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a b s t r a c t

Current claims of biodiversity crisis call for immediate conservation actions. These require the identifica-
tion of priority sites for conservation based on an assessment of biodiversity patterns. Patterns of species
richness are crucial in such endeavor. Also rarity, measured by the size of species’ geographical ranges, is
often used as a single or complementary criterion. For instance, hotspots for conservation have been
defined using either one or the other criterion. We apply a novel tool, range–diversity plots, which simul-
taneously analyze species richness and range size from a presence–absence matrix to identify sites and
species with potential conservation value. We applied this tool to the Mexican avifauna and show how it
can be readily used to conduct broad-scale conservation assessments. Mexican birds showed congruent
patterns between richness and rarity, richer sites harbor small-ranged species. Also, we identified Mex-
ican ecoregions harboring richness–rarity sites and compared our assessment with an exhaustive prior-
itization procedure. A range–diversity approach can be useful when fine-scale information is lacking,
such as in poorly studied regions. We demonstrate that spatial congruence between richness and rarity
can be easily identified and interpreted using range–diversity plots based solely on a presence–absence
matrix, providing a transparent, robust and explicit application for conservation assessments.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction 2010). Total species richness represents a simple and obvious tar-
Current claims of an unprecedented biodiversity crisis, namely
species extinctions, call for effective conservation measures
(Barnosky et al., 2011). Spatial assessments involving the identifi-
cation of important areas or species for conservation represent
the first step towards adequate conservation planning and imple-
mentation (Cowling et al., 2004; Knight et al., 2008). Further, lim-
ited funding demands prioritization of those areas or species to
ensure efficient use of resources and effective conservation action
(Wilson et al., 2007). However, the identification of priority areas
or species is not free of difficulties, especially regarding the criteria
used to define them.

Common criteria in assessing priority areas broadly referred as
‘‘hotspots’’ or ‘‘crisis ecoregions’’ include total species richness,
number of threatened and endemic or narrow-ranged species
(Brooks et al., 2006; Wilson et al., 2007). In parallel, priority species
are usually defined using the latter two criteria, threat level and
rarity, based on either range size or abundance (Gauthier et al.,
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get of any conservation effort. In contrast, determining the number
of threatened species requires a case-by-case evaluation of species
and their threats, implying huge amounts of data and time (e.g.,
IUCN’s RedList). A common and straightforward way to define spe-
cies as threatened is to consider their geographical range sizes
(Gaston, 1994). Species with geographically restricted distributions
are deemed either rare or endemic. Such restrictedness can be de-
fined by political units or biomes delimiting the domain of interest
or, more broadly, as the lower percentiles of a range size frequency
distribution (Jetz et al., 2004; Orme et al., 2006).

Contention around ‘‘hotspot’’ assessments relies on the poten-
tial spatial congruence of such priority areas when defined by dif-
ferent criteria. Although the issue remains controversial, several
lines of evidence suggest that there is little congruence at least
for two of the criteria: species richness and rarity/endemism. First,
empirical data show that hotspots of richness and endemism do
not have the same spatial distribution (Ceballos and Ehrlich,
2006; Grenyer et al., 2006; Orme et al., 2005). Second, widespread
species seem to exert a disproportional effect on patterns of spe-
cies richness, as compared with restricted taxa (Jetz and Rahbek,
2002; Lennon et al., 2004).

Here we apply a novel methodological framework and visual
analytical tools, called the Range–Diversity (RD) plots (Arita
et al., 2012), for a conservation assessment of areas and species.
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Our purpose is to show how congruent patterns of species richness
and rarity, measured by range size, can be readily used to inform
conservation actions. We used Mexican birds as case study and
previous prioritizations within Mexico to exemplify the usefulness
and applicability of RD plots. Based solely on primary biodiversity
information (i.e., species presence–absence data) under a conser-
vation biogeography approach (Whittaker et al., 2005), RD plots
provide a straightforward application for broad-scale conservation
assessments.
2. Materials and methods

