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Abstract. The breadth of habitats that a species uses may determine its vulnerability to environmental
change, with habitat specialists at greater risk than generalists. To test that hypothesis, we need a valid
index of habitat specialization. Existing indices require extensive data, or ignore the magnitude of
differences among habitat categories. We suggest an index based on patterns of species co-occurrence
within each of the 101 habitat categories recognized by the International Union for Conservation of Nature.
Using this metric, a species is allocated a quantitative score based on the diversity of other taxa with which
it co-occurs: a generalist species occurs in a range of habitat categories that vary considerably in species
composition, whereas a specialist species is found only in habitats that contain a consistent suite of other
species. We provide data on these scores for 22,230 vertebrate species and show that habitat breadth varies
among Classes (amphibians . birds . mammals . reptiles). Within each Class, generalist species are less
likely to be in decline or threatened with extinction. Because our index is continuous, based on biologically
relevant parameters, and easily calculated for a vast number of taxa, its use will facilitate analyses of the
evolution and consequences of habitat specialization.
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trend.
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INTRODUCTION

understand and predict a species’ vulnerability
to the so-called ‘‘sixth mass extinction crisis’’.
Habitat breadth (i.e., the width of the habitat
component of a species’ niche) may be one of the
most important determinants of extinction risk.
Habitat breadth predicts species’ responses to
environmental change in taxa as diverse as birds
(Julliard et al. 2006), mammals (Fisher et al.
2003), reptiles (Tingley et al. 2013), fishes (Munday 2004), insects (Warren et al. 2001, Kotze and
O’Hara 2003, Goulson et al. 2005) and plants
(Fischer and Stocklin 1997). In all of these
lineages, environmental changes induce more

Some species are highly specialized ecologically, and found only in areas that contain a narrow
range of environmental conditions. Other species
are generalists, able to tolerate a diversity of
environmental conditions and hence, widely
distributed. Such differences in the degree of
habitat specialization may cause interspecific
variation in sensitivity to environmental change.
With ecosystems around the world currently
subject to multiple stressors (e.g., from climate
change and habitat degradation), it is crucial to
v www.esajournals.org
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rapid declines in specialist species than in
generalist species (see also Clavel et al. 2011).
Despite the apparent generality of this pattern,
no studies have directly compared the importance of habitat breadth on extinction risk in
different lineages of organisms using standardized metrics of specialization and/or decline.
Such an analysis may clarify the reasons for
variation among major lineages in their sensitivity to global environmental changes. In order to
achieve this goal, however, we need to develop
an operational quantification of habitat breadth
that is usable across a large number of taxa.
Habitat breadth is still often considered as a
nominal variable, segregating ‘‘specialist’’ from
‘‘generalist’’ species on a binary scale (e.g.,
Salisbury et al. 2012), or on a categorical scale
that sums the number of different habitat
categories exploited by a given species (Phillimore et al. 2006, Overington et al. 2011, Ducatez
2014, see also Devictor et al. 2010 for a review of
the measurement of ecological specialization). In
birds, for example, Bennett and Owens (2002)
proposed a categorisation encompassing eight
habitat types that is still frequently used (e.g.,
Overington et al. 2011, Ducatez and Lefebvre
2014). This classification method clearly oversimplifies the ways that species use habitats,
however, and categorizing habitat types as
discrete entities has been criticized as subjective
and unrealistic (Bazzaz 1991, Thompson et al.
1998, Fridley et al. 2007). A species’ degree of
habitat specialization is a continuous variable,
and a simple count of the number of habitat
types used by a species ignores critical confounding factors such as the magnitude of differences
among each of those habitat categories. To
counter this problem, De Cáceres et al. (2011)
proposed a framework for estimating niche
metrics using the resemblance between qualitative (e.g., habitat) categories. Their measure is
less sensitive to the arbitrary way in which
habitat categories are distinguished, and yields
a quantitative estimate of habitat breadth based
on ecological distances between the different
habitats in which a species occurs. In a somewhat
similar approach, Julliard et al. (2004) suggested
that a species’ position on the generalist-specialist gradient could be measured using the
coefficient of variation of a species’ densities in
different habitats. This latter measure assumes
v www.esajournals.org

