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Documenting and exploring the patterns of diversity of life on Earth has always been a central theme
in biology. Species richness despite being the most commonly used measure of diversity in macro-
ecological studies suffers from not considering the evolutionary and ecological differences among
species. Phylogenetic diversity (PD) and functional diversity (FD) have been proposed as alternative
measures to overcome this limitation. Although species richness, PD and FD are closely related,
their relationships have never been investigated on a global scale. Comparing PD and FD with
species richness corroborated the general assumptions of surrogacy of the different diversity
measures. However, the analysis of the residual variance suggested that the mismatches between
the diversity measures are influenced by environmental conditions. PD increased relative to species
richness with increasing mean annual temperature, whereas FD decreased with decreasing season-
ality relative to PD. We also show that the tropical areas are characterized by a FD deficit, a
phenomenon, that suggests that in tropical areas more species can be packed into the ecological
space. We discuss potential mechanisms that could have resulted in the gradient of spatial mismatch
observed in the different biodiversity measures and draw parallels to local scale studies. We conclude
that the use of multiple diversity measures on a global scale can help to elucidate the relative impor-
tance of historical and ecological processes shaping the present gradients in mammalian diversity.
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1. INTRODUCTION

Biodiversity is a concept that embraces many aspects
of biological variation, ranging from genetic and taxo-
nomic differences to phenetic diversity among species
[1]. These different measures are thought to be related
and, more importantly, to determine the resultant
complexity of biological interactions which ultimately
produce the patterns of species coexistence, pro-
ductivity, nutrient cycling, decomposition and energy
flow in ecosystems [2]. Most commonly, species rich-
ness (the number of species per unit area) has been
used as a surrogate for all these different aspects. How-
ever, there is a growing consensus that species richness
alone cannot appropriately describe the mechanisms
involved in species coexistence and ecosystem pro-
cesses and does not describe the differences in
community structure well. Thus, using species rich-
ness as the sole measure of biodiversity may
compromise our ability to understand the mechanistic
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basis linked to the spatial and temporal dynamics of
biodiversity [3].

The inadequacy of species richness in representing
the differences in evolutionary history, how commu-
nities function, and how the network of interactions
within communities are organized has led to the devel-
opment of alternative measures, mainly phylogenetic
diversity (PD) and functional diversity (FD) [4—7].
The rationale behind the use of these alternative diver-
sity measures is to better identify the underlying
processes determining species richness and ecosystem
functioning [8,9].

(a) Phylogenetic diversity

PD is a biodiversity measure that accounts for the phy-
logenetic relationship (hence evolutionary history)
among taxa [4,10—12]. While species richness assigns
equal value to all species in a community, PD provides
additional value to theoretical and applied ecology
[13]. This metric was initially proposed as a way of
prioritising species and areas for conservation [4].
Because extinction risk is not phylogenetically random
[14,15], there is, for instance, a clumping of threat
towards species which are large, long-lived, slowly
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reproducing and with specialized habitats and high
levels of endemism (e.g. [16]). Consequently, the con-
cern over the preservation of evolutionary history
highlights the importance of determining whether
priority sites for species conservation are also impor-
tant in respect to evolutionary history [14,17-21].
Also, there has been a recent increasing effort to
bring information about evolutionary relationships of
species to elucidate questions of community assem-
bly and diversity patterns [7,10,22]. For example,
large-scale assemblages of African carnivores are a
non-random phylogenetic set of species from the bio-
geographic pool, an indication of early biome-filling
radiations followed by competitive sorting within ecor-
egions [23]). This scenario corroborates the idea that
density-dependent and ecologically limited models of
clade growth are a more suitable explanation for pat-
terns of diversity than models in which species
richness is simply a function of clade age or divesifica-
tion rate (see [23,24] for references). Thus, from an
ecological perspective, understanding the phylogenetic
structure of communities can shed light on present-
day ecological interactions, as well as link community
ecology with biogeography and the study of character
evolution [10,22].

