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1. Data collection: IUCN Red List Assessment of all mammals 

1.1.Introduction 

For over four decades, IUCN (the International Union for Conservation of Nature, 

formerly the World Conservation Union), mainly through its Species Survival 

Commission (SSC), has been assessing the conservation status of species, subspecies, and 

populations on a global scale in order to highlight taxa at risk of extinction, and thereby 

promote their conservation. Today, the IUCN remains committed to providing the world 

with the most objective, scientifically based information on the current status of global 

biodiversity. IUCN disseminates information on the taxonomy, conservation status and 

distribution of taxa through the IUCN Red List of Threatened SpeciesTM 

(www.iucnredlist.org), currently updated on an annual basis. 

As part of IUCN’s efforts to rapidly expand the taxonomic coverage of the IUCN Red 

List, and to provide a core set of supporting documentation to underpin the IUCN Red 

List assessments (1), IUCN, in collaboration with several key partners, pioneered a series 

of global, comprehensive species assessments that provide an effective method for 

gathering, synthesizing, reviewing and disseminating the most accurate scientific data 

available for biodiversity conservation. To date, comprehensive species assessments have 

been completed for, among others, all of the world’s amphibians (2) and hermatypic reef-

building corals (3). Assessments are ongoing for many other taxa. 

The current dataset on mammals is the product of a similar initiative to undertake a 

global, comprehensive assessment of the conservation status of all mammalian species. 

Prior to this assessment, the last time all mammals were assessed globally was in 1996 

(4), and the majority of those assessments are out-of-date. Although the primary objective 

of the current initiative was to place each mammal species in a category of threat using 

the IUCN Red List system (5), the overall product includes a suite of supporting 

information, incorporating data on distribution, population numbers and trends, habitat, 
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life history, threats, conservation actions, conservation status, and utilization for each 

individual wild mammal species. The resulting data, covering 5488 species (includind 

Homo sapiens), are the culmination of a systematic collection and documentation process 

conducted over a period of nearly five years (2003-2008), involving a partnership of 

numerous institutions, universities and museums, reviewed at 28 workshops, and the 

participation of more than 1,700 experts.  

1.2.Data compilation 

The assessment process comprised two core components: one centered around 

consultation with IUCN SSC Specialist Groups and stand-alone Red List Authorities, and 

another involving peer-review through workshops.  

The IUCN Species Survival Commission is an established knowledge network of ~8,000 

volunteer members working in almost every country of the world. SSC members are 

deployed in more than 120 Specialist Groups and Task Forces, with some 2,000 members 

being part of the mammal Specialist Group network. Currently, there are 29 Specialist 

Groups with a taxonomic focus on mammals (6), and one stand-alone Red List Authority 

(Small Nonvolant Mammal Red List Authority). 

Relative to other taxa, the existing Specialist Group structure for mammals is remarkably 

strong for certain groups, with many having produced at least one IUCN SSC Action Plan 

in the last decade (7). Consequently, in cases where species were within the jurisdiction 

of well-coordinated groups, they were, as far as possible, assessed and reviewed by the 

members of these groups (as part of core Specialist Group activities). 

In contrast, the SSC network is somewhat less developed with regard to small mammals, 

given that these contribute the overwhelming diversity of species (for example, more than 

one-half of all mammals are rodents). In such cases, we employed a workshop 

methodology, to provide a platform for discussion, interaction, and group peer-review of 

species relationships, life-history data and distribution maps. Workshops have proven to 

be most productive in terms of collating the greatest amount of species-based information 
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within a relatively short time period. For the purpose of conducting careful detailed 

review of all mammal assessments, we conducted a series of 28 workshops in 18 

countries around the world (and usually in collaboration with existing Specialist Groups): 

1. Africa (Small Mammals) - January 24–30, 2004 (United Kingdom) 

2. South Asia (Non-volant Small Mammals) - February 9-15, 2004 (India) 

3. Southeast Asia (initial assessment workshop) - May 3-7, 2004 (Thailand) 

4. Africa (Small Mammals, maps only) - August 22-26, 2004 (United Kingdom) 

5. Philippines (initial assessment workshop) - November 2-3, 2004 (United States) 

6. Edentates – December 17-18, 2004 (Brazil) 

7. African Primates – January 26-30, 2005 (United States) 

8. Madagascar – April 4-8, 2005 (Madagascar) 

9. Sirenia – August 1, 2005 (Japan) 

10. Japan – August 6-8, 2005 (Japan) 

11. Australia/Pacific – August 15-19, 2005 (Australia) 

12. Brazil and Guyanas – October 16-19, 2005 (Brazil) 

13. Mongolia – October 31 - November 4, 2005 (Mongolia) 

14. Southwest Asia – November 22-25, 2005 (Turkey) 

15. Andes (Small Mammals) – February 6-10, 2006 (Colombia) 

16. Asian Squirrels – March 27-29, 2006 (India) 

17. Philippines – April 9-10, 2006 (Philippines) 

18. Southeast Asia (Large Mammals and Bats) – May 2-6, 2006 (Indonesia) 

19. Southeast Asia (Rodents) – May 2-5, 2006 (United States) 

20. Europe – May 18-22, 2006 (Austria) 

21. Old World small Carnivores – July 3-7, 2006 (Vietnam) 

22. Asian Primates – September 7-12, 2006 (Cambodia) 

23. Cetaceans – January 22-26, 2007 (United States) 

24. Southern Cone  – October 8-12, 2006 (Brazil) 

25. Cats – September 21-22, 2007 (United Kingdom) 

26. Mediterranean Mammals – October 9 – November 2, 2007 (Spain) 

27. Neotropical Primates – November 28 - December 02, 2007 (United States) 

28. Mesoamerica and the Caribbean (Small Mammals) – January 25-30, 2008 (Honduras) 
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Prior to the workshops, data were collected by teams of researchers who relied on the 

available literature to document the current state of knowledge. In some cases, enormous 

amounts of information are available, but in the case of most species very little is known 

even about the basic ecology of a species in the literature. The documentation in the 

species accounts reflects this inequality.  

