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Abstract

There has been a resurging interest in patterns of β-diversity, especially by the mechanisms driving broad-scale, 
continental and global patterns, and how partitioning β-diversity into richness (or nestedness) and turnover components 
can be linked with such mechanisms. Here we compared two recent methodologies to find richness and turnover 
components of β-diversity, using a large regional scale dataset of mammal, bird, reptiles and amphibian species found 
in seven regions of Central, North and Northeastern Brazil. As well as a simple comparison of the metrics available, 
we analyzed spatial patterns (i.e., distance-decay similarity) and the effects of biome type in these components using 
raw and partial Mantel tests. Our analyses revealed that turnover estimated using Baselga’s (2010) approach is slightly 
higher than the estimate using Carvalho’s et al. (2012) approach, but all analyses show consistent spatial patterns in 
species turnover using both methods. Spatial patterns in β-diversity revealed by Mantel tests are also consistent with 
expectations based on differential dispersal abilities. Our results also reinforce that spatial patterns in β-diversity, mainly 
in the turnover components expressing faunal differentiation, are determined by a mix or broad scale environmental 
effects and short distance spatially-structured dispersal.
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Padrões geográficos e desdobramento entre componentes de substituição e riqueza da 
diversidade-beta em faunas do Centro e do Nordeste do Brasil

Resumo

Tem havido um interesse crescente nos padrões de diversidade-β, particularmente acerca dos mecanismos subjacentes 
a esses padrões em escalas continentais e globais, e sobre o modo como esses mecanismos podem ser associados ao 
desdobramento desses padrões em componentes de riqueza e substituição (turnover) de espécies. Neste artigo, nós 
comparamos duas metodologias desenvolvidas recentemente para realizar esse desdobramento, utilizando conjuntos 
regionais de espécies de mamíferos, aves, répteis e anfíbios em sete regiões no Nordeste, Norte e no Centro do Brasil. 
Além de comparar os dois conjuntos de índices utilizados para o desdobramento dos componentes da diversidade-β, 
foram analisados os padrões espaciais e os efeitos do bioma no qual são encontradas as regiões nesses componentes por 
meio de testes de Mantel e testes de Mantel parciais. Embora não tenham sido encontradas diferenças na magnitude das 
estimativas de diversidade-β entre os grupos, foi possível detectar diferenças significativas entre os padrões espaciais, 
principalmente no componente de substituição, sugerindo que os padrões na variação de composição são determinados 
por um balanço entre efeitos ambientais em grandes escalas e por processos de dispersão espacialmente estruturados.

Palavras-chave: comparação de faunas, diversidade-β, riqueza de espécies, substituição. 
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1. Introdução

Since the classical paper of Whittaker (1972), the partition 
of diversity into multiple components, such as α, β and 
γ, has been done using several techniques. Conceptually, 
α- diversity is the number of species in a given sample or 
locality, whereas the β-diversity indicates the difference 
among localities (the γ being, thus, the sum of α and β 
component, providing an estimate of regional diversity) 
(see Tuomisto, 2010a, b; Anderson et al., 2011 for a recent 
review and redefinition of these concepts). In the last 10 
years, some papers started to investigate these patterns 
using continental and global datasets (e.g., Gaston et al., 
2007; Qian, 2009; Melo et al., 2009) and these triggered 
a whole new set of questions regarding the mechanisms 
driving species turnover at broad geographical scales.

It has been recognized for a while that the several 
metrics available for estimating β-diversity capture different 
components of differences among sites or regions (e.g., 
Harrison et al., 1992; Lennon et al., 2001; Koleff et al., 2003), 
but Baselga (2010) recently proposed that these components 
could be formally partitioned using these different metrics. 
The idea is that the difference among species in two faunas 
could be due to a replacement of species (turnover) or due 
to a shift in species richness (or nestedness component, in 
which a poorer-fauna is composed by a subset of species of 
a richer fauna – see Almeida-Neto et al. 2012). Moreover, 
Baselga (2010) focused on the interpretation of the balance 
among nestedness and turnover components and on how 
this balance could be linked to macroecological patterns 
and processes associated to the more general latitudinal 
gradients in biodiversity. He proposed a geographical 
pattern in the nestedness component, which would be 
stronger at higher latitude. This pattern was confirmed by 
Dobrovolski et al. (2012), based on beta-diversity variation 
in New World mammals, birds and amphibians (see also 
Melo et al., 2009). Baselga’s (2010) partition has been 
widely used to describe patterns in beta diversity and to 
support hypotheses about ecological and evolutionary 
processes driving biodiversity patterns at distinct scales 
(e.g., Hortal et al., 2011; Andrew et al., 2012).