(b) Functional diversity
FD can be understood as a representation of how
species are distributed in a multidimensional niche
space defined by functional traits [6,25]. Based on
the niche theory, it is easier to understand the pro-
cesses related to community functioning and
assembly rules using functional traits [3,26-—28].
Therefore, the FD of a community will often be the
most ecologically relevant biodiversity measure [29],
predicting the functional consequences of changes
caused by humans [30-34] and providing a mecha-
nistic link between the composition of species
assemblages and ecosystem functioning [5,6].
Although the concept of FD has received wide
coverage in community ecology [25], mammalian com-
munities, in contrast to plant communities for example,
have rarely been subject to studies of FD. This lag is
probably attributable to the difficulties involved in
gathering quantitative measures of functional traits in
mammals.

(c) Comparing species richness, phylogenetic
and functional diversity

Few studies have investigated the potential large-scale
gradients in FD in relationship with species richness
[3,35,36]. Hence, we still have a poor understanding
of the broad-scale variation in many measures of biodi-
versity other than species richness [37]. For example,
the extent to which PD and FD exhibit latitudinal gra-
dients similar to species richness remains to be fully
investigated [3,23,36,37].

Although some relationship between PD and FD
and species richness is expected, the precise shape of
these relationships and their environmental determi-
nants are still unclear [36]. Communities with the
same richness level may differ both in the phylogene-
tic relatedness of the species as a consequence of
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Figure 1. How phylogenetic diversity (PD) and functional
diversity (FD) together could inform about spatial and bio-
phylogeographic patterns. The relationship between PD
and FD is, although yet unknown, drawn as a nonlinear
relationship, since studies of trait evolution suggest that for
many life-history traits the tempo of trait evolution slows
down after an initial boost in divergence. Therefore, we
assumed that the differences in functional divergence will
not follow phylogenetic divergence linearly. Overdispersion
of FD characterizes communities in which species are dis-
tributed farther apart in functional niche space than
expected by their PD. FD deficit in contrast describes the
situation where species in a community share more func-
tional traits than expected. And finally, evolutionary
constraint describes the assumed general condition for com-
munities where the FD of communities follows the
phylogenetic divergence of the species composing the
community.

differences in their evolutionary histories [7,38], as
well as in their functional traits due to contrasting
environmental conditions [3,28,35,37]. In addition,
by comparing PD with FD we can investigate how evol-
utionary time relates to trait evolution. Following the
rationale that PD represents the accumulated amount
of evolutionary history and is essentially a measure of
time we should be able to relate time to divergence of
functional traits and thus understand how functionally
and phylogenetically distinct members of communities
must be to coexist (figure 1).

Here, we explore the spatial distribution of mammal
PD and FD in relation to species richness on a global
scale. We investigate the relationship among these
diversity measures and search for general rules for
how PD, FD and species richness represent surrogates
of diversity and seek to identify areas deviating from
such a general relationship [38,39]. FD can be
higher or lower than expected due to several non-
mutually exclusive processes. Variation in the rate of
trait evolution as shown, for example, for body size
evolution in mammals which is faster in temperate
areas [40] can cause FD to deviate locally from a
global relationship. At the same time, if resources are
limited, resources species need to occupy wider
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ecological niches in order to secure their energy
demands and therefore communities would show
signs of over-dispersion in functional traits (figure 1).
In addition, high degrees of environmental hetero-
geneity could result in an over-dispersion in FD
because coexisting species could adapt and specialize
to the different environmental conditions. Ultimately,
we want to investigate whether communities deviate
from an expected relationship, and in cases where
they do so, try to relate these deviances to envi-
ronmental variables to understand the underlying
processes determining accumulation and maintenance
of biodiversity.