2.1. Distributional data

Bird distribution maps were obtained from the Mexican Com-
mission for Biodiversity (CONABIO), generated by expert groups
(Navarro-Sigüenza and Peterson, 2007) and based on the ‘‘Atlas
of the Birds of Mexico’’ database (Navarro-Sigüenza et al., 2003).
These ranges were generated using the Genetic Algorithm for
Rule-set Prediction (GARP) at a resolution of 1 km2 and then
‘‘trimmed’’ on the basis of experts’ knowledge (see Lira-Noriega
et al., 2007 and Navarro-Sigüenza and Peterson, 2007; for details
on this process). We restricted our analyses to 655 terrestrial and
resident species. We overlaid an equal-area hexagonal grid
(256 km2 per cell) onto the distribution maps and constructed a
presence–absence matrix of N = 7887 sites � S = 655 species. This
grid was chosen to allow comparison between our approach and
previous prioritizations of the Mexican territory using the same
grid (see Section 2.4). We repeated the analyses including only
those species entirely restricted to Mexico, hereafter endemics. In
this case, we considered 98 species and constructed a presence–
absence matrix of 7834 sites � 98 species.
2.2. Analytical framework

Each type of information, distribution and diversity, is usually
treated separately to describe and analyze patterns of either range
size (Arita et al., 1997; Orme et al., 2006) or species richness vari-
ation (Hillebrand, 2004; Willig et al., 2003). Here we simulta-
neously obtained information from both variables, species
richness and range size, using a recently described macroecological
approach called Range–Diversity (RD) plots, to conduct conserva-
tion assessments under biogeographic analyses (Arita et al.,
2012; Whittaker et al., 2005).

Range–Diversity (RD) plots are scatter-plots depicting informa-
tion on range size and species richness simultaneously. There are
four vectors of numbers used to construct RD plots: (i) the propor-
tional (to S) species count in every one of j = 1, 2, . . . , N sites, that
we denote by s and (ii) the proportional (to N) size of the range
of every one of i = 1, 2, . . . , S species, denoted by n. The mean value
of any of these two vectors gives the inverse value of Whittaker’s
multiplicative beta diversity (Arita et al., 2008), and represent
fairly well known quantities. (iii) The mean proportion of species
inhabiting every site in the range of species i is called the ‘‘diversity
field’’ (Arita et al., 2008), denoted by D. The numbers in D are less
well-known quantities that measures how rich in species are the
localities composing the range of a species. Finally, (iv) the mean
proportional (to N) range of distribution of the species inhabiting
a site is called the ‘‘dispersion field’’ (Graves and Rahbek, 2005), de-
noted by R. It measures how widespread are the species living on a
given site. These four vectors, plotted in pairs, constitute the by
species (n vs D) and by sites (s vs R) RD plots, respectively (details
in Arita et al., 2012; Soberón and Ceballos, 2011).

In RD plots by species, axes correspond to the mean propor-
tional range richness and the proportional range sizes of species,
in the abscissas and ordinates, respectively. In RD plots by sites,
axes represent the mean proportional per-site range size and the
proportional species richness of sites, in the abscissas and ordi-
nates, respectively. Location of points within RD plots is limited
by biological and mathematical constraints determined by the
minimum and maximum richness and range size, while the central
tendency is determined by Whittaker’s beta diversity of the system
(i.e. the proportional fill of the PAM; Arita et al., 2008). Further-
more, the detailed dispersion of points within those limits depends
on the overall covariance among species or sites, which is ulti-
mately determined by the patterns of species’ co-occurrence. Spe-
cifically, the covariance of a species with respect to the rest of
species depends on the number of species with which it shares
its distribution, whereas the covariance of a site depends on the
number of sites with which it shares species (Arita et al., 2008).
In general, points arranging to the left side of the plot’s vertical line
represent negative covariances whereas points to the right corre-
spond to positive covariances (see Fig. 1 for a simplified version
of RD plots and interpretation of point dispersion within them).

