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FOREWORD

by George B. Schaller

Denigrated or exalted, treated as vermin or icon, carnivores have had a long and
uneasy relationship with humans. We evolved with the lion and spotted hyena
and hunting dog as competing predators and occasionally as prey. Now, as a
swelling human tide engulfs ever more natural habitat, carnivores are killed for
various reasons, and demands for resources have become insatiable, the geo-
graphic range of most carnivores, large and small, is shrinking and populations
are fragmented. The lion and cheetah have captured the imagination of tourists,
so much so that to see these cats in their natural environment is a main reason
to visit Africa’s reserves, thereby contributing greatly to a country’s economy.
Yet few visitors realize how vulnerable these and other species are, how tenuous
their future. Carnivores tend to exist at low densities and in small populations,
making them blueprints for local extinction. The authors of this publication
offer a valuable synthesis of knowledge about twenty African carnivore species,
and, more important, they provide valuable insights and analyses concerning
research priorities to assure the animals a future.

To help a species endure, we need good science, management, policy, and
public support, something not adequate for the carnivores. As the authors em-
phasize, even science has greatly lagged in that only a few species, mostly large
and easily observed ones, have had long-term studies at certain sites. The status
of species throughout their African range remains obscure. Furthermore, studies
have concentrated on individual species rather than on whole assemblages or
guilds of carnivores inhabiting an area. Such guilds—which may include ten
or more species—remain intact in relatively few places, and the authors have
provided a significant service to conservation by revealing those and encour-
aging critical research there. We still know too little about carnivores, about
habitat requirements, adaptation to and tolerance of human encroachment,
food habits, and interactions with other guild members, to name just four issues.
As studies in various parts of the world have shown, carnivores help to structure
an ecosystem through their impact on prey and each other and ultimately on the
vegetation. The removal of a carnivore species may have a far-reaching and un-
anticipated impact on the habitat as a whole. To conserve and manage natural
landscapes, and to evaluate human influence on them, the full assemblage of
carnivores and their prey is essential. This publication offers basic guidelines
for action. If implemented, they will have a major influence on the survival of

SETTING CONSERVATION AND RESEARCH PRIORITIES FOR LARGER AFRICAN CARNIVORES



carnivores and on the complex problem of conserving the country’s natural heri-
tage. But beyond research there is the moral imperative that we must guarantee
the carnivores, these varied and beautiful creatures, these symbols of wildness
and wilderness, the right to exist.

As Vice-President of the Wildlife Conservation Society’s Science and Ex-
ploration Program and holder of the Ella Millbank Foshay Chair in Wildlife
Conservation, Dr. George Schaller spends at least eight months each year in the
field. Born in 1933, Dr. Schaller aitended universities in Alaska and Wisconsin,
earning his doctorate at the University of Wisconsin. He is renowned for initi-
ating seminal research and conservation efforts on species that are particularly
challenging to protect, including mountain gorillas, giant pandas, tigers, lions,
Asiatic cheetabs, Tibetan antelope and Marco Polo sheep. Schaller’s studies have
been the basis for bis numerous scientific and popular writings; his 15 books
include The Serengeti Lion, The Year of the Gorilla, and The Last Panda. His
two most recent books, Tibet’s Hidden Wilderness and Wildlife of the Tibetan
Steppe, focus on bis efforts of the last decade to set aside a protected area in
Tibet spanning more than 200,000 square miles. George Schaller is the recipient
of many dozens of scientific and conservation awards including the Interna-
tional Cosmos Prize (Japan) and the Tyler Prize for Environmental Achievement
(USA).
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Large carnivores present enormous challenges to conservation. The expansive
wild areas that are often needed to conserve intact carnivore communities are
becoming increasingly scarce on the African continent. As human pressure for
natural resources mounts, combined with scarce resources spread over a large
land area, effective conservation in Africa calls for a rigorous approach to setting
priorities, both for the conservation of carnivores and of biodiversity overall.

There are three major reasons why focusing a priority-setting exercise on
carnivores holds significant promise for conservation benefits. First, there have
been few efforts to assess priorities for action on a continental scale and across
all species — an exercise made all the more necessary in the face of dwindling
resources available to devote to conservation action. Second, carnivores deserve
primary focus as some of the most vulnerable elements of biodiversity. Third,
because intact carnivore communities signify those biological communities that
have been the least affected by human-induced landscape change, carnivores
might be useful instruments for identifying geographic areas that offer prime
opportunities for biodiversity conservation, or alternatively where the battle is
being lost in the absence of intervention. Such background knowledge can inform:
1) priorities for action, 2) where an expansion of programs into new areas might
be of value, and 3) where existing programs might be strengthened.

This report incorporates the strengths of several previously published works
that have evaluated objective sets of criteria for evaluating species, community,
and geographic conservation priorities. Specifically, this exercise evaluates the
20 largest species of African carnivores from five families (Canidae, Felidae,
Hyaenidae, Mustelidae and Viverridae), in order to ascertain which taxa or
regions are inherently vulnerable and/or require further investigation and conser-
vation action. We anticipate that this Priority Setting Exercise, aimed at managers,
researchers, and other conservation practitioners, will direct attention to those
species or areas that are not readily apparent during decision making processes.
This exercise also provides us the opportunity to reach beyond a species level
focus, to a framework that has the prospect of being more comprehensive in
nature by including a spatially-explicit component.

Focal species for this effort were selected based on the following rationale:
1) Since all 20 species have been subjected to some degree of the IUCN plan-
ning process, baseline data are available for most of the species in this subset;
2) larger-bodied species are assumed to have the greatest impact on other com-
ponents of biodiversity, thus conservation actions directed to these species is
likely to have the greatest overall value; 3) human activity is more likely to
threaten larger-bodied carnivores than small ones; and 4) larger carnivores tend
to excite more interest so they may catalyze action more easily.

The two components of this priority setting exercise are:

[EN
-

a scoring system in which individual species comprise the unit of analysis,
and are assessed through a combined evaluation of intrinsic (biological vul-
nerability), extrinsic (threats), and knowledge (extent of current knowledge
on baseline ecology and conservation status); and

r

the geographic portion of the exercise, in which carnivores are used to iden-
tify priority conservation areas on the continent, chiefly on the grounds of
species loss rather than diversity hotspots.
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Setting Species Priorities

This exercise first addresses species prioritization through the application of a

scoring system where the unit of focus was the species, and an evaluation pro-

cess that integrated three categories of prioritization:

1) Vulnerability: based on innate biological characteristics that decrease
species resilience to change and/or recovery from declines, and comprising
six variables: current distribution, percent range loss, fecundity (taking into
account minimum age of first reproduction, litter size, and average inter-
birth interval), ecological specialization, body size, and home range size;

2) State of Knowledge: addressing how much is known about each species,
and comprising five variables: knowledge of distribution in Africa, knowl-
edge base of ecology, requirements and population limitations, knowledge
of population trend, relative degree of study (number of academic papers in
Web of Science®), and geographic scope of study; and

(@8]

Threats: One overall threats score was derived by an assessment of the
degree to which each species is differentially affected by a set of ten threats
(human conflict, habitat decline, disease risk, human hunting, interspecific
strife, genetic impoverishment, tourism, climate change, road kill, and
insect control) commonly encountered by African carnivore species.

Twenty carnivore species were individually scored for each of the 12 vari-
ables, which were based on quantitative and objective data wherever possible,
and assigned equal weight. The score for a specific category was derived from
the aggregate of variable scores from that category. Under the recognition that
species that were ranked in one category may not be in others, we evaluated
categories separately and used multivariate analyses to explore the interrelation-
ships between them. This approach incorporating all three factors is the first to
be applied for carnivores and for any African taxa.

