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Foreword

As humans usurp more and more of the Earth, and the
natural world continues to shrink, carnivores will bear a
disproportionate toll of the effects. This is because
carnivores tend to have larger home ranges, more extensive
movements, and longer dispersal distances than their
prey, so their spatial requirements bring them into greater
contact with humans. Furthermore, carnivores tend to
conflict directly with human interests because of the
proclivity of many of them to kill animals that humans use
themselves.

Canids form one of the most prominent families of
carnivores, with 36 interesting taxa in 13 genera that occur
throughout most of the world. Foxes, dholes, dingoes,
wolves, jackals, coyotes and various dogs comprise the
family, and they find human-raised livestock irresistible
prey. As a family, canids occupy every continent except
Antarctica. The grey wolf, alone, was originally the most
widely distributed terrestrial mammal; its successor to the
throne is another successful canid, the red fox. Thus,
canids have borne a high proportion of the conflict between
humans and carnivores. The more prolific and adaptable
canids, like the jackal and coyote, have fared well despite
this competition, while the more specialised members of
the family, like the Ethiopian wolf, have become threatened
with extinction.

However, whatever the past or present status of a
particular canid species, we can be sure that the future will
present new problems as human populations grow, intrude
on natural habitat, and convert more of the Earth to their

own liking. Whether the issue is habitat loss, direct
competition, or disease spread (both from canids to humans
as with rabies, or from human sources to canids, such as
canine parvovirus from domesticdogs to wolves), increasing
human pressure means that canids face an uncertain future.

Fortunately, some humans have taken notice and have
decided to assess the situation systematically. Through
the World Conservation Union’s (IUCN) Species Survival
Commission, the Canid Specialist Group has developed
this Action Plan for Canid Conservation. Editors Claudio
Sillero-Zubiri, Michael Hoffmann and David Macdonald
have assembled here an impressive collection of
information about all living canid species and the
conservation problems they face. From genetics to diseases,
conflict resolution to reintroduction, this Canid Action
Plan not only covers the basics, but also addresses the
most pressing issues for canid conservation in a
comprehensive manner.

Perusing this wealth of well-organised and important
information is enough to give one hope that, despite the
many problems canids face, this mobilisation of
information and planning will help ensure the survival of
all these intriguing species that comprise the family
Canidae.

L. Dave Mech

Chair, [IUCN/SSC Wolf Specialist Group
U.S. Geological Survey

St. Paul, Minnesota, USA

Eight-week old island fox pup
(Urocyon littoralis). Santa Rosa
Island, California, USA, 2001.

Don Jones
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Executive Summary

The new Canid Action Plan synthesises the current knowledge
on the biology, ecology and status of all wild canid species, and
outlines the conservation actions and projects needed to secure
their long-term survival. Aiming at conservation biologists,
ecologists, local conservation officials, administrators, educators,
and all others dealing with canids in their jobs, the authors aspire
to stimulate the conservation of all canids by highlighting
problems, debating priorities and suggesting action.

The 36 taxa of wild canids that comprise the family Canidae,
ranging in size from the tiny fennec fox to the mighty grey wolf,
and found inevery continent except Antarctica, are special. They
are special because they have, as perceived friend or foe,
preoccupied the imaginations of mankind for millennia; because
the breadth of their adaptations makes them enthralling to
science; and because the contradictory facets of their relations
with people perplex the conservationist. The increase in numbers
of people, the spread of settlement, and the exploitation of
natural resources of previously little-disturbed wild lands, together
with persecution, are threatening some of these canids with
extinction. The possibility that we are heedlessly, perhaps
needlessly, mismanaging many of them is saddening; the
probability that our negligence will force several more to extinction
should fill us with bottomless dismay. It demands action, and
that is why we have compiled this new Canid Action Plan.

Following a short introduction and a chapter on phylogeny,
classification, and evolutionary ecology of the Canidae (Part 1),
Part2 provides the latest information on the distribution, biology
and conservation status of each species, organised by geographical
region. The accounts also list current field projects, and their
contact detailsare provided in an appendix. The Canid Specialist
Group’s members are active worldwide. Nine of the 36 taxa
covered are threatened (3 Critically Endangered, 3 Endangered
and 3 Vulnerable), and one is considered Near Threatened. Six
species (7%) were listed as Data Deficient, and 20 (56%) species
as Least Concern (Appendix 1). The threatened canids are:

* Darwin’s fox (CR). Until recently, known only from the
Island of Chiloé (Chile) until rediscovered 600km away in
the coastal mountains, where domestic dogs threaten them
with disease or direct attack.

* Red wolf (CR). Currently the subject of taxonomic debate,
red wolves were declared Extinct in the Wild by 1980, but
have been reintroduced into eastern North Carolina, where
they are now locally common. Hybridisation with coyotes is
the primary threat.

* Island fox (CR). Restricted to the six largest of the eight
California Channel Islands, each island population is
considered a separate subspecies, and four have declined
precipitously. Threats include hyperpredation by golden
eagles and the introduction of canine diseases.

* Ethiopian wolf (EN). Less than 500 individuals remain,
confined to eight locations in the Ethiopian Highlands.
Previously listed as Critically Endangered, continuous loss
ofhabitatdue to high-altitude subsistence agriculture remains
the major threat, along with disease (particularly rabies).

e African wild dog (EN). Formerly distributed throughout
sub-Saharan Africa, excluding rainforests, wild dogs have
disappeared from 25 of the former 39 range states. More

than half of the mortality recorded among adults is caused
directly by human activity.

* Dhole (EN). Formerly distributed across Asia, dholes have
undergone widespread decline and are threatened by
depletion of their prey base, habitat loss, persecution,
competition and disease.

* Dingo (VU). Austronesian people transported the dingo
from Asia to Australia and other islands in between 1,000
and 5,000 years ago. Pure dingoes occur only as remnant
populations in central and northern Australia and in
Thailand, and they are threatened by cross-breeding with
domestic dogs.

*  Bushdog(VU). Despiteasupposedly widespread distribution
in South American forests, this species is perceived as rare,
and threatened by habitat conversion and human
encroachment.

* Blanford’s fox (VU). Present in arid mountainous regions of
the Middle East and north-eastern Egypt eastwards to
Afghanistan, where human development could pose a threat.

In contrast to the threats faced by threatened canids, several
species are thriving in human-dominated landscapes and incur
the loathing of farmers and hunters alike. Red foxes are
notoriously successful in urban settings, and coyotes, golden
jackals, crab-eating and kit foxes seem able to thrive amidst
human settlements. Management prompted by rabies control,
fur harvest, and livestock predation leads to the slaughter of
hundreds of thousands of canids annually.

Part 3 of the Plan considers nine major issues in canid
conservation, namely canid society, conservation genetics,
assessing and managing diseases, management of canids near
people, impact of exploitation and trade, survey and census
techniques, captive conservation, reintroduction and meta-
population management, and conservation education.

Part 4 is arguably the most important section. It includes a
chapter on the need for setting priorities and measuring success
in canid conservation, and the detailed Action Plan for canid
conservation into the 21st century. Although we have sought to
refine and consolidate these entries, they represent the views of
the many experts around the world who suggested them, who
debated them in our workshops and in the forum of our
international congress, hosted by the WildCRU in Oxford in
September 2001. The list of proposed projects makes no claim to
be comprehensive, but it is the result of extremely wide
consultation. The plan itself, together with the databases
concerning existing members and research projects, are all
available on the web at http://www.canids.org. The Action Plan
was prepared in parallel with our edited monograph entitled 7/e
Biology and Conservation of Wild Canids (Oxford University
Press, 2004) which contains comprehensive reviews of the science
underpinning this Action Plan, together with 14 case studies of
wild canid biology.

David W. Macdonald,

Chairman ITUCNY/S SC Canid Specialist Group
Claudio Sillero-Zubiri,

Deputy Chair [UCN/S SC Canid Specialist Group
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Chapter 1

Introduction

C. Sillero-Zubiri and D.W. Macdonald

Canids: Foxes, Wolves, Jackals and Dogs Status Survey
and Conservation Action Plan consists of a review of 36
wild canids, of which at least nine are threatened with
extinction: island fox (Urocyon littoralis), Darwin’s fox
(Pseudalopex fulvipes), red wolf (Canis rufus), Ethiopian
wolf (C. simensis), African wild dog (Lycaon pictus), dhole
(Cuon alpinus), bush dog (Speothos venaticus), Blanford’s
fox (Vulpes cana) and dingo (Canis lupus dingo). In contrast,
other species such as side-striped jackals (Canis adustus)
and fennec foxes (Vulpes zerda) are widespread but rare
(or certainly not common) throughout their range. Our
knowledge of many of the remaining species (e.g., short-
eared fox, Atelocynus microtis,and pale fox, Vulpes pallida),
is too poor to determine how serious are the threats they
face —although the snippets of information available offer
little cause for optimism.

On the other hand, many wild canids are too common
for their own good (e.g., red fox, Vulpes vulpes, culpeo,
Pseudalopex culpaeus, golden jackal, Canis aureus and
coyote, C. latrans), and thus are involved in often
controversial wildlife management issues (such as rabies
transmission, predation on livestock, sport hunting, fur
trade).

The canids are a fascinating family biologically
(studies of them have been at the forefront of half a
century of research that has revolutionised understanding
of evolutionary biology and behavioural ecology) and

they also pose particular challenges to conservation — the
topic of this Action Plan. These two topics — the biology
and conservation of wild canids —are the subject matter of
our monograph on this family (Macdonald and Sillero-
Zubiri 2004a), and many of the points that we touch on
briefly in this Introduction are fully elaborated therein.

