climatica.



ABSTRACT
Currently, ecological studies have been expanded their approach in order to discuss patterns
and process that encompass community ecology, macroecology, and biogeography.
Moreover, directing theoretical knowledge into biological conservation strategies is
increasingly notable. Thus, in this thesis we seek to: i. briefly reviewing the community
ecology biggest landmarks, ii. investigate how the different dimensions of diversity have been
studied, iii. elucidate how community ecology theories are integrated to macroecology,
biogeography, and conservation. In the first chapter, our main aim was to select priority areas
for conservation based on anurans taxonomic, functional and phylogenetic diversity in in the
Brazilian Cerrado savanna, a biome widely threatened by the expansion of soybean
production. In the second chapter, we ought to elucidate the main climatic (current and past),
geological and energetic (e.g., productivity) factors, responsible for the distribution of the
taxonomic, functional and phylogenetic diversity of anurans in the three largest Brazilian
biomes, the Amazon, the Cerrado and the Atlantic Forest. In the first chapter, our results
revealed four areas of greater conservation interest in the Cerrado that had not been elucidated
solely by species richness. This result indicates that selecting priority areas for conservation in
the Cerrado based solely on traditional diversity metrics, such as species richness and
endemism, that ignore the uniqueness of each species is not the most appropriate strategy.
munBesides traditional metrics not being able to identify evolutionary patterns, they also do
not ensure community persistence in the long term and, they do not allow us to make
predictions about functional consequence of environmental changes. In the second chapter,
we verified that each type of domain (forest or savanna) has its own dynamics in the
generation and maintenance of the three diversity dimension, which seems to reflect a more
evident environmental gradient in forested areas and greater environmental heterogeneity due

to the habitat mosaics present in the Cerrado. Forested domains (Amazon and Atlantic



Rainforest) have presented greater influence of climatic stability and relief heterogeneity,
while the Cerrado savanna had no predominant pattern, with both variables influencing in
different degrees each one of the diversity dimensions analyzed. So, each type of domain has
its own dynamic to generate and maintain the different forms of biodiversity, from taxonomic
to functional and phylogenetic diversity. In this way, understanding the peculiarities of forests
and savannas around the world might envision new insights and generalizations about

diversity dimensions.

Keywords: South America, diversity dimensions, forest and savanna domains, Amazon,

Cerrado, Atlantic Forest, climatic stability.
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Abstract

Significant theoretical advances in community ecology have been helping us to comprehend not only
community assembly and species coexistence but also what are the main drivers of the community diversity
patterns. How ecology has evolved from 19 century until nowadays give us a panoramic view of species
coexistence and diversity in local, regional and global scale. Furthermore, the advances of the last decades,
including neutral perspectives, and phylogenetic and functional approaches into the community ecology field are
bringing some insights of how evolutionary history and ecosystem functioning are inserted in and are essential to
understanding the patterns of diversity in community ecology. Thus, here we draw some important landmarks of

ecology history and try to bring some future directions of ecology according to the most recent studies.

Keywords: coexistence, community composition, species richness
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1. Pinpointing some ecology landmarks

Ecological field studies started in about 18™ century but it only came out as a science on the 19%
century, when researchers began to do experiments and apply statistical tests to analyze environmental influence
on species occurrence, community structure and the succession dynamics (Croker 1991; Brown 1999; Egerton
2007). Oecology was the first term coined by Ernest Haeckel in the 19th century being the kick-off mark to
"ecology" emerge as a new study field. His proposal was a science capable of understanding the relationship
between the organisms and its environment. However, in the 18th century when Darwin applied Malthus' essay
to the natural world, one of the biggest approaches in the community ecology began to emerge, the importance
of competition to species coexistence. By including the evolutionary changes as the main driver for the struggle
for survival, Darwin could make feasible the idea of how one species, throughout enough time and shaped by
selective pressures, could split into several new species.

At the beginning of 19th century Forbes (1887) published the paper "The lake as a microcosm™ where
he described the structure of lakes in Illinois, USA, regarding species composition, richness, and abundance of
different taxa groups, from plants and algae to vertebrates and invertebrates. This paper is a milestone in ecology
that affected earlier ecologists trying to tease apart how community is structured through time and space and
what are the main drivers of species co-occurrence and biodiversity maintenance. In the beginning, predation and
competition were attributed as the two main processes responsible for the maintenance of the community
equilibrium (Gotelli 2009). Interestingly, these interspecific interactions are still at the core of contemporaneous
discussion given their importance in shaping species niche breadth.

The switch of 1800 to 1900 century was marked by the development of ecology as a dynamic field,
from Clements (1916) organismic definition of a community until Gleason (1926) individualistic concept.
Clements organism definition of a community was based on local scale with few species of plants, where each
species was complementary and imperative to the maintenance of the community functioning, as the organs in
the organism. When some studies tried to apply Clements concept for tropical environments they started to find
some incongruences and gaps in his ideas once the high resources availability allow the co-occurrence of many
redundant species in the same area. Conversely, the individualistic concept could open the window to understand
how species come into and live from a community based on their specific requirements. The conditions of an
environment in the individualistic concept can favor (or harm) some species to occur in a community, which in