During each workshop, invited species experts (including persons with both taxonomic 

knowledge as well as knowledge of threats “on the ground”) were brought together to: 1) 

build consensus on the state of knowledge of the species; 2) fill in the knowledge gaps 

with both published and unpublished data; and 3) review maps of species distribution. 

Once complete, and under the guidance of facilitators trained in the use of the 2001 

IUCN Red List Categories and Criteria (5), experts evaluated each species against a 

variety of thresholds for geographic range size, population size and rates of population 

reduction to make an assessment of extinction risk. Following each workshop, the entire 

set of supporting documentation was subject to final checks, while all IUCN Red List 

assessments were evaluated against the supporting data during a series of consistency 

checks (to ensure both the proper use of the categories and criteria and that supporting 

evidence was provided accordingly). 

1.3.Data collected 

For the first time, comprehensive, peer-reviewed data on the distribution, abundance, 

population trends, ecology, habitat preferences, threats, conservation status, utilization, 

and conservation actions for all 5487 currently recognized wild mammal species are 

available. Each species has also been coded according to the IUCN Habitats and Threats 

Classification Schemes, making it possible to analyze, for example, their habitat 

preferences and major threats. More specifically, the following data were collected on 

each species: 
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Systematics 

For each species, data were was collected on species, genus, family, order, taxonomic 

authority, commonly used synonyms, English and other common names (if any), and 

taxonomic notes (if needed, normally used to clarify difficult or confusing issues).  

We used the 3rd edition of Mammal Species of the World – A Taxonomic and Geographic 

Reference (8) as the taxonomic framework. However, as the text for this authoritative 

work was effectively completed in 2003, it has been necessary to depart from this 

standard lexicon in well-justified circumstances. In such cases, and except in very 

exceptional circumstances, any newly recognized species (either newly described or 

newly split) or any other proposed taxonomic change had to be published in a peer-

reviewed journal or other authoritative taxonomic work (e.g., a major faunistic treatise). 

As noted later, our classification is current as of December 2007; some recently proposed 

changes (e.g., 9, 10) are not accommodated. 

Although the IUCN Red List is not intended to be a definitive taxonomic source, it strives 

to be taxonomically coherent and consistent at all ranks. Our higher-level classification 

largely follows that of Mammal Species of the World, but again deviates in some respects. 

At the level of Order, for example, the primary deviation is recognition of the 

Cetartiodactyla, to include the previously recognized orders Cetacea (whales, dolphins 

and porpoises) and Artiodactyla (bovids, hippos, giraffids, deer and relatives) (e.g., 11-

16). While a case can be made for continuing use of the name Artiodactyla for this clade 

(17), we have decided to use the now established Cetartiodactyla to avoid confusion.  

General information 

General text information was compiled on: geographic range; population (usually a 

qualitative assessment of abundance or rarity in the absence of quantitative information); 

habitat and ecology (including, in particular, habitat preferences and ability to adapt to 

anthropogenic disturbance, as well as any particular biological traits that may render a 
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species particularly vulnerable); threats; and conservation actions (in particular noting 

occurrence in protected areas). 

Distribution maps 

As part of the minimum supporting documentation for completing an IUCN Red List 

assessment, we mapped the distributions of each mammal in ESRI shapefile format 

(ArcView GIS 3.x and ArcGIS 9.x). The maps take the form of broad polygons that join 

known locations. A species’ distribution map can consist of more than one polygon 

where there is an obvious discontinuity in suitable habitat. For some range-restricted taxa, 

we have tried to map distribution ranges with a higher degree of accuracy, sometimes 

down to the level of individual subpopulations. Individual polygons are coded according 

to species’ presence (e.g., extant, possibly present, extirpated) and origin (e.g., native, 

reintroduced). 

Of the 5,488 mammals for which we undertook an IUCN Red List assessment, we were 

able to map the ranges of 5,395 species (maps are missing for Extinct species and 

typically for some Data Deficient species, such as those known from non-specific type 

localities). These spatial data used the maps collected by W. Sechrest (18) as a starting 

point for part of the species, significantly improved in accuracy and detail through expert 

editing. 

A list of countries of occurrence is coded, noting whether or not it is native extant, 

extirpated, introduced or re-introduced.  

Habitat preferences 

Each species is coded against the IUCN Habitats Classification Scheme (19) 

Major Threats 

Each species is coded against the IUCN Threats Classification Scheme (20). 
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Conservation Actions 

Each species is coded against the IUCN Conservation Actions Classification Scheme 

(21). 

Utilization 

Each species is coded against the IUCN Utilization Classification Scheme (22) (focusing 

on the purpose/type of use, the primary forms removed from the wild, and the source of 

specimens in commercial trade). Species that are listed on any of the CITES appendices 

are also indicated.  

2008 IUCN Red List Assessment 

Based on the information above, we used the 2001 IUCN Red List Categories and 

Criteria (Version 3.1) (5), to undertake an assessment of extinction risk for each mammal 

species. The IUCN Red List Categories and Criteria are the most widely accepted system 

for classifying extinction risk at the species level (1, 23-25), and as noted above have 

already been used in several other global assessments to date (2, 3). The IUCN Red List 

Categories include eight different categories of threat (Fig. S1): Extinct (EX), Extinct in 

the Wild (EW), Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near 

Threatened (NT), Least Concern (LC) and Data Deficient (DD). A species qualifies for 

one of the three threatened categories (CR, EN, or VU) by meeting a critical threshold for 

that category in one of the five different available criteria (A-E). The criteria are designed 

to be objective, quantitative, repeatable, and to handle uncertainty. 
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Fig. S1. The IUCN Red List categories. Adapted, with permission, from (5). 

