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ABSTRACT

Aim Understanding patterns of endemism is a key to deciphering the history

of biotas and setting conservation priorities, but resolving the complexity of

distributional patterns quantitatively into areas of endemism is often a difficult

task. We report here an analysis of a comprehensive biodiversity dataset for the

study of endemism, including virtually all vouchered records available for

resident land birds of Mexico (> 100,000 georeferenced data points for all 780

species).

Location Mexico.

Methods The dataset was analysed with methods that recover areas without

assuming prior endemic status for any species. This grid-based method for

detecting areas of endemism considers co-occurrence and exclusiveness of spe-

cies in alternative sets of geographic cells at different spatial resolutions, and

finds optimal sets using heuristic, computationally intensive searches.

Results We provide the most detailed study of endemism in Mexico to date.

Our analysis recovered 17 of 18 previously recognized areas of endemism for

Mexican birds, plus many additional areas clearly supported by distributional

data totalling 33 areas of endemism at different spatial scales. These areas cover

70% of the country’s surface and form a network of nested and partially over-

lapping regions, some of which are also disjoint.

Main conclusions This picture contrasts strongly with previous conceptions

of areas of endemism as non-overlapping and spatially simple in terms of scale.

Our results reveal that endemism may be spatially complex and shed new light

on its role as a key manifestation of biodiversity. Species identified as endemic

to these areas comprise > 30% of the land birds of Mexico, with a dispropor-

tionately large fraction endangered according to IUCN or SEMARNAT.
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INTRODUCTION

Endemism is one of the most important concepts in system-

atic and ecological biology and has long been recognized as a

cornerstone of biogeographical analysis (Nelson & Platnick,

1981; Anderson, 1994; Harold & Mooi, 1994; Morrone,

1994; Linder, 2001). The concept is fundamental for describ-

ing and understanding patterns of distribution, how species

arose, how clades diversified across space, and – ultimately –
how biotas were assembled. Moreover, in recent decades, the

description of patterns of endemism has become essential

information for describing the trajectory of biodiversity loss

as well as for setting priorities to reduce that loss (Lamoreux

et al., 2006; Lomolino et al., 2010; L�opez-Osorio & Miranda-

Esquivel, 2010). Due to this broad theoretical and practical

importance and applicability, the theoretical contexts and

uses of endemism vary widely across biological subdisciplines

(Nelson & Platnick, 1981; Cracraft, 1985; Harold & Mooi,

1994; Kier & Barthlott, 2001; Jetz et al., 2004; Laffan et al.,

2013).

Within historical biogeography, areas of endemism are

typically defined as those regions in which two or more
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species co-occur (Platnick, 1991; see also Crother & Murray,

2011). Despite this simple definition, how areas of endemism

might be determined is a complex process that depends, in

part, on the taxonomic context of the sample, the nature of

the distributional data for those taxa (point localities, poly-

gons), prior assumptions about delimiting areas, use of grids

and scale, criteria for distributional congruence, as well as

theoretical and analytical approaches. Given this complexity,

it is not surprising that numerous methods and formaliza-

tions have been proposed for quantitative analysis of ende-

mism (Morrone, 1994; Stockwell & Peters, 1999; Crisp et al.,

2001; Linder, 2001; Hausdorf & Hennig, 2003; Mast & Nyf-

feler, 2003; Szumik & Goloboff, 2004; Deo & DeSalle, 2006;

Kreft & Jetz, 2010; Torres-Miranda et al., 2013; Bradshaw

et al., 2015).

Among the diversity of approaches to large spatial-scale

studies of endemism, some employ pre-defined geographic

areas or ecological associations (ecoregions, provinces,

biomes, among other names), and then assign species distri-

butions to those (Lamoreux et al., 2006; Kier et al., 2009;

Jetz & Fine, 2012). Others use a grid system for the study

area, with the scale of the grid-cells generally being related to

the scale of the study area; this approach typically character-

izes continental to global studies in which the grid-cell size is

one degree or larger using georeferenced specimens (Crisp

et al., 2001; Escalante et al., 2013) or polygons of distribu-

tions (Brooks et al., 2001; Fjelds�a, 2003).