2. METHODS

Using range distribution information for 4536 mam-
malian species, we derived the number and identity
of mammal species for a global raster of 200 X
200 km grid size [41]. As a higher resolution of species
richness based on mammal distribution range infor-
mation would only increase spatial autocorrelation
without a real gain in analytical performance we
decided to use this particular spatial resolution. We
used equal-area Mollweide projection given that differ-
ent diversity measures should represent similar areas
independent of their latitudinal position. Grid cells
were considered occupied by those species where the
grid cell centre intersected with the species’ ranges.
In cases where a range (or isolated sections of the
entire range distribution) was smaller than a grid cell
we regarded the next closest grid cell as occupied.
Species richness (S) was in this case simply the
number of occurrences of species per grid cell.

Using species composition on each cell, we calcu-
lated both PD and FD. We calculated the commonly
used PD [4,12] using a recent mammalian phyloge-
netic tree [42]. PD is a continuous measure that uses
the sum of branch lengths of the phylogenetic tree con-
necting all species within a community to assess
species relatedness [4] and, thus, PD. We followed
Rodrigues and Gaston’s [12] advice to include in PD
the length of the branch leading to the most basal
node of the minimum spanning tree of each commu-
nity (i.e. each grid cell) as this represents the
phylogenetic history intimately connected to the
community.

To calculate FD, we used body mass, diet (ver-
tebrates, invertebrates, foliage, stems and bark, grass,
fruits, seeds, flowers, nectar and pollen, roots and
tubers), habit (aquatic, fossorial, ground dwelling,
above ground dwelling) and activity period (diurnal,
nocturnal, cathemeral, crepuscular). The traits rep-
resent many aspects of resource use, for example, the
quantity and type of resources used by each species
and what they do to acquire them. Thus, the available
traits used here should relate to resource acquisition
and define important niche dimensions of the studied
species reasonably well. They also encompass the type
of trait data previously used in other investigations of
the FD of mammals (see, for example [3,30]). Trait
information was collated from the PanTheria database
[43] updated for 1900 species using several additional
sources (data can be obtained from the authors upon
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request). Yet, where trait values were not available
(for 853 species) we either used genus/family values
or our own expertise. Overall, such extrapolations
were more common for Rodentia and Soricomorpha.

One way to estimate species variation or dispersion in
functional space is through the FD measure propo-
sed by Petchey & Gaston [6,25]. FD is a continuous
dendrogram-based measure based on the distribution
of species in trait space: high FD means that species are
distant in trait space (high complementarity), whereas
low FD means that species are more similar and, thus,
more clumped in trait space (low complementarity).
Analytically, FD resembles Faith’s PD since the FD of
a given community will be the sum of branch lengths of
the functional dendrogram necessary to connect all the
species belonging to the community. FD measu-
res diversity at all hierarchical scales simultaneously,
including the small functional differences among species
ignored by functional groups and the large functional
differences that might delineate these groups [6]. We
used Gower distance and the unweighted pair group
method with arithmetic averages to produce the distance
matrix and the functional dendrogram [25]. Sub-
sequently, FD was calculated for each grid cell, using
the sum of the dendrogram branches necessary to
connect all species that occurred in the grid cell.

The environmental variables we used included
actual evapotranspiration (AET), mean and standard
deviation of monthly temperature, and -elevation
[44]. The data were obtained from GlobalGIS [44]
originally published at a resolution of 0.5° (geogra-
phical degrees coordinate system). We decreased the
resolution of the environmental variables to 2° aver-
aging the 0.5° values using the aggregate function in
the package ‘raster’ [45], available in the R statistical
package 2.10 [46]. We subsequently changed the pro-
jection of the raster by applying a change of projection
followed by an interpolation step to match the diversity
raster with the environmental raster [45].