 

Each IUCN Red List assessment is accompanied by a rationale that explains how it was 

justified, the reason for any change from previous assessments (i.e., genuine change in 

species’ status, or non-genuine due to new or better information available, incorrect 

information used previously, taxonomic change affecting the species, previously incorrect 

application of the IUCN Red List Criteria), the current population trend (i.e., increasing, 

decreasing, stable, unknown), date of assessment, names of assessors and evaluators, and 

any notes relating to IUCN Red Listing (e.g., any important issues in deciding the 

category).  

Assessments are done at the species level, integrating the information across all 

populations and/or subspecies. Threat categories therefore reflect the overall conservation 
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status of the species, which may for example be of Least Concern despite particular 

populations/sub-species being highly threatened. In some cases subspecies and/or 

populations are also assessed individually, but these results are not included in the 

statistics and analyses presented in this paper. 

Bibliography 

A list of important references used to compile the information for each species 

assessment was recorded for each species. 

1.4.Limitations of the Data 

Although we consider the current dataset to be the most comprehensive currently 

available for mammals, covering all known species, there are limitations. In particular, 

the following should be noted: 

Missing species and species coverage 

Since mid-1992 (when the second edition of Mammal Species of the World was 

compiled; 26), 373 new living mammal species were described—a rate of 24+ new 

descriptions per year (27) (this excludes species discoveries resulting from taxonomic 

changes). The rate of mammal descriptions remains high, with 61 species described in the 

years 2006 and 2007 alone. The overall number of species discoveries is much higher: 

Patterson (28) found that for every newly described species of Neotropical mammals (in 

the 1982 -1993 period), three others were rediscovered in Museum drawers and 

biochemical labs, ressurected from prior synonymy.  

Although we have endeavored to trace all recently described species, it is possible one or 

two may have eluded our attention, especially if published in obscure media. In general, 

the cut-off date for including species in the present assessment was Dec 31st, 2007; 

however, a few species described in 2008 (Rhynchocyon udzungwensis [29], Miniopterus 
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petersoni [30], Cacajao hosomi and C. ayresi [31]) are included. A single species 

currently in press (Mico sp. nov.) has also been included. 

It is worth noting that the mammal faunas in some parts of the world remain poorly 

known, including, for example, the Andes, most of Central Africa and parts of West 

Africa, Angola, parts of South and Southeast Asia, and Melanesia. In addition, many 

species’ names, especially in the tropics, actually represent complexes of several species 

that have not yet been resolved. For our purposes, and pending the availability of 

published information to the contrary, these are treated as single species, until resolution 

of their taxonomic status is published.  

Domestic species (e.g. Dromedary Camelus dromedarius; Domestic Goat Capra hircus; 

Domestic Sheep Ovis aries) were excluded from this assessment.  

Incomplete ranges 

Because of the conservative approach taken in mapping species, the ranges for many are 

likely to be minimum estimates of the limits of species’ distributions. A rule was 

followed allowing interpolation of occurrence between known localities if the ecological 

conditions seemed appropriate, but not permitting extrapolation beyond known localities. 

In other words, to the best of our knowledge, maps represent current known limits within 

historical native range (any introductions are coded accordingly, and are excluded for the 

purposes of analysis), with the obvious caveat that species occurrence is not 

homogeneous within the polygon. Some species are therefore almost certain to occur 

more widely than mapped. Because of this, some regions are recorded as having lower 

mammal diversity than may eventually prove to be the case. On the other hand, species’ 

ranges were mapped as generalised polygons which often include areas of unsuitable 

habitat, and therefore species may not occur in all of the areas where they are mapped. 
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Threats 

The information on the relative importance of different threatening processes to mammal 

species is incomplete. We coded all threats that appear to have an important impact, but 

not their relative importance for each species. 

Data Deficient species 

A taxon is Data Deficient when there is inadequate information to make a direct, or 

indirect, assessment of its risk of extinction based on its distribution and/or population 

status. A taxon in this category may be well studied, and its biology well known, but 

appropriate data on abundance and/or distribution are lacking. Data Deficient is therefore 

not a category of threat. Listing of taxa in this category indicates that more information is 

required and acknowledges the possibility that future research will show that threatened 

classification is appropriate (5).  

The percentage of species assessed as Data Deficient (15%) is higher than previously 

indicated for mammals (7.8%) (32). There are three likely explanations for this. The first 

has to do with the large number of recently described species for which it is difficult to 

discern the real taxonomic and distributional limits of the taxa being assessed. This is 

particularly the case for many of the recently described lemurs in Madagascar, where 42 

were assessed as Data Deficient. The second explanation is due to a number of species 

formerly erroneously listed as Least Concern moving to the category Data Deficient, 

particularly in the New World. The third is simply due to lack of knowledge that permits 

a reliable assessment. Because many Data Deficient species are likely to have small 

distributions or populations, or both, they are intrinsically likely to be threatened. 

Consequently, in accordance with IUCN guidelines, species assessed as Data Deficient 

should not be considered as “not threatened”. With further survey work and the 

availablility of improved information, it is anticipated that many of these species, if 

indeed proven to be valid taxa, will be reassessed. This is a deliberate precautionary 

approach in accordance with the IUCN guidelines. 
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2. Analyzed data 

A subset of those data collected, both tabular and spatial, was used in the present 

analyses. 

2.1.Tabular data 

The analyzed data included tabular information for 5487 species. These correspond to all 

evaluated, excluding Homo sapiens. 

- Taxonomy: allocation of each species to genus, family and order. 

- Conservation status: each species was classified under one of the IUCN Red List 

Categories – Least Concern, Near Threatened, Vulnerable, Endangered, Critically 

Endangered (including Critically Endangered – Possibly Extinct), Extinct, Extinct in the 

Wild and Data Deficient. 

- Population trends: current known or inferred trends of each species’ overall 

population, described as increasing, decreasing, stable, or unknown. 

