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Large carnivores are important ecosystem com-
ponents but are extinction prone due to small
populations, slow growth rates and large area
requirements. Consequently, there has been a
surge of carnivore conservation efforts. Such
efforts typically target local populations, with
limited attention to the effects on the ecosystem
function of predator guilds. Also, there is no
framework for prioritizing these efforts globally.
We compared taxonomic and functional diversity
of continental carnivore guilds, compared them
with the corresponding guilds during the Late
Pleistocene and synthesized our results into sug-
gestions for global prioritizations for carnivore
conservation. Recent extinctions have caused tax-
onomically and functionally depleted carnivore
guilds in Europe and North and South America,
contrasting with guilds in Africa and Asia, which
have retained a larger proportion of their carni-
vores. However, Asia is at higher risk of suffering
further extinctions than other continents. We
suggest three priorities of contrasting urgency for
global carnivore conservation: (i) to promote
recovery of the threatened Asian species, (ii) to
prevent species in the depleted guilds in Europe
and North and South America from becoming
threatened, and (iii) to reconstruct functionally
intact sympatric guilds of large carnivores at
ecologically effective population sizes.

Keywords: carnivore; conservation; biodiversity;
restoration

1. INTRODUCTION
Large terrestrial carnivores are important ecological
components in a wide range of biomes (Terborgh
2005). However, large carnivores are also often
extinction prone due to low population densities, slow
growth rates and large area requirements (Purvis
et al. 2000). Carnivores have also suffered a high level
of human persecution, both historically and recently
(Woodroffe 2001). This has led to a recent surge of
carnivore conservation efforts (see Gittleman et al.
2001; Ray et al. 2005). However, despite suggestions
Electronic supplementary material is available at http://dx.doi.org/
10.1098/rsbl.2008.0520 or via http://journals.royalsociety.org.
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that the composition of predator assemblages alter
their ecological effects (Sih et al. 1998), carnivore
conservation typically targets protection or restoration
of local populations and success is often measured in
terms of viability of the protected or reintroduced
populations (Breitenmoser et al. 2001; Hayward et al.
2007). Limited attention has been given to the effects
of carnivore conservation on the ecosystem function
of predator guilds (e.g. Dalerum et al. 2008), except
the bold suggestion to repopulate North America
with non-native species to restore ecologically
functional relationships among large vertebrates
(Donlan et al. 2006). Furthermore, although regional
plans for carnivore conservation and restoration have
been proposed (Carroll et al. 2001; Mills et al. 2001;
Enserink & Vogel 2006), there is no current frame-
work to make global prioritizations for such efforts.

We evaluated taxonomic and functional diversity of
continental carnivore guilds and their taxonomic
and functional losses since the Late Pleistocene. We
chose this point in time since large mammal extinc-
tion rates since the Late Pleistocene have grossly
exceeded previous extinction rates, and that this
has probably been caused by human interference
(Koch & Barnosky 2006). Species compositions
during the Late Pleistocene can therefore be regarded
as the last existing record of the state of ecosystems
largely undisturbed by modern human activities.
Finally, we synthesize these patterns into suggestions
for global prioritizations for carnivore conservation.
2. MATERIAL AND METHODS
We searched relevant literature to determine the approximate
number of species of large carnivores at the end of the Pleistocene
epoch, as well as species composition of contemporary continental
carnivore guilds (table S1 in the electronic supplementary
material). To evaluate functional diversity and integrity of carnivore
guilds, we adopted an ecomorphological classification of carnivores
suggested by Werdelin (1996) as a proxy for carnivore functional
groups. This classification includes scavengers/omnivores, bone
crushers, bone crackers, stalk and ambush carnivores, ambush and
slash carnivores, and pursuit carnivores (see Werdelin (1996) for
formal definitions and characteristics). Each species could only
belong to one functional group. We included carnivores larger than
approximately 10 kg in body mass. This classification includes the
large carnivores, which frequently rely on prey larger than them-
selves and the mesocarnivores, but excludes smaller species that
have a different ecological niche.