Despite the large interest in Baselga’s (2010) approach 
to partition beta-diversity into distinct components, the 
details of the metrics used by him have been criticized 
on different grounds (e.g., Almeida-Neto et al., 2012; 
Carvalho et al., 2012), and some improvements have been 
proposed based on the same reasoning (Carvalho et al., 
2012; but see Baselga 2012). Here we analyzed a data set of 
faunal similarity of terrestrial vertebrates in Central, North 
and Northeast Brazil to answer the following questions: 
1. What is the difference between Baselga’s (2010) and 
the newer approach proposed by Carvalho et al. (2012) 
for partition of β-diversity in a real, rather than simulated 
or artificial, dataset? 2. Do organisms with restricted-
dispersal, such as amphibians, possess stronger β-diversity 
than dispersal-prone organisms, like mammals and birds? 
and 3. Do the different components of β-diversity (i.e., 
turnover and richness) possess distinct spatial patterns and 

do these spatial patterns vary among groups of vertebrates 
with distinct dispersal?

2. Methods

2.1. Data

We obtained data of presence-absence of mammals 
(186 species), birds (578 species), squamate reptiles (214 
species) and amphibians (80 species) for seven regions in 
Central, North and Northeastern Brazil. Data (i.e., species 
lists) were compiled from several sources and by intensive 
sampling (see below) in these regions (Eletronorte, 1985a, b; 
Systema Naturae Consultoria Ambiental Ltda, 1996, 
1999, 2008, 2010a, b, 2011; Passamani, 2004; Pavan and 
Dixo, 2004; Pinheiro, 2004; Puorto and Barbarini, 2004; 
Silva Junior and Sites, 1995). Data for these regions were 
originally derived from studies conducted to access faunal 
characteristics in broad scale dam buildings found in 
areas from the Cerrado biome (including Serra da Mesa, 
GO; Cana Brava, GO; São Salvador, GO/TO and; Peixe 
Angical, TO), in the Amazon biome (Tucuruí, PA) and in 
transitions between Cerrado and Amazonia (Luís Eduardo 
Magalhães, TO and Estreito, MA/TO).

Data for compiling faunal lists came from faunal 
inventories and rescues, as well as monitoring programs 
conducted for several years in the regions nearby the dam 
impact area. Full data matrix used for the analyses is 
available from the authors upon request. Despite a lack of 
homogeneity due to necessary variation in sampling efforts 
across habitats within localities and among different teams 
conducting faunal analyses in these regions, these studies 
represent fauna variation at regional scales. The potential 
problems in the data certainly would affect more detailed 
analysis of faunal patterns at a finer geographical scale, 
but are suitable for comparing different regions because 
they tend to represent exhaustive species lists for each 
region. We expect thus that our ecological conclusions 
are unlikely to be qualitatively affected by data issues.

2.2. Partitioning β-diversity into richness and turnover 
components

We analyzed the dataset described above using the 
approaches proposed by Baselga (2010) and Carvalho et al. 
(2012). The details of computation and derivation of the 
formulae used can be found in these original papers, and 
only a brief description of the formulae used for calculations 
is given below.

All metrics used for β-diversity among two localities or 
regions, say 1 and 2, start by the well-known computation 
of counts of a (number of species common to both regions 
or localities), b (number of species exclusive of region 
or locality 1), c (number of species exclusive of region 
or locality 2) and d (species not found in both regions or 
localities). According to Baselga’s (2010) approach, the 
overall β-diversity is computed by Sorensen’s dissimilarity 
index, given by (Equation 1)

βSOR = (b + c)/2a + b + c	 (1)
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which can be additively partitioned into turnover (βSIM) 
and nestedness (βNEST) components as (Equation 2)

βSOR = βSIM + βNEST	 (2)

where (Equation 3)

βSIM = min (b, c)/a + min (b, c)	 (3)

and (Equation 4)

βNEST = [(b – c)/(a + b + c)] * [a/a + min(b,c)]	 (4)

Notice that these quantities and indices are expressed 
here as dissimilarities to better match the notion of diversity 
(i.e., larger numbers expressing more diversity), and not 
as similarities among faunas, as more frequently done 
in ecological studies. Therefore, βSIM express turnover 
between the two regions or localities as the proportion of 
the species-poorer region, whereas βNEST is better viewed 
as a proportion of richness difference (the βSOR, which is 
the first term in the equation of βNEST), multiplied by the 
proportion of the species-poorer region or locality that 
is nested in the species-richer region (the second term in 
the equation). Almeida-Neto (2012), among other things, 
criticized the use of the term “nestedness” in this context 
mainly because other more specific measurements have 
been proposed and widely tested in a different context 
(e.g., Almeida-Neto et al., 2008).