that a specialist species will exhibit higher
densities in some habitats than in others, while
a generalist species will exhibit similar densities
across diverse habitats (Devictor et al. 2008).
However, the indices suggested by De Cáceres et
al. (2011) and Julliard et al. (2004) require highly
detailed data on habitat characteristics and
species habitat use. Such data are rarely available
for the uncommon species that are the focus of
conservation concern (Ducatez and Lefebvre
2014), and these metrics cannot be easily applied
to large numbers of species.
Here, we propose an index of habitat breadth
that quantifies a species’ position on a generalistspecialist gradient based on species co-occurrence patterns in the 101 habitat categories
defined by the International Union for Conservation of Nature (hereafter, IUCN). The idea of
using the compositional diversity of species that
co-occur with a target species to measure the
degree of specialization was introduced by
Colwell and Futuyma (1971) as a more meaningful way to define differences between habitat
types than focusing on chemical or physical
attributes. The measure we use, derived from a
beta diversity statistic and inspired by an index
considered by Fridley et al. (2007) for plants, uses
species composition to define habitat breadth.
Thus, we assume that a generalist species will
occur in a range of habitat categories that vary
considerably in species composition, whereas a
specialist species will be found only in habitats
that contain a consistent suite of other species. In
essence, a generalist species will have different
neighbors in different areas, whereas a specialist
species will always co-occur with the same
neighbors. Our index defines habitat categories
based on their species composition, can be
calculated for a very large number of species,
and facilitates quantitative comparisons of habitat breadth across different taxa. In the current
paper, we provide scores on this index for 22,230
bird, mammal, amphibian and reptile species
(see Supplementary Data), and measure its
correlation with previously used indicators. We
also use this index to: (1) test the prediction that
specialist species are more affected by current
global changes than are generalist species; and
(2) compare the different vertebrate classes in
terms of the importance of habitat breadth in
determining species’ responses to global changes.
2
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Table 1. Spearman’s rank correlations between the
global multiplicative habitat breadth index based on
species co-occurrence (measured considering species
from all four Classes) and four other indices of
habitat breadth. For each index, the correlation is
given when considering the whole dataset (i.e., data
for all four Classes combined), as well as separately
for each of the four Classes.

HABITAT BREADTH INDEX
We used the IUCN database (IUCN 2013) to
determine whether or not each species occurred
in each of the 101 IUCN habitat subcategories.
We restricted this analysis to subcategories that
contained at least one amphibian, reptile, bird or
mammal species. Taxa listed as ‘‘data deficient’’
or with ‘‘unknown’’ habitat in the IUCN database were excluded, leaving us with a total of
22,230 vertebrate species (amphibians, reptiles,
birds and mammals) for which we had habitat
data. We thus obtained a matrix of 101 habitat
types by 22,230 species, filled with 0s and 1s
according to whether or not each species occurred in each habitat type. From this matrix,
habitat breadth for a given species was measured
as b ¼ c/l(a), where c is the cumulative number
of different species that occur in the habitats used
by the species considered and l(a) is the mean
habitat species richness calculated over the
different habitats used by that species. We used
a multiplicative measure of beta rather than the
additive one considered in Fridley et al. (2007)
because the additive measure fails to fully
separate between-habitat diversity (beta) from
within-habitat diversity (alpha) (Jost 2007, Zeleny 2009, Manthey and Fridley 2009, Tuomisto
2010a, b). We also calculated the additive index (b
¼ c þ l(a)) in order to compare it with the
multiplicative one. For both indices, values are
higher for more generalist species: that is, for
species that occur in a large number of habitats
with a wide range of values for species diversity.
This index does not measure actual co-occurrence: species occupying the same habitat type
but with non-overlapping distribution ranges
would be scored as ‘‘habitat co-occurrent’’. This
happens, for example, in the case of species
inhabiting North American and European temperate forests. These species are considered as cooccurring, despite being allopatric. Our index
thus rates a species’ habitat breadth according to
how unique its habitats are, as compared to all
other species. We calculated this index over two
taxonomic scales. We first calculated a global
index, based on the co-occurrence of all of the
22,230 vertebrate species for which we had
habitat data. The global index allows us to
directly compare habitat breadth estimates across
the four vertebrate Classes. Then, we calculated
v www.esajournals.org

Habitat breadth
index
Within-class cooccurrence
multiplicative
index
Total number of
habitats
among 101
Number of
habitat
categories (1
to 8)
Global cooccurrence
additive
index