Cheetah, African wild dog, Ethiopian wolf, and lion were consistently among
the top four ranked species in all three categories, indicating that they were
broadly the most intrinsically vulnerable and the most impacted by the suite of
external threats, while at the same time subjected to the most monitoring and
research. Patterns were not as obvious among the bottom rankings, with only
golden jackal consistently appearing among the bottom five species in each cat-
egory. At the family level, mustelids had lower mean scores than other families
in vulnerability and knowledge categories, but other mean family threat scores
were not significantly different from one another. Larger carnivores (> 25 kg)
had significantly higher mean scores than the smaller carnivores for all three
categories.

All of the highest scoring species for Vulnerability displayed high degrees
of range loss, relatively high degrees of specialization, and low reproductive
rates. The State of Knowledge category revealed that although various carnivore
species were well studied, information regarding their status was generally in-
complete. While there was no difference in the relative degree of knowledge of
status at the family level, mustelids were found to be significantly less studied.
Overall, larger carnivores scored higher knowledge variable scores than smaller
ones, and a strong geographic bias for carnivore research became evident, with
the majority of studies taking place in the southern and eastern regions of
Africa. Most of the research efforts evaluated in this report are directed to only a
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quarter of these 20 species, with most species being mentioned in fewer than 50
papers. Almost all of the species scored moderately high to high for the human
conflict variable under the Threat category, suggesting human conflict to be the
most important identified threat facing African carnivores and resulting in direct
impacts on species distribution and populations. For those species encountering
habitat decline and human conflict, it was found that they experienced this at an
extreme intensity of severity and pervasiveness, in comparison to more localized
threats such as road kill.

The twenty carnivores fell into several groupings that highlighted common-
alities among species, thereby enhancing the potential to formulate conservation
approaches targeted towards multiple species that might not otherwise be con-
sidered in tandem. These groupings are as follows: [note a species can appear in
several groups]

Species in crisis: Ethiopian wolf, African wild dog, cheetah, lion

Species of concern: leopard, spotted hyena, brown hyena, caracal, serval,

golden cat

High-profile data-rich species: Cheetah, lion, African wild dog, leopard,

spotted hyena

Externally threatened, but not highly vulnerable: Cape clawless otter,

spotted neck otter, serval, caracal

Inberently vulnerable, but with few documented threats: African golden

cat, Congo clawless otter, striped hyena, brown hyena

Species that thrive in human landscapes: Black-backed jackal, golden

jackal, side-striped jackal, African civet.

Are these species really ok, or do we just not know? Aardwolf, honey

badger

Setting Geographic Priorities

The second objective of the priority-setting exercise was to determine the ex-
tent of carnivore species loss in Africa and pinpoint the location of intact and
depleted carnivore communities. We further sought to assess the relative loss of
carnivore species by three geographic units: georegion (east, west, south, north,
central), biome and country. This was useful for providing alternate foci for
establishing geographic priorities, for example, by assessing i) which geographic
areas have suffered the greatest loss of carnivore species and are therefore in
urgent need of conservation action, or alternatively, ii) which have experienced
the least loss of carnivore species and therefore represent excellent opportunities
for shoring up conservation efforts.

For each species, historic (100-150 years ago) and current distribution maps
based on published knowledge of species distribution were compiled and later
modified via peer review. Overall, well studied species yielded more detailed
maps in comparison to lesser known species whose distribution maps were
characterized by holes and uncertain boundaries. A lack of change between past
and current distribution maps often reflected the lack of knowledge rather than
any certainty in distributional trends. Using a grid size of 10km?, GIS analysis
was used to calculate the number of species lost per pixel by subtracting cur-
rent distribution maps from historical ones for 17 of the 20 carnivore species.
Otters were excluded from this process due to the elusiveness of actual historic
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distributions. Relative species loss was calculated as the mean number of species
lost relative to the maximum historical number of species for the area under
analysis.

At the species level, mean range loss within Africa was 35.8%, and ranged
from 0% (civet and side-striped jackal) up to 98% (Ethiopian wolf). A closer
look revealed at least 75% loss of range each for Ethiopian wolf, African wild
dog, lion and cheetah, with the remaining 12 species experiencing at least 10%
reduction in range size. Although all three families (Felidae, Canidae, Hyaenidae)
exhibited no significant difference between one another in mean species range
loss, there was a marked difference in the patterns of loss among the groups.
While 44% and 65% of the continent has experienced no loss of larger canid
and hyenid species, respectively, only 14% of the total land area is currently
comprised of intact large and medium felid communities. Presently, only 17%
of the continent has 9 or more carnivore species; this is in sharp contrast to his-
torical patterns where 60% or more of Africa had 9 or more sympatric larger
species. When only considering areas having intact carnivore communities (i.e.,
areas with zero species loss occurring) this value becomes further reduced to
10% for all of continental Africa.

Historical diversity hotspots for all carnivore species combined spanned east-
ern Africa and the south-central portion of the continent. Although present-day
species diversity hotspots are located in the same general areas, they are signifi-
cantly more fragmented due to the range retractions of most of the species. The
far northern and southern regions of the continent have experienced the highest
extent of species loss, while Africa’s central forest belt (where there were fewer
species to begin with) has experienced the lowest.

The greatest species loss at the biome level has occurred in Mediterranean
and montane biomes, with the forest biome having experienced the least. At the
georegion level most species loss has occurred in the West georegion, while the
central part of the continent experienced the lowest loss of species. The greatest
species loss across all biomes and georegions has been experienced by the felids.

These geographic analyses of species loss and location of intact or eroded
carnivore communities aid in the identification of some of the most severely im-
pacted regions and biomes. While the prospects for large carnivore conservation
in certain areas look bleak, (such as remaining scattered refugia of carnivore
guilds surrounding the Sahara), we identified other regions suffering as pro-
found impacts which hold better promise for conservation. The relatively high
degree of range loss at the family level by the felids can be in part attributed to
the extensive range loss of both lion and cheetah. Due to persecution leveled at
them in retribution for livestock depredation, these two species are among the
most difficult to conserve. In contrast, the least relative species loss was experi-
enced by the hyenids, while the canid family contains some of the most and least
affected species.

Species Conservation Profiles

Profiles are presented for each of the 20 focal species in this report, summariz-
ing information pertinent to their conservation status in Africa. A summary of
habitat associations, degree of ecological specialization, trend in distribution, as
well as the extent to which it is affected by ten key threats is provided for each of
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the 20 species. An overview based on a literature review for each of the threats
is presented to accompany the scores provided in Part 1. Maps depicting current
and historical distributions in addition to locations of completed or ongoing
field studies follow each family group.

Conclusions and Recommendations
Our species-specific and geographic analyses of carnivore conservation on the
African continent revealed a subset of species from our list of 20 carnivores that
rose to the top in priority in terms of vulnerability and extent of threats. Most
of these are currently benefiting from conservation and research based initia-
tives. However, there still remains a significant lack of research geared towards
addressing conservation and management issues for all species in addition to a
geographic bias towards East and southern Africa.
This section concludes with discussions of key recommendations for carni-
vore conservation on the African continent:
1) Improve range-wide knowledge on key species
2) Improve overall distributional knowledge
3) Focus conservation action and research on addressing threats
4) Refine tools for conservation planning outside protected areas
5) Develop models and methodologies for connecting carnivore populations
6) Work towards redressing the geographical bias towards carnivore research
and conservation
7) Groundtruth carnivore “hotspots”
8) Focus carnivore conservation and monitoring efforts on practical
“indicator” species
9) Improve knowledge on mesocarnivores
10) Coordinate research and conservation efforts to focus on carnivore guilds
rather than single species
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Large carnivores present enormous challenges to conservation. For most viable
populations to endure, they need extensive, wild areas with an ample prey base
and relatively few people. Such expansive wilderness goes beyond the protec-
tion of carnivores by helping to conserve biodiversity in general, but these wild
areas are becoming increasingly scarce. Retaining some of the largest, wildest
places on earth, Africa presents unique opportunities for conservation, yet it
also contains the fastest growing human population of any continent. As human
pressure for natural resources mounts, those people devoted to the study and
conservation of carnivores are witnessing, in many cases, the leading edge of a
storm signaling the erosion of biodiversity. With scarce resources spread over
a large land area, effective conservation in Africa calls for a rigorous approach
to setting priorities, both for the conservation of carnivores and of biodiversity
overall.