1.1 Canid diversity

Thenumber of species contained within the family Canidae
is a point of some contention, and Clutton-Brock et al.
(1976), Wozencraft (1989, 1993) and Ginsberg and
Macdonald (1990) argue for between 34 and 37 distinct
species, to which the recognition of Canis lycaon (see
Wilson et al. (2000) would add another. In this plan, we
recognise 35 full canid species, although we discuss also a
36th taxon, the dingo (Canis lupus dingo), which we consider
a subspecies of the grey wolf (Canis lupus).

Canids range in size from Blanford’s (Vulpes cana) and
fennec foxes, which can weigh less than lkg, to the grey
wolf exceeding 60kg. Their distributions may be highly
restricted — almost the entire Darwin’s fox population
occurs only on one island (Yankhe ez al. 1996), and some
unusual subspecies occur on one island each, such as
island foxes or Mednyi Arctic foxes (Alopex lagopus
semenovi — Wayne et al. 1991; Goltsman et al. 1996),

Juvenile female Arctic fox lying
on the den at dawn. Helags
Mountains, Northern Sweden,
August 2002.

Love Dalén



whereas other species span several continents — about 70
million km? in the case of the red fox (Lloyd 1980). Their
dietsrange from omnivory (with, at times, almost exclusive
emphasis on frugivory or insectivory) to strict carnivory —
and they glean these livings in habitats ranging from
deserts toicefields, from mountain to swamp or grassland,
and from rain forest to urban ‘jungle’ (Macdonald and
Sillero-Zubiri 2004b). To do this they may travel home
ranges as small as 0.5km? (island fox — Roemer ez al. 2001)
oras large and non-defensible as 2,000km?in African wild
dogs (Frame et al. 1979).

Geographical variability in body size can be explained
to some degree by differences in availability of food, with
small canids (e.g., fennec fox) usually associated with arid
and poor habitats in which only a small body mass can be
supported year round, whereaslarge canids (e.g., Ethiopian
wolf and African wild dog) are often associated with
habitats in which prey is abundant. The maned wolf
(Chrysocyonbrachyurus), unusual inits social organisation
for a large canid, lives in South American savannas and
feeds largely on rodents and fruit (Dietz 1985). Geffen et
al. (1996) suggest that low food availability probably
constrains both the maned wolf’s group and litter size
(which is low at 2.2).

1.2 Patterns of distribution of the
Canidae

The contemporary Canidae are the most widespread family
of extant Carnivora, with at least one species present in all
continents except Antarctica. A quick perusal of the ranges
of all canid species (Macdonald and Sillero-Zubiri 2004b)
indicated that over the last century the geographical ranges
of seven species have increased, eight have decreased and
nine have remained stable. The kaleidoscope of species
diversity has changed: there are places where the grey wolf
and the red fox have been replaced by what amounts to
their ‘ecological average’, the coyote (once confined to
mainly arid areas in western North America and now
foundineverystate, province and country north of Panama
— Moore and Parker 1992; Reid 1997; Bekoff and Gese
2003).

Many Canidae have distributions that span at least a
whole continent. Red foxes and grey wolves have the most
extensive natural range of any land mammal (with the
exception of humans and perhaps some commensal
rodents). Red foxes are the only canid present on five
continents, recorded in a total of 83 countries. Grey
wolves occur naturally in North America, Europe and
Asia, their range spanning 62 countries. Two species are
present on three continents, namely the golden jackal and
Arctic fox (Alopex lagopus). And two other, the red fox
and dingo have reached Australia and Oceania with
assistance from mankind.

At least 155 of the 192 countries across the globe have
canids (81%), with Sudan the country with the highest
number of species (10 species), followed by USA (9 species)
and Ethiopia (8 species). Those countries that do not host
any canid species areisland states (e.g., Caribbean islands,
Madagascar, Malta, most Australasian islands).

Africa, Asia and South America support the greatest
diversity with more than 10 canid species each. Red foxes
are sympatric with 14 other canids (from three geographical
regions), golden jackals with 13 (from two regions) and
grey wolves with 11 (from three regions). Within any one
location, however, canid diversity is usually limited to one
to five species.

There are five canid species endemic to a single country.
Not surprisingly, most are also threatened (red wolf,
Ethiopian wolf, Darwin’s fox, island fox and hoary fox —
Pseudalopex vetulus), with the Sechuran fox (P. sechurae)
a near-endemic to Peru. Of the two continents with the
highest species diversity, South America harbours nine
species (out of 11 species present) confined entirely to
south of Panama, while Africa has eight endemics (of 13
species present). Of 12 canid species found in Asia, only
two are restricted to that continent.

Although the genera Canis and Vulpes are both found
in North America, Europe, Africa, and Asia (and were
introduced by man to Australia), of the remaining eight
genera six are restricted to one continent: Chrysocyon,
Otocyon, Pseudalopex, Speothos (South America), Cuon
(Asia), Lycaon (Africa); Urocyon is restricted to North
and South America, whereas Nyctereutes, formerly
restricted to Asia, has been introduced to Europe.

1.3 The Canid Action Plan

The Canid Action Plan is one in a series of such plans
fostered by the World Conservation Union (IUCN) and
written by members of the Species Survival Commission
(SSC)’s Specialist Groups. The Canid Action Plan is the
product of the deliberations of the Canid Specialist Group
(CSQG), itself one of more than 120 groups of specialists
with a taxonomic focus on conservation under the aegis of
SSC. The CSG has classified 36 living wild canid taxa and
assigned a conservation status to each based on evaluated
risk using the IUCN Red List Categories and Criteria:
version 3.1 (IUCN 2001).

As its name implies, The Canid Action Plan aspires to
identify important actions and to plan for their
implementation. One way of doing this has been to canvass
the views of the international community of canid specialists
on the latest knowledge and status of each species, the
threats they face, the questions that must be answered and
the actions that must be taken to ameliorate these threats.

Paradoxically, the preparation of this Canid Action
Plan has been a unique experience precisely because we



have done it before! That conundrum is explained because
in 1990 the CSG published the first Canid Action Plan,
compiled by Joshua Ginsberg and David Macdonald. A
particularly fascinating aspect of preparing the current plan
has been that it afforded us the opportunity, for the first
time, to take stock of how things had changed and what had
been achieved in the intervening 14 years. We will return
below (section 1.4) to some lessons learnt from this longer
perspective, but first we summarise the main features of
this, the second Canid Action Plan:

* This publication is an entirely new compilation of
information on canids, reviewing exhaustively the salient
advances in science relevant to canid conservation
biology, and the most up-to-date information on status
and distribution for each species.

» Theclassifications, and the proposed actions and plans,
collated in this publication have been produced by the
most systematic methods currently in use. To classify
the 36 taxa we have used version 3.1 of the [UCN’s Red
List Categories and Criteria, and to generate candidate
actions we have taken advantage of electronic
communication to canvass a vast and internationally
dispersed body of experts for their suggestions.

* The plan includes text written by 88 contributors and
reviewed by more than 90 additional referees.

* Theplanincludesacomprehensivelist of current projects
and researchers.

* The entire plan will be available on the internet (http://
www.canids.org), offering the facility for regular updates.

The authors of action plans have a clear remit: to provide
currentand accurate information that will help individuals,
institutions, and governments to make educated decisions
with the aim of ensuring the long-term survival of the
speciesin question. To succeed in this objective, theauthors
of an action plan must first collect, collate, and synthesise
the information available on the status, abundance, and
distribution of the taxon under consideration. Only then
can priorities be established and a plan for action developed.

Some other IUCN Action Plans have organised their
contents on a regional basis, and some are further divided
into regional reports, providing a level of detail at country
level that is enviable. However, such an approach is not
appropriate for the canids, and we have opted to organise
the canid action plan differently. The reasons for this are
several and stem from the basic biology of carnivores.
First, carnivore species occur at lower densities than their
prey; second, at any one location, the diversity of carnivore
species is usually rather low, while third, the geographic
ranges of many species are rather large. These traits of
canid distribution are not just regional, but global. In
decidinghow to present our information we were impressed
by the generalisation that the status of a particular canid
species appears to be remarkably consistent throughout
its range.

Thus, given the wide geographical ranges of many
canid species, and their relatively low species diversity, a
country-by-country analysis of status, abundance, and
distribution seemed to us unjustifiable and potentially
repetitive. Worse, it would be unworkable, insofar as
information on the status of many canids remains sparse.
For most countries, one simply could not write detailed
reports because detailed information is unavailable.
Nonetheless, policies often have a regional focus. Many
people involved in biological conservation are shifting
their attention from a species-oriented to an ecosystem-
oriented approach. Therefore, in what we hopeisa sensible
and utilitarian compromise between the realities of canid
biology, the limitations of the data, and the necessity for
a geographical framework, we have organised this second
Canid Action Plan by species status accounts listed under
relevant geographic regions. The regions reflect, in broad
terms, the biogeographical distribution of Canidae.

1.4 The longer view

Fifteen years have passed since the team preparing the
first Canid Action Plan was at work and the publication of
this second Plan. Those years have witnessed a continuing
and exponential growth in understanding of, and
enthusiasm for, conservation biology. Theory, far more
abundant than data in 1990, has proliferated yet faster,
and with dazzling sophistication in the meantime. For the
canids as a whole, empirical knowledge has, if anything,
fallen yet further behind — the corsac fox, the small-eared
dog and the Indian fox are still as unknown as they were
in 1990 — but the situation is partly saved because the
intervening years have seen the publication of some
wonderful field studies (and 14 of these are highlighted as
case studies in Macdonald and Sillero-Zubiri 2004a).
Despite the gaps, therefore, a great deal more is known
now than then. Against that background, revisiting the
first plan while working on this second one has caused us
to ask what has changed. Some things have not.
Foremost amongst the things that have not changed
are the inherent natures of wild canids and of people —
natures that all too often throw us into conflict. Thus, it is
still true that the fox trotting across your field of view may
be, simultaneously, a resource for the trapper, a health
hazard to the rabies official, a quarry to the huntsman, a
subject to the photographer, vermin to the poultry farmer,
and a joy to behold to the aesthete. What is more, it is still
true that their judgements are neither right nor wrong
according to some self-appointed prophet — each could
argue a case, but would do so using incommensurable
currencies (how are we to equate units of jobs versus units
of cultural heritage versus units of suffering versus money,
etc.?). Again and again, scientific judgement trips over
ethical judgement. In the Introduction to the first Canid



Action Plan we wrote of the challenge of untangling these
issues as the prerequisite to resolving them — it remains no
less a challenge now.