Dataset

Spearman’s q

p

All four classes
Amphibians
Birds
Mammals
Reptiles
All four classes
Amphibians
Birds
Mammals
Reptiles
All four classes
Amphibians
Birds
Mammals
Reptiles
All four classes
Amphibians
Birds
Mammals
Reptiles

0.988
0.979
0.993
0.995
0.989
0.961
0.980
0.934
0.972
0.972
0.809
0.832
0.808
0.792
0.781
0.759
0.763
0.711
0.813
0.787

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

the index separately within each Class (i.e., using
only data for birds, or only for mammals, etc.).
This latter index was calculated to increase the
intra-Class variance, and is more appropriate if
studies are focused on species from one particular Class. Because these two measures of habitat
breadth were strongly correlated (within Classes
correlations: Spearman’s q . 0.979, Table 1),
however, we consider only the global habitat
breadth index in our analyses below.
The global multiplicative habitat breadth index
varied from 1 (for the 3951 species occurring in
only one habitat category, such as the gharial
Gavialis gangeticus, the Bornean orangutan Pongo
pygmaeus, the harpy eagle Harpia harpyja or the
Lake Oku clawed frog Xenopus longipes) to more
than 7 (for species such as the white-tailed deer
Odocoileus virginianus, the little egret Egretta
garzetta, the cane toad Rhinella marina or the
common kingsnake Lampropeltis getula). Our
index of habitat breadth based on species cooccurrence based on a multiplicative beta diversity index was strongly correlated with that
based on an additive measure of beta diversity
3
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Fig. 1. Correlation between our index of habitat breadth (based on species habitat co-occurrence data) and the
number of different IUCN habitat categories occupied by each of the 22,230 vertebrate species (among 101
different habitat categories). Note that the dots that apparently follow a second regression, those that are situated
below the main pattern that is followed by most species, depict marine species (many different marine habitats
are defined by the IUCN, but the same vertebrate communities occupy these different habitat classes).

used measures, but with the added advantages of
being continuous, available for most of the
species considered by the IUCN, and defined
by a biologically relevant criterion (species
habitat co-occurrence).

(Table 1, all Spearman’s q . 0.7), and also with
two indices commonly used in the literature
(Table 1, all Spearman’s q . 0.6; see Fig. 1). These
two indices were: (1) the total number of habitat
subtypes in which a species occurs, based on the
101 habitat subtypes described by the IUCN; and
(2) the number of habitat categories occupied by
each species, with habitat types classified according to Bennett and Owens (2002), constructed by
clustering IUCN habitat types into their eight
proposed groups. Our index of habitat breadth
also correlated with the inverse of the ‘Species
Specialization Index’ proposed for birds by
Julliard et al. (2004) (n ¼ 76 species; Spearman’s
q ¼ 0.271; p ¼ 0.018, see also Ducatez et al., in
press). These results show that our index of
habitat breadth is consistent with previously-

INTER-CLASS DIFFERENCES
BREADTH

IN

HABITAT

An ANOVA with Class as the factor showed
that our habitat breadth index varied significantly across Classes (F3,22229 ¼ 148.28; p , 0.001). On
average, amphibians had the widest habitat
breadth, followed by birds, mammals, and
reptiles (Table 2 and Fig. 2). Interestingly, the
same patterns were evident when we used other
indices of habitat breadth (additive beta diversi-

Table 2. Mean and standard error (SE) for six indicators of habitat breadth in amphibians, birds, mammals and
reptiles.
Global
co-occurrence
multiplicative
index

Within-class
co-occurrence
multiplicative
index

Global
co-occurrence
additive index

Within-class
co-occurrence
additive index

Total habitat
number
among
101

Mean

Mean

SE

Mean

SE

4.284
4.201
3.437
3.092

0.057
0.031
0.046
0.046

2.245
2.155
1.833
1.794

0.016
0.011
0.015
0.018

Class

Species
number

Mean

SE

Mean

SE

Mean

Amphibians
Birds
Mammals
Reptiles

4728
9871
4515
3116

2.791
2.701
2.386
2.217

0.024
0.014
0.021
0.022

2.466
2.575
2.337
2.211

0.019
0.013
0.022
0.022

5961.555
5727.911
4534.551
3752.301
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SE

SE

54.431 1507.824 13.537
39.737 2639.796 18.141
60.797 875.067 11.501
62.953 500.4346 8.255

No. habitat
categories
(1 to 8)
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Fig. 2. Differences in habitat breadth across extinction risk categories and vertebrate Classes. CR ¼ Critically
Endangered, EN ¼ Endangered, VU ¼ Vulnerable, NT ¼ Near Threatened, LC ¼ Least Concern.