turn determines interaction strength of co-occurring species.
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By the way, Clements and Gleason definitions had a major influence in combining the effect of resource
use and optimum condition to define the specific requirements of species, giving rise to a key concept in
ecology, the niche. Niche theory started to be blooming and dominated the ecological discussions since Joseph
Grinnell (1917), who was the first to address the niche concept based on a Californian bird (Toxostoma
redivivum) as species' requirements regarding the place that the species occupies in the environment (Grinnell
1917), until nowadays (see Mclnerny and Etienne 2012a, b, c; Soberén 2014; Soberén and Arroyo-Pefia 2017).
Ten years later, Charles Elton (1927) introduced a functional concept of the niche, which describes the role of
each species in the food web, instead of focusing in where they live. In 1934, Gause’s axiom postulated that two
species with the same niche requirements could not coexist (Gause 1934), being one of the start points to
Hutchinson multidimensional niche space. Hutchinson (1957) synthesized the niche concept as a n-dimensional
space or hypervolume. According to him, each resource, condition or biotic interaction is considered as an
independent variable in an ordination. So, each axis of the ordination is one dimension of species niche and all
together form a N-dimensional hypervolume which represents the fundamental niche of the species. Under the
hypervolume area the species' requirement is completely attended, and the species can exist indefinitely
(Hutchinson 1957). MacArthur and Levins (1967) include, explicitly, in their version of niche, the concept of
limiting similarity., Which was considered as the competitive limits to the species similarity in the Lotka-
Volterra model that allow species coexistence.

From nineties until nowadays niche theory has been revisited in many different ways from deterministic
view to neutral theory. Chase and Leibold (2003) brought a remarkable theoretical approach about niche when
they showed the impacts of how a species influence an ecological factor instead of just thinking about how an
ecological factor influence species coexistence. Furthermore, they made a link between species interactions,
mechanistic models of population regulation and the niche concept, focusing in measurable features of species
(e.g., growth, consumption and death rates), and its application to the studies in community structure in local and
regional scales (Chase and Leibold 2003). On the other hand, Hubbel’s neutral theory assumes dispersal as a
leading process driving community assembly, and not the species requirements or tolerances as those proposed
by niche viewing (Hubbell 2001). As a result of random dispersal, the neutral dynamic is purely stochastic,
spatial and individual based (Alonso et al. 2006). Based on that, the step ahead provided by the neutral theory is
unifying the explanation and quantitative predictions for all the general macroecological patterns and downscale
the influence of those dynamics for the local community assembly (Bell 2000; Hubbell 2001). In this way,

neutral theory brought a dynamical formulation in which the community assembly is randomly defined
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according to the stochasticity of species origins, extinctions and dispersal, a completely opposite approach from
niche theory. Now, the hot debate involves how the communities are assembled under deterministic (niche) and
stochastic (neutral) mechanisms. Those are two complementary mechanisms acting together depending where, in
an environmental gradient, the community is inserted in (see Adler et al. 2007; Fisher and Mehta 2014).
Furthermore, as emphasized by Fisher and Mehta (2014), a community is not static, and it can transit from a
selection-dominated regime (niche based) to a drift-dominated regime (neutral based) according to the
environmental changes.

Linking niche and neutral theories, metacommunity concept came out bringing new insights for the
community assembling at different spatial scales (Leibold et al. 2004). The step ahead provided by the
metacommunity approach was to include dispersal effects as a dynamic driver of four different paradigms
according to the environmental characteristics and species abundances in the community patches involved in the
regional assembling. Since then, one of the most important achievements happened for the community ecology
theory was exactly related to the inclusion of regional and large-scale process in the local community assembly
by the frames provided by metacommunity theory (Logue et al. 2011).

Last but not least, the introduction of historical ecology, later on called ecophylogenetics, encompassed
into community assembly both evolutionary process (e.g., adaptation and speciation), dispersal and colonization
(Brooks and McLennan 1991). Those process would have led the current community structure to exhibit recent
and historical patterns (Brooks and McLennan 1991). In the past two decades those ideas have gone through
several theoretical advances. The ecophylogenetic is increasingly growing up since Webb et al. (2002),
migrating from a dualist view of patterns, clustered and overdispersed communities and process, limiting
similarity versus environmental filtering (Webb et al. 2002), to an emerging and integrated fusion of ecology,
biogeography and macroevolution driving the community assembly process (Mouquet et al. 2012; Gerhold et al.
2015). Breaking up the dualist idea, Cavender-Bares et al. (2009) and Mayfield and Levine (2010) brought to
the light that several different types of ecological and evolutionary process might be leading to the same
community patterns in ecology. Progressively, the advances in evolutionary biology and phylogeny inferences
are making feasible the blooming of this integrative approach in the community ecology as we can see in

(Vellend 2010).
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2. Does community ecology fit in a "closed" box?

Lawton (1999) was the first to call community ecology "a mess". According to him, it is hard to find
useful generalizations due to the overwhelming emphasis on localness and, thus, ecological patterns and laws
governing them are contingent. Some years later, Vellend (2010) emphasized the mess in the community
ecology pointing how we could infer a lot of different processes (predation, competition, mutualism) just
considering the basic model of Lotka-Volterra. Then, Vellend proposed a straightforward approach, based on the
theoretical foundation of population genetics, organizing that "messy" research area in four main processes
driving species diversity and composition at different scales: selection, speciation, drift, and dispersal. With this
approach, Vellend did an articulation of a very general theory of community assembly dynamics. Even Vellend
stated that "all theoretical and conceptual models in community ecology can be understood with respect to their
emphasis on these four processes™ and that "empirical evidence exists for all of these processes and many of
their interactions, with a predominance of studies on selection”, due to these several other drivers of diversity it
is an arduous work to draw a unified theory in ecology. Likewise, Diane Srivastava, a former PhD candidate of
John Lawton, wrote a thoughtful essay arguing “is perhaps chasing contingency we may discover general truths
about the mechanisms of community ecology” (Srivastava 2018). Emphasizing this discussion, Linquist et al.
(2016) found contrasting patterns against Lawton’s contingence argument, where in a meta-analyses the authors
evidenced that yes, it is possible to have laws in community ecology. Specially by applying ecological
generalization under a resilient view across taxonomy, habitat type, and scale (Linquist et al. 2016). In other
words, take the borders of contingent ecological thinking out of the empirical hypothesis, is the way to a broad
generalization in community ecology. So, the most important step ahead now seems to be the community
assembly theory, which is increasingly being accepted as a framework for a unifying ecology. Community
assembly theory states that species composition and relative abundance within a community is a result of
hierarchical filters acting by impeding or allowing the occurrence of a new member in a community based on
their functional traits (Keddy 1992; Pearson et al. 2018), which is a result of the evolutionary history of the
regional species pool. Thus, community assembly theory is moving forward and seems able to integrate
evolutionary and ecological concepts as neutral and niche process, and demographic process (Chesson 2000;
Weiher et al. 2011; Kraft et al. 2015), moving into an integrative path to test community assembly in different