2.3. Congruence between diversity and distribution

We examined the spatial congruence between species richness
and rarity of the Mexican avifauna using a RD plot by sites. We de-
scribed the assemblages (in terms of per-site range size) present in
each site and determined if sites harboring a high number of spe-
cies were inhabited by restricted or more widespread species. We
focused our exploration on the extreme values of species richness
(i.e., higher) and per-site range size (i.e., smaller). To do this, we
followed a quartile approach commonly used as a pragmatic crite-
rion to define richness hotspots and rarity of species (e.g., Jetz et al.,
2004; Orme et al., 2005, 2006). We divided the RD plot axes in
quartiles defining regions representing distinct assemblages. For
instance, we defined a region where sites harbor species assem-
blages of high richness and small ranges (i.e., fourth quartile of
richness and first quartile of per-site range size, hereafter rich-
ness–rarity quartile). Separation of points within the RD plot, when
performed linked to a map, immediately identifies regions with
different combinations of richness and degree of rarity. Accord-
ingly, we also described the spatial distribution of richness–rarity
sites within Mexico.

In addition, we explored the pattern by species. Using a RD plot
by species, we examined the species’ co-occurrence patterns
describing the geographic association among species (Villalobos
and Arita, 2010). In this case, we were interested in the diversity
field of species with restricted ranges in order to describe their ten-
dency to coexist with either low or high numbers of species. We
present distribution maps of four species, along with their corre-
spondent species richness frequency distribution (SRFD) within
individual ranges, to exemplify species’ patterns. The SRFD and
its skew value (g1) describe the variation of species richness within
a species’ range and, with the aid of range maps, they help inspect-
ing the richness structure at different parts of the focal species’
range.

2.4. Mexican ecoregions and priority sites

At global and regional scales, priority areas such as ecoregions
or hotspots represent templates to guide conservation efforts and
attract further attention (Brooks et al., 2006). To evaluate the use-
fulness of our richness–rarity sites in providing such a template,
we compared them with previous regionalization and prioritiza-
tions of the Mexican territory. We used Level I Mexican ecoregions
representing a coarse-scale regionalization of North American eco-
systems (CEC, 1997; INEGI et al., 2007) and a recently proposed set
of priority sites for Mexico produced by an exhaustive gap analysis



Fig. 1. Range–diversity plots (A) by sites and (B) by species. In both plots, the solid curved lines mark the upper theoretical limit for points; the vertical dashed line
corresponds to the mean proportional (A) range size and (B) range richness.
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based on different vertebrate and plant taxa and pressure factors
(Urquiza-Haas et al., 2009). We explored the position within the
RD plot of sites belonging to ecoregions (ERs) and priority sites
(PSs), and quantified the number and proportion of sites within
the richness–rarity quartile overlapping the PS set and present at
different ecoregions. Mapping of sites within the RD plot and their
geographic distribution was performed with ArcGIS 9.3 (ESRI,
2009).
3. Results

3.1. Distribution of bird diversity and range-size assemblages

3.1.1. Total bird species
The largest concentration of species occurs from the lowlands of

the Gulf of Mexico through the Isthmus of Tehuantepec to the
highlands of Chiapas, peaking at 354 species (54.05%) in a single
grid-cell (Fig. 2A). On the other hand, the lowest concentration of
species is in the central-northern regions of the country character-
ized by the presence of large desert areas harboring widespread
bird species (Fig. 2B).

Range-size assemblages, sites with different per-site mean
range size, showed an opposite geographic pattern to that of spe-
cies richness. Sites harboring, on average, widespread species lo-
cate at central-northern parts of Mexico whereas sites inhabited
by more restricted species, on average, are located towards south-
eastern regions (Fig. 2B). Altogether, the Mexican avifauna had a
Whittaker’s beta of 4.97, which is equal to the reciprocals of the
average proportional species richness and the average proportional
range size in the system (S/Beta = 131.87; N/Beta = 1587.89), mean-
ing that sites contain, on average, 20.13% of the species (131.87),
and that the average bird species occurs in 20.13% of the sites
(1587.89).
3.1.2. Endemic birds
Endemic species richness peaked at western, central and south-

ern highlands of Mexico and was lower at the lowlands of Tabasco,
northern Chiapas, both peninsulas (Yucatan and Baja California),
and the Chihuahuan desert (Fig. 2C). Richest sites in endemics hold
almost 50% of these species, whereas a few sites were not occupied
by any endemic species.