Species going through strong changes in habitat
use across ontogeny, such as amphibians with
aquatic and terrestrial stages, are thus likely to be
given larger habitat breadth owing to their
dependence upon several habitat types.
The wider habitat breadth of birds than of
mammals and reptiles may be explained by their
flight ability, allowing them to move easily
among a diversity of habitats. Alternatively, this
finding may be due to the fact that migrant bird
species rely on both breeding and wintering
habitats. Indeed, migrant bird species had a
higher habitat breadth than sedentary species
(mean habitat breadth for migrant species ¼ 3.601
6 0.038, n ¼ 2,188; for sedentary species ¼ 2.445
6 0.013, n ¼ 7,683; t ¼ 28.447, p , 0.001).
However, habitat breadth of sedentary bird
species was still high compared to mammals

ty, occurrence in 101 habitat subtypes or in eight
major habitat categories; see Table 2).
The higher habitat breadth of amphibians
might appear surprising, as amphibians are
expected to strongly depend on water availability, limiting the range of habitats in which they
can occur. This counter-intuitive pattern may be a
result of the complex life cycle of many amphibian species, which involves larval and adult life
stages with divergent ecological requirements.
Habitat breadth is, following Hutchinson’s definition of the niche (Hutchinson 1957), the set of
habitats where a species can persist. By considering the variety of habitats a species occurs in to
estimate habitat breadth, both species that are
able to persist in a large diversity of habitats, and
species that are dependent upon a large diversity
of habitats, will have a large habitat breadth.
v www.esajournals.org
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Fig. 3. Differences in habitat breadth across population trend categories and vertebrate Classes.

ened, least concern) and population trend
(ordinal response: declining, stable, increasing;
available for 16,172 species). In all analyses,
biogeographic realm was included as a random
effect, whereas habitat breadth and taxonomic
Class were included as fixed effects. As predicted, habitat breadth strongly affected extinction
risk and population trends. Generalist species
were less likely to be at risk of extinction, or have
decreasing populations (Appendices A and B,
Figs. 2 and 3). Population trend and extinction
risk also varied across Classes, as illustrated by
the much lower deviance information criteria
(DIC) of models including Class as a fixed effect
(DDIC . 311, see Appendices A and B for
details).
Including an interaction between habitat
breadth and Class increased the fit of our models
(DDIC . 60, Appendices A and B), suggesting

and reptiles, suggesting that the dependence of
migrant species upon a large variety of habitats
did not explain the overall higher habitat breadth
of birds. The generally low habitat breadth of
reptiles may reflect their limited vagility and
ectothermic physiology, which enables them to
function with low rates of energy intake, and to
specialize on specific habitat features that facilitate maintenance of optimal thermal conditions.

THE DECLINE OF SPECIALIST SPECIES:
A UNIVERSAL TRANS-TAXA PATTERN?
We used generalized linear mixed models and
data on 21,963 vertebrate species for which we
had both habitat and geographic range size data
to test for an effect of habitat breadth on
extinction risk (ordinal response: critically endangered, endangered, vulnerable, near threatv www.esajournals.org
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Table 3. Effect of habitat breadth on extinction risk and population trend in birds, mammals, reptiles and
amphibians. Phylogeny and biogeographic realm were included as random effects. These results remained
qualitatively similar when we included geographic range size as a fixed effect in the model (see Appendix A). n
¼ number of species included in the analysis; CI ¼ Credible Interval. A positive posterior mean indicates that
generalist species have a lower extinction risk and better population trend.
Response variable
Extinction risk