There are three major reasons why focusing a priority-setting exercise on
carnivores holds significant value for realizing conservation benefits. First,
carnivore-focused research and conservation efforts are often commenced in
reaction to a local crisis, in an opportunistic fashion or as an addendum to an
established research program. As a result, there have been few efforts to assess
priorities for action on a continental scale and across all species. This exercise
is made all the more necessary in the face of dwindling resources available to
devote to conservation action. Second, carnivores deserve primary focus as some
of the most vulnerable elements of biodiversity (Woodroffe 2001; Linnell ez al.
2001; Ray et al. 2005). Carnivores can be sensitive to human disturbance due
to their area needs, relatively slow reproductive rates and incompatibility with
people. Carnivores (especially larger-bodied species) are generally among the
first taxa to disappear from a site and most large mammalian carnivores are in
global decline. Most large carnivores now require dedicated conservation efforts
to avert local and, in some cases, global extinction (Linnell et al. 2001; Ray et
al. 2005). Third, by virtue of this sensitivity, intact carnivore communities (i.e.,
ones that have experienced no discernible species loss over the past 100-150
years), signify those biological communities that have been the least affected by
human-induced landscape change during the same time period. Consequently,
carnivores might be useful instruments for identifying geographic areas that
offer prime opportunities for biodiversity conservation, or alternatively where
the battle is being lost in the absence of intervention.

Accordingly, focusing a priority-setting exercise on carnivores can:

1) help to pinpoint priorities for action,

2) inform where an expansion of programs into new areas might be of value,
and

3) inform where existing programs might be strengthened.

Furthermore, a spatially explicit priority-setting exercise will assist conserva-
tion planners in deciding where to invest effort depending on their preferred
intervention. For example, such an analysis will assist in distinguishing the
strongholds of conservation targets from isolated patches of the same target.
Practitioners will be able to devote action and resources accordingly, depending
on whether the goal is to fortify the last strongholds or reconnect isolated
patches.
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PREVIOUS PRIORITY-SETTING

This effort is not the first attempt at priority-setting for carnivores, even within
Africa. Mills et al. (2001) adopted a common approach in conservation circles,
by identifying sites with the greatest diversity (in this case, of carnivores) to
guide both conservation action and reserve placement. Other priority-setting
exercises focusing on carnivores have generally been executed for narrow taxo-
nomic groups (e.g., Canidae, Felidae, Hyaenidae) via the [UCN action planning
process, of which African species are a subset. Increasingly, scientists are focus-
ing priority setting activities on individual species, similar to what has been
undertaken for the tiger (Wikramanayake ez al. 1998) and jaguar (Sanderson et
al. 2002). Only two gravely endangered African carnivores, the Ethiopian wolf
and African wild dog, have been the focus of specific action plans (Woodroffe et
al. 1997; Sillero-Zubiri & MacDonald 1997).

The present effort steps back to examine a subset of large and medium-sized
African carnivores (defined as those with average body weights of at least 7 kg)
using a variety of criteria to identify those that are inherently vulnerable and/or
in need of research and conservation action. This exercise is not intended as
a tool to evaluate existing carnivore-focused initiatives. Rather it is meant to
steer attention to taxa or geographic region that may or may not be intuitively
obvious when making decisions about the allocation of finite conservation and
research resources. It capitalizes on the strength of several previous works that
have evaluated objective sets of criteria for scoring frameworks, notably priority
setting for vertebrates in Florida (Millsap ez al. 1990) and the Partners in Flight
approaches (Beissinger et al. 2000; Carter et al. 2000). It also builds upon the
sole Africa-wide priority setting exercise to date (Mills et al. 2001).

The two components of this priority setting exercise are:

1) a scoring system in which individual species comprise the unit of focus,

and are assessed through a combined evaluation of intrinsic (biological

vulnerability), extrinsic (threats), and knowledge variables; and
2) the geographic portion of the exercise, in which carnivores are used to

identify priority conservation areas on the continent, chiefly on the

grounds of species loss rather than diversity “hotspots.” Such an

approach serves to pinpoint the location of both intact and depleted

carnivore communities that warrant conservation attention for different

reasons.

SETTING CONSERVATION AND RESEARCH PRIORITIES FOR LARGER AFRICAN CARNIVORES
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THE SPECIES FOCUS

This priority setting exercise focuses on the 20 largest species of felids, canids,
hyenids, mustelids, and viverrids of Africa, (Table 1.1). We have included all
species >7kg, although for the sake of completeness, we added the spotted-
necked otter (4.-6.5kg). We acknowledge that by choosing a subset of carnivores,
we have already engaged in some subjective priority setting. However, our
decision was based on:
1) The existing information base. At the very least, all 20 species have been
subjected to IUCN action planning processes. As a result, the baseline
data required by our approach are available for most. This contrasts
with the multitude of smaller carnivores on which the most basic data
have never been collected (Ginsberg 2001);
2) the assumption that the relative impact of the species on other
components of biodiversity is likely to be greatest with larger-bodied
species. Therefore, conservation action directed toward those species
might be expected to have the greatest overall value when considered in
conjunction with other factors (Ray 2005);

[SY)

larger-bodied species are more likely to be threatened by human activity
than small ones (Linnell et al. 2001; Mills et al. 2001; Woodroffe 2001;
Treves & Karanth 2003); and

larger carnivores tend to excite more interest and trigger emotional

=

responses in people at local, national and international levels, so they
may catalyze action more easily.

THE GEOGRAPHIC FOCUS

Continental Africa serves as the focal region. All islands including Madagascar
are excluded from analyses; the unique assemblage of Malagasy carnivores is a
priority in and of itself, by virtue of the endemic and endangered status of most
of them and the landscapes they inhabit.

We assessed the relative loss of carnivore species from continental Africa by
three geographic units: georegion (whereby the continent was divided into 5
parts: east, west, south, central, and north; Fig. 1.1), biome (8 principal biome
types; Fig. 1.2) and country (Fig. 1.3). This provides alternate foci for establish-
ing geographic priorities, for example, by determining i) which geographic areas
have suffered the greatest loss of carnivore species and are therefore in urgent
need of conservation action, or alternatively, ii) which have experienced the least
loss of carnivore species and therefore represent excellent opportunities for for-
tifying conservation efforts.
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Table 1.1 20 African carnivores considered in this priority-setting exercise