Science has been helpful. For example, the oral
vaccination of foxes against rabies was avant garde in the
1980s, but is de rigour now. On the other hand, alternative,
and often non-lethal, approaches to resolving conflicts
with canids that we vaunted expectantly in 1990 — such as
aversive conditioning or sophisticated repellents — have
still not really materialised (although the scope is great; see
Sillero-Zubiriet al. (2004)). On the other hand, appreciation
of the human dimension to conservation biology has
advanced hugely, and the processes and outcomes
associated with the reintroduction of wolves to Yellowstone
illustrate the new deal. In this vein, exciting, collaborative,
often community-based projects are developing, and the
trial introduction of African wild dogs to a consortia of
adjoining South African game ranches is a case in point:
the question is whether some way can be found to ensure
that the profit from ecotourists attracted by the wild dogs
will outweigh the losses caused by their depredations on
valuable antelope — the research is underway and the
answer may be some years in coming, but it is exciting that
the question is at least being both asked and tackled.

In 1990 we wrote that the very opportunism and mobility
thatis the hallmark of success for many members of the dog
family is also responsible for throwing them into conflict
with people. This conflict involves, first, competition
between man and canids through depredations on game
and domestic stock; and, second, canids as victims of, and
often vectors for, several zoonoses, of which rabies is
undeniably the most notable. In addition to rabies, there
are several other pathogens of direct (e.g., leishmaniasis)
and indirect (e.g., sarcoptic mange) concern to man, the
latter threatening the fur trade, the former threatening life.
The traditional response to perceived problems of predation
and disease has been to attempt to reduce canid numbers
by killing them. This time-honoured approach had, and
still has, two notable drawbacks: it tends to throw different
factions into conflict (e.g., fur traders object to their
commodity being blasted by irate shot-gun-toting
stockmen, and those concerned with animal welfare object
to both groups killing canids); and it may not work (either
because the problem was merely perceived but not real, or
because the solution was inappropriate). The issues raised
by predation and disease are biologically and economically
complicated. Data on both topics are more revealing
nowadays, and Part 3 of this Action Plan considers these
continuing realities within a much more secure framework
of ideas than was available in the first edition.

Our intention remains to identify problems common
tomany canids, real and imaginary, to seek some indication
of their magnitudes, and to evaluate the effectiveness of
existing solutions and the practicability of novel ones, all
from the point of view of species conservation. Perhaps

the most clear-cut change in attitude is that disease has
become accepted as a two-faced demon in canid
conservation: not only is infectious disease a scourge of
populous canids, and thus a threat to mankind and his
domestic stock, but it is also a threat to rare canids
themselves—sometimes because numerous canids threaten
them (uncommon Blanford’s foxes might succumb to
rabies transmitted by abundant red foxes), but more
commonly because rare wild canids (Ethiopian wolves,
African wild dogs, island foxes) are decimated by diseases
of domestic dogs. Happily, this realisation has fostered
productive links between biologists, veterinarians, public
health officials and community development experts. This
is the sort of interdisciplinarity that we hailed as necessary
in 1990, and which is now widely becoming familiar — but
there is still a long way to go.

1.5 Structure of the Action Plan

Thearrangement of species sections within chapters follows
aregional approach. Each of the world’s canid species has
been assigned to one of seven regional chapters (Chapters
3-9). The structure of each geographically organised
chapter is explained in the Introduction of Part 2 “Species
Status Accounts”.

Our approach was to seek more than one author for
each entry and then to support them with a team of
reviewers. The reviewers were selected, where possible, to
span the geographic region covered by the species in
question. The final entry, therefore, combines the expertise
of the authors, reviewers and editors in what we believe
are the most comprehensive accounts available. A first
step in this process, however, was to agree which species
are to be recognised, and by which names are we to refer
to them. Therefore, in Chapter 2 there is a discussion of
canid taxonomy, and the classification used in this
publication is explained. Although the Action Plan does
not attempt to analyse conservation priorities at the level
of subspecies (with the exception of the dingo, herein
considered a subspecies of the grey wolf), each species
account includes a list of recognised subspecies for those
who wish to pursue questions of taxonomy and
biogeography.

Foxes, wolves, and jackals have much in common, both
in their biology, their relationships with man and their
conservation challenges. Hence, following the geographical
chapters, in Part 3 we present nine chapters on topics
almost universally relevant to the conservation of the
Canidae as a whole. The topics are sociobiology, genetics,
diseases, management of canids near people, trade, research
techniques, captive breeding, reintroduction, conservation
policies, and conservation education.

Finally, Part 4 represents the true ‘action’ component
of the plan, an “‘Action Plan for Canid Conservation in the



21stcentury’, introduced by ashortchapter on theincreasing
need in conservation biology for setting priorities and
measuring success (Chapter 19). In chapter 20 we list the
projects and actions that we believe are priorities for canid
conservation over the next 10 years. These are presented in
a simple summary form. Given that canids are present
throughout the world, and that many of the range countries
do not have appropriate scientific and conservation
infrastructure, we have attempted to identify the most
needed projects and actions to improve the conservation
status of canid species, rather than present a “wish” list of
projects per country as other IUCN action plans have
done. We aim to achieve a realistic list of projects and
actions that would havea good chance of being implemented
within a decade. Thus the projects/actions focus on the
threatened species, and are organised into two sections; a)
general projects/actions affecting all species, and b) projects/
actions listed under relevant species. The process of
assembling these proposals was revealing, as was the nature
ofthe proposals themselves—we feel certain generalisations
emerge from them, and we have discussed these at length in
Macdonald and Sillero-Zubiri (2004c¢).

During the three years or so that it has taken to
produce this Action Plan we received many reports from
CSG members and other canid enthusiasts. We received
standardised questionnaire forms providing information
on the distribution and status of wild canids at country
level. Such information was made available to the authors
of each species’ account. The second Canid Action Plan
could not have been completed without the help of these
correspondents, and we have tried to represent their views
accurately. Many of our correspondents have emphasised
the potential usefulness of a register of conservation and
research projects dealing with canids and those people
involved with canid research. This has prompted the CSG
to develop a web-based Canid Project Database (http://
www.canids.org/database/ — see Appendix 5). This
directory is by no means complete, and we encourage
readers to submit information on those projects that are
not yet covered by the database.

1.6 Limitations of this Action Plan

The structure we have imposed upon this second edition
of the Canid Action Plan has suited our purpose, butit has
drawbacks. For example, by making our focus regional
and global, we havelargelyignored aspects of conservation
at the level of subspecies or of local populations. In
defence of this, we would argue that, for the most part,
patterns of extinction are regional: a succession of
subpopulations disappears, survivors become fragmented,
and local extirpations start the slippery slide to extinction.
In addition, for many species such as the short-eared dog
(Atelocynos microtis) or the pale fox (Vulpes pallida), data

are so inadequate that the available materials swiftly
determined the scope of our accounts.

The nomination of priorities also lures us into an
imponderable mirage dividing biology and ethics. It may
be tempting to seek criteria on which to decide whether it
is more important to save the Ethiopian wolf than the red
wolf. But both areirreplaceable. We might be able to guess
the order in which threatened canid species will go extinct,
but we have tried not to place relative value on the loss of
one versus another. Nonetheless, as funds and time are
limited, we have tried to focus our action planning on
those species most threatened with imminent extinction,
and secondly those for which more data are needed in
order to make judgement.

1.7 The Canid Specialist Group

The Canid Specialist Group (CSG) is the world’s chief
body of scientific and practical expertise on the status
and conservation of all species of the Canidae (wolf,
jackal and fox family), advising the Species Survival
Commission (SSC) of the World Conservation Union
(IUCN). The CSG is based at the Wildlife Conservation
Research Unit (WildCRU), Oxford University, UK (http:/
/www.wildcru.org).

The CSG is composed of more than 100 experts,
representing over 30 countries (and with experience in
many more). These people serve as honorary advisors to
the CSG in their personal capacities, but bring with them
the experience and the knowledge gained in their
professional careers. CSG membership is rapidly
expanding and is open to anybody actively involved in
canid conservation and research. There is a separate Wolf
Specialist Group concerned specifically with grey and red
wolves.

The Mission of the CSG is to promote the long-term
conservation of all Canid species throughout their ranges

Objectives:

*  Compile, synthesise and disseminate information on
the conservation of all canids across their range, with
particular emphasis on species that are threatened or
rare.

* Providetechnical information and advice on all matters
concerning wild canids, including their status in the
wild; their biology and natural history; the threats they
face and their conservation requirements to the
following:

a) range state government agencies;

b) national and international NGOs, including
potential funding bodies;

¢) inter-governmental organisations (e.g., IUCN,
CITES);

d) field projects concerned with canid conservation.



*  Promoteand catalyse conservation activities on behalf
of wild canids, prioritising and coordinating efforts of
researchers and conservationists worldwide.

* Fundraise for canid research and conservation and
undertake research directly when necessary or
appropriate.

* Improve management of the common and sometimes
troublesome species.

* Build capacity through the exchange of ideas,
information, and technical expertise among the
members of the Group.

CSG functions and activities

» Liaison between field biologists, wildlife managers,
governments, NGOs and sponsors on any topic
concerning the conservation of canid species.

*  Compilation, synthesis and dissemination of canid
related information.

*  Development of the Canid Conservation Database, an
updated list of references and information on current
research and conservation projects.

Hold regular meetings of CSG members alongside
international conferences.