(a) Statistical analysis

To investigate the relationships among the diversity
measures it is important to account for potential bias
due to spatial autocorrelation since regression analysis
assumes independence of the residuals which in a
spatial framework is not necessarily given. In order
to obtain unbiased estimates for the slopes of the inde-
pendent variables in cases where the relationships were
not linear we used generalized additive models (GAM)
and included the coordinates of the grid cells as a
smooth factor to account for spatial autocorrelation
[47]. All GAMs used generalized cross validation to
adjust the degrees of freedom for the smooth spline
(the geographical coordinates) and we checked visually
for normal distribution of the model residuals and lack
of heteroscedascity in the correlations of the residuals
against predictor values. These analyses were done
using the R statistical package 2.10 [46] in conjunction
with the ‘mgcv’ library [47].

For the environmental analysis, we regressed each
of the multiple diversity metrics against the four
environmental predictors using a standard ordinary
least-squares (OLS) regression with the software
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Table 1. The parameter estimates for the quadratic relationship between species richness (S) and PD and FD was estimated
using a trend surface analysis (in a generalized additive model with latitude and longitude of each grid cell used as smooth
factor to account for large-scale spatial autocorrelation structures).

PD:* R>=0.98 FD:® R =0.96

estimate =+ s.e. t p estimate + s.e. t p
intercept 276.87 + 8.43 32.84 <0.0001 1.5+ 0.036 41.49 <0.0001
S 36.35 + 0.25 142.90 <0.0001 0.1+ 0.001 89.96 <0.0001
S2 —0.07 + 0.002 —45.32 <0.0001 —1.9E-04 + 6.4E—06 —29.16 <0.0001

#Smooth term PD: estimated degrees of freedom = 28.17, F=171.7, p < 0.0001.
®Smooth term FD: estimated degrees of freedom = 28.72, F = 278.2, p < 0.0001.

package SAM [48,49]. Spatial correlograms were built
using Moran’s I coefficients at 15 geographical distance
classes and used in the OLS [50,51]. Because residuals
of all models showed very high spatial autocorrelation
levels, mainly at the first distance class, we added to the
OLS a set of eigenvectors extracted from the geographi-
cal distance matrix among cells, a procedure called
spatial eigenvector mapping (SEVM) [52-54]. After
that all Moran’s I in the model residuals become smaller
than (or close to) 0.1 indicating the successful removal of
spatial inertia. Truncation distance used for SEVM was
equal to 1000 km and eigenvectors to be added to the
OLS model were selected according to their level of
spatial autocorrelation. We used the first 40 eigenvectors
which presented Moran’s I larger than 0.1 in the first
distance class (i.e. connecting adjacent cells).

The relative importance of the environmental predic-
tors was evaluated using the software SAM [48,49]
where we evaluated the standardized slopes of the full
SEVM, after taking into account geographical effects
expressed by the set of eigenvectors. We also used a
partial regression approach to partition the variance
among the ‘pure’ environmental components, the
‘pure’ geographical patterns and their overlap, for each
diversity metric. Finally, PD and FD are known to
show a monotonic relationship with species richness
[13,55] since the addition of each species will invariably
lead to an increase in PD/FD by adding branches to the
minimum spanning tree/dendrogram. Therefore, to
evaluate the environmental determinants of PD and
FD independent of the inherent relationship with species
richness we ran the same analysis using a three-way par-
tial regression [51] with squared richness as a third set,
and reported the partial R* of SEVM and environmental
variables independent of the effect of richness. Following
the same reasoning, a three-way partial regression was
also used to investigate the patterns of FD taking PD
into account.

3. RESULTS

FD and PD showed a very similar spatial pattern with
respect to latitude due to their monotonic relationship
with species richness (compare [56]). The relationship
between FD and richness as well as between PD and
richness was nonlinear (table 1). In fact, a quadratic
model had a better fit than either cubic or linear
alternatives to model the relationships between S and
PD, as well as between S and FD (figure 2a,b and
table 1).
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The relationship between PD and FD was linear
over the entire global dataset (figure 2¢). However, it
was evident that different continents had different dis-
persion around the global relationship between PD
and FD. The differences suggested that the amount
of functional similarity at comparable levels of phylo-
genetic distance is limited in some areas more than
in others. Visual inspection of the residuals between
observed FD and predicted FD (according to a theor-
etical linear relationship with PDj; see figure 2c¢)
suggests that temperate communities have accumu-
lated more FD than expected compared to tropical
communities (figure 3).