Scientific Name Common Name Species Code = Family :B;gd)y petet f::?::::?
Lycaon pictus African Wild Dog AWD Canidae 20-34 Yes
Canis simensis Ethiopian Wolf ETW Canidae 11-16 Yes
Canis mesomelas Black-backed Jackal BBJ Canidae 6-10 Yes
Canis adustus Side-striped Jackal SSJ Canidae 8-12 Yes
Canis aureus Golden Jackal GOJ Canidae 7-10 No
Acinonyx jubatus Cheetah CHE Felidae 35-65 No
Panthera leo Lion LIO Felidae 120-180 No
Panthera pardus Leopard LEO Felidae 30-60 No
Leptailurus serval Serval SER Felidae 11-13 Yes
Profelis aurata African Golden Cat AGC Felidae 11-14 Yes
Caracal caracal Caracal CAR Felidae 10-18 No
Proteles cristatus Aardwolf AAR Hyaenidae 8-10 Yes
Crocuta crocuta Spotted Hyena SPH Hyaenidae 46-70 Yes
Hyaena brunnea Brown Hyena BRH Hyaenidae 28-47 Yes
Hyaena hyaena Striped Hyena STH Hyaenidae 26-41 No
Aonyx congicus Congo-clawless Otter CGO Mustelidae 13-34 Yes
Aonyx capensis Cape clawless Otter CCo Mustelidae 13-34 Yes
Lutra maculicollis Spotted-necked Otter SNO Mustelidae 4-7 Yes
Mellivora capensis Honey Badger HOB Mustelidae 7-16 No
Civettictis civetta African Civet AFC Viverridae 10-17 Yes

SETTING CONSERVATION AND RESEARCH PRIORITIES FOR LARGER AFRICAN CARNIVORES
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Fig. 1.1 Georegion units of analysis
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Fig. 1.2 Biome units of analysis. See Appendix 5 for details on classification scheme.
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Fig. 1.3 Country units of analysis.
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INTRODUCTION

Species prioritization is a critical component of the conservation planning
process. There are a variety of ways by which one might prioritize action at the
species level. These include:
® Vulnerability — action is directed towards species with innate biological and
ecological characteristics that render them less resilient to changes in the
environment and/or less able to recover from population declines;
® Lack of knowledge and/or attention — action is directed towards species
that have received the least amount of research or survey attention and are
most in need of expended efforts in these directions; and
® Threats — the scope and need for action is dictated by the particular charac-
teristics of predominantly external threats to individual species.

Efforts to predict extinction probability of species or species groups in a
general sense tend to focus on the first category, under the recognition that
external factors that might contribute to a species’ status are context-driven.
The TUCN Red List categorization process, for example, employs demographic
and ecological parameters as a basis by which to assign threat rankings to various
taxa (IUCN 2004). Setting priorities for conservation of wildlife species generally
occurs within a defined geography, at which point factors beyond the species’
biology can be incorporated to evaluate relative risk and assign priorities for
action. For example, when prioritizing future action it is helpful to assess the
extent to which the most inherently vulnerable species are already the subjects
of conservation and research attention (Millsap et al. 1990). “Local” threats
also figure prominently in conservation planning (Coppolillo e al. 2004). The
approach adopted in this report incorporates state of knowledge and threats in
addition to intrinsic vulnerability to set conservation priorities for 20 medium
and large-bodied carnivores on the African continent — the first to do so for
carnivores and for any African taxa. Recognizing that species that are highly
ranked in one category may not be in others, we evaluated categories separately
and attempted to assess the interrelationships between them.

METHODS

Description of the Species Prioritization System
We assigned a series of scores to each species for multiple variables in three gen-
eral categories: 1) vulnerability, 2) state of knowledge, and 3) threats.

We restricted our attention to vulnerability, knowledge, and threat variables
that were known or could be estimated for the majority of taxa, and were
meaningful for most. This eliminated several important variables that would
have been valuable to include, but for which information was incomplete across
the species or geographical spectrum. For example, while population size and
trend is widely recognized as one of the most important predictors of extinction
risk (O’Grady et al. 2004), detailed information is not available for most of

WILDLIFE CONSERVATION SOCIETY



the species considered here. Where information was available, it was restricted
largely to localized areas such that extrapolation across the entire range would
be meaningless. The same can be said of other, potentially useful variables such
as estimates of density and dispersal ability.

Within each category, we assigned equal weight to each of the variables
considered, because the relative contribution of variables to the overall priority
ranking of a species is generally unclear (Carter et al. 2000). Variable scores
were based on quantitative and objective data, and care was taken to minimize
redundancy, i.e. variables indirectly considered when scoring other variables. We
evaluated each carnivore species for a total of 12 variables in the three catego-
ries, deriving scores for each (see below). The use of multiple variables allowed
species to be ranked and filtered in a variety of ways to explore various means of
prioritization. We assigned scores to each variable in a two-stage process, based
on a comprehensive literature review, followed by expert input.

For each of the three main categories, we developed aggregate scores. For
example, a total score for a species’ vulnerability was derived from the sum of
the scores for the six variables contained in that category. Relationships between
variable scores and among taxa were of equal interest for developing profiles
and patterns of need for both individual species and species groups. This type of
approach determines an overall level of priority based on combinations of scores
(Beissinger et al. 2000). In other words, priority could be attached to different
species or sets of species for different reasons, which we tried to capture in the
overall framework. Species scores in multiple parameters, therefore, could yield
either compounding or conflicting evidence relevant to priority setting (Carter
et al. 2000). We did not attempt to achieve an overall “priority score” for each
species, instead choosing to consider the three categories separately.

Description of Scoring Categories and Variables

1.Vulnerability

There has been much discussion in the literature on the intrinsic or biological
characteristics of a species that lend themselves to extinction risk. In other
words, certain species will, by virtue of inherent morphological, demographic,
and ecological features, be predisposed to be at the highest risk. The main intrin-
sic factors, pertaining to ecology and life history of a species are large body size,
low reproductive rate, high trophic level, and small geographic range size (Fisher
et al. 2003; Purvis et al. 2001; 2004). Particular to larger carnivores, home range
size has also been cited as a strong factor correlating with local extinction risk
(Woodroffe & Ginsberg 1998; Woodroffe 2001).

The first category consisted of six “vulnerability” variables (described in turn
below), each of which measured some aspect of the species’ distribution, life his-
tory, or ecology that might contribute to its vulnerability to population declines
(Table 2.1). Scores for these variables were summed to yield an overall vulner-
ability score for each species, with the highest scores indicating those that were
most vulnerable (Table 2.1; Appendix 1).

Current Distribution. We created current distribution maps for each species
using ArcView GIS, following a literature review and modifications of experts
(see details in Part III). This variable scored highest for those species whose dis-
tribution made up the smallest proportion of the African continent, under the
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assumption that those species with smaller ranges would be more vulnerable to
extinction than those with larger ranges (Mills ez al. 2001; Purvis et al. 2000;
Cardillo et al. 2004).

Percent Range Loss. In addition to maps depicting current distribution, we
also created maps of historical distribution (ca. 100-150 years ago), and used
ArcView GIS to calculate the percentage of range lost from historical to cur-
rent time (see details in Part III). Scores were highest for those species that had
experienced the greatest extent of range loss during the past century, assuming
that species with contracting or fragmenting ranges are more vulnerable to ex-
tinction than those with stable or even expanding ranges (Purvis et al. 2000).
We were never confident enough about the extent to which current distribution
differs from historical for the three otter species, so were unable to include this
information. Extent of range loss for all three otter species, therefore, was con-
sidered to be zero.

Fecundity. Fecundity as a measure of reproductive potential consisted of
three parameters: 1) minimum age of first reproduction, 2) litter size adjusted
by proportion of breeding females, and 3) average interval between births.
A composite score of all three parameters yielded an overall fecundity score (see
Table 2.1). This variable considered the potential number of offspring that could
be produced in an individual’s lifetime, with low scores indicating the potential
resiliency of a species (Pimm ef al. 1988; Weaver et al. 1996; Purvis et al. 2000).
Taxa with the lowest reproductive potential (slowest female maturity, lowest
litter size per breeding female, and longest inter-birth interval) received the
highest scores. Each of the three reproductive parameters was standardized by
dividing values for each species by the highest in that category to generate scores
scaled from 0-1.