Population trend

Class

Posterior mean

Amphibians
Birds
Mammals
Reptiles
Amphibians
Birds
Mammals
Reptiles

1.114
0.491
0.508
0.967
0.986
0.302
0.503
0.486

that the effect of habitat breadth on population
trends and extinction risk differed among the
four vertebrate Classes. We thus conducted
separate analyses on each Class, which also
allowed us to include phylogeny as a random
variable in our models, and thus to reduce effects
of phylogenetic non-independence on our results
(see Appendix C for details on the methods).
These intra-class analyses revealed that generalist
species were again less likely to be threatened
with extinction, and had better population
trends, compared to specialist species in all four
Classes (Table 3). However, the effect of habitat
breadth on these conservation-trend variables
was stronger in amphibians than in reptiles,
mammals and birds (see Figs. 2 and 3), a pattern
which might be related to the lower vagility of
this class, as well as amphibians’ dependence on
water, limiting their ability to escape unfavourable environmental conditions.
Geographic range size is one of the criteria
used to determine species extinction risk, and
thus the lower habitat breadth of endangered
species could result simply from their smaller
geographic ranges. We therefore included geographic range size as a covariate in models
testing for an effect of habitat breadth on
extinction to eliminate this potentially misleading
effect. These analyses revealed that including
geographic range size as a fixed effect did not
influence our conclusions (see Appendix D). In
addition, our finding that population trend,
which is estimated independently of geographic
range size, is affected by habitat breadth also
supports the idea that the effect of habitat
breadth was not confounded by range size.
v www.esajournals.org

CI
0.991,
0.433,
0.414,
0.817,
0.856,
0.261,
0.395,
0.336,

1.244
0.543
0.610
0.142
1.105
0.351
0.604
0.624

pMCMC

n

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

4271
9793
3776
1636
3560
9060
2485
1067

CONCLUSION
We suggest an operational metric of habitat
breadth, and provide scores on that index for
more than 22,000 vertebrate species. This metric
(based on species co-occurrence across 101
habitat categories described by the IUCN) shows
patterns similar to those exhibited by previously
used metrics, but has the advantages of being
biologically more relevant, quantitative and
continuous, and available for a larger number
of species. Using this index, we show that
generalist species are more capable of dealing
with current global changes than are specialists
(as illustrated by their lower extinction risk and
more stable population trends), and that this
result holds true in all four Classes of terrestrial
vertebrates. We thus confirm, at a global scale,
and using a single metric, that current global
changes are homogenising biological communities by increasing the proportional representation
of habitat generalist taxa. Our index of habitat
breadth can clarify the role and significance of
habitat breadth in determining species responses
to current global changes, as well as facilitate
tests of fundamental theories of niche evolution
(Poisot et al. 2011), such as niche conservatism
(Wiens et al. 2010).
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SUPPLEMENTAL MATERIAL
APPENDIX A
Table A1. Effect of habitat breadth on extinction risk in 21,963 vertebrate species. Model 1 considers only the
effect of habitat breadth, Model 2 also includes Class as a fixed factor, and Model 3 includes the interaction
between Class and habitat breadth. Model 4 is the same as Model 3 but after excluding marine species.
Biogeographic realm was included as a random effect. (a) Models excluding geographic range size as a fixed
factor; b) Models including geographic range size as a fixed factor. pm ¼ posterior mean; CI ¼ Credible Interval.
Amphibians were taken as the reference point (i.e., pm and pMCMC given for each class show differences
between the considered Class and amphibians).
Model

Variable/factor level

pm

CI

pMCMC

DIC

0.399, 0.460
0.465, 0.521
0.985, 1.109
0.602, 0.757
0.990, 1.162
0.798, 0.922
0.904, 1.032
0.498, 0.644
1.100, 1.304
0.597, 0.447
0.715, 0.544
0.157, 0.089
0.799, 0.915
0.910, 1.045
0.490, 0.638
1.087, 1.299
0.618, 0.463
0.726, 0.564
0.154, 0.082

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.591
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

40472.43
39188.13

birds
mammals
reptiles

0.432
0.493
1.041
0.681
1.081
0.858
0.968
0.566
1.203
0.526
0.632
0.035
0.859
0.978
0.570
1.200
0.537
0.640
0.034

Habitat breadth
Geographic range size
Habitat breadth
Geographic range size
Birds
Mammals
Reptiles
Habitat breadth
Geographic range size
Birds
Mammals
Reptiles
Habitat breadth: birds
Habitat breadth: mammals
Habitat breadth: reptiles
Habitat breadth
Geographic range size
Birds
Mammals
Reptiles
Habitat breadth: birds
Habitat breadth: mammals
Habitat breadth: reptiles