- Threats: mechanisms in which species populations are negatively affected, 

including both those driven directly by human activities (e.g., habitat loss, pollution) and 

those that correspond to natural processes (which may be magnified by human activities; 

e.g., diseases). In these analyses we considered the following main threat types: habitat 

loss and degradation, harvesting, pollution, accidental mortality, diseases and invasives 

(20). Note that a species may be not threatened (sensu IUCN Red List, i.e. not 

categorized as Vulnerable, Endangered or Critically Endangered) and still be affected by 

a particular threat. Throughout, we consistently refer to the former as ‘threatened species’ 

and to the latter as ‘species affected by threat X’. Also note that for a species to be listed 

as affected by a particular threat it has to be negatively affected (or potentially affected); 
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for example, species codded as affected by ‘harvesting’ are not all of those for which 

harvested as been recorded, but those for which harvesting has a negative effect. 

- Date of description: the date when a taxon was first recognized as unique (either 

as a species or as a subspecies). A species’ date of description is often not equivalent to 

the date of discovery. The overall number of species recognized increases over time as a 

result of both new species descriptions and taxonomic changes elevating previously 

described taxa to the species level.  

These data represent only a subset of the information collected for each species as part of 

the IUCN Red List assessments (see Section 1).  

2.2.Spatial data 

Distribution maps were available for 5395 species. This is a subset of those species for 

which tabular data were available, excluding 76 Extinct, two Extinct in the Wild, and 14 

Data Deficient species and for which the range is insufficiently known.  

Species were mapped as generalized polygons of plausible range, encompassing areas of 

known current presence. For the present analyses, only those polygons where the species 

was both reported as native (or possibly native, including reintroduced) and currently 

present (or possibly present) were included, thus excluding historical and introduced 

ranges.  

As described above, species’ range maps are coarse generalizations of their distributions, 

generally obtained as ‘envelopes’ including original records (point data) and through 

interpolation (using, for example, habitat information) from original records. They may 

include relatively extensive areas from which the species is absent (e.g., terrestrial 

habitats within a freshwater species’ range) and are therefore likely to overestimate the 

species’ true area of occupancy (33). Nonetheless, at the coarse scale of the present 

analyses (spatial units ~ 22,300 km2, see below) this bias is not expected to significantly 

affect the global spatial patterns found (33).  
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For poorly known species, particularly those considered Data Deficient and known from 

only a few records, the mapped range may underestimate the true distribution.  

Most species’ ranges were either wholly in land (including freshwater and volant species) 

or in the sea, but seven species were mapped across both. These include, for example, the 

West African Manatee (Trichechus senegalensis) that occupies coastal marine, estuarine, 

and freshwater habitats in West Africa, using coastal areas as far as 75 km offshore (34) 

and rivers as far as 2000 km inland (35). For these ‘cross-realm’ species, their ranges 

were split into marine and land sections (using the coastline as the boundary) and 

analyzed separately (see below). Overall, 5282 species were maped as land mammals and 

120 species were mapped as marine mamals, with seven species in common between 

both lists. 

The separation between land and marine species was purely based on their mapped 

ranges, not on the habitats that they use. As a result, some that use marine habitats were 

mapped completely in land. These include freshwater and/or estuarine species that 

occupy a marine area that is too narrow to map, for example: Eurasian Otter (Lutra lutra), 

which in some parts of its range forages within a few hundred meters offshore (36); 

Water Rat (Hydromys chrysogaster), a mainly freshwater and brackish water species that 

also uses coastal mangroves (37).  
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3. Methods 

3.1.Spatial units 

Data were analyzed using a geodesic discrete global grid system, defined on an 

icosahedron and projected to the sphere using the inverse Icosahedral Snyder Equal Area 

(ISEA) Projection (38). This corresponds to a hexagonal grid composed of individual 

units (cells) that retain their shape and area (~22,300 km2) throughout the globe. These 

are more suitable for a range of ecological applications than the most commonly used 

rectangular grids (39). A row of cells near latitude 180°E/W was excluded (Fig. S2) as 

these interfered with the spatial analyses. This creates an artificial narrow band of no data 

around all maps (Fig. 1, 2, 4). 

The range of each species was converted to the hexagonal grid for analysis purposes, with 

land and marine cells (and their species) analyzed separately. Coastal cells were clipped 

to the coastline into land and marine sections. The ranges of ‘cross-realm’ species were 

also clipped to the coastline into land and marine sections, and analyzed accordingly with 

land and marine cells. 

The maps created in each analysis (Fig. 1, 2, 4) have patterns for marine species mapped 

on a blue scale, and patterns for land species mapped on a brown scale. Different 

numerical scales are used for land and marine, as the numbers of species differ by more 

than an order of magnitude.  
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Fig. S2. Hexagonal grid used in the spatial analysis: A) viewed on a globe; B) on a 

cylindrical projection. Cells near 180°E/W were excluded.  
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3.2.Species richness 

Patterns of species richness (Fig. 1A) were mapped by counting the number of species in 

each cell (or cell section, for species with a coastal distribution).  

Information on the percentage of species in tropical and subtropical moist broadleaf 

forests was obtained using the biome coverage by Olson and colleagues (40). 

3.3.Phylogenetic diversity 

We created a phylogenetic tree encompassing all analyzed species based on a recently 

published mammalian super tree (41). The original phylogeny comprised 4510 species. 

Of these, 4506 were matched to a species in the current assessment (3909 matched 

directly; 597 matched to a synonym); the unmatched four were either extinct prior to 

1500, or domestic. One hundred and fifty-five species were deleted from the original tree: 

138 corresponding to taxa no longer recognized as separate species (lumped to another 

species already on the tree); four for which no match was found; 12 that are Extinct or 

Extinct in the Wild; and Homo sapiens. Deleting this set of species from the tree was 

done by removing all unique branches associated with it. 

The resulting sub-tree had 4355 species. This was expanded to include all extant species 

assessed by adding 1054 extra species. Those were added to the tree using information on 

their taxonomy to infer their relative phylogenetic position. The following rules were 

adopted when adding a new species to the tree: 

- For species that were added to existing polytypic genera (946 species), each was 

added as a split at the basal branch for the corresponding genera (i.e. the last branch 

common to all species in a given genus). 