There are additional problems of a conceptual, or ontolog-

ical, nature in that historical biogeographers make assump-

tions about the homology of ‘areas’ as well as ‘areas of

endemism’ (Nelson & Platnick, 1981; Parenti & Ebach, 2009;

Crother & Murray, 2011), yet much of the discipline has not

addressed in a deep way how these two notions of area relate

to one another. Because the geological and environmental

landscape is constantly evolving, such a distinction becomes

a complex problem. Despite the fact that these issues play a

major role in historical and ecological biogeography, we still

know very little about patterns of endemism in the real

world.

There is a second reason why we know little about pat-

terns of endemism: studies that have sought to discover pat-

terns of endemism generally have not been sufficiently fine-

grained spatially and have not undertaken the ‘discovery’

process in a manner that minimizes assumptions and biases.

This study explores some of these problems using a large,

high-quality dataset for a country long recognized for its

high degree of endemism.

Mexico is one of the world’s megadiverse nations (Cebal-

los et al., 1998; L�opez-Gonz�alez et al., 2012; Sarukh�an et al.,

2015). Mexico’s academic and governmental institutions have

made enormous progress in recovering, compiling, and

improving information regarding its biodiversity. More than

40 scientific institutions worldwide contain over 350,000

specimen records of birds for Mexico (Navarro-Sig€uenza

et al., 2002, 2003, 2014), which constitutes one of the largest

and most comprehensive biodiversity datasets yet assembled.

In this study, we use numerical techniques to identify pat-

terns of endemism in resident land birds at multiple fine

spatial scales, based on 103,400 georeferenced records for 780

species (Navarro-Sig€uenza & Peterson, 2004). Vouchered

specimens were included in the analysis with no prior

assumptions about patterns of endemism. Thus, endemics

and the areas they specify arise as an objective result from

numerical analyses of the entire dataset, providing an inde-

pendent test of previous qualitative studies (Stattersfield

et al., 1998; D�avila-Aranda et al., 2004). Moreover, these

analyses at different spatial scales demonstrate the complexity

of the ‘discovery process’ for understanding patterns of ende-

mism across highly diverse landscapes.

MATERIALS AND METHODS

Criterion of optimality

The detection of areas of endemism was based on searching

for areas (combinations of cells) with high scores of

endemicity, E = ΣVj (Szumik et al., 2002; Szumik & Golob-

off, 2004). For a given area, the endemicity value of species j

is

Vj ¼ ðpþ iFiÞ � ð1� ððo=FoÞÞ=GÞ=ðSþ n=FnÞ
where p is the number of cells in which the species is found,

i is the number of cells where the species is absent but is sur-

rounded by cells where it is present (the ‘evenness rule’), o is

the number of cells outside the area (and adjacent to it) with

record(s) and n is the number of cells outside the area (and

not adjacent to it) in which the species has been assumed to

occur. The factors Fi, Fo and Fn modify the contribution of

the corresponding variable. S is the number of cells (area

size) and G is the number of edge cells. Vj increases as the

species is found in more cells inside and in fewer cells out-

side the area. The program NDM-VNDM (Goloboff, 2004;

Szumik & Goloboff, 2004) is designed to handle large data-

sets and searches for cell combinations that maximize E, by

modifying (with trial-and-error) the original observed distri-

butions of the species.

Relationships between areas

Two areas of endemism can be nested, partially overlapping,

or disjoint. Two areas are said to be nested when one is fully

contained in the other. This type of pattern can be expected,

for example, at successively higher altitudes, with the larger

area defined by the co-occurrence of more tolerant species,

and the more restricted one defined by those species with

more stringent ecological requirements. Two areas are said

to be partially overlapping when they share some of its sur-

face, but not all of it. This type of pattern can be expected

when the species defining each of the areas are sensitive to

different types of barriers; for example, a small river may be

an effective barrier for some species of lizard, but non-exis-

tent for some species of butterfly; a wind corridor may have
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exactly the opposite effect. Thus, the distribution of some

groups may be best summarized by areas different from

those areas that best summarize the distribution of other

groups. Last, disjoint areas are those that do not share any

surface, and this is the allopatric distribution traditionally

associated with historical biogeography.

As the three types of relationships (nestedness, overlap

and disjunction) can reflect natural processes acting on the

distributions, a method should ideally be able to recognize

any of them if the data at hand truly indicate it, without dis-

carding one or the other a priori (Szumik & Goloboff, 2004;

Carine et al., 2009 Casagranda et al., 2012).