0.429
0.049
0.490
0.030
1.037
0.676
1.080
0.857
0.041
0.963
0.560
1.206
0.533
0.632
0.030
0.856
0.183
0.931
0.538
1.199
0.591
0.670
0.033

0.398, 0.456
0.019, 0.079
0.459, 0.520
0.003, 0.057
0.976, 1.101
0.602, 0.743
0.991, 1.166
0.801, 0.922
0.013, 0.070
0.904, 1.031
0.489, 0.639
1.100, 1.304
0.608, 0.453
0.712, 0.555
0.158, 0.089
0.799, 0.922
0.140, 0.222
0.864, 0.995
0.457, 0.606
1.087, 1.296
0.667, 0.514
0.755, 0.583
0.160, 0.088

,0.001
,0.001
,0.001
0.026
,0.001
,0.001
,0.001
,0.001
0.006
,0.001
,0.001
,0.001
,0.001
,0.001
0.619
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.619

a) Models excluding geographic range size
Model 1
Model 2

Habitat breadth
Habitat breadth
Birds
Mammals
Reptiles
Model 3
Habitat breadth
Birds
Mammals
Reptiles
Habitat breadth:
Habitat breadth:
Habitat breadth:
Model 4 excluding marine species
Habitat breadth
Birds
Mammals
Reptiles
Habitat breadth:
Habitat breadth:
Habitat breadth:
b) Models including geographic range size
Model 1
Model 2

Model 3

Model 4 excluding marine species
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mammals
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38910.95

40324.52
39244.29

38915.86
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APPENDIX B
Table B1. Effect of habitat breadth on population trend in 16,172 vertebrate species. Model 1 considers only the
effect of habitat breadth, Model 2 also includes Class as a fixed factor, and Model 3 includes the interaction
between Class and habitat breadth. Model 4 is the same as Model 3 but after excluding marine species.
Biogeographic realm was included as random effect. pm ¼ posterior mean; CI ¼ Credible Interval. Amphibians
were taken as a reference point (i.e., pm and pMCMC given for each class show differences between the
considered Class and amphibians).
Model
Model 1
Model 2

Model 3

Model 4 excluding marine species

Variable/factor level
Habitat breadth
Habitat breadth
Birds
Mammals
Reptiles
Habitat breadth
Birds
Mammals
Reptiles
Habitat breadth:
Habitat breadth:
Habitat breadth:
Habitat breadth
Birds
Mammals
Reptiles
Habitat breadth:
Habitat breadth:
Habitat breadth:

pm

birds
mammals
reptiles

birds
mammals
reptiles

CI

0.334
0.359
0.505
0.270
0.782
0.489
0.533
0.293
0.806
0.167
0.212
0.173
0.501
0.536
0.279
0.808
0.167
0.199
0.178

0.306,
0.336,
0.433,
0.188,
0.684,
0.446,
0.460,
0.202,
0.710,
0.231,
0.284,
0.273,
0.453,
0.467,
0.185,
0.705,
0.226,
0.277,
0.278,

0.356
0.384
0.573
0.355
0.888
0.541
0.603
0.377
0.915
0.109
0.124
0.063
0.553
0.603
0.366
0.905
0.103
0.126
0.074

pMCMC

DIC

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.002

26550.11
26239.79

26180.25

APPENDIX C
METHODS

variable, we could not obtain a credible interval
and a pMCMC value (equivalent to a p-value in a
Bayesian framework) for its global effect, or for
the effect of the interaction between Class and
habitat breadth. We thus compared the Deviance
Information Criterion (DIC) of models including
or not including these effects, to test whether
they had an effect on the response variables. DIC
is a hierarchical modeling generalization of AIC
(Akaike information criterion) and BIC (Bayesian
information criterion) used in Bayesian model
selection problems where the posterior distributions of the models have been obtained by
Markov chain Monte Carlo (MCMC) simulation,
cf. Hadfield (2010). Marine species strongly
differed from terrestrial ones in their habitat
use, so we re-ran the models on the same dataset
but excluding the 258 exclusively marine species
initially included in our database. The results
were very similar to those obtained when
including marine species (Appendices A and B).
Geographic range size could confound any
association between habitat breadth and extinc-