- For species that were added to existing monotypic genera (81 species), the 

monotypic genus was split into two species, with the position of the split given by the 

average split position of polytypic genera in the same family. In families composed of 
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monotypic genera only, the position was given by the average split position of polytypic 

genera in the same order. In one case where the order had only monotypic genera, the 

position was given by the average split position of polytypic genera across all mammals. 

- For species that corresponded to new genera (26 species), a new branch was 

added at the basal branch for the corresponding family. 

- For one species that corresponded to a new family, a new branch was added at the 

basal branch for the corresponding order. 

The final phylogenetic tree comprised 5409 species, which includes all 5395 species for 

which distribution maps were available. 

The phylogenetic diversity of a given site is a measure of species diversity that accounts 

for the phylogenetic relationship between species (42, 43). It is calculated as the sum total 

of the branch lengths for the sub-tree representing all species at the site (Fig. S3A; 42-

44). Given two sites with the same number of species, the phylogenetic diversity is higher 

when species are less related (Fig. S3B) than when they are clustered in the taxonomic 

tree (Fig. S3C). The phylogenetic diversity of a site is therefore not a measure of the 

phylogenetic uniqueness of the site’s fauna, but a measure of the overall evolutionary 

history encompassed by all species at the site.  

The phylogenetic diversity of each cell was mapped for land and marine species (Fig. 

1B). 
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Fig. S3. Illustration of the method for calculating the phylogenetic diversity of a set of 

species. A) Hypothetical phylogenetic tree with eight taxa, a to h. The length of each 

branch is given by the number of intervals. The phylogenetic diversity of the tree is the 

sum of the length of the branches; for all species, phylogenetic diversity = 35. B) Sub-

tree for taxa b, c, f, and h, with phylogenetic diversity = 21. C) Sub-tree for taxa e, f, g, 

and h, with phylogenetic diversity = 15. Adapted from (44). 

3.4.Restricted-range species 

Restricted-range species were defined as those 25% of species with the smallest range 

sizes (45-47). Range sizes were calculated in GIS, directly from the species’ polygons on 

an equal-area projection. Restricted-range species were defined separately for land 

(n=1321) and for marine (n=30) species. For cross-realm species, the value used was that 

of the entire range (not just the land or marine sections). Richness in restricted-range 

species was mapped to identify areas that are global centers of endemism for land and 

marine species (Fig. 1C). 

3.5.Median range size 

The spatial pattern of variation in species’ range sizes was investigated by calculating, for 

each cell, the median area of the range of all species present (Fig. 1D). A similar 

approach was applied to birds in previous studies (48-49). For cross-realm species, the 

range size was that of the entire range (not just the land or marine sections). 
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3.6.Threat levels 

Threat levels (percentage of threatened species within a group) cannot be determined 

exactly given that for Data Deficient species the threat status could not be determined. 

Threat levels are therefore presented as an estimated mid-point, and a range between a 

lower bound and an upper bound. These are defined as: 

- Mid-point: percentage of threatened species amongst those for which threat status 

could be determined (number of threatened species divided by the number of non-Data 

Deficient species). This corresponds to the assumption that Data Deficient species have 

the same fraction of threatened species as the other species. 

-  Lower bound: percentage of threatened species amongst all species assessed 

(number of threatened species divided by the total number of species assessed). This 

corresponds to the assumption that none of the Data Deficient species are threatened. 

- Upper bound: percentage of threatened or Data Deficient species amongst those 

assessed (number of threatened or Data Deficient species divided by the total number of 

species assessed). This corresponds to the assumption that all of the Data Deficient 

species are threatened. 

Threat levels obtained in the 2008 Red List Assessment are not directly comparable with 

those from 1996 (4), because the categories and criteria employed to allocate species to 

threat classes have changed (50), and because more than 850 new species have since been 

described or revalidated.  

The number of threatened species in each cell was mapped (Fig. 2A) by counting the 

number of species in IUCN Categories Vulnerable, Endangered or Critically Endangered. 

The number of species affected by habitat loss and degradation (Fig. 2B), harvesting (Fig. 

2C), accidental mortality (Fig. 2D) and pollution (Fig. 2E) was obtained by counting 

those species in each cell that are affected by such a threat. As described above, these 

species are not necessarily threatened, and a species may be affected by more than one 
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threat. These four threat categories were chosen to be mapped as they include the two 

main threats for land species (habitat loss, harvesting) and the two main threats for 

marine species (accidental mortality, pollution). Note that harvesting does not include 

direct persecution (e.g. for pest control) or accidental mortality (e.g. fisheries by-catch), 

which are coded separately. Pollution includes noise pollution and global warming (20). 

Given that no information has been compiled on which threats are most important for 

each species, we use the number of species affected by each threat as a measure of the 

relative importance of different threats.  

One-tailed binomial tests were used to investigate which mammalian families have higher 

or lower than expected percentages of threatened or extinct species (Figure 3). Three 

families (Neobalaenidae, Notoryctidae and Odobenidae) are not represented in Figure 3 

because all of their species are Data Deficient. Care is needed in interpreting these 

results. That a given family has a significantly lower proportion of threatened or extinct 

species than the average across mammals does not necessarily mean that it is at low risk 

of threat in absolute terms. Species extinctions are relatively rare events in geological 

time (51), and therefore most taxa are highly threatened in relation to what would be 

expected in the absence of human activities.  