Range-size endemic assemblages occupied mostly by restricted
species were distributed at western, central and southern high-
lands whereas sites harboring mostly widespread endemic species
were located at northern-central, northeastern and parts of the gulf
lowlands (Fig. 2D). Spatial turnover of endemic species, measured
by Whittaker’s beta, is greater than the total species value
(Beta = 7.95). In this case, an average site contains 12.58% of ende-
mic species and an average endemic bird occurs on 12.58% of the
territory (S/Beta = 12.33; N/Beta = 985.89).

3.2. Range–diversity plot by sites

3.2.1. Total bird species
Points (i.e., sites) arranged to the left side of the RD plot with a

right-side tail (Fig. 3A). All points fell to the right side of the pro-
portional fill value indicating that, on average, all sites covaried
positively with the rest of sites. Sites with low richness had high
mean per-site range size values whereas richer sites had low mean
per-site range size values. There was an overall correspondence be-
tween high species numbers and low mean per-site range sizes,
confirmed by a negative linear correlation between species rich-
ness and per-site range size (r = �0.928).

Sites in the upper-most left corner of the RD plot (i.e. those with
the highest richness and lowest mean per-site range size) were
spatially arranged over southern parts of the country comprising
a region from central Veracruz to the north east of Chiapas, cross-
ing the Isthmus of Tehuantepec (Figs. 2B and 3A), whereas sites in
the lower-right corner (those with the lowest richness and highest
mean per-site range size) were distributed at the north-central
part of the country (Figs. 2B and 3A).

3.2.2. Endemic birds
In general, point dispersion within the RD plot by sites followed

a similar structure between the endemic avifauna and total bird
species. There was a negative linear correlation between richness
and per-site range size (r = �0.582). Difference between endemics
and all species relied on sites with low species richness. For
endemics, sites with low richness attained both low and high val-
ues of per-site range size, arranging on both sides of the plot’s ver-
tical, dashed line (Fig. 3C). Hence, although most sites had positive
covariance with the rest of sites, some sites showed negative
covariance.

Sites in the lower-left corner of the RD plot (low richness and
range size) were spatially arranged at the eastern part of the
Yucatan peninsula and northeast Chiapas, whereas sites in the
lower-right corner (low richness and high range size) were lo-
cated at the north-central and northwestern parts of the country,
following the pattern observed for the total avifauna (Figs. 2D
and 3C).

3.3. Range–diversity plot by species

3.3.1. Total bird species
Species were arranged in both sides of the vertical, dashed line

but clumped towards the right side of the plot, implying a positive
covariance among species (Fig. 3B). In fact, the majority of species



Fig. 2. Geographic patterns of Mexican avifauna. Total avifauna species richness (A) and per-site range size (B). Endemic birds species richness (C) and per-site range size (D).
Units are number of species (A) and number of grid-cells (B), respectively.
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(85.3%) had average within-range richness equal or higher than the
overall mean species richness (131.87 species), whereas only few
species (14.7%) had within-range richness values lower than the
overall mean and negative covariance with the rest of species.
Range-size frequency distribution (RSFD) of Mexican birds showed
the common right-skewed pattern observed in regional assem-
blages with many narrow-ranged species, most of which occupied
less than 20% of all grid cells, and some widespread species with at
least one species occupying the whole territory (Fig. 3B, right-hand
histogram).

Species with contrasting diversity field patterns were located at
different parts of the country. For instance, the two species with
the highest mean within-range richness (Nava’s wren, Hylorchilus
navai and Sumichrast’s wren, Hylorchilus sumichrasti) were geo-
graphically restricted and distributed over the richest regions of
the country (Fig. S1A and B). On the other hand, the two species
with the lowest mean within-range richness (Belding’s yellow-
throat, Geothlypis beldingi and Xantus’s humminbird, Hylocharis
xantusii) were also restricted but distributed over the southern Baja
California, where only few bird species occur (Fig. S1C and D).