Serve asthe IUCN Red List Authority for the Canidae,
responsible to evaluate the category of threat of all
canids.

Regionalised approach — A global network with
Regional Section Chairs for: Sub-Saharan Africa;
North Africa and Middle East; North and Central
Asia; South Asia and Australasia; Europe; North and
Central America; South America.

Species Working Groups — Bringing together the
experts of a particular species: African wild dog;
Arctic fox; Ethiopian wolf; dhole; island fox, kit fox
and swift fox.

Topical Working Groups — Addressing specific
problems across species: Disease and Epidemiology;
Ecology and Research; Genetics; Harvesting and Pest
Control; International Policy; Re-introduction and
Translocation.



Chapter 2

Phylogeny, Classification, and Evolutionary
Ecology of the Canidae’

Wang Xiaoming, R.H. Tedford, B. Van Valkenburgh, and R.K. Wayne

The family Canidae belongs to the order Carnivora, alarge
group of mostly predatory mammals characterised by
their common possession of a pair of carnassial teeth
(upper fourth premolar and lower first molar) that are
modified to maximise efficiency for shearing skins, tendons,
and muscles in their preys. Canids are characterised by an
inflated entotympanic bulla (bony chamber enclosing the
middle ear region) that is divided by a partial septum along
the entotympanic and ectotympanic suture. Other features
characteristic of canids are the loss of a stapedial artery and
the medial position of the internal carotid artery that is
situated between the entotympanic and petrosal for most
ofitscourse and contained within the rostral entotympanic
anteriorly (Wang and Tedford 1994). These basicranial
characteristics have remained more or less stable throughout
the history of canids, allowing easy identification in the
fossil record when these structures are preserved.

2.1 Phylogeny from morphological
and palaeontological perspective

There are three major groups (subfamilies) in the family
Canidae: Hesperocyoninae, Borophaginae and Caninae
(Tedford 1978) (Figures 2.1, 2.2). Of these, two are
represented by fossil forms only. The Hesperocyoninae is
the most ancient group of all canids, and its basal member,
Hesperocyon, gave rise to the two more advanced
subfamilies, Borophaginae and Caninae (Wang 1994). A
major evolutionary transformation involves the
modification of the talonid heels on the lower carnassial
tooth (first lower molar), which changes from that of a
trenchant, blade-like condition in the Hesperocyoninae to
that of a basined condition enclosed by two cusps in the
Borophaginae and Caninae (Figure 2.3). Mainly due to
their common possession of this basined talonid, the
Borophaginae and Caninae are hypothesised to share a
common ancestry. Along with a more quadrate upper first
molar with a large hypocone on the inner corner of the
tooth, the basined talonid establishes an ancestral state
from which all subsequent forms were derived. Such a
dental pattern has proved to be very versatile and can

readily be adapted toward either a highly carnivorous or
a less carnivorous type of dentition, both of which were
repeatedly employed by both Borophaginae and Caninae.

The extinct Borophaginae was the first major group of
canids to demonstrate the viability of a basined talonid
and achieved the greatest morphological breadth and
taxonomical diversity within the North American
continent (Wang et al. 1999). Toward the less predaceous
end of the morphological spectrum, it sports highly
omnivorous forms that parallel similar adaptations by
living Procyonidae (the raccoon family). Toward the more
predaceous end, on the other hand, the Borophaginae is
well known for its tendencies to develop strong bone-
crushing dentitions that parallel the habits of living
Hyaenidae (the hyaena family).

The subfamily Caninae started with Leptocyon, an
ancestral species the size of a small fox. Besides sharing a
bicuspid talonid of M1 and a quadrate M1 with the
borophagines, Leptocyonisalso characterised by a slender
rostrum and elongated lower jaw, and correspondingly
narrow and slim premolars, features that are inherited in
all subsequent canines. It first appeared in the early
Oligocene (Orellan, 34-32 million years before present
[BP]) and persisted through the late Miocene
(Clarendonian, 12-9 million years BP). Throughout its
longexistence (no other canid genus had aslonga duration),
facing intense competition from the larger and diverse
hesperocyonines and borophagines, Leptocyon generally
remained small in size and low in diversity, never having
more than two or three species at a time.

By the latest Miocene (Hemphillian, 9-5 million years
BP), fox-sized niches are widely available in North
America, left open by extinctions of all small borophagines.
The true fox clade, Tribe Vulpini, emerges at this time and
undergoes a modest diversification to initiate primitive
species of both Vulpes and Urocyon (and their extinct
relatives). The North American Pliocene record of Vulpes
is quite poor. Fragmentary materials from early Blancan
indicate the presence of a swift fox (Vulpes velox) in the
Great Plains. Vulpes species were widespread and diverse
in Eurasia during the Pliocene (see Qiu and Tedford 1990),
resulting from an immigration event independent from

1 This paper is adapted from Wang, X., Tedford, R.H., Van Valkenburgh, B. and Wayne, R.K. 2004. Evolutionary history, molecular systematics, and evolutionary ecology of Canidae.
Pp. 38-54 in D.W. Macdonald and C. Sillero-Zubiri (eds). Biology and conservation of wild canids, Oxford University Press, Oxford, UK.
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Figure 2.1. Simplified phylogenetic relationships of canids at the generic level.

Species ranges are indicated by individual bars enclosed within grey rectangles, detailed relationships among species in a genus is not
shown. Relationships for the Hesperocyoninae is modified from Wang (1994: fig. 65), that for the Borophaginae from Wang et al. (1999:

fig. 141), and that for the Caninae from unpublished data by Tedford, Wang, and Taylor.



Figure 2.2. Dental evolution of representative canids as shown in upper cheek teeth (P4-M2).

Generally the most derived species in each genus is chosen to enhance a sense of dental diversity. Species in the Hesperocyoninae
are: Hesperocyon gregarius; Paraenhydrocyon josephi; Cynodesmus martini; Enhydrocyon crassidens; and Osbornodon fricki. Species in
the Borophaginae are: Cynarctoides acridens; Phlaocyon marslandensis; Desmocyon thomsoni; Cynarctus crucidens; Euoplocyon
brachygnathus; Aelurodon stirtoni; Paratomarctus temerarius; Carpocyon webbi; Epicyon haydeni; and Borophagus diversidens. Species
in the Caninae are: Leptocyon gregorii; Vulpes stenognathus; Urocyon minicephalus; Cerdocyon thous; Eucyon davisi; Canis dirus; and
Cuon alpinus. All teeth are scaled to be proportional to their sizes.
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Figure 2.3. Hypercarnivorous (B, Aelurodon and
h mntaconn parncors Ty paracens D, Euoplocyon) and hypocarnivorous (A, Phlaocyon
A Yo and C, Cynarctus) dentitions.

§ ' In hypercarnivorous forms, the upper cheek teeth (B) tend to
emphasise the shearing part of the dentition with an elongated and
narrow P4, an enlarged parastyle on a transversely elongated M1,
and a reduced M2. On the lower teeth (D), hypercarnivory is
exemplified by a trenchant talonid due to the increased size and
height of the hypoconid at the expense of the entoconid (reduced
to a narrow and low ridge), accompanied by the enlargement of the
protoconid at the expense of the metaconid (completely lost in
Euoplocyon) and the elongation of the trigonid at the expense of the
talonid. In hypocarnivorous forms, on the other hand, the upper
teeth (A) emphasise the grinding part of the dentition with a
shortened and broadened P4 (sometimes with a hypocone along
the lingual border), a reduced parastyle on a quadrate M1 that has
additional cusps (e.g., a conical hypocone along the internal
cingulum) and cuspules, and an enlarged M2. The lower teeth (C) in
hypocarnivorous forms possess a basined (bicuspid) talonid on m1
enclosed on either side by the hypoconid and entoconid that are
approximately equal in size. Other signs of hypocarnivory on the
ol ke lower teeth include widened lower molars, enlarged metaconids,
and additional cuspules such as a protostylid.
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that of the Canis clade. Red fox (Vulpes vulpes) and Arctic
fox (Alopex lagopus) appeared in North America only in
the late Pleistocene, evidently as a result of immigration
back to the New World.

Preferring more wooded areas, the gray fox (Urocyon)
has remained in southern North America and Central
America. Records of the gray fox clade have a more or less
continuous presence in North America throughout its
existence, with intermediate forms leading to the living
species U. cinereoargenteus. Morphologically, the living
African bat-eared fox (Otocyon megalotis) is closest to the
Urocyon clade, although molecular evidence suggests that
the bat-eared fox lies at the base of the fox clade or even
lower (Geffen et al. 1992; Wayne et al. 1997). If the
morphological evidence is correct, then the bat-eared fox
must represent a Pliocene immigration event to the Old
World independent of other foxes.

Advanced members of the Caninae, Tribe Canini, first
occur in the medial Miocene (Clarendonian) in the form of
a transitional taxon Eucyon. As a jackal-sized canid,
Eucyon is mostly distinguished from the Vulpini in an
expanded paroccipital process and enlarged mastoid
process, and in the consistent presence of a frontal sinus.
The latter character initiates a series of transformations in
the Tribe Canini culminating in the elaborate development
of the sinuses and a domed skull in the grey wolf (Canis
lupus). By the late Miocene, species of Eucyon have
appeared in Europe (Rook 1992) and by the early Pliocene
in Asia (Tedford and Qiu 1996). The North American
records all predate the European ones, suggesting a
westward dispersal of this form.