Carvalho et al. (2012) criticized the metrics used by 
Baselga’s (2010) and pointed out that βSIM overestimates 
the turnover component, and proposed different metrics 
for making the partition. The overall reasoning is the 
same, but the overall beta-diversity is computed based 
on Jaccard’s complement, rather than Sorensen, and is 
given by (Equation 5)

βCC = [(b + c)/(a + b + c)]	 (5)

where partition is given by (Equation 6)

βCC = β–3 + βrich	 (6)

Where β–3 and βrich are the metrics for differences in species 
turnover and richness (“nestdness”, in Baselga’s, (2010) 
terminology), respectively, and are given by (Equation 7)

β–3  = 2* [(min(b, c)/(a + b + c)]	 (7)

and (Equation 8)

β–3 = [(b – c)/(a + b + c)]	 (8)

We computed the metrics described above for our 
dataset for total β-diversity (i.e., all 1058 species), and its 
richness and turnover components, as well as for the four 
groups of terrestrial vertebrates separately. We computed 
pairwise matrices for all dissimilarities among the seven 
regions and obtained the mean values of all pairwise 
comparisons. The relative importance of turnover, according 
to Baselga (2010) and Carvalho et al. (2011) metrics, was 
thus obtained by (Equation 9)

TB (%) = (βSIM/βSOR) *100	 (9)

and (Equation 10)

TC (%) = (β–3/βCC) *100	 (10)

2.3. Spatial patterns in β-diversity components

The spatial patterns in β-diversity and its components, 
calculated using the formulae described above, were 
analyzed by a Mantel test (Manly, 1998) between the 
pairwise matrices of β-diversity and the geographic distance 
among sites, transformed to natural logarithms to linearize 
the relationship. The matrix correlation of the Mantel test 
was tested using 999 random permutations.

The seven regions were located in different biomes, as 
pointed out above (4 in Cerrado, 1 in the Amazonia and 
2 in Cerrado-Amazonia transitions), and this can affect 
the spatial patterns of β-diversity and its components. We 
added this biome effect as a discrete model matrix (see 
Manly, 1985; Legendre and Legendre, 1998) by performing 
a Mantel test between pairwise matrices of β-diversity and 
its components with a model matrix, with 1 indicating that 
the pair of regions compared is in the same biome and zero 
elsewhere. We also analyzed patterns in beta diversity by 
partial Mantel tests, so it is possible to test the effect of 
biome independently of geographical distance and of the 
geographical distance independently of the biome.

β-diversity indices were computed using a Q-BASIC 
program written for this paper, whereas Mantel tests were 
performed using SAM 4.0 (Rangel et al., 2006, 2010).

3. Results

There is not a large difference in the overall β-diversity 
among the four groups of vertebrates, for both Baselga’s 
(2010) and Carvalho et al. (2012) approaches (Table 1). βSOR 

tends to be smaller than βcc , but their relative magnitude 
of difference among the groups are quite similar. For 
Baselga’s (2010) methodology, higher β-diversity is 
found in mammals, whereas when using Carvalho’s et al. 
(2012) methodology the higher β-diversity is observed 
for amphibians. Using both methodologies, reptiles are 
the group with smaller β-diversity. The proportion of 
turnover also did not show a strongly consistent pattern 
in both methodologies, except for much larger values for 
reptiles. For all groups, however, the turnover component 
is higher for Baselga’s (2010) methodology, coherent with 
Carvalho’s et al. (2012) conclusion that βSIM tends to give 
highest values for this component.

Spatial patterns in β-diversity components, analyzed 
by the Mantel test, show consistent patterns among groups 
of organisms and components (Table 1). Focusing initially 
on the overall β-diversity, it is possible to see that matrix 
correlations with geographical distances are higher for 
amphibians and reptiles (r > 0.7 for all cases, and going up 
to r = 0.84 for reptiles) than for mammals and birds (r < 0.65 
in all cases), for both methodologies used. Moreover, these 
spatial patterns in overall β-diversity were consistently 
determined by its turnover component, and richness or 
nestedness component only showed significant spatial 
pattern for amphibians, regardless of the relative balance 
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between richness/turnover components for all groups in 
the distinct methodologies.