Consensus areas

As it is often the case that minor variations (i.e. addition or

deletion of a cell) produce minor or no differences in scores,

the method can produce a large number of similar sets of

cells, all with a positive score of endemicity, and then it is

necessary to summarize these results in some way. The

method implemented in NDM-VNDM calculates ‘consensus’

areas by putting together those areas that have a percentage

of defining species in common (see details in Aagesen et al.,

2013). Thus, the resulting consensus area shows cells with

maximum, low and minimum values of endemicity. Here,

we form consensuses by adding a new area to the set of areas

to overlap, if it shares 50% (or more) of its endemic species

with any one of the areas already present in the set. This

approach merges fewer areas into each consensus than add-

ing an area when it shares the defining percentages with

every one of the areas already present in the set (see Aagesen

et al., 2013).

Dataset

Our analyses were based on a detailed compendium of land-

bird species and their occurrences across Mexico using an

updated taxonomy (Navarro-Sig€uenza & Peterson, 2004).

The dataset includes only georeferenced records for birds in

Mexico, so we checked the extra-Mexican distributions using

diverse sources of range-summaries (Peterson & Chalif, 1998;

Stattersfield et al., 1998; Navarro-Sig€uenza & Peterson,

2004). We did this because it is possible for two species to

have the same distribution within Mexico but a different one

outside of Mexico, and thus these two cannot be said to co-

occur. The co-occurrence, in other words, is only apparent

and results from the (politically) imposed boundary (a

boundary which, in turn, is what determines the availability

of actual geographical coordinates, as countries south of

Mexico have not undertaken extensive georeferencing). The

alternative would be to enlarge the quantitative analysis,

which is next to impossible (and a never ending task,

because the problem of species occurring also outside the

region considered will always exist), so manually eliminating

some species as endemics in a post-analysis is a compromise

solution between the extremes of considering every bird

point in all of the Americas (or the World), and considering

the study region in complete isolation. An example of such a

problem is in Heliothryx barroti and Phaeochroa cuvierii; the

two co-occur in Mexico, but the first extends south to Ecua-

dor, while the second extends south only to Colombia. Thus,

these two species cannot be said to co-occur and determine

an area of endemism, even if there is apparent congruence in

the Mexican dataset. Consequently, we kept only those distri-

butions that were congruent and overlapping also outside

Mexico (e.g. as in southern California); otherwise, they were

ignored as indicators of endemism.

Spatial scales

Given that our implementation allows us to easily examine

alternative sizes of the grid, we performed analyses at five

different spatial resolutions (cells of 1.0°, 0.75°, 0.5°, 0.35°
and 0.25°). For comparability, all the grids have the same

latitudinal and longitudinal origins. The observed and

assumed presences for a given species were filled into the

cells according to a given ratio, so that a record with a dis-

tance from the limit of the cell which is within a certain pro-

portion of the cell width/height, can also be considered as

‘present’ in the nearby cell(s). Analyses using different cell

sizes may recover different areas, all valid insofar as they all

are supported by distributional congruence of species at that

resolution or scale (Szumik et al., 2012; Aagesen et al.,

2013).

Note that two areas found by two different scales of analy-

sis can be concluded to be ‘the same’ on the basis of their

defining species and spatial correspondence. The optimality

criterion used, however, does not in itself provide any way

to meaningfully combine or merge these two areas. In this

study, the choice of using the delimitation provided by a

given scale was made on the basis of the number of endemic

species at that scale (i.e. by preferring the scale at which

endemism appears strongest) and the degree to which the

delimitation at that scale matches previously hypothesized

areas.

RESULTS

The consensus of areas of endemism identified at different

resolutions is shown in Table 1. Identification of areas was

sensitive to scale, with 17–28 areas of endemism found per

analysis (11 areas common to all grid sizes: areas 1, 2, 4, 5,

12–14, 21, 27, 29, 31; Table 1). For this dataset, there is no

optimal grid size across all of Mexico; rather, a given grid

size may be optimal for one or two different regions but not

all (Tables 1 and 2). Some of the individual areas found in

the analyses of the 0.5° to 1° grids were split into separate

areas in the analysis and appeared as endemic to distinct

areas at smaller grid sizes (see Table 1). This is obviously an

issue of scale and data availability, as delineating these areas

with precision requires records of some density. Nonetheless,

the fact that the total number of species contributing a score
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to the smaller (partitioned) areas is almost identical to the