Arising from about the same phylogenetic level as
Eucyon is the South American clade. Morphological and
molecular evidence generally agrees that living South
American canids, the most diverse group of canids on a
single continent, belong to a natural group of their own.
The South American canids are united by morphological
characters such as a long palatine, a large angular process
of the jaw with a widened scar for attachment of the
inferior branch of the medial pterygoid muscle, and a
relatively long base of the coronoid process (Tedford et al.
1995). By late Hemphillian and early Blancan, certain
fragmentary materials from southern United States and
Mexico indicate that the earliest taxa assignable to
Cerdocyon (Torres and Ferrusquia-Villafranca 1981) and
Chrysocyon occur in North America. The presence of
these derived taxa in the North American late Miocene
predicts that ancestral stocks of many of the South
American canids may have been present in southern North
America or Central America. They appear in the South
American fossil record shortly after the formation of the
Isthmus of Panama in the Pliocene, around three million
years BP (Berta 1987). The earliest records are Pseudalopex
and its close relative Protocyon, an extinct large
hypercarnivore, from the Pliocene (Uquian, around 2.5—
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1.5 million years BP) of Argentina. By the late Pleistocene
(Lujanian, 300,000-10,000 years BP), most living species
or their close relatives have emerged, along with the
extinct North American dire wolf (Canis dirus). By the end
of the Pleistocene, all large, hypercarnivorous canids of
South America (Protocyon, Theriodictis) as well as Canis
dirus had become extinct.

The Canis-Lycaon clade within the Tribe Canini, the
most derived group in terms of large size and
hypercarnivory, arose near the Miocene-Pliocene
boundary between 6 and 5 million years BP in North
America. A series of jackal-sized ancestral species of
Canis thrived in the early Pliocene (early Blancan), such as
C. ferox, C. lepophagus, and other undescribed species. At
about the same time, first records of canids begin to
appear in the European late Neogene: Canis cipio in the
late Miocene of Spain (Crusafont-Paird 1950), Eucyon
monticinensis in the late Miocene of Italy (Rook 1992), the
earliest raccoon-dog (Nyctereutes donnezani), and the
jackal-sized Canis adoxus in the early Pliocene of France
(Martin 1973; Ginsburg 1999). The enigmatic C. cipio,
only represented by parts of the upper and lower dentition
at a single locality, may represent a form at the Eucyon
level of differentiation rather than truly a species of Canis.

The next phase of Canis evolution is difficult to track.
The newly arrived Canisin Eurasia underwent an extensive
radiation and range expansion in the late Pliocene and
Pleistocene, resulting in multiple, closely related species in
Europe, Africa and Asia. To compound this problem, the
highly cursorial wolf-like Canis species apparently belong
to a circum-arctic fauna that undergoes expansions and
contractions with the fluctuating climates.
Hypercarnivorous adaptations are common in the crown-
group of species especially in the Eurasian middle latitudes
and Africa. For the first time in canid history, phylogenetic
studies cannot be satisfactorily performed on forms from
any single continent because of their Holarctic distribution
and faunal intermingling between the New and Old Worlds.
Nevertheless, some clades are localised in different parts
of the Holarctic. The vulpines’ major centre of radiation
was in the Old World. For the canines, North America
remained a centre through the Pliocene producing the
coyote (Canis latrans) as an endemic form. The wolves,
dhole (Cuon alpinus), African wild dog (Lycaon pictus)
and fossil relatives are the products of the Eurasian and
African continents. During the Pleistocene, elements of
thelarger canid faunainvaded mid-latitude North America
—thelastinvasion of which was the appearance of the grey
wolf south of the glacial ice sheets in the late Pleistocene
(about 100,000 years BP).

A comprehensive systematic revision of North
American fossil canines by Tedford ez al. (in prep.) is near
completion, which forms the basis of much of the above
summary. As part of the above revision, the phylogenetic
framework as derived from living genera was published by



Tedford et al. (1995). Nowak (1979) monographed the
Quaternary Canis of North America; Berta (1981, 1987,
1988) did the most recent phylogenetic analysis of the
South American canids; Rook (1992, 1994) and Rook and
Torre (1996a, 1996b) partially summarised the Eurasian
canids. The African canid records are relatively poorly
understood and recent discoveries promise to significantly
advance our knowledge in that continent (L. Werdelin
pers. comm.).

2.2 Molecular phylogeny

The ancient divergence of dogs from other carnivores is
reaffirmed by molecular data. DNA-DNA hybridisation
of single copy DNA clearly shows them as the first
divergence in the suborder Caniformia that includes
pinnipeds, bears, weasel and raccoon-like carnivores
(Figure 2.4). This basal placement is further supported by
mitochondrial DNA (mtDNA) sequence studies (Vrana
et al. 1994; Slattery and O’Brien 1995; Flynn and Nedbal
1998). Based on molecular clock calculations, the
divergence time was estimated as 50 million years BP
(Wayne et al. 1989). This value is consistent with the first
appearance of the family in the Eocene, although it is
somewhat more ancient than the date of 40 million years
suggested by the fossil record (see above). Considering
that first appearance dates generally postdate actual
divergence dates because of the incompleteness of the
record (e.g., Marshall 1977), the agreement between fossil
and molecular dates is surprisingly good.

Evolutionary relationships within the family Canidae
have been reconstructed using comparative karyology,
allozyme electrophoresis, mt DNA protein coding sequence
data, and, most recently, supertree method (Wayne and
O’Brien 1987; Wayne et al. 1987a, 1987b, 1997; Bininda-
Emonds et al. 1999). Further, relationships at the genus
level have been studied with mtDNA control region
sequencing (anon-coding, hypervariable segment of about
1200 years BP in the mitochondrial genome) and
microsatellite loci (hypervariable single copy nuclear repeat
loci) (Geffen et al. 1992; Bruford and Wayne 1993; Girman
etal. 1993; Gottelli et al. 1994; Vila et al. 1997, 1999). The
protein-coding gene phylogeny, which is largely consistent
with trees based on other genetic approaches, shows that
the wolf genus Canis is a monophyletic group that also
includes the dhole or Asian wild dog. The grey wolf,
coyote and Ethiopian Wolf or Simien Jackal (Canis
simensis) form a monophyletic group, with the golden
jackal (C. aureus) as the most likely sister taxon (Figure
2.5). The black-backed (C. mesomelas) and side-striped
jackals (C. adustus) are sister taxa, but they do not form a
monophyletic group with the golden jackal and Ethiopian
wolf. Basal to Canis and Cuon are the African wild dog
and a clade consisting of two South American canids, the
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Figure 2.4. Relationship of carnivores based on
DNA hybridisation data (Wayne et al. 1989).

Family and suborder groupings are indicated. Time scale in
millions of year before present (MYBP) is based on comparisons
of DNA sequence divergence to first appearance times in the
fossil record.
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bush dog (Speothos venaticus) and the maned wolf
(Chrysocyon brachyurus). Consequently, although the
African wild dog preys on large game as does the grey wolf
and dhole, it is not closely related to either species but is
sister to the clade containing these species. This phylogeny
implies that the trenchant-heeled carnassial now found
only in Speothos, Cuon and Lycaon, evolved at least twice
or was primitive and lost in other wolf-like canids and the
maned wolf.

The South American canids do not form amonophyletic
group. Speothos and Chrysocyon are sister taxa that group
with the wolf-like canids rather than the South American
foxes. The large sequence divergence between the bush

dogand maned wolfand between these taxa and the South
American foxes suggests that they diverged from each
other 7-6 million years BP, well before the Panamanian
land bridge formed about 3-2 million years BP. Thus,
three canid invasions of South America are required to
explain the phylogenetic distribution of the extant species.
These invasions are today survived by the bush dog,
maned wolf, and the South American foxes. Further,
within the South American foxes, divergence values
between crab-eating fox (Cerdocyon thous), the short-
eared dog (Atelocynus microtis) and other South American
foxes, suggest they may have diverged before the opening
of the Panamanian land bridge as well (Wayne et al. 1997).

Harbor seal
[ Island gray fox
Gray fox

Raccoon dog

Bat-eared Fox

Sechuran fox

Small-eared dog

MYBP

Figure 2.5. Consensus
tree of 26 canid
species based on
analysis of 2,001 bp of
DNA sequence from
mitochondrial protein
coding genes (Wayne
et al. 1997).
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The fossil record supports the hypothesis that the crab-
eating fox had its origin outside of South America as the
genus has been described from late Miocene deposits of
North America (6-3 million years BP) (Berta 1984, 1987,
see above). Consequently, only the foxes of the genus
Pseudalopex, Lycalopex and perhaps Atelocynus, appear
to have a South American origin. Further, the generic
distinction given to Pseudalopex and Lycalopex does not
reflect much genetic differentiation, and in the absence of
appreciable morphologic differences, the genetic data
suggest these species should be assigned to a single genus.

A fourth grouping in the tree consists of other fox-like
taxa, including Alopex and Vulpes (here considered to
include the fennec fox, Vulpes zerda, sometimes included
in the genus Fennecus) (Figure 2.5) (Geffen et al. 1992;
Mercure et al. 1993; Wayne et al. 1997). The Arctic fox is
a close sister to the kit fox (Vulpes macrotis) and both
share the same unique karyotype (Wayne et al. 1987a).
Finally, Otocyon, Nyctereutes, and Urocyon appear basal
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Yearling male island fox prior
to dispersal from natal area.
Fraser Point, Santa Cruz
Island, California, USA, 1993.

Gary Roemer

to other canids in all molecular and karyological trees
(Wayne et al. 1987a). The first two taxa are monospecific
whereas the third includes the island fox (Urocyon littoralis)
and the gray fox (U. cinereoargenteus). The three genera
diverged early in the history of the family, approximately
12-8 million years BP as suggested by molecular clock
extrapolations.

In sum, the living Canidae is divided into five distinct
groupings. These include the wolf-like canids, which
consists of the coyote, grey wolf, Ethiopian wolf, jackals,
dhole and African wild dog. This clade is associated with
agroup containing bush dog and maned wolfin some trees
and, further, this larger grouping is associated with the
South American foxes (Wayne et al. 1997). The red fox
group is a fourth independent clade containing Alopex
and Vulpes (including the fennec fox). Finally, three
lineages have long distinct evolutionary histories and are
survived today by the raccoon dog, bat-eared fox and
island and gray fox. Assuming an approximate molecular



clock, the origin of the modern Canidae begins about 12—
10 million years BP and is followed by the divergence of
wolf and fox-like canids about 6 million years BP. The
South American canids are not a monophyletic group and
likely owe their origin to three separate invasions. This
group included the maned wolf, bush dog, crab-cating fox
and the other South American canids that diverged from
each other about 6-3 million years BP.