3.3.2. Endemic birds
Endemic bird species followed a similar pattern to that of the

total avifauna. Species arranged in both sides of the vertical,
dashed line with most species (81.63%) clumping towards the right
side and few species (18.37%) to the left side of the RD plot
(Fig. 3D). Hence, most endemic species had a positive covariance
with the rest of endemics, whereas only a few species covariate
negatively with the rest. RSFD for endemic birds was also highly
right-skewed, with most endemics (83%) being restricted to less
than 20% of the territory and only three species being present in
more than half of it.
As with the total avifauna, endemic birds with contrasting
diversity field patterns occurred at different parts of the country.
For instance, the two species with the highest mean within-range
richness (White-tailed hummingbird, Eupherusa poliocerca and
Short-crested coquette, Lophornis brachylophus) were restricted
and distributed over western-central Mexico where most of the
endemics occur (Fig. S2A and B). In contrast, the two species with
the lowest mean within-range richness (Yucatan wren, Camp-
ylorhynchus yucatanicus and Belding’s yellowthroat, G. beldingi)
were also restricted but each one distributed at one of the two
Mexican peninsulas, Yucatan and Baja California, respectively
(Fig. S2C and D).
3.4. Richness–rarity sites, ecoregions and priority sites

Richness–rarity quartiles comprised 1674 sites for the total avi-
fauna set and 1397 for the endemic birds set (21.22% and 17.83% of
respective domains). Sites within the richness–rarity quartiles
were located mainly to the southeast and along both coasts for
the total avifauna and to the central and western regions along
the pacific coast of Mexico for endemic birds (Fig. 4). These rich-
ness–rarity sites, for both total and endemic birds, were distributed
exclusively within three of the seven Level I Mexican ecoregions;
Wet Tropical Forests, Dry Tropical Forests and Temperate Sierras
(Fig. 4). The most important ecoregion for the total Mexican avi-
fauna was the Wet Tropical Forests followed by the Temperate
Sierras, representing 58% and 25% of the richness–rarity sites,
respectively. In contrast, the Temperate Sierras was the most
important ecoregion for the endemic avifauna followed by the
Dry Tropical Forests representing 52% and 41% of richness–rarity
sites, respectively. Priority sites coincided with 25.75% and



Fig. 3. Range–diversity plots by sites and by species, for the total Mexican avifauna (A and B) and endemic birds (C and D), respectively. Histograms on top and on the right-
hand side show the frequency distribution of those variables; the solid curves and the vertical dashed lines are as indicated in Fig. 1.
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18.47% of sites within the richness–rarity quartile of total avifauna
and endemic birds, respectively.

4. Discussion

4.1. Range–diversity plots for conservation assessments

Conservation assessments are needed to identify and prioritized
areas that inform resource allocation to particular biodiversity ele-
ments and locations (Knight et al., 2006). Such spatial assessments
are critical for implementing effective conservation actions
through conservation planning (Knight et al., 2008; Margules and
Sarkar, 2007). Here, we showed the usefulness of a macroecological
approach based on primary biodiversity information (i.e., species
presence–absence data) to conduct broad-scale conservation
assessments (i.e., conservation biogeography; Whittaker et al.,
2005). Results from our range–diversity approach, simultaneously
analyzing diversity (species richness) and distribution (range
sizes), can be used to select geographical templates where further
attention towards specific locations can be directed.

Straightforward identification of sites and species with charac-
teristics of conservation interest is possible with range–diversity
plots. For instance, sites harboring high number of species averag-
ing restricted geographic ranges can be easily identified as well as
restricted species occurring at species-poor regions. Both aspects
are relevant in prioritizing sites and species for conservation ac-
tions (Arponen, 2012; Wilson et al., 2009). Moreover, a simulta-
neous assessment of richness and rarity through RD plots can
enable critical readings of alternative conservation assessments
(e.g., Ecoregions, Priority Sites) regarding the representation of
these important biodiversity elements.