set of species contributing a score to the single (large) area is

reassuring. Our final set of areas was drawn from the mesos-

cale grid (0.5°), which most closely matches the outline of

natural areas of Mexico (Fig. 1). Then, all areas detected only

at coarser or finer resolutions were added to this set. This

step resulted in 25 consensus areas recovered on the basis of

strict Mexican avian endemics and three areas based on

quasi-endemics – species that also occur narrowly across the

Mexican border. In addition, the analysis recovered five areas

of endemism extending further into neighbouring countries

in which endemic species have congruent distributions both

inside and outside Mexico. Thus, the total was 33 consensus

areas of endemism recovered at three distinct spatial scales

in nine major geographic regions of Mexico (Table 1 and see

maps and supporting tables in Appendix S1 in Supporting

Information), covering roughly 70% of the country’s surface

area.

Our results provide independent support for 17 of the 18

previously recognized Endemic Bird Areas or EBAs of Stat-

tersfield et al. (1998; see Table 3), suggesting that the previ-

ous qualitative analyses based on the expertise of

biogeographers (such as Navarro-Sig€uenza et al., 2002, 2003)

were highly reliable. The recovery of previous hypotheses has

also been observed in other studies applying the same opti-

mality criterion (e.g. Prado et al., 2015; for South American

rodents, and for Pires-Miranda et al., 2015; for cnidarians in

the SW Atlantic). Other additional areas were also identified

by our analysis; most of the 16 new areas identified were

made evident only by explicit numerical analysis. Bradshaw

et al. (2015) also observed that, for the highly diverse Cape

Floristic Region, detailed numerical analysis yielded centres

of endemism generally congruent with previous studies, but

with significant additional detail.

Some of 16 additional areas resulted from splitting previ-

ously recognized EBAs (Table 3): these areas and their spatial

geometry exhibit a complex pattern of endemicity. The

degree of overlap, nestedness and disjunction of areas of

endemism represent major findings of our analysis. These

three phenomena are invisible to other methods of analysis

(e.g. Stockwell & Peters, 1999; Hausdorf & Hennig, 2003;

Kreft & Jetz, 2010), but such intricate patterns of endemism

can be recovered if manifested in the data, likely reflecting

the action of complex biogeographical events. The following

discussion briefly illustrates these three patterns of the

results.

First, some areas overlapped extensively as a consequence

of the actual distributions of species (Fig. 1). In western

Table 1 Consensus of areas of endemism for birds in Mexico

recovered at different scales with geographic cells of 0.25°, 0.35°,
0.5°, 0.75°, and 1°. Areas are classified by major geographic

region. Quantities in cells indicate number of bird species
recovered as endemic for each area and cell size. Note, however,

that areas at large grid sizes may not record some of the
endemics recorded at the subsequent smaller size. Thus, for

example, transforming a grid of 0.75° into one of 1° results in
boundary changes across the grid; a given cell of 0.75° may thus

be split into two cells of 1°, with the result that species with
fragmentary or sparse/scattered distributions may no longer be

identifiable as endemic, and counting of microendemics in an
area can vary. The number of expected endemics occurring in

the areas but not detected at the scale used are indicated in
parentheses to account for this variation.

Geographic grids 1° 0.75° 0.50° 0.35° 0.25°

Baja California

1. Baja California 7 7 2 (5) 2 (5) 2 (5)

2. California 8 8 6 (2) 5 (3) 2 (6)

3. N and S Peninsula 3 3 2 (1)

4. Cape 5 5 4 (1) 4 (1) 4 (1)

5. Guadalupe Island 3 3 3 3 3

Western Region

6. Sonora 3 2 (1)

7. NW Pacific Slope 5 3 (2) 3 (2) 2 (3)

8. S Pacific Dry Forests 5 3 (2) 2 (3) 2 (3)

9. S Pacific Pine and

Oak Forest

3 2 (1) 2 (1)

10. Middle Pacific Dry

Forest

4 3 (1) 2 (2)