Ecological Specialization. Under the assumption that nearly all specialized
species are most vulnerable to environmental changes (McKinney 1997), assess-
ing this variable would preferably take into account both habitat and dietary
specialization. Evaluating specialization among members of the Carnivora is not
the most satisfying enterprise, as they are known for general dietary flexibility.
In addition, we were faced with the challenge of devising variables that would be
meaningful at a continental scale. Accordingly, we scored species for their pres-
ence in different habitats as an indication of their relative specialization using
the habitat-specialization index (HSI) devised by Brashares (2003), calculated as
the total number of distinct habitat types (maximum 10) in which a carnivore
occurs. The highest score (i.e. most specialized) represented those species present
in the least number of habitats (1-HSI; Appendix 1).

Body Size. Among diverse animals, body size is often an excellent indicator
of vulnerability (Cardillo 2003; Fagan et al. 2001). Among carnivores, which
exhibit tremendous size diversity, larger species are likewise at greater extinc-
tion risk due to their greater space and prey requirements combined with their
increased tendency to come into conflict with people or livestock (Mills et al.
2001). Real or perceived conflict of this nature will lead to a tendency of people
to retaliate lethally or destroy habitat in response (Treves & Karanth 2003). For
this variable, we used three size class categories (small, medium, and large) from
Mills et al. (2001).

Home Range Size. The more widely a species ranges, the higher proportion
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of its population is likely to be exposed to inhospitable terrain where mortality
factors, particularly human conflict, are apt to be high (Woodroffe & Ginsberg
1998; Woodroffe 2001). Average female home range, therefore, has been dem-
onstrated to be a better predictor of extinction than body or population size
in large carnivores inhabiting protected areas (Woodroffe & Ginsberg 1998;
Woodroffe 2001). For this variable, we collected data from the published litera-
ture to estimate the average female home range sizes for each of the 20 species
and assigned each into one of five home range classes (Table 2.1). Those species
for which home range data were not available (African golden cat, Congo claw-
less otter) were assigned to the same class as similar-sized species within their
taxonomic group.

2. State of Knowledge

The set of variables in the knowledge category addresses how much is known
about each species. We used five knowledge variables (described in turn below),
reflecting that different types of information contribute to our understanding

Table 2.1 Scoring description and criteria for vulnerability category (see Appendix 1 for details)

Variable Name Description Score Type Score
Proportion of African

Range - current contllnent in which absolute 0-1
species presently
occurs

Distribution change Percent range loss absolute 0-1

1. Average minimum

age of first

reproduction (MAR)

2.' Size (.)f average scored! then

litter adjusted for standardized 0-1
proportion of breeding

females (LIT)

3. Mean interval

between births (IBI)

Fecundity

Number of habitats
(max=10) present

Degree of habitat

o standardized 0-1
specialization

Body size category 0.50-small;
Body size taken from Mills score 0.75-medium;
(2001) 1.0-large (>12 kg)
0.20=<5 km?;
0.40=5-30 km?;

Home range size Mean home range size = score 0.60=30-100 km?;

=500 km?

Maximum Total Score = Aggregate of above aggregate 6

0.80=100-500 km?; 1.0

Highest score (1)
assignment

narrowest distribution

largest range loss

1. highest age of first
reproduction

2. smallest adjusted
litter size

3. longest inter-birth
interval

least number of habitats
(most specialized)

largest body size

largest home range

Greatest vulnerability

1. Fecundity= MAR + IBI + (LIT x proportion breeding females); see details in Appendix 1.
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and overall knowledge of species, some of which are more pertinent than others
to achieving effective conservation. The general framework was adopted from
Millsap et al. (1990), and is described in Table 2.2. Three of the variables relied
on expert opinion and knowledge of the breadth and scope of the published
literature and conservation activities affecting African carnivores. The last two
categories were scored objectively based on the number of published studies and
the proportion of the species range in which it has been the focus of research or
conservation effort (Table 2.2; Appendix 2). The highest scores for the sum of
the five variables reflect the most comprehensive state of knowledge that can be
attributed to the species in question.

Knowledge of Distribution in Africa. Knowledge of distribution is fun-
damental for taking effective conservation action, yet it is poor for many
species. The highest score for this variable was given to those taxa for
which distribution knowledge is the best known across the full African
range of the species.

Knowledge base of Ecology, Requirements and Population Limitations.
Baseline ecological knowledge of a species is important for understanding,
forecasting, and mitigating deleterious impacts of environmental change.
The highest score for this variable was given to those taxa for which such
baseline knowledge is the most developed throughout their range in Africa.

Knowledge of Population Trend. It is one thing to have knowledge of
the distribution for a given species, and quite another to have assessed
population trends. Additionally, trends are variable throughout the range
of a species, due to differences in habitat quality or threats. The highest
score for this variable was given to those taxa that have received the high-
est degree of monitoring attention throughout their range, and for which
knowledge of population trends over time is the best known.

Number of Studies. Recognizing that research that is not directly relevant
to conservation or ecology of a species nonetheless signifies an improve-
ment of knowledge, we included a variable that represents the relative
degree of study, irrespective of topic. For this, we used Web of Science®,
an academic search engine that searches the titles and abstracts of ap-
proximately 8,700 research journals as far back as the 1940s. While Web
of Science® only covers work that has been already published, and does
not cover all published works, it provides an unbiased index of the rela-
tive research effort devoted to each species. The highest score for this vari-
able was given to those taxa with the highest number of papers published.
For further analysis unrelated to the scoring process, each record for each
species was assigned a subject category (see Appendix 2).

Geographic Scope of Knowledge. The final variable adds further informa-
tion on how comprehensively each species has been studied or surveyed
throughout its range. We mapped centroid point locations of research
and conservation effort for each species using ArcView. These points
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Table 2.2 Scoring description and criteria for knowledge category.

Knowledge of distribution - surveys

a) distribution is extrapolated from a few locations and/or museum specimens

predicted

¢) some detailed surveys have been done in certain regions

Knowledge base of ecology, requirements and population limitations
a) factors affecting population size/distribution unknown or unsubstantiated
b) some factors known, but not all
c) all factors known in some places, but none or some in others
d) all major factors known/understood throughout range in Africa

Knowledge of population trend
a) not currently monitored anywhere
b) monitored locally
¢) coordinated regional (multi-site monitoring)

d) coordinated continental monitoring

Number of studies (#studies) (Web of Science)
a) <10
b) 10-25
c) 26-100
d) 100-200
e) >201

Geographic scope of knowledge
Y (#studies x proportion of species’ range in georegion!)/# georegions'?

Maximum aggregate knowledge score
(=the most comprehensive knowledge base attributable to species)

b) broad range limits or habitat associations well known but local occurrence cannot be accurately

d) distribution is well known and occurrence can be accurately predicted throughout range

0.25

0.75

0.25
0.5

0.75

0.25
0.5

0.75

0.25
0.5

0.75

Index derived
from score?

1. Only georegions comprising at least 5% of the species’ range were counted for this analysis.
2. See details in Appendix 2.
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were comprised of: 1) locations of studies assembled from the Web of Sci-
ence® search described above, and 2) other conservation activities, such
as comprehensive surveys or site-specific conservation efforts focused on
one or more target carnivores as gleaned from a Google® search on each
species’ scientific and common names. The resultant map for each species
(see Part IV) enabled us to analyze how research/conservation effort has
been distributed throughout the range of each species. The highest scor-
ing species for this variable were those that have received research and/or
conservation attention in most of their current ranges, with no significant
gaps in geographic representation (see Table 2.2, Appendix 2 for scoring
methodology).