2.3 Evolutionary ecology

2.3.1 lterative evolution of
hypercarnivory

One of the most remarkable features of canid history is
their repeated tendency to evolve both hypocarnivorous
and hypercarnivorous forms. As noted above,
hypercarnivorous species evolved within each subfamily,
and hypocarnivorous species evolved within two of the
three (all but the Hesperocyoninae). Hypocarnivory was
most fully expressed in the Borophaginae, where at least
15 species showed a tendency towards a dentition similar
to that of living raccoons (Wang et al. 1999). Among the
Caninae, the tendency has not been quite as strong, with
only a single lineage, Nyctereutes, developing a markedly
hypocarnivorousdentition. However, all three subfamilies
include multiple species of apparent hypercarnivores with
enhanced cutting blades on their carnassials, reduced
grinding molars, and enlarged canines and lateral incisors.
When and why did hypercarnivory evolve within each
subfamily?

In two of the three subfamilies, Hesperocyoninae and
Caninae, the evolution of hypercarnivory appears to have
occurred at least partly in response to a reduced diversity
of other hypercarnivorous taxa. The Hesperocyoninae
evolved hypercarnivory early in their history (Figures 2.1,

2.2, 2.6) and the most advanced forms appear in the early
Miocene (about 24-20 million years BP) at a time when
the two previously dominant carnivorous families had
vanished. These two families were the Nimravidae, an
extinct group of saber-tooth cat-like forms, and the
Hyaenodontidae, a group of somewhat dog-like predators
included in the extinct order Creodonta. The nimravids
and hyaenodontids dominated the North American guild
of large, predatory mammals in the late Eocene to mid-
Oligocene (37-29 million years BP), but faded rapidly in
the late Oligocene, and were extinct in North America by
about 25 million years BP (Van Valkenburgh 1991, 1994).
During most of their reign, hesperocyonines existed at low
diversity and small (fox-size) body size, but as the
hyaenodontids and nimravids declined in the late
Oligocene, the early canids seem to have radiated to
replace them. Most of these hypercarnivorous canids
werejackal-size (less than 10kg), with only the last surviving
species, Osbornodon fricki, reaching the size of a small
wolf (Wang 1994). In the ecarly Miocene, large
hypercarnivores emigrated from the Old World in the
form of hemicyonine bears (Ursidae) and temnocyonine
bear-dogs (Amphicyonidae). The subsequent decline to
extinction of the hesperocyonines might have been a result
of competition with these new predators (Van Valkenburgh
1991, 2001).

Hypercarnivory appears late in the history of the
Caninae and represents at least several independent
radiations in South America, North America, and the Old
World (Figures2.1,2.6). Aswas true of the hesperocyonine
example, the South American radiation of large
hypercarnivorous canids occurred at a time (2.5-0.01
million years BP) when cat-like predators were rare or
absent. It followed the elevation of the Panamanian land
bridge around 3-2 million years BP that allowed
immigration between the previously separated continents.
The canids that first entered South America found a

Figure 2.6. Iterative evolution of large hypercarnivores.

Number (N) of hypocarnivorous (white), mesocarnivorous (grey), and large (>20kg) hypercarnivorous (black) species over time in each of
the three subfamilies. The few hesperocyonine species with trenchant-heeled carnassials estimated to have been less than 20kg in mass
were assigned to the mesocarnivorous category because they are assumed not have taken prey as large or larger than themselves. For
the Hesperocyoninae and Borophaginae, their stratigraphic ranges were broken into thirds; for the Caninae, four time divisions were
used because of the large number of species appearing in the past five million years. Species were assigned to dietary categories and
body mass was estimated on the basis of dental morphology as described in Van Valkenburgh (1991) and Wang et al. (1999).
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depauperate predator community, consisting of one bear-
like procyonid carnivoran, three species of carnivorous
didelphid marsupials, one of which was the size of a
coyote, and a gigantic, predaceous ground bird (Marshall
1977). With the possible exception of the rare ground bird,
none of these species was a specialised hypercarnivore.
Between 2.5 million and 10,000 years BP, 16 new species
of canids appeared in South America, at least seven of
which had trenchant-heeled carnassials and clearly were
adapted for hypercarnivory (Berta 1988; Van Valkenburgh
1991). They represent three different endemic genera:
Theriodictis, Protocyon and Speothos. In addition, there
were three large wolf-like species of Canis in South
America, C. gezi, C. nehringi, and C. dirus, all of which
were probably hypercarnivorous but retained a bicuspid
heel on their carnassials. Of these only the dire wolf, C.
dirus, evolved in North America. All but one of these ten
hypercarnivorous canids of South America went extinct
at the end of the Pleistocene (Van Valkenburgh 1991). The
sole survivor, the bush dog, is rarely sighted.

In the Old World, the evolution of hypercarnivorous
canines occurred within the last four million years and did
not coincide with an absence of cats. Large cats, both the
sabertooth and conical tooth forms, are present throughout
the Plio-Pleistocene when the highly carnivorous species
of Canis, Cuon, Lycaon and Xenocyon appear (Turner and
Anton 1996). However, their evolution might be a response
to the decline of another group of hypercarnivores, wolf-
like hyaenids. Hyaenids were the dominant dog-like
predators of the Old World Miocene, reaching a diversity
of 22 species between 9 and 5 million years BP, but then
declining dramatically to just five species by about 4
million years BP (Werdelin and Turner 1996). Their decline
may have opened up ecospace for the large canids and
favoured the evolution of hypercarnivory.

The remaining episode of hypercarnivory in canids
occurred in the Borophaginae between 15 and 4 million
years BP (Van Valkenburgh et al. 2003). As was true of the
Caninae, the hypercarnivorous species do not evolve early
in the subfamily’s history. Instead, they appear in the
latter half of the subfamily’s lifespan and only become
prevalent in the last third (mid to late Miocene; Figures
2.1,2.6). In the late Miocene, borophagine canids were the
dominant dog-like predators of North America, having
replaced the amphicyonids and hemicyonine bears that
had themselves replaced the hesperocyonines some 10
million years earlier (Van Valkenburgh 1999). In the case
of the Borophaginae, the evolution of hypercarnivory
appears more gradual than in the other two subfamilies,
and is not easily ascribed to opportunistic and rapid
evolution into empty ecospace.

In all three subfamilies, there is a pattern of greater
hypercarnivory and increasing body size with time (Figure
2.6). Even in the Hesperocyoninae, where hypercarnivory
evolves very early, large species with the most specialised
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meat-eating dentitions appear later (Wang 1994). This
directional trend toward the evolution of large,
hypercarnivorous forms is apparent in other groups of
dog-like carnivores, such as the amphicyonids (Viranta
1996) and hyaenids (Werdelin and Solounias 1991;
Werdelin and Turner 1996), and may be a fundamental
feature of carnivore evolution. The likely cause is the
prevalence of interspecific competition among large,
sympatric predators. Interspecific competition tends to be
more intense among large carnivores because prey are
often difficult to capture and can represent a sizeable
quantity of food that is worthy of stealing and defending.
Competition appears to be a motive for much intraguild
predation because the victim often is not eaten (Johnson
et al. 1996; Palomares and Caro 1999; Van Valkenburgh
2001). Larger carnivores tend to dominate smaller ones
and so selection should favour the evolution of large body
size. Large body size in turn selects for a highly carnivorous
diet because of energetic considerations. As shown by
Carbone et al. (1999), almost all extant carnivores that
weigh more than 21kg take prey as large as or larger than
themselves. Using an energetic model, they demonstrated
that large body size brings with it constraints on foraging
time and energetic return. Large carnivores cannot sustain
themselves on relatively small prey because they would
expend more energy in hunting than they would acquire.
By taking prey as large as, or larger than, themselves, they
achieve a greater return for a given foraging bout. Killing
and consuming large prey is best done with a
hypercarnivorous dentition and so the evolution of large
body size and hypercarnivory are linked. Of course, this
does not preclude the evolution of hypercarnivory at sizes
less than 21kg but it seems relatively rare. It has occurred
in the Canidae as evidenced by the hesperocyonines and
the extant Arctic fox and kit fox. However, the two extant
foxes do not have trenchant-heeled carnassials despite
their highly carnivorous diets (Van Valkenburgh and
Koepfli 1993).

Returning to the questions of when and why
hypercarnivory evolves among canids, it seems that when
and why are intertwined. That is, because of intraguild
competition and predation, selection favours the evolution
of larger size in canids and as a consequence,
hypercarnivory. However, when this occurs is largely a
function of other members of the predator guild. In the
case of the Hesperocyoninae, it occurred relatively early
in their history because previously dominant large
hypercarnivores were in decline or already extinct. In the
case of the Borophaginae and Caninae, it did not occur
until much later because other clades held the large
hypercarnivorous roles for much of the Miocene. In all
these examples, it appears as though the rise of large
hypercarnivorous canids reflects opportunistic
replacement rather than competitive displacement of
formerly dominant taxa (Van Valkenburgh 1999).