About 50 per cent of the variation in the three
different diversity metrics were explained by environ-
mental factors, according to the OLS (table 2),
although significant spatial patterns remained in
model residuals, according to the Moran’s I coeffi-
cients (which were always larger than 0.5). Removing
the residual autocorrelation increased R® to about
70-95% of the original deviance when eigenvectors
were added (table 2). Partial regression analysis
showed a relatively small role of the unique, local
effects of environment (which tended to be geographi-
cally structured and was expressed by the shared
component with spatial eigenvectors). Given that
species richness is intrinsically correlated with the
FD and PD metrics we used, naturally the partial R?
for space, environment and their superposition were
low; and species richness captured most of the vari-
ation of FD and PD.

The environmental models using SEVM showed
that S, PD and FD were well explained by AET
(table 3). However, when taking species richness into
account the most important predictors changed to
temperature and altitude, although the overall effect
of environment in these metrics was much smaller
when compared to original PD and FD (most of the
residual variation was explained by geographical struc-
tures expressed by eigenvectors; tables 2 and 3). The
residuals of FD against PD, indicating the regions
where FD deviates from the expectation by PD, were
better explained by temperature as well, but with a
more ‘balanced’ signal from AET and seasonality
(table 3).

4. DISCUSSION
Species richness in mammals follows the typical global
trend for higher diversity in the tropics, showing a
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Figure 2. Relationship between (a) PD and richness and (b) FD and richness as well as (¢) the correlation between PD and FD
colour coded for different continents. Generalized additive models were used (with latitude and longitude of each grid cell used
as smooth factors) to account for biases in model estimates due to spatial autocorrelation. Smooth term: estimated degrees
of freedom in (a) =28.17, F=171.7, p<0.0001; in (b) =28.72, F=278.2, p<0.0001; in (c) =28.8, F=344.3,
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Figure 3. Deviance (residuals) of observed FD compared to the global linear relationship between PD and FD (FD =
0.003-PD; see figure 2¢). Blue areas depict areas of lower than expected FD (according to the PD present in the area) whereas
red areas are areas with more FD than expected from this linear relationship.

strong latitudinal gradient similar to those found for birds
and amphibians [56-58]. We found a positive associ-
ation between species richness and both PD and FD.
This results from the property of these measures whereby
increases in species richness can only increase PD and
FD (or rarely cause no change) while decreases in species
richness can only decrease them (or rarely cause no
change). This makes some form of positive association
largely inevitable [13]. However, the scatter of the posi-
tive association indicates that for a given level of species
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richness assemblages may have high or low PD and
FD. The scatter represents the degree of importance of
species identity (i.e. species composition), where
increased scatter implies stronger effects of species iden-
tity as opposed to species richness. Also, both PD and
FD showed the tendency to level-off with increasing
species richness. This indicates that with increasing
species richness the probability that additional species
entering a community are distant relatives or functionally
very dissimilar decreases [6,59].
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Table 2. Three-way partial regression analysis of species richness, and phylogenetic and functional diversity showing the
amount of deviance explained by environmental variables (env) versus spatial autocorrelation partitioning between the ‘pure’
environmental components, the ‘pure’ geographical patterns and their overlap, for each diversity metric (S, species richness;
PD, phylogenetic diversity; FD, functional diversity). SEVM, spatial eigenvectors; full, full model containing both
environmental and spatial eigenvectors. a, b and c¢ denote the contributions of environment (a), spatial structures (c) and
their joint effects (b). ‘Covariate’ is squared richness or PD, and in these analyses the partial R? and slopes are from a triple

partial regression.