3.7.Knowledge 

The number of species that have been described since 1992 was obtained as the 

difference between the date of species included in the current assessment and those 

recognized in the second edition of Mammal Species of the World (26) (with a cut off 

date of July 1992 for the inclusion of species). The number of newly described species in 

the 1992-2008 period has been obtained from the original year of description. The ranges 

of newly described species were mapped to illustrate areas where new knowledge of 

mammalian diversity has recently emerged (Fig. 4A). The number of Data Deficient 

species per cell has been mapped to illustrate areas in need of future research (Fig. 4B).  
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4. Additional results 

4.1. Relationship between latitude and species richnees  

 

Fig. S4. Relationship between latitude and species richness per cell for: A) land species; 

B) marine species. Northern latitudes positive, southern latitudes negative.  
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4.2. Relationship between species richness and phylogenetic diversity 

 

Fig. S5. Relationship between species richness and phylogenetic diversity across: A) land 

species (r2 =0.98 ); B) marine species (r2 = 0.73). 
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4.3. Range size distribution 
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Fig. S6. Frequency distribution of range sizes for (A) land mammals (n=5282; first 

quartile ~ 17,700 km2; median ~ 193.6 km2; three species range smaller than 1 km2 are 

lumped with the first class) and (B) marine mammals (n=120; first quartile ~ 3.8 million 

km2; median ~ 14.5 million km2). 
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4.4. Relationship between range size and latitude 

 

Fig. S7. Variation in median range size of species in each cell according to cell latitude, 

for: A) land mammals and B) marine mammals. Northern latitudes positive, southern 

latitudes negative. 
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4.5. Threat levels across families 

Table S1: Number of species in each IUCN Red List Category (EX – Extinct; EW – 

Extinct in the Wild; CR – Critically Endangered; VU – Vulnerable; EN – Endangered; 

LC – Least Concern; DD – Data Deficient) for all mammals and for those in each order 

(grey rows) and each family. For each order or family, we present the significance level 

from a binomial test comparing the corresponding percentage of threatened or extinct 

species (amongst non-DD species) with the overall percentage across all species (26%; 

Figure 3). 
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ALL MAMMALS 79 2 81 188 448 505 1141 323 3109 835 5489 

MONOTREMATA  (ns) 

Ornithorhynchidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Tachyglossidae (ns) 0 0 0 3 0 0 3 0 1 0 4 

Total Monotremata 0 0 0 3 0 0 3 0 2 0 5 

DIDELPHIMORPHIA  && 

Didelphidae&& 1 0 1 1 0 7 8 2 67 17 95 

PAUCITUBERCULATA  (ns) 

Caenolestidae (ns) 0 0 0 0 0 2 2 2 2 0 6 

MICROBIOTHERIA  (ns) 

Microbiotheriidae (ns) 0 0 0 0 0 0 0 1 0 0 1 

NOTORYCTEMORPHIA 2  

Notoryctidae2 0 0 0 0 0 0 0 0 0 2 2 

DASYUROMORPHIA  (ns) 

Dasyuridae& 0 0 0 1 5 5 11 10 47 4 72 

Myrmecobiidae (ns) 0 0 0 0 1 0 1 0 0 0 1 

Thylacinidae (ns) 1 0 1 0 0 0 0 0 0 0 1 

Total Dasyurmorphia  1 0 1 1 6 5 12 10 47 4 74 

PERAMELEMORPHIA  * 

Chaeropodidae (ns) 1 0 1 0 0 0 0 0 0 0 1 

Peramelidae (ns) 1 0 1 0 4 1 5 1 9 3 19 

Thylacomyidae (ns) 1 0 1 0 0 1 1 0 0 0 2 

Total Peramelemorphia 3 0 3 0 4 2 6 1 9 3 22 
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DIPROTODONTIA  ** 

Acrobatidae (ns) 0 0 0 0 0 0 0 0 2 0 2 

Burramyidae (ns) 0 0 0 1 0 0 1 0 4 0 5 

Hypsiprymnodontidae(ns) 0 0 0 0 0 0 0 0 1 0 1 

Macropodidae* 4 0 4 5 8 9 22 10 30 1 67 

Petauridae (ns) 0 0 0 1 3 0 4 0 7 0 11 

Phalangeridae (ns) 0 0 0 4 2 4 10 1 14 1 26 

Phascolarctidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Potoroidae** 3 0 3 2 2 0 4 2 2 0 11 

Pseudocheiridae (ns) 0 0 0 0 0 3 3 3 12 0 18 

Tarsipedidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Vombatidae (ns) 0 0 0 1 0 0 1 0 2 0 3 

Total Diprotodontia 7 0 7 14 15 16 45 16 76 2 146 

TUBULIDENTATA  (ns) 

Orycteropodidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

SIRENIA ** 

Dugongidae (ns) 1 0 1 0 0 1 1 0 0 0 2 

Trichechidae* 0 0 0 0 0 3 3 0 0 0 3 

Total Sirenia 1 0 1 0 0 4 4 0 0 0 5 

AFROSORICIDA  (ns) 

Chrysochloridae** 0 0 0 1 4 5 10 2 6 3 21 

Tenrecidae (ns) 0 0 0 0 3 4 7 1 24 1 33 

Total Afrosoricida 0 0 0 1 7 9 17 3 30 4 54 

MACROSCELIDEA   (ns) 

Macroscelididae (ns) 0 0 0 0 1 2 3 1 9 3 16 

HYRACOIDEA  (ns) 

Procaviidae (ns) 0 0 0 0 0 0 0 0 5 0 5 

PROBOSCIDEA   (ns)  

Elephantidae (ns) 0 0 0 0 1 0 1 1 0 0 2 

CINGULATA (ns) 

Dasypodidae (ns) 0 0 0 0 0 4 4 5 9 3 21 
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PILOSA  (ns) 

Bradypodidae (ns) 0 0 0 1 1 0 2 0 2 0 4 

Cyclopedidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Megalonychidae (ns) 0 0 0 0 0 0 0 0 2 0 2 

Myrmecophagidae (ns) 0 0 0 0 0 0 0 1 2 0 3 

Total Pilosa 0 0 0 1 1 0 2 1 7 0 10 

SCANDENTIA (ns) 

Ptilocercidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Tupaiidae (ns) 0 0 0 0 2 0 2 0 14 3 19 

Total Scandentia 0 0 0 0 2 0 2 0 15 3 20 

DERMOPTERA  (ns) 