spatial scales and under important types of drives.
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3. Species diversity among spatial scales: an integrative view of processes and ecological thinking

The species diversity is structured by processes operating at different spatial and temporal scales. G. E.
Hutchinson in his corollary 1959 paper, entitled "Homage to Santa Rosalia or Why are there so many kinds of
animals”, represented a landmark to the study of species diversity by focusing on the factors that control the
number of different kinds of animals. In this paper, Hutchinson discussed the implications of food chains, natural
selection, diversity of plants, the effect of size, niche requirements and environmental heterogeneity in driving
animal diversity, but integrated with the trophic organization of the organisms present in a community.
Furthermore, Hutchinson (1959) explains how diversified clades could promote new evolutionary opportunities
easier than less diversified ones anticipating the current discussion of the phylogenetic community ecology field.

Hutchinson’s thinking prevails until the beginning of 90’s when most questions were centered in
understanding drivers of species richness and composition at the local scale; indeed, there were comparatively
few studies investigating how dispersal affects local communities (e.g., Cottenie et al. 2003; Cottenie and De
Meester 2004). Many of 60 to 90 decades studies emphasized interspecific interaction as a potential driver of
species coexistence and species diversity, which highlighted the importance of species interactions as a key
process in ecological theories, e.g. coexistence mediated by predator (Paine 1966), assembly rules (Diamond
1975), limiting similarity (MacArthur and Levins 1967), etc. However, it has been demonstrated that a scale-
dependent approach could address a better understanding of the maintenance of diversity patterns, once it can
take into account both demographic stochasticity, environmental heterogeneity, and dispersal (Hart et al. 2017).

The first ecological theory to consider regional process in the community assembly process was the
Equilibrium island biogeography theory (MacArthur and Wilson 1967). This theory considers island area and
distance from the mainland as the main drivers of species richness equilibrium (Fattorini 2010) and emphasizes
dispersal as the main process of community assembly and biodiversity. Besides, the authors link speciation and
ecological drift as important process for local species adaptation and natural selection (Rosindell et al. 2011).
The Theory of Island Biogeography predicts that larger islands and those close to the continent are more
speciose. Bigger areas also comport bigger population and genetic diversity, reducing extinctions caused by
bottleneck effects and potentially leading to sympatric speciation (Whittaker et al. 2008). The distance from the
mainland represents the degree of isolation of each island; the farther is the distance the greater is the isolation,
which decreases the probability of colonization (MacArthur and Wilson 1967; Fattorini 2010). Otherwise, as
more connected are the islands lesser are speciation and extinction rates because of the continuous gene flow

caused by individual’s arrival (Fattorini 2010).
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In the final of 1980, Robert Ricklefs shed light on how niche overlap and resource specialization
determine species diversity at the local scale (Ricklefs 1987). Ricklefs focused on the idea of the saturation of
the community in which local species interactions are limiting species richness, independently of regional
species pool, resulting in niche spaces completely filled. On the other hand, if regional processes are driving
local species richness, then there is niche space available for new colonization in this unsaturated community. In
unsaturated communities, the addition of new species from the regional pool could result in an increase in local
species richness, depending on the degree of niche overlap and how species are specialized in the resource use
(Ricklefs 1987; Harrison and Cornell 2008). The framework of local species richness versus regional species
richness represents one of the first multiscale theoretical approaches. It focused in evaluate the relative
importance of processes acting at contrasting spatial scales in determining local species assembly (Ricklefs
1987). For example, Brooker et al. (2009) defended that local-scale processes could regulate both local and
regional species diversity and coexistence. As a major concern, one of the crucial fragilities of those studies is
how to define the local vs. regional scale, which at most of the time is defined arbitrarily. But, this issue still in a
warm debate (e.g., Srivastava 1999; Hillebrand 2005; Goncalves-Souza et al. 2013). In fact, defining a local
community without properly considering the regional pool might result in the exclusion of potential source sites
(i.e., metapopulation source-sink dynamics; Hanski and Gilpin 1991), which affects the comprehension of
community assembling process.