partial regression model R?

env SEVM full a (env) b ¢ (geo) covariate
S 0.536 0.650 0.798 0.148 0.388 0.262
PD 0.552 0.684 0.817 0.133 0.419 0.265
FD 0.569 0.548 0.738 0.190 0.379 0.169
PD x S? 0.646 0.688 0.861 0.056 0.000 0.161 0.668
FD x §? 0.457 0.553 0.941 0.021 0.018 0.051 0.850
FD-PD 0.457 0.553 0.951 0.057 0.039 0.009 0.845

Table 3. The slopes of the environmental predictors of the
different diversity measures. S refers to species richness, PD
to phylogenetic diversity, FD to functional diversity. FD-PD
are the residuals of the three-way partial regression of

functional diversity against phylogenetic  diversity.
Significant effects (p < 0.05) are in bold.

slopes (SEVM + env)

elevation AET  annual temp temp. (s.d.)
S —0.019 0.555 —0.244 —0.153
PD 0.008 0.550 —0.077 —0.086
FD 0.133 0.740 0.285 0.265
PD x §? 0.061 0.224 0.341 0.073
FD x §? 0.186 0.414 0.634 0.425
FD-PD 0.124 0.147 0.292 0.359

The mammalian historical biogeography and coloni-
zation pattern is complex suggesting that the pattern of
PD and FD could be complex as well. According to
Davies et al. [57] ‘these patterns reflect a complex history
of speciation, extinction, anagenesis, and dispersal,
which each factor probably shaped by biological
traits and changed through time’. Whereas mammal
assemblages are much older in Africa, Middle East,
India and Himalayan regions they are relatively younger
in South America and Europe [56,57,60]. The corre-
lation between PD and FD showed that FD generally
accumulates with phylogenetic age in communities on a
global scale. This relationship was linear, with a very
informative pattern of deviances from the general
relationship.

Whereas communities in the temperate regions
showed signs of limiting functional similarity com-
pared to the amount of PD, the tropical mammal
communities proved to contain many more function-
ally similar species. There are several non-mutually
exclusive mechanisms that could be made responsible
for such a pattern (figure 1). Temperate mammal
assemblages were composed of more complementary
species (i.e. species which are less similar in their func-
tional traits), which can be a result of competition
pressure and low energy availability in high latitudes.
Even though it is always problematic to invoke the
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‘ghost of competition past’ [61] there is evidence of
high rates of mammal extinction in the temperate
regions in comparison to the tropics [62]. The temper-
ate areas, with their higher seasonality and lower
structural complexity, might prevent species from
being packed as densely in niche space as they can be
in the tropical areas. The fact that species tend to
have larger range sizes in temperate regions [57] could
also be interpreted as indicative of high levels of
resource competition. Limited resource availability
according to this rationale forces species to be function-
ally more distinct and to occupy wider ecological
niches. Alternatively, or in addition to high competition,
recent colonization events in combination with fast
adaptive radiation (and high interspecific competition)
could also result in high levels of FD and low levels of
PD. In fact, species richness of young mammal clades
is higher in temperate areas and the ages of these
clades coincide with the expansion of temperate climate
zones in the late Eocene [63]. Thus, the over-dispersion
in FD we found in temperate mammals may, in
addition to the competition hypothesis, be a result of
recent adaptations to rather novel environments or
recently recolonized areas.