However, the spatial component is also correlated 
with differences in the biomes in which each region is 
found (Mantel’s r = 0.861), so it is necessary to evaluate 
the effect of biomes on β-diversity, as well as the partial 
effects of geographical distances and biome. It is possible 
to see that the effect of the biome is usually higher than the 
geographical distances and they remain significant when 
geographical distances are kept constant in partial Mantel 
tests (Table 1). On the other hand, effects of geographical 
distance keeping biomes are usually not significant, although 
the rank of patterns among groups described above are 
also maintained. Notice, however, that because the effect 
of the biome is evaluated using a discrete model matrix 
there is less power to detect effects due to a small number 
of regions within each biome class.

4. Discussion

Our analyses of faunal variation among the seven 
regions studied in Central Brazil reveal consistent patterns 
of β-diversity, and can be well interpreted both in the 
methodological and ecological sense, providing clear 
answers to all three questions formulated.

We observed some differences between Baselga’s 
(2010) and Carvalho et al. (2012) methodologies for 
partition of β-diversity into its richness and turnover 
components, although the overall patterns for all groups 
studied are consistent among organisms. As pointed out 
by Carvalho et al. (2012), the turnover component of 
the partition seems to be slightly larger when using βSIM, 

even after taking into account the differences between 
the two metrics for overall β-diversity (i.e., the Sorensen 
dissimilarity used by Baselga’s (2010) is smaller than 
Jaccard used by Carvalho et al. (2012), even so the turnover 
proportion is higher in all cases). Thus, Carvalho’s et al. 
(2012) formulae for the partition avoids confounding the 
idea of nestedness and differences in β-diversity due to 
differences in richness (see Almeida-Neto, 2012), but 
patterns in partial regressions are clearer using Baselga’s 
(2010) original formulae.

The differences of β-diversity among groups are not 
clearly defined in our analyses, and cannot be directly linked 
to potential dispersal or life-history patterns. One could 
argue that the partition of species into such large groups 
such as mammals, birds, reptiles and amphibians are not 
accurate to represent even broad patterns of dispersal (i.e., 
especially because mammals and birds, for example, mix 
species with very large and very small body sizes and with 
variable life histories, which directly affects dispersal). 
Although this is certainly true, Dobrovolski et al. (2012) 
found clear differences among mammals, birds and reptiles 
in their proportion of turnover on a continental scale (i.e., 
with amphibians presenting the smaller amount of turnover, 
as expected by its lower potential dispersal ability). The 
more homogeneous results among groups found here, thus 
may be better viewed as a consequence of the relatively 

small scale of the study and of the variations in sampling 
efforts among groups (i.e., Dobrovolsky’s et al., 2012 
was based on the extent of occurrence data which is not 
potentially disturbed by sampling effects).

On the other hand, much more interesting and consistent 
results were found when dealing with spatial patterns and 
effects of biome in β-diversity. Baselga (2010) pointed out 
and proposed that, on macroecological scales, one would 
expect to find a higher proportion of nestedness components 
at a higher latitude, mainly because they are more clearly 
affected by historical events of climate change, such as 
glaciations. This was supported by Dobrovolski et al. 
(2012) analyses, which also showed that the magnitude of 
this effect interacts with dispersal ability, as pointed out 
before (see also Qian, 2009). This idea is also consistent 
with the mechanisms usually associated with species 
richness latitudinal gradients, in which decreasing ability 
to persist in colder environments is usually linked with 
past adaptations and ancestral conditions (the niche 
conservatism; Wiens and Donoghue, 2004; Hawkins et al., 
2006; Rangel et al., 2007), geographically-structured patterns 
in speciation/extinction balance (see Mittelbach et al., 
2007) or environmental tolerance (Rangel and Diniz-Filho 
2005). Thus, in short, environmental components acting 
throughout evolutionary time tend to reduce richness at a 
higher latitude, so differences among localities in different 
latitudes tend to be better explained by the “nestedness” 
component.