Looking for an integrative spatial approach in community ecology, metacommunity theory emerged
putting together metapopulation and island biogeographic theory as the background to explain community
assembly through a dynamic approach. A metacommunity is a set of local communities within a landscape
mosaic, linked by dispersal of potentially interacting species (Leibold et al. 2004). This theory elucidates how
much emigration and immigration affect the dynamic of local communities and determine diversity patterns in
both local and regional scales (Leibold et al. 2004). The arrival of a new individual could change interspecific
relationship (Howeth and Leibold 2013) as well as evolutionary dynamics (Urban and Skelly 2006; Peres-Neto
et al. 2012) and is affected by the environmental heterogeneity and distribution of habitat patches. There are four
metacommunity paradigms that can be arranged through a dispersal rate and heterogeneity gradient among patch
habitats: species sorting (efficient dispersal, high heterogeneity), patch dynamics (limited dispersal, low
heterogeneity), mass effect (high dispersal, high heterogeneity), and neutral process (limited dispersal and no
patch heterogeneity; Leibold et al. 2004; Winegardner et al. 2012). Therefore, the metacommunity concept

comes expanding the ecology thinking for a regional scale encompassing neutral and niche-based process to
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understand what generate and maintain the species richness (e.g., Almeida et al. 2015), composition (e.g.,
Provete et al. 2014), and most recently, functional and phylogenetic diversity patterns (Gianuca et al. 2018).
Most studies with community ecology in the last two centuries focused in understanding three
questions: (i) how resource partitioning, fluctuating environmental factors and frequency-dependent predation
affect species coexistence (Chesson 2000); (ii) how local and regional process controls community and
metacommunity assembly (Ricklefs and Schluter 1993; Holyoak et al. 2005); and (iii) how community ecology
theories could be applied to macroecological goals, using evolutionary relationship among taxa combined with
functional traits to infer evolutionary process (Gerhold et al. 2015), predict ecosystem properties (Mouquet et al.
2012; Diaz et al. 2013) and underline explanations for large-scale pattern of diversity (e.g., Wiens and Donoghue

2004; Winter et al. 2009; Diniz-Filho et al. 2009; Jetz et al. 2012; Fritz and Rahbek 2012).

4. Operationalization: diversity metrics to quantify different diversity facets

Several diversity metrics ensure a broad quantification of diversity in all its forms. Firstly, ecologists
use species abundance and richness as the primary variables to understand community assembly. Studies on
traditional diversity quantify diversity by summing up the species present in the sample (species richness),
calculate diversity metrics that account for species richness and abundance (e.g., Shannon and Simpson index),
account for species abundance (abundance curves) and, account for species abundance distribution across all
species present in the sample unit (equitability indices). Since 70’s, several studies on traditional metrics have
been developed, allowing the understanding of community structure and the anthropogenic impacts on
ecological communities (e.g., Kushlan 1976; Hixon and Brostoff 1983). However, many criticisms have been
made about diversity indices because they combine different parameters of community structure, as species
richness and equitability, into a single value (Hurlbert 1971; Melo 2008). In addition, each one of the indices
weights parameters in different ways, for example, for two communities (A and B), one index may indicate
sample A as more diverse, while another index may indicate the opposite (Melo 2008). In this scenario,
community ecologists have returned their focus on the traditional community structure parameters, such as
species richness and species abundance distributions, due to the inherent low predictability of diversity indices.
On the other hand, new theoretical frameworks and metrics have been developed as a result of the rapid advance
of ecological theory and the need for complementary conservation prioritization approaches that better represent
the evolutionary history and the role of the species in the ecosystem functioning (Tilman et al. 2001; Petchey and

Gaston 2002; Webb et al. 2002).
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Recently, several studies have been suggesting other biodiversity dimensions to improve our ability to
tease apart the multiple drivers affecting species distribution (Villéger et al. 2008; Tucker et al. 2016). Among
them, a lot of functional and phylogenetic diversity metrics has been created (see Schleuter et al. 2010; Tucker et
al. 2016). Regarding to phylogenetic diversity approach, its first use was related to species conservation in 1990
by Robert May (May 1990). The idea behind it was to conserve an evolutionary unique species, Sphenodon
guntheri, and to quantify how important this species should be, related to other reptile species considering the
evolutionary relationship among them. Since then, community ecology and macroecology have incorporated
phylogenetic relationship among species to explain patterns and elucidate process, as community assembly and
biodiversity gradients, under the evolutionary view (e.g., Graham et al. 2009, 2016; Kraft and Ackerly 2010).
For years, community ecology focused to explain phylogenetic cluster/overdispersion patterns as a result of
environmental filtering or limiting similarity (e.g., Cavender-Bares et al. 2004; Verdd and Pausas 2007). With
the advances of the field, many studies showed that this dichotomic approach was not appropriate because of the
vast amount of process that could underline the same pattern (Cavender-Bares et al. 2009). Moreover, in the
middle of the myriad of indices created (more than 70 according Tucker et al. 2016), choose the best one must be
under concern of the questions addressed by the study.

Functional diversity metrics accounts for species morphological, behavioral, physiological and
phenological traits, allowing to measure how much a species (or a group of species) contributes or responds to
the ecosystem functioning (Violle et al. 2007). Moreover, some studies have demonstrated the importance of
including species abundance and intraspecific variation to account, especially, for functional diversity (e.g.,
(Bolnick et al. 2011; Violle et al. 2012; Hart et al. 2017), once the variation among individuals is crucial to
define the space occupied and the role of each species in the ecosystem function. Studies approaching functional
diversity to underline questions related to ecosystem process and services as well as ecosystem resilience and the
effects of environmental changes are recurrent (e.g., Hooper et al. 2005; Cianciaruso et al. 2012; Oliver et al.
2015). These kinds of studies are bringing important and valuable information about community structure and
assembling process being able to guide effective restoration and conservation plans. Even though, functional
approach has a big shortfall relying on the availability of good trait information especially regarding to express
how functional is a functional trait.