Although the increased species richness at lower lati-
tudes has been usually understood as a consequence of
the great degree of species complementarity due to a
high degree of niche specialization [64,65], we found a
clear opposite pattern. Coexisting species according to
our analysis are more similar in functional traits in the
tropics for any given level of PD. This is in accordance
with the phylogenetic conservatism hypothesis [8,9,36]
which predicts that there is a tendency for species to
retain most of their ancestral characters. Such ‘phylo-
genetic inertia’ has been corroborated by many studies
at macroecological scales usually defining the niche
by environmental variables [9,66]. Our study adds
additional evidence that the high levels of speciation in
the tropics seem to produce many species with ‘con-
served niches’ that not only stayed within or near their
ancestral geographical range but also maintained
great functional similarities. Consequently, the lower
observed abundance and small range sizes of tropical
mammals, instead of being simply a consequence of
narrow tolerances of species [57], may reflect an
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‘ecological packing’ in geographical space [67]. This
would allow for a higher degree of functional redundancy
without necessarily causing high local species extinction
rates through resource competition due to the higher
levels of primary productivity. Thus, functional turnover
(functional beta diversity) should be much lower than
species turnover in the tropics, a point still remaining
to be verified (see [3]).

The deficits in FD in the tropical areas are in line
with the finding that high levels of species diversity
tend to promote stabilizing selection on ecological
traits, inhibiting evolutionary responses within species
and ultimately leading to high levels of niche conserva-
tism [68]. The rationale behind this is that as richness
increases, species become more and more restricted to
only those patches whose final optima are close to the
species’ initial optimal phenotype [68]. Therefore, in
the species-rich tropical environment species are
expected to disperse to occupy new patches with con-
ditions closely matching their initial needs, rather than
adapting to the changes in their original habitat
[68,69]. This mechanism would consequently lead to
a deficit in FD in geographical space in species-rich
communities. Also, a direct consequence of this pro-
cess is that in richer assemblages even subtle changes
in the environmental conditions would potentially
lead to dramatic changes in species abundances and
have less impact on phenotypic changes or environ-
mental adaptation [68]. This second prediction also
fits well the pattern in tropical diversity since tropical
species tend, on average, to exist at lower densities
than species in temperate regions (e.g. [70,71]).

The rates of molecular evolution and substitution
rates are known to vary across taxonomic units and
in space; however, the factors influencing the rates of
molecular evolution and the precise spatial pattern of
the rate variation are still under debate [72-74]. Our
results indicate that trait evolution in tropical areas is
slower than in temperate areas under the assumption
that the species evolved in the environments in which
they are encountered. According to our results at simi-
lar average phylogenetic distances the differences
between species in functional traits were found to be
smaller in tropical areas. As a consequence niche con-
servatism is more pronounced in tropical areas. In
other words, high levels of speciation in the tropics
seem to result in many species with ‘conserved
niches’ that not only stay within or near their ancestral
geographical range (tropics), but also retain a lot of
functional similarities (resulting in the FD deficit).
On the other hand, the opposite pattern, niche evol-
ution, seems to occur in temperate regions. Niche
evolution can be understood as the expansion of
niche breadth or specialization to new conditions
that should enable lineages to invade new habitats
and climatic regions which would normally limit the
distribution of the ancestors [75]. Given that we
observed higher levels of FD for mammal assemblages
in temperate regions, and that temperate mammalian
assemblages are composed of species that are the out-
come of more recent speciation events [57,62], there is
evidence for niche evolution as an important evolutio-
nary force driving patterns of diversity in temperate
mammal assemblages.
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Current knowledge suggests that biodiversity is of
paramount importance for environmental and biological
processes and ultimately pivotal to human well-being
[26,76—78]. However, despite the fact that many the-
ories have been suggested to explain the global patterns
of biodiversity [37,79—-81] unravelling the mechanisms
behind the global patterns and determinants of biodiver-
sity still is one of the major intellectual challenges [82].
Here, we showed how combining the different diversity
measures can provide interesting global-scale results.
Discrepancies between FD and species richness as well
as PD have also been identified recently in local-scale
studies and mismatches between congruency of different
diversity indices have challenged the claim of interchan-
geability of different diversity measures [35,39,57].
Clearly, studying such areas where discrepancies in
different diversity measures occur can provide us with
the means to understand what the central mechanisms
in creating and maintaining biological diversity are.
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