11. Middle Pacific Slope 6 (2) 7 (1)

12. Nayarit-Jalisco 3 2 (1) 2 (1) 2 (1) 2 (1)

13. Tres Mar�ıas Islands 9 9 8 (1) 8 (1) 8 (1)

Off-lying Pacific Islands

14. Socorro Island 6 6 6 6 6

Central Region & Western Highlands

15. Balsas Region 5 3 (2)

16. Highlands & C Marshes 4 2 (2) 2 (2)

17. W Sierra Madre 3 (1) 2 (2)

18. Forest of Volcanic Belt 4 3 (1) 2 (2)

Eastern Highlands

19. Southern E Sierra

Madre

4 2 (2) 2 (2) 2 (2)

20. N Oaxaca Mountains 10 5 (5) 3 (7)

Southern Mountains

21. Guerrero Mountains 5 4 (1) 2 (3) 2 (3) 2 (3)

22. S Sierra Madre 10 7 (3) 6 (4) 3 (7)

SE Region

23. Isthmus of Tehuantepec 7 7 4 (3) 2 (5)

24. Highlands of Chiapas 26 (5) 26 (5) 13 (18)

25. N Chiapas 8 6 (2) 2 (6)

26. Pacific Slope S

of Isthmus

18 14 (4) 8 (10)

27. SE Chiapas 8 (2) 8 (2) 10 9 (1) 7 (3)

Mexican Gulf

28. Atlantic Slope 5 (1) 6 3 (3)

29. Los Tuxtlas 3 3 3 3 3

Yucat�an

30. Yucatan Peninsula 12 9 (3) 9 (3) 6 (6)

31. N Coast Yucatan 5 4 (1) 2 (3) 2 (3) 2 (3)

32. East Caribbean Edge 4 4

33. Cozumel Island 7 7

Table 2 Total number of recovered areas in Mexico and

endemic bird species for the different scales considered.

Geographic grids 1° 0.75° 0.50° 0.35° 0.25°

N°. consensus areas 26 28 27 23 17

N°. endemic species 147 129 145 124 77
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Mexico, six distinct areas partially overlapped due to the

complexity of the landscape. Each area was characterized by

species with similar habitat requirements, and their joint dis-

tributions overlapped across the region because those habi-

tats intermingle at finer spatial resolutions. Within historical

biogeography, the paradigm of vicariance and the idea that

barriers must simultaneously affect all the biota has strongly

pervaded much of the thinking in the field. Sometimes, this

has led to partially overlapping areas being judged, explicitly

(e.g. Harold & Mooi, 1994) or implicitly, as impossible prior

to any observation of data or any analysis. Szumik et al.

(2002: 812) and Szumik & Goloboff (2004) have insisted that

a proper method for analysis of endemism should neither

assume nor forbid the possibility of partial overlaps, because

different groups of taxa can be affected differently by the

same barriers. It is only by use of such a method that the

prior judgement banning overlaps can be tested empirically.

In the present case, the distributional data clearly suggest

several cases of partial overlaps.

Second, some distinct areas were nested within larger ones.

The Yucatan Peninsula is defined by 12 endemics that inha-

bit the whole peninsula (Fig. 2), but smaller areas with dis-

tinct endemics were nested within the peninsula in the

mesoscale grid. Five species were restricted to the Northern

Yucatan Coast – a larger version of an area previously

recognized on the basis of two species (Stattersfield et al.,

1998). A second nested area, including both the eastern coast

and Cozumel Island, is recovered on the basis of 11 ende-

mics. However, these two component areas are themselves

split in the smallest grids showing complementary sets of

endemic species, which suggests that they are distinct areas

and that the proper scale for detection corresponds to the

finer grid. Therefore, we recognize a large area (Yucatan

Peninsula) with three nested ones (Northern Yucatan Coast,

East Caribbean Edge and Cozumel Island; Fig. 2). Other

examples include the Cape region (nested within parts of the

Baja California Peninsula; see Fig. 2) and the mountains of

Guerrero (nested within the Sierra Madre del Sur).

Third, some regions recovered as endemic included dis-

junctions. Such a pattern is generally ignored except for situa-

tions such as mountain tops and sky islands (Vuilleumier,

1978). Mexico offered a striking example of disjoint areas in a

relatively continuous landscape. The northern and southern

parts of the Baja Peninsula (Fig. 2) represent a disjoint area

of endemism characterized by breeding populations of spe-

cies, such as Passerculus beldingi, which are found only there

or congruently in adjacent parts of the United States.