Drawing and evaluating questions that one would like to address is the most fundamental step to
incorporate both phylogenetic and functional analysis into ecological aims. However, even bringing advances

into community ecology, phylogenetic and functional indices might be falling into the same unpredictability hole
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as traditional diversity ones, once more than put together species richness and abundance, they also combine
species traits and evolutionary history which would increase the uncertainty of what the final value would mean.
Thus, whether included cautiously and with keeping all the limitations in mind, analyzing biogeographical and
evolutionary history, the whole played by the different species and how species are distributed in an area in a

multidimensional context, may be an important criterion to use during the decision making.

5. The importance of multidisciplinary approaches in biodiversity conservation and sustainability

Despite all advances in theory and framework in the community ecology, few studies have implemented
an integrative approach to prioritize areas deserving attention for conservation. An integration of different
diversity facets could ensure the best prediction to protect better the diversity of species, traits, ecosystem
functions and phylogenetic history (Devictor et al. 2010; De Palma et al. 2017). Recently, Pollock et al. (2017)
improved the identification of the effectiveness of protected areas by combining multiple diversity dimensions
with principles of spatial conservation for birds and mammals. Furthermore, they demonstrated how much
diversity could be protected with the expansion of current protected areas and, how different diversity facets
ensure alternative solutions for conservation. Besides this broad study, there are also, some efforts to conserve
more local and regional diversity including a multi-faceted approach, as demonstrated for birds (Devictor et al.
2010), freshwater fishes (Strecker et al. 2011), spiders (Gongalves-Souza et al. 2015) and frogs (Melo et al. 2018
in reviewing). Both approaches are important to address conservation actions in a broader scale, as continental
and global.

However, before applying any global conservation strategy, first it is necessary to know how the
diversity patterns are distributed in different areas/regions and what are the threats in each of them (which
includes economic pressures, society struggles and political national and international relationship). Then, it is
possible try to find the best way to deal with not just species richness loss, but to avoid ecosystem function decay
and maintenance of evolutionary history, balancing economic costs and society benefits. However, the remaining
question still persists: Is that enough for truly save species from the currently mass extinction? Besides all the
academic efforts in theoretical and applied approaches, is crucial the inclusion of stakeholders, government and
traditional communities during the decision making, as proposed by Systematic Conservation Planning since
2000's (e.g., Margules and Pressey 2000; Pressey and Bottrill 2008) in order to minimize the current mass
extinction of species. On the other way, as more different parts of society are included, harder is the consensus

about priorities in conservation, once different and maybe incongruent interests should be attended. Dealing with
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the conflicts of the inclusion of different actors in conservation planning is a challenge and requires all the parts
views should be listened and considered during the decision-making framework (Brown 2003). This is not a
trivial task but should be exercised and encouraged.

An interesting and powerful global initiative is the 2030 Agenda for Sustainable Development proposed
by United Nations (UN) in 2015, which focus in 17 mainstream goals, signed by all the 193 members, to end
poverty, ensure prosperity for all and protect the planet. To reach the goals, UN makes very clear the importance
that everyone needs to do their part (governments, the private sector, civil society and us) and that there are three
indivisible and integrated dimensions of sustainable development: the economic, social and environmental. As
part of the scientific community of one of the signatory members, Brazil, we optimistically agree that this thesis
might help elucidate new approaches and highlight important patterns related to the diversity of life on land (aim
15 of 2030 Agenda) and help to maintain the life forms in more than one type of diversity which helps to provide

a good ecosystem functioning and lineages preservation through the time.

6. Concluding remarks

Community ecology has been presenting an enormous growth in the last two decades. One of the
broadest discussions in the community ecology is about the absence of a unifying theory in the field. Even
though, all the consolidate theories might be applied in a resilient way, taking out the borders of contingent
ecological thinking from the hypothesis to be tested. As emphasized in recent studies, community ecology has
general assembly process (Vellend 2010), which approximates it from a general theory, but a lot of ramifications
are available given the spread abroad of different ecological questions. In this way, community assembly theory
is moving into the “without borders” theory, by integrating several evolutionary and ecological concepts.
Therefore, revisiting and integrating different areas of knowledge is the way to create new roads throughout the
lens of ecology, guiding advances in community ecology into a step ahead in the frontier of knowledge and

helping the world to reach the acclaimed sustainable development goals regarding life on land.

7. Glossary
Assembly theory (earlier called “assembly rules”): a theoretical framework developed to explain how natural
communities are organized.

Biotic interaction: positive, negative or neutral interaction among individuals of the same or different species.
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Coexistence: species coexistence occurs when species are already established in an area/community and any of
them leads the others to extinction.

Co-occurrence: the occurrence of two or more species within the same area/community without necessarily
establishing. Each species might be in the same place by change, for example, during a dispersal process, or, as
have been accidentally carried to over there.

Community structure: emerging properties of ecological communities, as species richness (number of species),
species composition and abundance distribution.

Ecological drift: random fluctuations in species population size related to stochastic process.

Environmental filtering: environmental conditions that select species from the regional pool that are able to
survive and persist under especial conditions in a local scale.

Functional diversity: variation of traits within and among species. Can be estimated by different indices.

Limiting similarity: is defined as the maximum niche similarity that allows species coexistence.

Local pool: all the species present in a local/small area.

Niche breadth: is the range of environmental conditions and resources availability tolerated by a species.

Niche overlap: when two of more species share the same niche requirements.

Regional pool: all the species present in a regional/broad area. Often represents the potential species to colonize
a specific habitat.