2.3.2 The last one million years

All of the canids that are extant today evolved prior to the
late Pleistocene extinction event approximately 11,000 years
BP. The same could be said of most, if not all, extant
carnivores. In the New World, the end-Pleistocene event
removed numerous large mammals, including both
herbivores (e.g., camels, horses, proboscideans) and
carnivores(e.g., sabertooth cat, dire wolf, short-faced bear).
In the Old World, many of the ecological equivalents of
these species disappeared earlier, around 500,000 years BP
(Turnerand Anton 1996). Consequently, allextant carnivore
speciesevolved under very different ecological circumstances
than exist at present. For example, the grey wolf today is
considered the top predator in much of the Holarctic, but it
has only held this position for the last 10,000-11,000 years.
For hundreds of thousands of years prior to that time, the
wolf coexisted with 11 species of predator as large as, or
larger than, itself (Figure 2.7). Now only the puma (Puma
concolor), American or Asiatic black bears (Ursus
americanus and U. thibetanus) and grizzly bear (U. arctos)
remain, and wolves are usually dominant over the first two
species at least (Van Valkenburgh 2001). Thus, for most of
its existence, the grey wolf was a mesopredator rather than
a top predator, and so its morphology and behaviour
should be viewed from that perspective. Given the greater
diversity and probable greater abundance of predators in
the past, interspecific competition was likely more intense
than at present. Higher tooth fracture frequencies in late
Pleistocene North American predators provide indirect
evidence of heavy carcass utilisation and strong food
competition at that time (Van Valkenburgh and Hertel
1993). Intense food competition would favour group defence
ofkillsand higher levels of interspecific aggression. Perhaps
thesociality of the wolf and the tendency of some carnivores
tokill but not eat smaller predators are remnant behaviours
from a more turbulent past.

The only canid to go extinct in North America by the
late Pleistocene was the dire wolf. The grey wolf, coyote,
and several foxes survived. In addition to the dire wolf, two
bears and three cats went extinct, all of which were very
large (Figure 2.7). By examining the ‘winners’ and ‘losers’
in the late Pleistocene we are able to learn about the causes
of current predator declines. Examination of the loser
species reveals that they tended to be the more specialised
members of their clades, they were larger (Figure 2.7) and
tended to be more dentally specialised for hypercarnivory
(Van Valkenburgh and Hertel 1998). Remarkably, two of
the species that went extinct, the dire wolf and sabertooth
cat (Smilodon fatalis), are five times more common in the
Rancho La Brea tar pit deposits than the next most common
carnivore, the coyote. This suggests that the dire wolf and
sabertooth cat were dominant predators at this time,
comparable to the numerically dominant African lion
(Panthera leo) and spotted hyaena (Crocuta crocuta) of
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Figure 2.7. North American Pleistocene
carnivorans arranged by body mass.

Black bars represent extant species, and white bars represent
extinct species. Arrow indicates the grey wolf (Canis lupus).
Data from Van Valkenburgh and Hertel (1998).

extant African ecosystems. The extinction of the apparently
successful dire wolf and sabertooth cat implies there was
a major perturbation to the ecosystem in the late
Pleistocene. Their demise and that of the other large
hypercarnivores suggests that large prey biomass dropped
to extremely low levels. Supporting this are the parallel
extinctions of ten of the 27 species of raptors and vultures
(Van Valkenburgh and Hertel 1998).

In the late Pleistocene, the largest meat-eaters, both
avian and mammalian, were the most vulnerable. Looking
at the case today, of the three large hypercarnivorous
canids, the dhole, grey wolf and African wild dog, both the
dhole and the wild dog are Endangered. Among living
canidsin general, species that appear to be most at risk tend
to be insular (Darwin’s fox, island fox) or restricted to
limited habitats (Ethiopian wolf), or just very poorly known
species (e.g., short-eared dog, bush dog). Indeed, it is a bit
difficult to answer the question of which of the living
species are most threatened because we have so little
information on many of the smaller taxa. Nevertheless, it
does seem that by the Late Pleistocene extinction is not a
good analog for what is happening at present, at least in
terms of who is most vulnerable. Then, it was the largest,
most abundant, and most carnivorous. Now it seems more
often to be smaller mesocarnivores that are at risk due to
small population size exacerbated by habitat loss. In both
the late Pleistocene and at present, the hand of humanity
looms large as a cause of predator declines. Initially, the
damage was largely due to overhunting of both prey and
predator, and to this we have added significant habitat
loss. Survivors of the current crisis are likely to be both
dietary and habitat generalists, such as the coyote and the
black-backed jackal.



2.4 History of canid classification

Caroli Linnaeus (1758) listed four genera, Canis, Hyaena,
Vulpes, and Alopex, under the heading Canis, an informal
category between genus and order (family level classification
was not used then). Besides the misplaced Hyaena,
Linnaeus’s basic concept of canids has endured to the
present time. By the late 1800s, the family Canidae had
stabilised to include most of what are presently regarded as
species of canids (e.g., Mivart 1890a, 1890b). The late
1800s and early 1900s was also a time of explosive growth
of the number of fossil canids. However, the fragmentary
nature of most of the fossil forms became a major source of
confusion in canid classification. As a result, a much
broader concept of the Canidae was often adopted to
accommodate a wide range of forms that do not neatly fit
into existing categories. Thus, fossil forms such as
amphicyonid bear-dogs, certain basal arctoids, and
hyaenoid ‘dogs’ frequently became mixed with real canids
(e.g., Zittel 1893; Trouessart 1897; Matthew 1930). This is
primarily caused by an over reliance on the evolutionarily
highly repetitive dental patterns, i.e., dental morphologies
that evolved multiple times in independent lineages. Such
a broadened concept of Canidae was still seen in Simpson’s
classification of mammals (Simpson 1945), in which
numerous primitive arctoids as well as whole groups of
amphicyonids were still considered canid. Simpson,
however, was keenly aware that the rich fossil records only
serve to compound the problems and much remained to be
done to sort out the complexity. The legacy of Simpson’s
classification was still felt in the 1970s, when one of his
peculiar group, the subfamily Simocyoninae (a mixed bag
ofhighly predaceous carnivorans), wasstill being circulated
(Stains 1974).

Shortly after Simpson’s influential classification,
students of Carnivora began to gain increasing
appreciation of the importance of morphologies in the
middle ear region (bones around and behind the ear
drums) (Hough 1948; Hunt 1974). The recognition that
different groups of carnivores tend to have a unique
pattern of middle ear region greatly enhanced our ability
to discriminate members of various families of Carnivora.
Focusing on the ear bones, many of the forms previously
considered canid have now been allocated to other groups.
The Canidae thus defined attains a greater degree of
uniformity in morphology and consistency with phylogeny
(Wang and Tedford 1994). McKenna and Bell’s (1997)
latest revision of Simpson’s (1945) classification largely
reflects these results. Throughout this period of waxing
and waning of the scope of fossil canids during the past
100 years, the content of living species of canids, however,
has remained largely stable.

Recent advances in the last 30 years in systematic
practices favour approaches that evaluate characters in a
historical perspective to guard against rampant
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parallelisms in evolution, in contrast to phenetic
approaches that evaluate overall similarities only.
Numerical taxonomic analysis of living canids by Clutton-
Brock et al. (1976) was based on a large number (666
characters) of quantitative measurements of skull and
body proportions, skin colours, and a few dental
characters. The few qualitative characters were also treated
in a phenetic way (i.e., lacking polarity determination)
and were easily overwhelmed by a large number of other
phenotypiccharacters. Not surprisingly, the dendrograms
derived from their cluster analysis (Clutton-Brock et al.
1976; Figure 8) bear little resemblance to those derived
from phylogenetic analyses (both morphological and
molecular) discussed above and are inappropriate to be
the basis for classification. Similar caution should be
exercised regarding attempts to introduce hybridisation
data into the canid classification by Van Gelder (1978), a
result that also lacks a phylogenetic basis.

2.5 Classification of the living
Canidae

As discussed above, the classification of living Canidae
amounts to the classification of a subset of the subfamily
Caninae since two ancient subfamilies, the
Hesperocyoninae and Borophaginae, were long extinct
(see Wang and Tedford 1994; Wang et al. 1999 for their
classifications). Within the Caninae, genera and species
that are exclusively in the fossil record are not discussed
here. At the generic level, at least six genera are
represented by extinct forms only and are not further
discussed: Leptocyon, Eucyon, Protocyon, Theriodictis,
Norcyon, and Xenocyon. At the species level, many
fossil species are included under common generic names
that may or may not be ancestral to living species. For
example, large numbers of fossil species of Canis are
recognised throughout Eurasia and North America.
While these extinct forms may shed light in the history
of modern species, they are not further discussed here
since we are dealing with classification of living forms
withoutattempt to elucidate detailed relationships between
species.

As can be seen from the above sections, there are
parts of phylogenetic hypotheses that are consistent
between morphological and molecular evidences, and
there are parts that are not. Such conflicts are the results
of our inability to unambiguously discriminate noise
from true signal. In other words, true genealogical
relationships can be overshadowed by superficial
similarities due to evolutionary tendencies of parallelism.
Such conflicts are likely to continue for a long time and
our classification (Table 2.1) largely follows that of
Wozencraft (1993). See Ginsberg and Macdonald (1990)
for a list of subspecies.



Table 2.1. Classification of living Canidae (subfamily
Caninae) followed by the Canid Specialist Group,
modified from that by Wozencraft (1993).

A total of 36 living taxa, excluding the recently extinct (1)
Falkland (Malvinas) Island fox Dusicyon australis. The
Australian dingo is included as distinct subspecies of the
grey wolf. Vulpes macrotis and V. velox treated as separate
species. Pseudalopex fulvipes given full specific status. A
proposal to split Nyctereutes procyonoides into two distinct
species was rejected at the CBC conference in September
2001.