4.2. Richness and rarity of Mexican birds

Spatial variation of bird diversity is highly structured within
Mexico and differs considerably between all bird species and spe-
cies entirely restricted to it (endemics). Although contrasting pat-
terns between total and endemic species richness of Mexican
birds has been widely acknowledged (e.g., Escalante et al., 1993;
Koleff et al., 2008; Navarro-Sigüenza et al., 2009), a thorough
inspection of such patterns had been surprisingly lacking from
the literature (Sánchez-González et al., 2008). This is true espe-
cially for range-size assemblages, a site’s property just recently
being considered in continental analyses (e.g., Hawkins and Di-
niz-Filho, 2006; Whitton et al., 2012) and implemented in range–
diversity plots by sites.

Mexican highland regions, like the Sierra Madre Oriental and
the Mexican Transvolcanic Belt comprising humid and temperate
forests, have been considered priority areas for bird conservation
owing to their high diversity (Hernández-Baños et al., 1995; Nav-



Fig. 4. Maps depicting the geographic location of Level I Mexican ecoregions, richness–rarity quartiles, and priority sites contained in these quartiles for the total Mexican
avifauna (A) and endemic birds (B). Insets: RD plots by sites, highlighting richness–rarity quartiles.
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arro-Sigüenza et al., 2007; Peterson et al., 2003). Our results iden-
tified these and other specific regions as potentially important for
bird conservation not only for their overall diversity but also for
the presence of restricted species. Indeed, our richness–rarity sites
were distributed mostly over mountainous regions where high
numbers of bird species co-occur, with many of them having re-
stricted geographic ranges.

Considering other aspects of biodiversity such as rarity of spe-
cies inhabiting different sites could reveal patterns hidden when
looking at richness alone. For instance, species-poor sites may
not be considered as conservation targets even if those sites are
inhabited mostly by restricted species (e.g., ‘‘Coldspots’’, see Kare-
iva and Marvier 2003 for a thoughtful comment on this topic). For-
tunately, this seems not to be the case for the total Mexican
avifauna. However, for the Mexican endemic birds, we identified
some ‘‘coldspots’’ sites having low numbers of mostly restricted
species. Such sites are the most unique and unrelated, in terms
of species composition, to the rest of sites. This means that conser-
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vation actions should consider such idiosyncratic sites for an effec-
tive conservation of a region’s biota. These ‘‘coldspots’’, however,
may not be distinguished if attention is focused on total species
richness without looking separately at endemics or range-size
assemblages.

A positive relationship between richness and rarity is character-
istic of nested assemblages, in which sites occupied by restricted
species are usually species-rich and represent a subset of sites
occupied by widespread species (Arita et al., 2012). Although nest-
edness has been mostly studied in species occurrences and species
interactions patterns (Ulrich et al., 2009); they can have direct
implications for conservation actions (Patterson, 1987). For exam-
ple, the observed positive relationship between richness and rarity
found for Mexican birds could in fact optimize site selection (in
terms of pattern description) since either one of these attributes,
richness or rarity, can be used to identify priority sites with much
the same results.
4.3. Species geographic associations

Our study of Mexican avifauna showed a high degree of co-
occurrence among bird species, with most birds sharing at least
part of their ranges with many other bird species. Thus, there is
an elevated level of geographic association among species resulting
from high numbers of species aggregating over specific regions.
This pattern would also suggest that conservation of species-rich
regions could potentially ensure the conservation of widespread,
restricted and endemic species altogether. However, not all bird
species tend to occur in species-rich regions.

We identified a few restricted species that occur exclusively on
species-poor regions sharing their geographic distribution with
only a few other birds. These idiosyncratic species are endemics lo-
cated at the extremes of the country over both peninsulas (Baja
California and Yucatan), where only few species of birds occur.
As mention above, such species-poor regions may not score high
under simple prioritization procedures based on species numbers
even though these regions harbor species not present in any other
part of the country. Therefore, potentially leaving those idiosyn-
cratic species out of conservation action. Moreover, the fact that
these idiosyncratic species are all true endemics stresses the
importance some ‘‘coldspots’’ (i.e., species-poor regions) can have
in the conservation of particular species (Kareiva and Marvier,
2003).
4.4. Conservation assessments for the Mexican avifauna