However, at finer spatial scales, a distinct pattern is 
observed, especially in the tropics, because no strong 
environmental gradients are observed driving richness 
patterns at regional scales. Consequently, a relatively high 
turnover component is expected and, more importantly, 
spatial patterns will appear in the turnover of species more 
clearly than in the richness or nestedness component. 
For instance, a distance-decay of β-diversity is expected 
under Hubbell’s (2001) neutral theory (see Cottenie, 2005; 
Soininen et al., 2007; but see Diniz-Filho et al., 2012 for 
a more complex evaluation) and also this spatial structure 
should appear more clearly for groups with more restricted 
dispersal ability, exactly as found here. At the same time, 
different biogeographic regions, appearing due to both 
ecological and historical events, are also expected to generate 
more differences in turnover and species composition 
than in richness (e.g., Vasconcelos et al., 2011). Indeed, 
our analyses show both effects, although biome effects 
are much stronger than pure geographical distances and 
remain significant even in partial Mantel tests. On smaller 
scales, although effects are not significant, they remain 
comparatively structured among groups, suggesting that 
within biomes the β-diversity among the regions studied 
possess a strong stochastic component and are mainly 
determined by spatially-structured dispersal.Analyses in 
more refined scales, using more local datasets, could be 
important to support the patterns observed here. The main 
problem, in this case, is that local sampling is usually 
more prone to error and more complex methodologies 
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Table 1. Results of mean pairwise relationship among the 7 sites, according to the methods by Carvalho et al. (2012) and 
Baselga (2010) for the four groups of terrestrial vertebrates, including mean dissimilarity and proportion in respect to overall 
β-diversity and results of raw and partial Mantel tests, correlating each pairwise dissimilarity and geographic distances 
(distance) and biome effect (biome), as well as partial correlations between dissimilarity and geographic distance keeping 
biome effect constant (geo.biome) and between dissimilarity and biome keeping geographic distances constant (biome.geo).

    Mean Prop Distance Biome geo.biome biome.geo

Anf
Carvalho r
Total Bcc 0.528 1.000 0.761** 0.858** 0.085 0.609**

Richness Brich 0.266 0.460 0.554* 0.332 0.559* –0.185

Turnover B3 0.285 0.540 0.486* 0.486 0.152 0.088

Baselga

Total Bsor 0.419 1.000 0.710** 0.841** –0.051 0.603**

Richness Bnest 0.117 0.279 0.444 0.472 0.084 0.114

Turnover Bsim 0.301 0.721 0.739** 0.902** –0.171 0.914**

Rept
Carvalho

Total Bcc 0.492 1.000 0.840** 0.856** 0.392 0.473*

Richness Brich 0.117 0.191 -0.233 –0.197 –0.127 0.004

Turnover B3 0.398 0.809 0.799** 0.804** 0.353 0.325

Baselga

Total Bsor 0.371 1.000 0.793** 0.848** 0.233 0.512*

Richness Bnest 0.057 0.154 –0.318 –0.312 –0.102 –0.042

Turnover Bsim 0.315 0.846 0.766** 0.824** 0.196 0.452*

Aves
Carvalho

Total Bcc 0.514 1.000 0.613** 0.777** –0.175 0.501*

Richness Brich 0.239 0.420 0.306 0.49 –0.261 0.273

Turnover B3 0.298 0.580 0.624** 0.701** 0.056 0.294

Baselga

Total Bsor 0.407 1.000 0.596** 0.766 –0.194 0.490*

Richness Bnest 0.102 0.251 –0.039 0.073 –0.201 0.107

Turnover Bsim 0.305 0.749 0.611** 0.758 –0.126 0.449*

Mam
Carvalho

Total Bcc 0.541 1.000 0.650* 0.71 0.108 0.281

Richness Brich 0.197 0.320 0.170 0.119 0.134 –0.028

Turnover B3 0.368 0.680 0.578* 0.695 –0.056 0.336

Baselga

Total Bsor 0.408 1.000 0.638* 0.705 0.086 0.285

Richness Bnest 0.097 0.238 –0.318 0.009 –0.641* 0.298

Turnover Bsim 0.311 0.762 0.655** 0.769 –0.022 0.424*

*P < 0.05; **P < 0.01.
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to standardize sampling efforts and make sites more 
comparable would be required.

In conclusion, our analysis reinforces that partition 
of β-diversity into components may be quite a useful 
analytical strategy to better understand the faunal differences 
among localities or regions, and for achieving this we 
believe both Baselga (2010) and the methodological 
improvements made by Carvalho et al. (2012) are quite 
useful. The analysis of faunal divergence among sites in 
Central Brazil show that, although no clear patterns of 
difference among β-diversity estimates are observed among 
groups of terrestrial vertebrates, the spatial patterns in the 

turnover component are determined by a balance between 
broad scale biogeographical events associated with biome 
structure and spatially-structured dispersal on a finer scale, 
as expected under neutral dynamics.
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Figure 1. Basic map of the 7 sites used in this study in Central and Northern Brazil.
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