Global model.—We used ordinal generalized
linear-mixed models with Markov chain Monte
Carlo (MCMC) techniques using the R package
MCMCglmm (Hadfield 2010). To test for a
general effect of habitat breadth on extinction
risk and population trend, we converted the
IUCN extinction risk categories into an ordinal
index ranging from Critically Endangered (1) to
Least Concern (5). Population trend was also
converted into an ordinal index (1, decreasing; 2,
stable; 3, increasing). For the extinction risk
analyses, we included the 21,963 vertebrate
species for which all variables were known
(including geographic range size, see below).
Population trend analyses were based on 16,172
species. Habitat breadth and Class were included
as fixed effects, as well as their interaction, and
biogeographic realm (13 categories as given by
the IUCN plus one category for species occupying two or more realms) was included as a
random effect. Because Class is a categorical
v www.esajournals.org
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tion risk, as generalist species could also have
larger ranges. Indeed, geographic range size and
habitat breadth were correlated (Spearman rank
correlation coefficient q ¼ 0.421; p , 0.001).
Testing whether geographic range size determines vulnerability to extinction is somewhat
circular, as species can be listed as threatened on
the basis of their range size. We thus conducted
our analyses twice: first without including
geographic range size, and then after including
it as a fixed variable (as in Ducatez 2014). As
including range size did not affect our results
concerning the effect of habitat breadth, we
present the models that include range size in
Appendix A. Range sizes were calculated using
IUCN extent of occurrence maps and equal-area
Behrmann projections.

realm and phylogeny as random effects. In the
analysis focused on birds, we included migratory
behavior as a fixed covariate to make sure that it
did not bias our results. We removed this
variable, however, as it did not affect the results.
Phylogenetic trees were available for mammals
(Bininda-Emonds et al. 2007), amphibians (Pyron
and Wiens 2011, Brum et al. 2013) and squamate
reptiles (Pyron et al. 2013). For birds, we used the
phylogeny from Jetz et al. (2012) available at
http://birdtree.org/. This website does not provide one unique consensus tree, but samples
trees from a pseudo-posterior distribution. We
extracted 15 different trees and ran the model
considering each of the 15 trees. We then
averaged the model parameters over the 15
different phylogenies. All models were run a
second time after the inclusion of geographic
range size as a fixed effect, the results of which
are presented in Appendix D.
For all models, the MCMC chains were run for
550,001 iterations with a burn-in interval of
50,000 to ensure satisfactory convergence. A total
of 1000 iterations were sampled to estimate
parameters for each model. We verified that
autocorrelation levels among samples were lower
than 0.1. According to Hadfield (2010), we fixed
the covariance structure and used weakly informative priors (improper prior with nu ¼ 0.02) for
the variance. All explanatory variables were
standardized to a mean of 0 and a variance of 1.

Within-Class models.—Models were also built for
each class separately (i.e., birds, amphibians,
mammals and reptiles). Note that, within reptiles, only Squamates were considered as data on
geographic range size were only available for
eight non-Squamate species in our database. For
these intra-class analyses, we built the same
kinds of models as previously described, except
that phylogeny was included as a random factor.
For each class, we built a Phylogenetic Generalized Linear Mixed Model with extinction risk or
population trend as the response variable, habitat
breadth as a fixed effect, and biogeographic

APPENDIX D
Table D1. Models testing for an effect of habitat breadth on extinction risk in four vertebrate Classes, including
geographic range size as a fixed effect. Phylogeny and biogeographic realm were included as random effects.
Response variable
Extinction risk

Class
Amphibians
Birds
Mammals
Reptiles

Variable
Habitat breadth
Geographic range
Habitat breadth
Geographic range
Habitat breadth
Geographic range
Habitat breadth
Geographic range

Posterior mean
size
size
size
size

0.826
4.393
0.458
0.432
0.524
0.192
0.830
1.368

CI
0.699,
3.793,
0.399,
0.358,
0.422,
0.081,
0.663,
0.948,

0.952
4.892
0.522
0.505
0.625
0.306
1.001
1.835

pMCMC

n

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

4271
9793
3776
1636

SUPPLEMENT
Habitat breadth indices for 22,330 terrestrial vertebrate species (Ecological Archives http://dx.doi.org/
10.1890/ES14–00332.1.sm).
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