In our analysis, 31% of Mexican resident land-bird species

are endemic at some spatial scale. Many species not

previously recorded as endemic (Stattersfield et al., 1998;

Figure 1 Map showing the consensus of areas of endemism based on all resident land birds of Mexico (cell size of 0.5°, except for grids
of 1° indicated with dark lines). Inset map shows distribution of occurrence localities in the overall dataset. Some areas were recovered

in part on the basis of species that are quasi-endemics, or have congruent distributions outside Mexico; these species are marked with
* (quasi-endemic) or ** (congruent outside Mexico). Map drawn by Stephanie Abramowicz.
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Navarro-Sig€uenza & Peterson, 2004) appeared as such for the

first time because the method used is flexible, not requiring a

perfect match between the area and the distribution of a species.

All previously recognized EBAs of Mexico are already con-

sidered of high, urgent or critical conservation priority (Stat-

tersfield et al., 1998; �Alvarez & Morrone, 2004; Arriaga

Cabrera et al., 2009). Presumably, many of the new areas

identified herein (given that they harbour species of very

restricted distributions) will also fall into those categories once

they are evaluated in detail. Our findings relate to conserva-

tion of species because 30% of the species detected as endemic

in this study are included in some category of conservation

concern (19% are threatened species and two have been

declared extinct; see Arriaga Cabrera et al., 2009; IUCN, 2015;

Rojas-Soto et al., 2010; SEMARNAT, 2010). This high fraction

of risk among Mexican endemic species is disproportionately

large when compared with a 12% baseline for bird species

worldwide (Arriaga Cabrera et al., 2009; Rojas-Soto et al.,

2010; IUCN, 2015; SEMARNAT, 2010) and is very likely a

consequence of the high degree of endemicity in this country.

DISCUSSION

Our quantitative exploration and detection of patterns of

endemism at multiple spatial scales provides a new

framework for understanding patterns of endemism in Mex-

ico (Escalante et al., 2013). Most previous approaches have

implicitly assumed scale-invariance in the spatial arrange-

ment of areas and their connections. In fact, natural regions

of Mexico greatly differ in surface area, climate, topography

and geological history, and therefore it is unrealistic to

expect any single cell size to be simultaneously optimal

across all regions (Peterson & Watson, 1998). Recovered pat-

terns of avian endemism across Mexico were highly complex.

Although many currently recognized bioregions (Cant�u

et al., 2004; D�avila-Aranda et al., 2004; Escalante et al., 2013;

Morrone, 2015) were recovered as areas of avian endemism

at relatively large spatial scales, our analysis also revealed for-

merly unrecognized regions with unique bird faunas. An

analysis at finer spatial scales, moreover, revealed a complex

relationship of scale, overlap, nestedness and disjunction

among areas of endemism. These results show that scale of

analysis matters importantly for studies of historical and eco-

logical biogeography (Morrone & Escalante, 2002), especially

in light of the fact that most analyses in Mexico, and the

world in general, have used 1° grid sizes. Thus, reconstruct-

ing the history of the relationships among areas has been a

key goal of virtually all historical biogeographical analysis,

but given the kinds of patterns revealed here, knowing what

areas are and how they are comparable is far from trivial. By

Figure 2 Areas of endemism within Yucatan Peninsula (right), showing overlap and nestedness of areas at various scales; and the Baja

California Peninsula (left), showing overlap and disjunction (area 3). Geographic cell size of 0.5°, except for areas 32 and 33 at size of
0.25°. Inset map shows location of Yucatan and Baja California Peninsula in Mexico.
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depicting endemism at different scales, it can be shown that

the Mexican avifauna has been assembled by complex pro-

cesses, including areas that have probably been subdivided

and then later rejoined, areas that have disappeared, or barri-

ers that have appeared and disappeared at the same location

at different times. The implications of these processes and

the way they might be analysed are relevant for ‘regionaliza-

tion’ studies inasmuch as these depend on the concept of

areas of endemism.

Our analysis also revealed many areas that are home to at-

risk endemic species that require immediate conservation

attention (�Alvarez & Morrone, 2004; Whittaker et al., 2005;

Mastretta-Yanes et al., 2015). This result highlights the criti-

cal importance of objective analysis of endemism in the con-

text of the current global biodiversity crisis, as well as the

urgency to accelerate the digitization and georeferencing of

biodiversity in the world’s natural history collections, espe-

cially given that range maps or grid summaries cannot reveal

the true complexity of patterns of endemism.
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