We used the most recent International Union for Conservation
of Nature and Natural Resources (IUCN) red list of threatened
species (IUCN 2007) to estimate how many of the extant species
that were regarded as threatened or non-threatened. Following
IUCN (2007), we regarded a species as threatened if categorized as
‘Vulnerable’, ‘Endangered’ or ‘Critically endangered’ and as non-
threatened if categorized as ‘Least concern’ or ‘Near threatened’.
When necessary, we estimated threat category for each continent
from regional and country-specific assessments in the published
IUCN action plans (table S1 in the electronic supplementary
material). We regarded Europe and Asia (delimited by the Caspian
and Black Seas and the Ural Mountains) as separate continental
regions due to contrasting fauna and socio-economy.

We used a modified version of the Shannon diversity index
(Buckland et al. 2005) to quantify taxonomic and functional
diversity of carnivore guilds. We applied the index to the number of
species within each family to evaluate taxonomic diversity, and to
the number of species within each functional group to evaluate
functional diversity. The index can be expressed as

M 0 Z
XN
iZ1

ni
n0

x log
ni
n0

� �
;

where ni is the present number of species in group i; n 0 is the total
number of species in the original guild (i.e. Late Pleistocene
guilds); and N is the number of groups within the present guild.
This journal is q 2008 The Royal Society
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We calculated the percentage of extinct species since the Late
Pleistocene for each continent, and evaluated taxonomic and
functional integrity by scaling the taxonomic and functional
diversity indices in relation to the index values of the Late
Pleistocene guilds. This gave us an easily interpreted value ranging
from 0 (no integrity left) to 1 (complete integrity in relation to the
reference guild). We can define this normalized index as

M 0
n Z

M 0

M 0
0

;

where M 0
0 is the diversity index for the reference guild, or in its

equivalent form

M 0
n Z

XN
iZ1

ni
n0i

x log
ni
n0
i

� �
;

where ni is the number of species within group i in the present
guild; n0

i is the equivalent number of species in the benchmark
guild; and N is the number of groups.
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Figure 1. The number of extant species of large (more
than 10 kg in body weight) terrestrial carnivores in each
family as well as the approximate number of species that
has gone extinct since the Late Pleistocene on the major
continents and the number of extant and approximate
number of extinct species of different functional groups.
(a) Africa, (b) Asia, (c) Europe, (d ) North America,
(e) South America. (a(i))–(e(i)) Taxonomic family and
(a(ii))–(e(ii)) ecomorph. White bars, extinct; hatched bars,
threatened; black bars, non-threatened. Species records
underlying the figure are given in table S1 in the electronic
supplementary material. Functional groups are defined by
ecomorphs suggested by Werdelin (1996): SO, scavenger/
omnivores; BCa, bone crackers; BCu, bone crushers; SA,
stalk and ambush; AS, ambush and slash; P, pursuit.
3. RESULTS
Carnivore guilds in Africa and Asia are more species
rich and have higher taxonomic diversity than those
in Europe and North and South America. The
African guild contains 16 species from five families
(M 0Z1.37), the Asian guild 22 species from five
families (M 0Z1.50), the European guild 8 species
from four families (M 0Z1.11), the North American
guild 11 species from four families (M 0Z0.73) and
the South American guild 4 species from three
families (M 0Z0.71) (figure 1). However, the number
of threatened species is higher in Asia than in the
other continents (table 1).

Africa has the most functionally diverse carnivore
guild (M 0Z1.45), followed by Asia (M 0Z1.18),
North America (M 0Z1.02), Europe (M 0Z1.01) and
South America (M 0Z0.71). In both Africa and Asia,
all functional groups except the globally extinct ‘slash
and ambush’ group (the sabretoothed felids) still
exist, while Europe and North America is lacking
one additional group (‘bone crackers’, primarily
represented by contemporary hyaenas) and South
America is lacking two additional groups (‘bone
crackers’ and ‘bone crushers’, primarily represented
by contemporary large canids) (figure 1). However,
three out of five extant functional groups in Asia and
Africa contain threatened species while two out of
four groups in Europe and North America and only
one group in South America contains threatened
species (figure 1). It is only in Africa and South
America that functional groups are threatened with
continental extinction (table 1).