Conservation assessments at large geographic scales have
gained strong support from non-governmental organizations and
government agencies (Brooks et al., 2006). One of the most em-
ployed assessments is the one based on ecoregions (Olson et al.,
2001), which have been considered as the largest operational units
where decisions can actually be taken and implemented (Loyola
et al., 2009). Our results identified three Mexican ecoregions repre-
senting the totality of richness–rarity sites for the Mexican avi-
fauna (all birds and endemics). Ecoregions represent distinct
geographical units sharing common physiographic and biotic fea-
tures within them (Olson et al., 2001), which may explain the ob-
served richness–rarity patterns of the Mexican avifauna. For
instance, the mountainous nature of the Mexican humid and tem-
perate forests (e.g., Wet Tropical Forests and Temperate Sierras
ecoregions) with large tropical rain and cloud forests, and river ba-
sins throughout their entire altitudinal gradient favor the co-occur-
rence of widespread species over lowlands and endemic and
narrow-ranged species restricted to highlands (Hernández-Baños
et al., 1995; Peterson et al., 2003).
At finer spatial scales, area prioritization requires more detail
information on biological features as well as socio-economic data
to guide implementation of conservation actions (Bottrill et al.,
2012; Knight et al., 2011). Gathering and guarantying the quality
of such amount of biological information further requires the par-
ticipation of different experts before considering socio-economic
aspects such as governance and stakeholder opinion (Knight
et al., 2006). Indeed, many prioritization exercises rely on continu-
ous meetings and workshops among experts to identify relevant
areas for the conservation of specific taxa. This has been the case
in Mexico, where important efforts to prioritize regions for the
conservation of different plant and vertebrate taxa in general
(Urquiza-Haas et al., 2009) and for birds in particular (Navarro-
Sigüenza et al., 2011) have been undertaken (Koleff and Urquiza-
Haas, 2011). Our range–diversity approach is not intended as an
alternative to such important efforts. Instead, the comparison of
our approach to some of these prioritizations (e.g., priority sites)
was aimed at showing its simplicity and usefulness for initial
assessments at broad spatial scales.

Spatial congruence between Mexican priority sites produced by
an exhaustive prioritization procedure and our richness–rarity
sites highlights the usefulness of the range–diversity approach.
Mexico is a megadiverse, developing country that contrasts with
other such countries owing to the fairly good knowledge of its bio-
diversity patterns (Sarukhán et al., 2009) and prioritization exer-
cises undertaken (Koleff and Urquiza-Haas, 2011). Thus, our
findings of richness–rarity patterns supported by more detailed
prioritizations within Mexico suggest a wider applicability of the
range–diversity approach to other regions and taxa. Ours is a quan-
titatively rigorous approach that requires only species distribu-
tional data at geographic scales. This kind of data can be
obtained from low-resolution maps (e.g., Atlas information) or, at
higher resolutions, by modeling species-occurrence data. Nowa-
days much of these data can be obtained from online, publicly
available resources (e.g., NatureServe, Global Biodiversity Informa-
tion Facility). This can facilitate application of our range–diversity
approach in different regions where no other information is yet
available and broad-scale biodiversity patterns need to be de-
scribed, which is sadly the case of many species-rich but poorly ex-
plored developing countries (Soberón and Peterson, 2009).

5. Conclusions

Richness and rarity are positively related in the Mexican avi-
fauna, with richer sites harboring assemblages of species averaging
restricted ranges. Such relationship can be readily analyzed and
depicted using range–diversity plots, allowing identification of
specific regions potentially relevant for conservation of particular
assemblages or individual species. Such regions, once identified,
could be given priority over other regions and used to conduct finer
assessments of specific locations worthy of protection. Finally, we
envision our approach as a first, broad-scale assessment of biodi-
versity elements with conservation value that can guide initial
stages of conservation planning, especially in situations where de-
tailed, fine-scale information is lacking. We hope that our approach
and methodology foster more informed conservation assessments
within the broader planning framework leading to effective con-
servation action.
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