Phylogenetic diversity: is defined as a diversity measure of evolutionary relationships among species in an area.
Species functional traits: morphological, behavioral, physiological or phenological characteristics of an organism

that can be measured and have an influence in species fitness.

8. References
Adler PB, HilleRisLambers J, Levine JM (2007) A niche for neutrality. Ecol Lett 10:95-104. doi:

10.1111/j.1461-0248.2006.00996.x

Almeida AP de, Rodrigues D de J, Garey MV, Menin M (2015) Tadpole richness in riparian areas is determined

by niche-based and neutral processes. Hydrobiologia 745:123-135. doi: 10.1007/s10750-014-2099-7

Alonso D, Etienne RS, McKane AJ (2006) The merits of neutral theory. Trends Ecol Evol 21:451-457. doi:

10.1016/j.tree.2006.03.019

Bell G (2000) The Distribution of Abundance in Neutral Communities. Am Nat 155:606-617
30



Bolnick DI, Amarasekare P, Aradjo M, et al (2011) Why intraspecific trait variation matters in community

ecology. Trends Ecol Evol 26:183-192. doi: 10.1016/j.tree.2011.01.009

Brooker RW, Callaway RM, Cavieres LA, et al (2009) Don’t Diss Integration: A Comment on Ricklefs’s

Disintegrating Communities. Am Nat 174:919-927. doi: 10.1086/648058

Brooks DR, McLennan DA (1991) Phylogeny, ecology, and behavior. The University of Chicago Press, Chicago

and London

Brown JH (1999) The legacy of Robert MacArthur: from geographical ecology to macroecology. J Mammal

80:333-344

Brown K (2003) Three challenges for a real people-centred conservation. Glob Ecol Biogeogr 12:89-92

Cavender-Bares J, Ackerly DD, Baum DA, Bazzaz FA (2004) Phylogenetic Overdispersion in Floridian Oak

Comunities. Am Nat 163:823-843

Cavender-Bares J, Kozak KH, Fine PVA, Kembel SW (2009) The merging of community ecology and

phylogenetic biology. Ecol Lett 12:693—715. doi: 10.1111/j.1461-0248.2009.01314.x

Chase JM, Leibold MA (2003) Ecological Niche. The University of Chicago Press

Chesson P (2000) Mechanisms of Maintenance of Species Diversity. Annu Rev Ecol Syst 31:343-358

Cianciaruso M V, Silva IA, Batalha MA, et al (2012) The influence of fire on phylogenetic and functional
structure of woody savannas: Moving from species to individuals. Perspect Plant Ecol Evol Syst 14:205—

2016. doi: 10.1016/j.ppees.2011.11.004

Clements FE (1916) Plant Succession: an analysis of the development of vegetation. Carnegie Institution of

Washington

Cottenie K, De Meester L (2004) Metacommunity Structure: Synergy of Biotic Interactions as Selective Agents

and Dispersal as Fuel. Ecology 85:114-119

Cottenie K, Michels E, Nuytten N, Meester LDE (2003) Zooplankton Metacommunity Structure: Regional vs .

Local Processes in Highly Interconnected Ponds. Ecology 84:991-1000

31



Croker RA (1991) Pioneer Ecologist: The Life and Work of Victor Ernest Shelford, 1877-1968. Smithsonian

De Palma A, Purvis A, Kuhlmann M, et al (2017) Dimensions of biodiversity loss: Spatial mismatch in land-use
impacts on species, functional and phylogenetic diversity of European bees. Divers Distrib 23:1435-1446.

doi: 10.1111/ddi.12638

Devictor V, Mouillot D, Meynard C, et al (2010) Spatial mismatch and congruence between taxonomic,
phylogenetic and functional diversity: the need for integrative conservation strategies in a changing world.

Ecol Lett 13:1030-1040. doi: 10.1111/j.1461-0248.2010.01493.x

Diamond JM (1975) Assembly of species communities. In: Cody ML, Diamond JM (eds) Ecology and evolution

of communities. Harvard University Press, pp 342-444

Diaz S, Purvis A, Cornelissen JHC, et al (2013) Functional traits, the phylogeny of function, and ecosystem

service vulnerability. Ecol Evol 3:2958-2975. doi: 10.1002/ece3.601

Diniz-Filho JAF, Rodri-guez MA, Bini LM, et al (2009) Climate history, human impacts and global body size of
Carnivora (Mammalia: Eutheria) at multiple evolutionary scales. J Biogeogr 36:2222—-2236. doi:

10.1111/j.1365-2699.2009.02163.x

Egerton FN (2007) A History of the Ecological Sciences, Part 23: Linnaeus and the Economy of Nature. Bull

Ecol Soc Am 88:72-88

Elton C (1927) Animal Ecology. The Macmillan Company, New York

Fattorini S (2010) The influence of geographical and ecological factors on island beta diversity patterns. J

Biogeogr 37:1061-1070. doi: 10.1111/j.1365-2699.2009.02252.x

Fisher CK, Mehta P (2014) The transition between the niche and neutral regimes in ecology. Proc Natl Acad Sci

111:13111-13116. doi: 10.1073/pnas.1405637111

Forbes SA (1887) The Lake as a Microcosm. Bull Peoria Sci Assoc 77-87

Fritz SA, Rahbek C (2012) Global patterns of amphibian phylogenetic diversity. J Biogeogr 39:1373-1382. doi:

10.1111/j.1365-2699.2012.02757.x

Gause GF (1934) The struggle for existence. Williams and Wilkins, Baltimore
32



Gerhold P, Cahill Jr JF, Winter M, et al (2015) Phylogenetic patterns are not proxies of community assembly

mechanisms (they are far better). Funct Ecol 29:600-614. doi: 10.1111/1365-2435.12425