3. Threats

The final category assessed how each species is differentially impacted by a
set of external threats commonly encountered by African carnivores. Follow-
ing a comprehensive literature review, we compiled a list of 10 major threats
from which at least one of the species considered here has experienced some
significant documented impact. Each species was subjected to a scoring process
for each threat (Table 2.3) that assessed the relative severity (its effect on the
species), urgency (timescale over which it is most likely to occur), probability
(likelihood of occurrence), and geographical extent of the threat through the
species range in Africa (modified from Coppolillo et al. 2004). These four were
multiplied together (rather than added) to derive a total score for each threat in
order to ensure that the lowest scores did not contribute disproportionately to
the overall threat index (Coppolillo et al. 2004). The highest scores indicated the
highest impacts from that threat; a summed score for all ten threats represented
a measure of the total degree of threat to that species. In addition to scores, we
have presented a summary of the extent of these 10 threats to each species in
separate profiles in Part IV.

We conducted the scoring process in a manner that kept the degree of sub-
jectivity as constant as possible. This meant that while it would appear to make
sense to have individual species assessments conducted by experts for those spe-
cies, we limited the number of evaluators to two of us (JR and LH), to allow all
the scoring to proceed in a relative sense, thereby lessening the risk of employ-
ment of different standards.

Analyses

The general scoring process was largely descriptive in nature. To explore rela-
tionships among the 12 variables, we applied multivariate analyses, specifically
employing principle component analysis and multiple regression. Univariate
correlations were conducted using Spearman’s rank correlations. The twenty
carnivore species were divided into families and size groups (larger [>12 kg]
and smaller [< 12 kg) as a further basis of analysis. Comparisons of means were
made using ANOVAs on rank-transformed data, using Tukey’s Range Test to
test means.
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Table 2.3 Scoring description and criteria for threats category

(modified from Coppolillo et al., 2004, Table 1).

Threats Component

. Habitat decline

. Human hunting

. Human conflict

. Interspecific conflict
. Disease

. Genetic poverty

. Road kill

. Climate change

. Insect control

. Tourism

SEVERITY (S)

O OO0 ~NO O WN -

—_

URGENCY (V)

PROPORTION (P,)*

PROBABILITY (P )

THREAT SCORE
(SxUxP xP)

Score

0-1

0-36

Scoring Criteria

No or positive effect on the species (in terms of
effects on density/distribution)

Little measurable but small effect on density or
distribution

Measurable effect on density or distribution, but
eradication unlikely

Serious effects, eradication a possibility
Will not happen in >10 years

Could happen over 3-10 years

Could (or will) happen within 1-3 years
Must act immediately (threat is already happening)
0

0.01-0.1

0.1-0.25

0.25-0.5

>0.5

0-100%

An aggregate score of the above reflects the
seriousness that threat poses to a given species

1. proportion of species range in Africa affected
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Table 2.4 Scores for 12 variables and 3 categories (bolded). Details on scoring methodology in Appendices 1, 2, and 3. Species codes as in Table 1.1.

SPECIES!
AAR
AFC
AGC
AWD
BBJ
BRH
CAR
cco
CGO
CHE
ETW
GOJ
HOB
LEO

LIO
SER
SNO
SPH
SSJ
STH

BODY
0.75
0.75
0.75

0.75

0.75
0.75
0.75

0.75
0.75
0.75

0.75

0.5

0.75
1

FECUND
0.6197
0.4380
0.7051
0.5444
0.3134
0.8547
0.5342
0.5655
0.7179
0.5342
0.6624
0.2707
0.8689
0.8312
1.0000
0.6902
0.2436
0.8547
0.7051
0.6346

VULNERABILITY

SPECIAL | PROPDIS
0.6667 = 0.8165
0.2222 | 0.4732
0.7778 | 0.9060
0.4444 | 0.9346
0.2222 | 0.7852
0.6667 = 0.9348
0.6667 = 0.5809
0.3333 = 0.5440
0.4444 | 0.9108
0.7778 = 0.7913
1.0000 | 0.9995
0.3333 | 0.4794
0.0000 = 0.2193
0.0000 @ 0.5139
0.3333 | 0.8706
0.3333 = 0.6090
0.2222 | 0.6101
0.1111 | 0.5338
0.5556 = 0.6508
0.5556 = 0.7399

LOSS
0.1004
0.0000
0.4421
0.8953
0.0314
0.3808
0.3768
0.0000
0.0000
0.7650
0.9829
0.0041
0.0047
0.3659
0.8288
0.2392
0.0000
0.2662
0.0000
0.3827

HR
0.20
0.40
0.40
1.00
0.40
0.80
0.40
0.40
0.40
1.00
0.40
0.40
0.80
0.60
0.80
0.40
0.40
0.60
0.20
0.60

TOTAL
3.153
2.283
3.981
4.819
2.502
4.637
3.309
2.593
3.223
4.868
4.795
2.238
2.643
3.311
4.833
3.022
1.976
3.366
2.861
3.913

SURVEY
0.5
0.75
0.25

0.5

0.5
0.5
0.25

0.25
0.75
0.75

0.5
0.5
0.75
0.5
0.5

MONITOR
0.25
0.25
0.25
0.75

0.5
0.5
0.25
0.5
0.25
0.75

0.25
0.5
0.5

0.75

0.25

0.25
0.5
0.5

0.25

KNOWLEDGE
BASELINE | STUDIES
0.5 0.5
0.5 0.5
0.25 0
0.75 0.75
0.5 0.5
0.75 0.5
0.5 0.5
0.5 0.25
0.25 0
0.75 1
1 0.25
0.5 0.5
0.5 0.25
0.75 1
0.75 1
0.5 0.5
0.5 0.25
0.75 1
0.5 0.25
0.25 0.5

SCOPE
0.20
0.10
0.10

.6
0.40
1.00
0.10
0.10
0.10
0.60
1.00
0.10
0.10
0.20
0.80
0.10
0.10
0.20
0.10
0.10

TOTAL
1.95
2.1
0.85
3.85
2.4
3.75
1.85
1.85
0.85
4.1
4.25
1.6
2.1
3.2
4.3
1.85
1.6
3.2
1.85
1.6

THREAT

0.279
0.000
0.270
1.000
0.206
0.382
0.352
0.415
0.406
0.941
0.964
0.040
0.158
0.455
0.527
0.406
0.418
0.276
0.233
0.348

1. Species codes as in Table 1.1
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RESULTS

Overall

Final scores for all 12 variables in the three categories are shown in Table 2.4.

The overall ranking of the 20 species in each of the three categories, while not
identical, was broadly consistent (Table 2.5; Fig. 2.1). Cheetah, African wild
dog, Ethiopian wolf, and lion were the top four ranked species in all three cat-

egories. This meant that they were broadly the most intrinsically vulnerable and

the most impacted by the suite of external threats, while also had been subjected

to the most monitoring and research. Patterns were not as obvious among the

bottom rankings, with only golden jackal consistently appearing among the bot-

tom five ranked species in each category. Black-backed jackal, golden jackal, Af-

rican civet, and honey badger were among the six bottom-ranked species in both

the vulnerability and threats categories. Correlations between each of the three

category scores were significant (Table 2.6; Fig. 2.1). This relationship did not,

Table 2.5 Species ranking in three priority scoring categories.