The continental variation in taxonomic and
functional diversity appear to have been caused by
recent extinctions; only 2 out of 18 species have gone
extinct in Africa, 3 out of 25 species in Asia, 6 out of
14 species in Europe, 9 out of 20 in North America
and 8 out of 12 in South America (table 1). Since
Pleistocene carnivore guilds were similar taxonomi-
cally and functionally, extinctions have resulted in
lower taxonomic and functional integrity of the extant
guilds in North and South America relative to Eurasia
and Africa (table 1).
4. DISCUSSION
Three conservation categories of continental carni-
vore guilds appear from our analyses. First, the
Biol. Lett. (2009)
African guild has many species, has suffered limited
extinctions and has few threatened species. Second,
the Asian guild similarly has many species and has
suffered limited extinctions, but in contrast has many
threatened species. Third, the guilds in Europe and
North and South America have few species and have
suffered substantial extinctions, but have proportion-
ally few threatened species. These patterns indicate
that two separate priorities ought to be set for global
carnivore conservation, with contrasting urgency. The
first and most urgent one should be to recover the
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Table 1. Continental patterns of taxonomic and functional diversity within Late Pleistocene and contemporary carnivore
guilds. (Taxonomic and functional diversity were quantified by the modified Shannon index calculated on the number of
species within taxonomic families and functional groups, respectively, and taxonomic and functional integrity was calculated
by normalizing the present guild in relation to the Pleistocene guild.)

taxonomic diversity

Pleistocene guild present guild

species

taxonomic
diversity

ðM 0
0Þ species

taxonomic
diversity

(M 0)

taxonomic
integrity

ðM 0
nÞ

extinct
species (%)

threatened
species (%)

Africa 18 1.54 16 1.37 0.89 11 25
Asia 25 1.59 22 1.50 0.95 12 64
Europe 14 1.44 8 1.11 0.77 43 25
North America 20 1.19 11 0.73 0.61 45 27
South America 12 1.07 4 0.71 0.66 67 25

functional diversity

Pleistocene guild present guild

groups

functional
diversity

ðM 0
0Þ groups

functional
diversity

(M 0)

functional
integrity

ðM 0
nÞ

extinct groups
(%)

threatened
groups (%)

Africa 6 1.68 5 1.45 0.89 17 20
Asia 6 1.39 5 1.18 0.85 17 0
Europe 6 1.49 4 1.01 0.68 33 0
North America 5 1.38 4 1.02 0.74 20 0
South America 5 1.47 3 0.71 0.48 40 33
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threatened species in Asia, and the second and less

urgent one should be to prevent species from becom-

ing threatened in the already depleted guilds in

Europe and North and South America.

On a continental scale, both Africa and Asia

contain functionally intact carnivore guilds, while the

guilds in Europe and North and South America have

been functionally, as well as taxonomically, depleted.

It is only in Africa that we find sympatric species

assemblages of carnivores that form functionally

intact guilds on a local scale, and there only in larger

protected areas (Mills 2005). Furthermore, many

species, particularly in Asia, are occurring at popu-

lation sizes that probably are below what is ecologi-

cally effective to provide their ecosystem function.

Therefore, we also suggest a third conservation

priority, to reconstruct as functionally complete sym-

patric carnivore guilds as possible, given extant

species on each continent, at ecologically effective

population sizes.

We used a simple diversity index to quantify

taxonomic and functional diversity of continental

carnivore guilds. Although this index has been rec-

ommended for biodiversity monitoring (Buckland

et al. 2005), we applied it to historical species

occurrences, including extinct species. Therefore,

discrepancies in the fossil record as well as our

interpretation of it could affect our quantification

of continental carnivore diversity. Furthermore, we

used a palaeontological definition of carnivore eco-

morphology (Werdelin 1996) as a crude proxy of

carnivore functional groups, and thus carnivore

species functionality. Although functional groups have

been suggested as useful additions to conservation
Biol. Lett. (2009)
panning (Blondel 2003), their definition will strongly
determine how well they represent functional contri-
butions of species. Despite these caveats, however, we
have for the first time presented a comparison of the
taxonomic and functional diversity as well as integrity of
continental carnivore guilds. Such analyses are para-
mount for our ability to make informed prioritizations
regarding an ever-increasing demand to preserve species
and ecosystems, and we suggest that similar analyses
are carried out on other organism groups as well.
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