Gianuca AT, Engelen J, Brans KiI, et al (2018) Taxonomic, functional and phylogenetic metacommunity ecology
of cladoceran zooplankton along urbanization gradients. Ecography (Cop) 41:183-194. doi:

10.1111/ec0g.02926

Gleason HA (1926) The Individualistic Concept of the Plant Association. Bull Torrey Bot Club 53:7-26

Gongalves-Souza T, Romero GQ, Cottenie K (2013) A critical analysis of the ubiquity of linear local-regional

richness relationships. Oikos 122:961-966. doi: 10.1111/j.1600-0706.2013.00305.x

Gongalves-Souza T, Santos AJ, Romero GQ, Lewinsohn TM (2015) Conservation along a hotspot rim: spiders

in Brazilian coastal restingas. Biodivers Conserv 24:1131-1146. doi: 10.1007/s10531-014-0846-8

Gotelli NJ (2009) A primer of Ecology, 4th edn. Oxford University Press

Graham CH, Parra JL, Rahbek C, McGuire JA (2009) Phylogenetic structure in tropical hummingbird

communities. Proc Natl Acad Sci U S A 106:19673-19678. doi: 10.1073/pnas.0901649106

Graham CH, Storch D, Machac A (2016) Phylogenetic scale in ecology and evolution. Glob Ecol Biogeogr

27:175-187

Grinnell J (1917) The niche-relationships of the california thrasher. Auk 34:427-433

Hanski I, Gilpin M (1991) Metapopulation dynamics: brief history and conceptual domain. Biol J Linn Soc

42:3-16. doi: 10.1111/j.1095-8312.1991.tb00548.x

Harrison S, Cornell H V. (2008) Toward a better understanding of the regional causes of local community

richness. Ecol Lett 11:969-979. doi: 10.1111/j.1461-0248.2008.01210.x

Hart SP, Usinowicz J, Levine JM (2017) The spatial scales of species coexistence. Nat Ecol Evol 1:1066-1073.

doi: 10.1038/s41559-017-0230-7

Hillebrand H (2005) Regressions of local-regional relationship: immigration, extinction and scale. Oikos

110:195-198

33



Hixon MA, Brostoff WN (1983) Damselfish as a Keystone Speciesin Reverse: Intermeduate Disturbance and

Diversity of Reef Algae. Science 220:511-513

Holyoak M, Leibold MA, Holt RD (2005) Metacommunities: Spatial Dynamics and Ecological Communities.

University of Chicago Press

Hooper DU, Chapin FS, Ewel JJ, et al (2005) Effects of biodiversity on ecosystem functioning: a consensus of

current knowledge. Ecol Monogr 75:3-35

Howeth JG, Leibold MA (2013) Predation inhibits the positive effect of dispersal on intraspecific and

interspecific synchrony in pond metacommunities. Ecology 94:2220-2228

Hubbell SP (2001) The Unified Neutral Theory of Biodiversity and Biogeography. Princeton University Press

Hurlbert SH (1971) The Nonconcept of Species Diversity: A Critique and Alternartive Parameters. Ecology

52:577-586

Hutchinson GE (1957) Concluding Remarks. Cold Spring Harb Symp Quant Biol 22:415-427. doi:

10.1101/5QB.1957.022.01.039

Hutchinson GE (1959) Homage to Santa Rosalia or Why Are There So Many Kinds of Animals. Am Nat

93:145-159

Jetz W, Thomas GH, Joy JB, et al (2012) The global diversity of birds in space and time. Nature 491:444-448.

doi: 10.1038/nature11631

Keddy PA (1992) Assembly and response rules two goals for predictive community ecology. Science 3:157-164

Kraft NJB, Ackerly DD (2010) Functional trait and phylogenetic tests of community assembly across spatial

scales in an Amazonian forst. Ecol Monogr 80:401-422

Kraft NJB, Adler PB, Godoy O, et al (2015) Community assembly, coexistence and the environmental filtering

metaphor. Funct Ecol 29:592-599. doi: 10.1111/1365-2435.12345

Kushlan JA (1976) Environmental Stability and Fish Community Diversity. Ecology 57:821-825

Lawton JH (1999) Are there general laws in ecology? Oikos 84:177-192

34



Leibold MA, Holyoak M, Mouquet N, et al (2004) The metacommunity concept: a framework for multi-scale

community ecology. Ecol Lett 7:601-613. doi: 10.1111/j.1461-0248.2004.00608.x

Linquist S, Gregory R, Elliott TA, et al (2016) Yes! There are resilient generalizations (or “laws”) in ecology. Q

Rewiew Biol 91:119-131

Logue JB, Mouquet N, Peter H, et al (2011) Empirical approaches to metacommunities: a review and

comparison with theory. Trends Ecol Evol 26:482-491. doi: 10.1016/j.tree.2011.04.009

MacArthur R, Levins R (1967) The Limiting Similarity, Convergence, and Divergence of Coexisting Species.