© 00 N oo ok W N e §
=
=

P R R SR
© o0 N oo o s~ w NN -, o
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Vulnerability

Cheetah

Lion

African wild dog
Ethiopian wolf
Brown hyena
African golden cat
Striped hyena
Spotted hyena
Leopard

Caracal

Congo clawless otter
Aardwolf

Serval

Side-striped jackal
Honey badger

Cape clawless otter
Black-backed jackal
African civet
Golden jackal

Spotted-necked otter

Knowledge

Lion

Ethiopian wolf
Cheetah

African wild dog
Brown hyena
Leopard®

Spotted hyena®
Black-backed jackal
African civet®

Honey badger®
Aardwolf

Caracal®

Cape clawless otter®
Serval®

Side-striped jackal®
Golden jackal®
Spotted-necked otter?
Striped hyena®
African golden cat®

Congo clawless otter®

af. Species with the same letter had equal scores in this category

SETTING CONSERVATION AND RESEARCH PRIORITIES FOR LARGER AFRICAN CARNIVORES

Threats

African wild dog
Ethiopian wolf
Cheetah

Lion

Leopard
Spotted-necked otter
Cape clawless otter
Congo clawless otterf
Servalf

Brown hyena

Caracal

Striped hyena
Aardwolf

Spotted hyena
African golden cat
Side-striped jackal
Black-backed jackal
Honey badger
Golden jackal

African civet
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Fig. 2.1 Relationships
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however, usually hold out within individual families. For hyenids and mustelids,
no categories were correlated. For canids only vulnerability and threat scores
were correlated, while for felids, knowledge and threat scores were correlated
with one another. Within two size categories, vulnerability and knowledge cat-
egories were the sole significant relationship for large carnivores (= 12 kg) only.

Among families, mustelids had lower mean scores than other families in vulner-
ability and knowledge categories, mean canid and felid scores were highest in the
threat and knowledge categories, while felids and hyenids had the highest mean
vulnerability scores (Fig. 2.2a). None of these differences was significant, however,
possibly due to low sample sizes. When we tested means of individual variable
scores within vulnerability (6 variables) and knowledge (5 variables) categories,
the same trends among families were evident (Table 2.7), with mustelid scores in
both categories significantly lower than those for the other three families (vulner-
ability: F=2.83, df=110, p=0.0418; knowledge: F=4.39, df=91, p=0.0062).

Large carnivores had significantly higher mean category scores for vulner-
ability (Kruskall Wallis: %?=9.31, df=1, p=0.0023), knowledge (x?=5.92, df=1,
p=0.015), and threat (}?>=3.77, df=1, p=0.035; Fig. 2.2b). Means of individual vari-
able scores within vulnerability and knowledge categories were highly significant
(Table 2.7). Species rankings within family and size categories ranged widely for
category scores and variables scores within categories alike (Table 2.7).

Table 2.6 Spearman’s rank correlations between category scores, overall and for species’ groupings.

Significant (p<0.05) relationships indicated in bold.

VULNERABILITY KNOWLEDGE
Overall (n=20) R =0.554; p=0.011
Felidae (n=6) R.=0.580; p=0.228
Canidae (n=5) R.=0.800; p=0.104
VULNERABILITY | Hyaenidae (n=4) 1.00 R.=0.400; p=0.600
Mustelidae (n=4) R=-0.641; p=0.359
Large (n=7) R =0.847; p=0.016
Small (n=13) R.=0.003; p=0.993
Overall (n=20)
Felidae (n=6)
Canidae (n=5)
KNOWLEDGE Hyaenidae (n=4) 1.00
Mustelidae (n=4)
Large (n=7)
Small (n=13)

THREAT

R,=0.608; p=0.0045
R.=0.600; p=0.208
R =1.00; p=<0.0001
R =0.800; p=0.200
R =0.624; p=0.376
R =0.679; p=0.094
R =0.380; p=0.201
R =0.439; p=0.05
R,=0.928; p=0.008
R.=0.800; p=0.104
R =0.200; p=0.800
R = -0.204; p=0.797
R =0.739; p=0.058
R.=-0.140; p=0.648
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Fig. 2.2 Comparison of
mean category scores by
A. carnivore family and
B. body size. Asterisks
indicate level of signifi-
cance from rank-trans-
formed ANOVA (family)
and Kruskal-Wallis (size)
tests (***p<0.001;
**p<0.01; *p<0.05).

Fig. 2.2a

Fig. 2.2b
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Vulnerability

Spearman’s rank correlations revealed strong associations between several of
the six vulnerability variables (Table 2.8). The first axis (43% of the total vari-
ance in scores) of a Principal Components Analysis (PCA; Fig. 2.3) contrasted
those species with low fecundity scores, large home range and body sizes and
those that have experienced a high degree of range loss (e.g., Ethiopian wolf,
African wild dog, brown hyena, cheetah and lion) with those with relatively
high reproductive potential, and small home ranges and body size (e.g., honey
badger, African civet and the three jackal species). The second axis (28.4%)
pulled apart the least specialized and widest ranging species — honey badger,
spotted hyena, and leopard — from Ethiopian wolf, African golden cat, and
Congo clawless otters. This analysis showed that the highest scoring species in
the vulnerability category — Ethiopian wolf, African wild dog, cheetah, lion,
and brown hyena — all show high degrees of range loss, variable but rela-
tively high degrees of specialization, and low reproductive rates (high fecundity
scores). Caracal, serval, and striped hyena tended to have intermediate values in
all vulnerability variables. A PCA analyzing the three components of the fecun-
dity score (litter size adjusted for number of breeding females, minimum age of
first reproduction, and inter-birth interval) yielded additional information on
species’ contrasts (Fig. 2.4). The first axis of variation (accounting for 56% of
the total variance in scores) distinguished species with long inter-birth intervals
and high minimum age at first reproduction (e.g., lion, brown hyena, spotted
hyena, and leopard) from those with low values for these variables (particularly
African civet). The second axis, explaining an additional 29% of the total vari-
ance, contrasted species with high (the three jackal species) vs. low (African
golden cat and honey badger) average litter sizes.

In family comparisons of the individual vulnerability scores, significant dif-
ferences were evident for fecundity (rank-transformed ANOVA F=5.16, df=3,
p=0.0120) and range loss (F=3.36; df=3; p=0.047). Canids scored significantly
lower (indicating higher reproductive rates) than other families for the former
(Fig. 2.5a). In size comparisons of mean vulnerability scores (except body
size), range loss and home range scores were significantly higher for large vs.
smaller carnivores (range loss: Kruskall Wallis, %?=6.73, p=0.0095; home range:
x*=12.45, p=0.0004; Fig 2.5b). When family comparisons were made for the
three variables that composed the fecundity score, only litter size was significant
(F=3.39, p=0.0365), with Tukey’s Range Test revealing significant differences
between mustelids (mean score=0.806+0.0833) and canids (0.299 = 0.160),
but none of the other families. Between the two size classes, however, larger
carnivores had significantly higher minimum age to first reproduction (Kruskall
Wallis, %?=7.21, p=0.0073) and inter-birth interval (}*>=8.63, p=0.0033), but no
differences in litter size.
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Fig. 2.3 Principal
components analysis of
species and vulnerability
variables. Note that for
maximum clarity, raw
values of each variable
were used, and not
scores, with the
exception of fecundity,
for which long axes
indicated high scores
(or low reproductive
potential). See Table 1.1
for species codes.

Fig. 2.4 Principal
components analysis of
species and fecundity
variables. See Table 1.1
for species codes.
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Table 2.8 Spearman’s rank correlations between vulnerability variables. Significant (p<0.05) relationships
indicated in bold.