Cynocephalidae (ns) 0 0 0 0 0 0 0 0 2 0 2 

PRIMATES *** 

Aotidae (ns) 0 0 0 0 0 4 4 0 5 2 11 

Atelidae*** 0 0 0 5 8 5 18 0 10 0 28 

Callitrichidae (ns) 0 0 0 2 6 6 14 2 20 6 42 

Cebidae (ns) 0 0 0 3 1 2 6 2 9 0 17 

Cercopithecidae*** 0 0 0 12 29 31 72 11 37 2 122 

Cheirogaleidae (ns) 0 0 0 0 4 2 6 1 7 15 29 

Daubentoniidae (ns) 0 0 0 0 0 0 0 1 0 0 1 

Galagidae& 0 0 0 1 0 0 1 1 15 1 18 

Hominidae*** 0 0 0 2 4 0 6 0 0 0 6 

Hylobatidae*** 0 0 0 4 11 1 16 0 0 0 16 

Indriidae*** 0 0 0 2 8 2 12 0 1 5 18 

Lemuridae*** 0 0 0 3 4 9 16 3 0 1 20 

Lepilemuridae* 0 0 0 1 1 1 3 0 0 21 24 

Lorisidae* 0 0 0 0 2 4 6 0 4 0 10 

Palaeopropithecidae (ns) 1 0 1 0 0 0 0 0 0 0 1 

Pitheciidae* 1 0 1 2 6 8 16 1 24 1 43 

Tarsiidae** 0 0 0 0 2 3 5 1 0 2 8 

Total Primates 2 0 2 37 86 78 201 23 132 56 414 
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RODENTIA  &&& 

Abrocomidae (ns) 1 0 1 1 0 0 1 0 2 6 10 

Anomaluridae (ns) 0 0 0 0 0 0 0 0 6 1 7 

Aplodontiidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Bathyergidae (ns) 0 0 0 0 0 1 1 1 12 1 15 

Calomyscidae (ns) 0 0 0 0 0 0 0 0 6 2 8 

Capromyidae*** 6 0 6 4 4 3 11 1 1 0 19 

Castoridae (ns) 0 0 0 0 0 0 0 0 2 0 2 

Caviidae (ns) 0 0 0 1 0 0 1 2 12 3 18 

Chinchillidae (ns) 1 0 1 2 0 0 2 0 3 1 7 

Cricetidae&&& 15 0 15 21 31 44 96 34 468 85 698 

Ctenodactylidae (ns) 0 0 0 0 0 0 0 0 3 2 5 

Ctenomyidae* 0 0 0 3 6 6 15 5 16 24 60 

Cuniculidae (ns) 0 0 0 0 0 0 0 1 1 0 2 

Dasyproctidae (ns) 0 0 0 1 1 1 3 1 6 3 13 

Diatomyidae (ns) 0 0 0 0 1 0 1 0 0 0 1 

Dinomyidae (ns) 0 0 0 0 0 1 1 0 0 0 1 

Dipodidae&& 0 0 0 0 2 2 4 4 34 8 50 

Echimyidae (ns) 4 0 4 2 7 4 13 0 47 25 89 

Erethizontidae (ns) 0 0 0 0 0 1 1 0 11 6 18 

Geomyidae& 0 0 0 3 1 0 4 1 33 1 39 

Gliridae (ns) 0 0 0 0 0 2 2 1 15 10 28 

Heteromyidae (ns) 0 0 0 3 6 5 14 1 46 1 62 

Hystricidae (ns) 0 0 0 0 0 1 1 0 10 0 11 

Muridae (ns) 10 0 10 17 62 55 134 24 409 134 711 

Myocastoridae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Nesomyidae (ns) 0 0 0 1 6 3 10 0 40 9 59 

Octodontidae (ns) 0 0 0 3 0 2 5 1 5 2 13 

Pedetidae (ns) 0 0 0 0 0 0 0 0 2 0 2 

Petromuridae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Platacanthomyidae (ns) 0 0 0 0 0 1 1 0 1 0 2 

Sciuridae&&& 0 0 0 2 15 16 33 24 181 41 279 
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Spalacidae (ns) 0 0 0 0 2 2 4 2 12 3 21 

Thryonomyidae (ns) 0 0 0 0 0 0 0 0 2 0 2 

Total Rodentia 37 0 37 64 144 150 358 103 1389 368 2255 

LAGOMORPHA  (ns) 

Leporidae (ns) 0 0 0 1 7 5 13 6 38 5 62 

Ochotonidae (ns) 0 0 0 1 3 0 4 0 23 3 30 

Prolagidae (ns) 1 0 1 0 0 0 0 0 0 0 1 

Total Lagomorpha 1 0 1 2 10 5 17 6 61 8 93 

EULIPOTYPHLA  (ns) 

Erinaceidae (ns) 0 0 0 0 2 1 3 0 20 1 24 

Nesophontidae*** 6 0 6 0 0 0 0 0 0 0 6 

Solenodontidae* 1 0 1 0 2 0 2 0 0 0 3 

Soricidae (ns) 0 0 0 12 36 28 76 12 217 71 376 

Talpidae&& 0 0 0 0 1 2 3 1 32 5 41 

Total Eulipotyphla  7 0 7 12 41 31 84 13 269 77 450 

CHIROPTERA &&& 

Craseonycteridae (ns) 0 0 0 0 0 1 1 0 0 0 1 

Emballonuridae& 0 0 0 1 2 2 5 1 38 8 52 

Furipteridae (ns) 0 0 0 0 1 0 1 0 1 0 2 

Hipposideridae (ns) 0 0 0 1 4 10 15 7 44 18 84 

Megadermatidae (ns) 0 0 0 0 0 1 1 0 4 0 5 

Molossidae&& 0 0 0 1 2 8 11 2 67 20 100 

Mormoopidae (ns) 0 0 0 1 0 0 1 0 8 0 9 

Mystacinidae (ns) 0 0 0 1 0 1 2 0 0 0 2 

Myzopodidae (ns) 0 0 0 0 0 0 0 0 2 0 2 

Natalidae (ns) 0 0 0 2 0 0 2 4 5 0 11 

Noctilionidae (ns) 0 0 0 0 0 0 0 0 2 0 2 

Nycteridae (ns) 0 0 0 0 0 1 1 1 10 4 16 

Phyllostomidae&&& 3 0 3 1 5 12 18 12 121 22 176 

Pteropodidae*** 4 0 4 9 18 38 65 14 82 22 187 

Rhinolophidae& 0 0 0 1 4 5 10 6 47 11 74 

Rhinopomatidae (ns) 0 0 0 0 0 0 0 0 3 1 4 
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Thyropteridae (ns) 0 0 0 0 0 0 0 0 2 2 4 