Am Nat 101:377-385

MacArthur R, Wilson EO (1967) The Theory of Island Biogeography. Princeton University Press

Margules CR, Pressey RL (2000) Systematic conservation planning. Nature 405:243-253. doi:

10.1038/35012251

May RM (1990) Taxonomy as a destiny. Nature 347:129-130

Mayfield MM, Levine JM (2010) Opposing effects of competitive exclusion on the phylogenetic structure of

communities. Ecol Lett 13:1085-1093. doi: 10.1111/j.1461-0248.2010.01509.x

Mclnerny GJ, Etienne RS (2012a) Pitch the niche — taking responsibility for the concepts we use in ecology and

species distribution modelling. J Biogeogr 39:2112-2118. doi: 10.1111/jbi.12031

Mclnerny GJ, Etienne RS (2012b) Ditch the niche — is the niche a useful concept in ecology or species

distribution modelling? J Biogeogr 39:2096—2102. doi: 10.1111/jbi.12033

Mclnerny GJ, Etienne RS (2012c) Stitch the niche — a practical philosophy and visual schematic for the niche

concept. J Biogeogr 39:2103-2111. doi: 10.1111/jbi.12032

Melo AS (2008) O que ganhamos “confundindo” riqueza de espécies e equabilidade em um indice de

diversidade? Biota Neotrop 8:21-27

Mougquet N, Devictor V, Meynard CN, et al (2012) Ecophylogenetics: advances and perspectives. Biol Rev

Camb Philos Soc 87:769-785. doi: 10.1111/j.1469-185X.2012.00224.x

35



Oliver TH, Heard MS, Isaac NJB, et al (2015) Biodiversity and Resilience of Ecosystem Functions. Trends Ecol

Evol 30:673-684. doi: 10.1016/j.tree.2015.08.009

Paine RT (1966) Food Web Complexity and Species Diversity. Am Nat 100:65-75

Pearson DE, Ortega YK, Eren O, Hierro JL (2018) Community Assembly Theory as a Framework for Biological

Invasions. Trends Ecol Evol xx:1-13. doi: 10.1016/j.tree.2018.03.002

Peres-Neto PR, Dray S, Leibold M a. (2012) Assessing the effects of spatial contingency and environmental

filtering on metacommunity phylogenetics. Ecology 93:514-S30

Petchey OL, Gaston KJ (2002) Functional diversity (FD), species richness and community composition. Ecol

Lett 5:402—411. doi: 10.1046/j.1461-0248.2002.00339.x

Pollock LJ, Thuiller W, Jetz W (2017) Large conservation gains possible for global biodiversity facets. Nature

546:141-144. doi: 10.1038/nature22368

Pressey RL, Bottrill MC (2008) Opportunism, threats, and the evolution of systematic conservation planning.

Conserv Biol 22:1340-1345. doi: 10.1111/j.1523-1739.2008.01032.x

Provete DB, Gongalves-Souza T, Garey MV, et al (2014) Broad-scale spatial patterns of canopy cover and pond
morphology affect the structure of a Neotropical amphibian metacommunity. Hydrobiologia 734:69-79.

doi: 10.1007/s10750-014-1870-0

Ricklefs RE (1987) Community Diversity: Relative Roles of Local and Regional Process. Science (80-)

235:167-171

Ricklefs RE, Schluter D (1993) Species diversity in ecological communities: historical and geographical

perspectives. In: Species diversity in ecological communities. pp 243-252

Rosindell J, Hubbell SP, Etienne RS (2011) The Unified Neutral Theory of Biodiversity and Biogeography at

Age Ten. Trends Ecol Evol 26:340-348. doi: 10.1016/j.tree.2011.03.024

Schleuter AD, Daufresne M, Massol F, Argillier C (2010) A user’s guide to functional diversity indices. Ecol

Monogr 80:469-484

Soberon J (2014) Commentary on Ditch , Stitch and Pitch : the niche is here to stay. J Biogeogr 41:414-417
36



FINAL CONSIDERATIONS

o The establishment of conservation strategies for anurans in the Cerrado hotspot should
consider multiple biodiversity facets to maximize anuran protection as elucidated by five
prioritization areas in our study. Selecting protected areas based on traditional biodiversity metrics
that ignore the uniqueness of each species, such as species richness and endemism, is not the most
inclusive conservation strategy because it usually does not identify evolutionary patterns, it does
not ensure community persistence in the long term and, it does not allow us to make predictions
about functional consequence of environmental changes.

o Besides considering different biodiversity dimensions in the prioritization decision
making, researches should do an extra effort to build solid databases to enhance a better
understanding of species geographic distribution, lineages and the role of each species in the
ecosystem functioning.

o The geographical distribution of diversity dimensions in the Amazon, the Cerrado and
Atlantic Rainforest, are strongly influenced by spatial processes. Those patterns have emerged
mostly due to the species dispersal limitation determined by abiotic conditions, geographic
isolation (due to environmental barriers), restricted niche evolution ability to spread over new
ecological conditions. There is growing evidence demonstrating that spatial structure is the main
parameter in macroecological studies, as a result of the influence of regional species pool, local
speciation, and species dispersal limitation.

o We found support that biodiversity patterns in high elevational regions are influenced
especially by the geographical barriers created by the physical presence of alpine zones. Also,
climatic fluctuations would have allowed mountains to act as species centers of diversification.

Therefore, both the environmental gradient created by mountain uplift, which probably have

190



slowed down migration during climatic oscillations periods and provided stable areas for the
species maintenance (refugia), enabling species survival and allopatric speciation.

o We found a striking pattern that emerges when comparing functional decoupled and non-
decoupled diversity, especially related to ecotone areas. When we take the influence of
phylogenetic relatedness out, we are able to evaluate the pure variation of the traits. Instead, the
non-decoupled functional diversity might be overemphasizing the trait variability in some areas
(i.e., Andes), hindering traits complementarity. So, it seems that harsher conditions do favor
species with different traits (independent of their phylogenetic relationship) to explore different
niche conditions and avoid negative interspecific interactions which emphasizes the higher

functional diversity in ecotones areas.
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