. . I Current
Fecundity Body Size Specialization Distribution Range Loss Home Range
Fecundity 1.00 0.440 (ns) -0.075 (ns) 0.149 (ns) 0.247 (ns) 0.625
' ' ' ' ' (p=0.0042)
. 0.628 0.775
Body Size 1.00 0.046 (ns) 0.208 (ns) (p=0.003) (p<0.0001)
e 0.708 0.494
Specialization 1.00 (p=0.0005) (p=0.027) -0.135 (ns)
Current 0.558
Distribution 1.00 (p=0.011) 0.098 (ns)
Range Loss 0.565
1.00 (p=0.009)
Home
Range 1.00
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Fig. 2.5 Mean score
comparisons of

Il coanids (n=5) vulnerability variables
1.0 4 [ Felids (n=6) between
[ Hyenids (n=4) A. carnivore families,
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08 B. body sizes. Asterisks
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Knowledge

Spearman’s rank correlation showed strong associations between all of the five
variables that comprised the knowledge category, with the exception of number
of studies and knowledge of population trend, which was nearly significant
(Table 2.9). A PCA (Fig. 2.6) revealed the clear contrast between well-stud-
ied and data-deficient species. All variables were strongly correlated with the
first axis, which accounted for 74.5% of the total variance in scores. Number
of studies was correlated with the second axis, which accounted for another
15.4% of the total variation. The PCA demonstrates that while knowledge of
population trend, knowledge of baseline ecology and knowledge of distribution
go hand-in-hand, the sheer amount of study on species is somewhat separate.
The geographic scope of research and conservation attention is related more to
knowledge of baseline ecology, distribution, and population trend, than it is to
number of studies. In other words, species can be well studied, but with incom-
plete information on status. This is the case for leopard and spotted hyena, in
contrast to Ethiopian wolf. The latter is well-known and monitored, but has few
published studies relative to the other two. Most species cluster on the left of
this graph indicating that they are neither well-studied, nor is their status well
known.

There was no apparent difference between families with regard to any of the
knowledge variables. Studies and scope were both higher for larger than smaller
carnivores, although this only approached significance (Kruskall Wallis: studies
x*=3.48, p=0.06; scope x*=2.58, p=0.11; Fig. 2.7B).

Research and conservation effort
The Web of Science® literature search uncovered a total of 1716 papers with
any of the 20 carnivore species as subject matter (Table 2.10). The category
with the highest percentage of publications was Disease/Contaminants (26 %),
with the next most important category being Ecology (22%) followed by
Behavior (14.5%). Five species (lion, cheetah, spotted hyena, leopard, and
African wild dog) comprised 79% of all the papers (Fig. 2.8A). The number
of papers in conservation, management, or ecology was highly correlated with
the total number of papers/species (r>=0.91; p<0.001; Fig. 2.8B). There was
a tendency for those species with fewer numbers of papers to concentrate on
ecology and conservation, with two otter species providing the only examples
where ecology/conservation papers outnumbered other papers. There was an
extremely weak and non-significant relationship, however, between the propor-
tion of ecological/conservation papers and total knowledge score.

Carnivore research also exhibits a strong geographic bias, with the vast
majority of studies occurring in the southern and eastern parts of the continent
(Fig. 2.9). Points from regional studies are depicted by central range points.
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Table 2.9 Spearman’s rank correlations between knowledge variables. Significant (p<0.05) relationships

indicated in bold.
Distribution Population Ecology Studies Scope
Distribution 1.00 0.788 (p<0.0001) 0.863 (p<0.0001) 0.562 (p<0.001) 0.768
) ) ) ) ) ) ) (p<0.0001)
Population 1.00 0.802 (p<0.0001) 0.354 (p=0.126) 0.761
’ ) ) ) ’ (p<0.0001)
0.824
Ecology 1.00 0.607 (p<0.005) (p<0.0001)
Studies 0.527
1.00 (p=0.017)
S 1.00
Fig. 2.6 Principal
= components analysis of
) knowledge scores.
b O ETW See Table 1.1 for species
codes.
AGC i
monitor
C)CGOSSJCCO BRH
O OHoB o scope
SNO_ g, AWD
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Fig. 2.7 Mean score
comparisons of
knowledge variables
between

A. carnivore families,
and

B. body sizes. Asterisks
indicate level of
significance from rank-
transformed ANOVA and
Kruskal-Wallis tests
(***p<0.001; **p<0.01;
*p<0.05).

Fig. 2.7a

Fig. 2.7b
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Fig. 2.8

A. Piechart depicting
proportion of Web of
Science papers
(n=1716) on each of 20
carnivore species (note
that two wedges are too
small to register);

B. Distribution of

paper subjects

into conservation/
management, ecology,
and other.
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Fig. 2.9 Distribution
of carnivore studies in
Africa.
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Threats

Complete scores for all 20 species relative to the ten threats are presented
in Table 2.11 and Appendix 3. A PCA (Fig. 2.10) demonstrated that three
species—cheetah, Ethiopian wolf, and African wild dog—were distinct
relative to the others due to the high threats that they suffer in several cat-
egories. All three (but particularly cheetah) received high scores for human
conflict and habitat loss, with African wild dog and Ethiopian wolf further
exposed to stresses particularly characteristic of small populations such as
human-introduced disease and genetic impoverishment. Other species did not
score particularly high in any of the threats, with the exception of lion and
leopard, which received moderate scores in human conflict, hunting, and habitat
loss.

Table 2.11 Aggregate threats scores for 20 carnivore species. See Appendix 3 for scoring details.

—
= S 3 2 =
= [ g = ) = -
2 & & 9 35 & © =
SPECIES S 4, 8 &8 9 2 g B s
= = 7 = = < = & = = »
= = < = ] a = 2 = 2 _|
= = 7 = 7 = = = Z =) =
o = a = z = T = & = e
AFRICAN WILD DOG 0 24 27 36 0 18 6 36 24 0 171
ETHIOPIAN WOLF 0.8 36 36 36 0 24 0 2.25 24 0 159.05
CHEETAH 0 36 24 36 0 2 6 36 3.2 12 155.2
LION 0 27 18 36 0 0 4 0 2 0 87
LEOPARD 0 27 1 36 0 2 8 1 0 0 75
SPOTTED-NECKED OTTER 0 36 0 12 0 1 2 18 0 0 69
CAPE CLAWLESS OTTER 4.5 18 0 24 0 2 2 18 0 0 68.5
SERVAL 0 36 0 27 0 2 2 0 0 0 67
CONGO CLAWLESS OTTER 0 27 0 36 0 0 4 0 0 0 67
BROWN HYENA 0 12 0 27 0 6 0 18 0 0 63
CARACAL 0 27 0 27 0 2 2 0 0 0 58
STRIPED HYENA 0 27 0 27 0 2 1.5 0 0 0 57.5
AARDWOLF 1 0 0 6 27 3 3 6 0 0 46
SPOTTED HYENA 1 18 1.6 18 0 2 4 1 0 0 45.6
AFRICAN GOLDEN CAT 0 36 0 3 0 5 4 1 0 0 44.5
SIDE-STRIPED JACKAL 0 0 12 12 0 2 0.5 12 0 0 38.5
BLACK- BACKED JACKAL 0 0 12 12 0 2 6 2 0 0 34
HONEY BADGER 0 4 0 12 0 4 6 0 0 0 26
GOLDEN JACKAL 0 0 1.6 1 0 0 0 4 0 0 6.6
AFRICAN CIVET 0 0 0 0 0 0 0 0 0 0 0
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Examining the threats themselves, almost every species scored moderately

high to high for human conflict, making this without question the most im-

portant threat facing carnivores on the continent (Table
2.12), with impacts on distributions and populations.
Most species that are exposed to human conflict and
habitat decline experience it with a high degree of se-
verity and pervasiveness, as opposed to threats that are
clearly localized such as road kill (Fig. 2.11).

Explanatory variables of extinction risk

We combined all 12 variables in a multiple regression
analysis to examine the explanatory power of the vul-
nerability, knowledge, and threats variables used in this
exercise to extinction risk. We used a conservation status
variable devised by Mills et al. (2001) as the measure
of risk, under the assumption that the TUCN or CITES
conservation status assignment was indeed reflective of
true status in the wild. Fecundity and range loss were the
best predictors to emerge from this analysis (fecundity:
t=13.73, p=0.0018; range loss: t=5.79, p=0.028).

THREAT

Human conflict
Habitat declin