Vespertilionidae&&& 0 0 0 7 17 20 44 30 251 96 421 

Total Chiroptera  7 0 7 25 53 99 177 77 687 204 1152 

PHOLIDOTA  (ns) 

Manidae (ns) 0 0 0 0 2 0 2 4 2 0 8 

CARNIVORA  (ns)                       

Ailuridae (ns) 0 0 0 0 0 1 1 0 0 0 1 

Canidae (ns) 1 0 1 3 3 0 6 4 24 1 36 

Eupleridae (ns) 1 0 1 0 1 3 4 3 1 0 9 

Felidae*  0 0 0 1 6 9 16 9 11 0 36 

Herpestidae& 0 0 0 0 0 3 3 1 27 3 34 

Hyaenidae (ns) 0 0 0 0 0 0 0 2 2 0 4 

Mephitidae (ns) 0 0 0 0 0 1 1 0 11 0 12 

Mustelidae (ns) 1 0 1 0 7 5 12 4 36 6 59 

Nandiniidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Odobenidae2 0 0 0 0 0 0 0 0 0 1 1 

Otariidae (ns) 1 0 1 0 4 2 6 2 7 0 16 

Phocidae (ns) 1 0 1 2 1 1 4 0 12 2 19 

Prionodontidae (ns) 0 0 0 0 0 0 0 0 2 0 2 

Procyonidae (ns) 0 0 0 1 0 0 1 0 10 3 14 

Ursidae** 0 0 0 0 1 5 6 0 2 0 8 

Viverridae (ns) 0 0 0 1 1 9 11 2 17 3 33 

Total Carnivora 5 0 5 8 24 39 71 27 163 19 285 

PERISSODACTYLA  *** 

Equidae* 0 0 0 2 2 1 5 0 2 0 7 

Rhinocerotidae* 0 0 0 3 0 1 4 1 0 0 5 

Tapiridae** 0 0 0 0 3 1 4 0 0 0 4 

Total Perissodactyla 0 0 0 5 5 3 13 1 2 0 16 
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CETARTIODACTYLA  *** 

Antilocapridae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Balaenidae (ns) 0 0 0 0 2 0 2 0 2 0 4 

Balaenopteridae (ns) 0 0 0 0 3 0 3 0 2 3 8 

Bovidae*** 4 1 5 8 20 21 49 16 67 3 140 

Camelidae (ns) 0 0 0 1 0 0 1 0 2 0 3 

Cervidae*** 1 1 2 1 7 16 24 2 17 10 55 

Delphinidae (ns) 0 0 0 0 1 2 3 3 13 16 35 

Eschrichtiidae (ns) 0 0 0 0 0 0 0 0 1 0 1 

Giraffidae (ns) 0 0 0 0 0 0 0 1 1 0 2 

Hippopotamidae** 2 0 2 0 1 1 2 0 0 0 4 

Iniidae (ns) 0 0 0 1 0 1 2 0 0 1 3 

Monodontidae (ns) 0 0 0 0 0 0 0 2 0 0 2 

Moschidae*** 0 0 0 0 6 1 7 0 0 0 7 

Neobalaenidae2 0 0 0 0 0 0 0 0 0 1 1 

Phocoenidae (ns) 0 0 0 1 0 1 2 0 2 2 6 

Physeteridae (ns) 0 0 0 0 0 1 1 0 0 2 3 

Platanistidae (ns) 0 0 0 0 1 0 1 0 0 0 1 

Suidae** 0 0 0 2 3 5 10 1 6 1 18 

Tayassuidae (ns) 0 0 0 0 1 0 1 1 1 1 4 

Tragulidae (ns) 0 0 0 0 1 0 1 0 6 3 10 

Ziphiidae (ns) 0 0 0 0 0 0 0 0 2 19 21 

Total Cetartiodactyla 7 2 9 14 46 49 109 26 123 62 329 

Significantly more threatened than expected: *** p <0.001; ** p < 0.01 * p < 0.5.  

Significantly less threatened than expected: &&& p < 0.001; && p < 0.01; & p < 0.5. 

(ns) – non significant; 1 all species Extinct; 2 all species Data Deficient. 
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4.6. Main types of threat 

Table S2: Number and percentage of species affected by each of six main threat 

categories. Species can be affected by more than one threat category; being affected by a 

threat does not necessarily imply that the species is globally threatened (Vulnerable, 

Endangered, or Critically Endangered). Land and marine species are those mapped in Fig. 

1, and exclude 78 extinct and 14 Data Deficient species; seven species are mapped as 

both land and marine. 

 
  Threat 
 All 

assessed/ 
mapped 

Habitat 
loss (%) 

Utilisation 
(%) 

Accidental 
mortality 
(%) 

Pollution 
(%) 

Invasive 
species 
(%) 

Disease 
(%) 

All 
mammals 

5,487 2,030 (37) 926 (17) 284 (5) 219 (4) 309 (6) 117 (2) 

Land 
mammals 

5,282 2,016 (38) 872 (17) 193 (4) 151 (3) 306 (6) 102 (2) 

Marine 
mammals 

120 2 (2) 61 (51) 98 (82) 75 (63) 3 (3) 16 (13) 
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4.7. New species descriptions 
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Fig. S8. Number of species described per five-year interval (yellow bars) and cumulative 

total number of species currently recognized as taxonomically valid (blue line) (adapted 

from ref. 27). The first column corresponds to all species recognised up to 1758.  
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