Arctic fox
Short-eared dog

Side-striped jackal
Golden jackal

Alopex lagopus
Atelocynus microtis

Canis adustus
Canis aureus

Canis lupus dingo Dingo

Canis lupus Grey wolf

Canis latrans Coyote

Canis mesomelas Black-backed jackal
Canis rufus Red wolf

Canis simensis Ethiopian wolf
Crab-eating fox
Maned wolf

Dhole

Falkland Island fox t

African wild dog

Cerdocyon thous
Chrysocyon brachyurus
Cuon alpinus

Dusicyon australis
Lycaon pictus

Nyctereutes procyonoides

Raccoon dog

Otocyon megalotis

Bat-eared fox

Pseudalopex culpaeus Culpeo
Pseudalopex fulvipes Darwin’s fox
Pseudalopex griseus Chilla
Pseudalopex gymnocercus Pampas fox
Pseudalopex sechurae Sechuran fox
Pseudalopex vetulus Hoary fox
Speothos venaticus Bush dog
Urocyon cinereoargenteus Gray fox
Urocyon littoralis Island fox
Vulpes bengalensis Indian fox
Vulpes cana Blanford’s fox
Vulpes chama Cape fox
Vulpes corsac Corsac
Vulpes ferrilata Tibetan fox
Vulpes macrotis Kit fox
Vulpes pallida Pale fox
Vulpes rueppellii Rippell’s fox
Vulpes velox Swift fox
Vulpes vulpes Red fox
Vulpes zerda Fennec fox

2.5.1 Genus or species of controversial
taxonomic status

The following discussions of selected taxa involve
controversial cases of taxonomy that were discussed during
the Canid Biology and Conservation Conference held in
the Department of Zoology at Oxford University during
September 2001.
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Canis rufus Audubon and Bachman, 1851

The systematic status of the red wolf in the south-castern
United States has become increasingly contentious.
Current theories of origin range from it being a small
distinct wolf species with an ancient ancestry going back
to the Pleistocene or a more recent hybrid between the
grey wolf and coyote. Additionally, other alternative
scenarios have been suggested. The wide-ranging issues
cannot be adequately explored in this chapter, although
they mainly involve evidence from a palacontological,
morphological, morphometric, molecular, and
conservation perspective (Paradiso and Nowak 1971;
Wayne and Jenks 1991; Nowak 1992; Phillips and Henry
1992; Roy et al. 1994; Wilson et al. 2000; Nowak 2002).
Palacontological and morphological approaches suffer
from a poor fossil record, especially those from the high
latitudes of Eurasia and North America where wolves
were presumed to have radiated from, and of recent
samples of confidently identified museum specimens.
Additional difficulties are encountered in attempts to
resolve relationships among the early members of Canis
(Tedford et al. in prep.). Yet, Nowak (2002) reaffirmed his
earlier conviction that a distinct red wolf-like form can be
traced back to the late Pleistocene based on multivariate
analysis. The debate in the last ten years has not brought
about a convergence, and it is not wise to legislate the
debate at this time.

Lycalopex vs. Pseudalopex

Debate about the proper usage of Lycalopex vs.
Pseudalopex for certain South American foxes, particularly
regarding the hoary fox (vetulus), has been going on for
many years (e.g., Cabrera 1931; Osgood 1934; Langguth
1975; Berta 1987, 1988; Tedford et al. 1995). The
controversy focuses on the question of whether or not
vetulus should be placed under the monotypic Lycalopex
or included under Pseudalopex, along with various
other small foxes. The ultimate solution lies in the
determination of whether vetulus represents a unique
lineage distinct from other species of Pseudalopex.
However, the primitive morphology of the small foxes is
a major hindrance to a clear resolution of their
relationships. The key to resolving this problem may lie in
a detailed species-level phylogenetic analysis. Until that is
done, it is still a matter of opinion which generic name is
the most appropriate.

Pseudalopex fulvipes Martin, 1837

Osgood (1943) argued that the dark-coloured fox from
southern Chiloé Island off the southern coast of Chile
(and first collected by Charles Darwin) is morphologically
distinct. Cabrera (1957) followed Osgood’s conclusion,



whereas Langguth (1969) presented data for its inclusion
in Pseudalopex griseus, its mainland counterpart in Chile
and Argentina, a conclusion also followed by Wozencraft
(1993). However, mtDNA sequencing studies clearly
established that the taxon has a mainland distribution,
reaffirming earlier reports, and showed that sequences
from the Darwin’s fox defined a distinct clade (Yahnke et
al.1996). Consequently, rather than representing an island
form of griseus, Darwin’s fox is genetically distinct from
the South American gray fox and was, until recently,
sympatric with this species at one or more mainland
localities. Hence, it should be considered a separate species,
Pseudalopex fulvipes.
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New Guinea singing dog

Preliminary sequencing studies showed that the New Guinea
singing dog has mtDNA sequences identical to the dingo
(Canis lupus dingo), which is classified within a clade of dog
sequences distinct from grey wolves (Vila ez al. 1997, Wayne
et al. 1997; Leonard et al. 2002). Contrary to one report
(Koler-Matznick et al. 2003), sequencing studies rule out an
ancestry with dholes and the African wild dog, and clearly
assign it to the domestic dog, which is sister to the grey wolf
(Vila et al. 1997, Wayne et al. 1997; Leonard et al. 2002).
Given the current evidence, we feel there is little justification
for assigning specific or subspecific status.



PART 2

Species Status Accounts

Edited by M. Hoffmann and C. Sillero-Zubiri
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Species Status Accounts: an Introduction

M. Hoffmann and C. Sillero-Zubiri

The species accounts represent the core of the Action
Plan. Each species account consists of a detailed entry
summarising the information available on the biology,
abundance, population trends and threats facing the
species.

Some readers may balk at the amount of information
presented for each species. Ordinarily, species action plans
restrict the amount of information they include on basic
ecology and behaviour and emphasise the sections on
conservation, abundance, threats and so on. This is still
very much the policy followed here; however, the viewpoint
of the editors was that the conservation, status and threats
facing a species cannot be viewed independently of a
species’ biology. Much of the information contained within
the pages of thisaction plan has neverappeared in published
form before, and certainly never in such a summarised
format. We believe that the inclusion of basic life-history
information in this plan is crucial to fostering a clearer
understanding of the sections on conservation and status,
and that this information will, in itself, serve as an
important reference for future canid biologists. For this
reason, the editors have sought to ensure that this action
plan represents a detailed summary of all aspects of a
species’ life history, without sacrificing on the real “meat
and bones” of the plan.

Each species account has been prepared by one or
more contributors, at the invitation of the editors. We
have endeavoured to draw on the expertise of biologists
and naturalists from many countries and, as far as possible,
those with first-hand experience and knowledge of the
species concerned. The species accounts are based primarily
on published information (i.e., from books and journals),
supplemented as far as possible with reliable unpublished
material and personal observations from the author’s
own studies or other sources. The use of grey literature has
been strongly recommended, and authors were also
encouraged to correspond with other colleagues likely to
have unpublished material or to be able to contribute
unpublished data. Accounts on African canids benefited
from our linking in with the Mammals of Africa project,
being edited by Jonathan Kingdon, David Happold and
Tom Butynski. For the most part, the information
contained in the species accounts is derived from free-
living populations. Occasionally, this has been
supplemented by information from captivity (forexample,
details of longevity which often are not available for wild
populations); for other species that have never been studied
in the wild, information on captive animals has been
consulted more extensively where available. Each profile
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was reviewed by two or more appropriate reviewers,
either chosen by the authors or suggested by the editors.

Regional sections

To respect evolutionary affiliations and facilitate access
to the reader, we follow a biogeographical approach
(sensu Sclater and Sclater 1899), with species accounts
listed under the relevant regional regions.

Thus, we have organised the species accounts in seven
chapters that follow the major biogeographical regions
recognised for mammals by Wallace (1876). For the sake
of convenience, the names of the biogeographical regions
are paired with the relevant geographical regions covered
by the Canid Specialist Group’s Regional Sections (Table
1). The Ethiopian region is divided into two distinct
groups of species. Those species that occur in more than
onesuchregionareincluded in the region thatencompasses
the largest area of the species’ range.

Table 1. Biogeographical regions are paired with
the relevant geographical regions covered by the
CSG Regional Sections.

Biogeographical Region CSG Regional Section

Neotropical South America/North and

(up to south Mexico) Central America

Nearctic North and Central America
Palearctic Europe/North and Central Asia
Ethiopian Sub-Saharan Africa

Ethiopian North Africa and Middle East
Oriental

(south of the Himalaya) South Asia and Australasia

Australasian

South Asia and Australasia

Outline of accounts

Because of the inconsistencies inherent in multi-author
projects, the editors have requested authors to adhere to
a strict set of guidelines in the compilation of the species
accounts. While every effort has been made to make all
species accounts conform to the same general structure
and content, some idiosyncrasies remain evident. Far
from detracting from the quality of the plan, we believe
this only serves to make the plan a more interesting read!
As far as possible then, and where available data allow,
species accounts use the following format.



Preferred English name
Where more than one English name is commonly used, the
preferred name appears.

Scientific name (authority and year)

The currently accepted scientific name of the species is
followed by the details of the author and the year in which
the species was described. The latter appears in brackets
whereitisnowincluded in a genus other than thatin which
the original author placed it.

IUCN Red List Category

The current (2003) Red List ranking, as assessed by the
Canid Specialist Group using version 3.1 of the criteria
(IUCN 2001). For information on the categories of canid
species assessed by the Canid Specialist Group in 1996 see
Appendix 1.

Author(s)
The names of the author(s) responsible for researching
and compiling the species account.

Other names

These include further English names, French, German,
Spanish, Italian, Portuguese, and other names for any
major language (and listed alphabetically). Names under
indigenous languages are those in use in localised areas.
The indigenous language is given, followed by the names
used in that language and the country in which the
indigenous language is used.

Taxonomy

This begins with the type species and description. This is
the full and original citation of the species name, followed
by the type locality. This information largely follows
Wozencraft (1993), although in some cases the authors or
editors have seen cause to deviate from this rule.

The taxonomy of the Family Canidae is dealt with in
Chapter 2 of this volume. Within the species accounts, this
section is used where the taxonomy of a species requires
clarification, particularly where recent studies may have
challenged the accepted nomenclature of certain species.
These are discussed here as relevant. Details of
chromosome number are provided where available.

Description

The purpose of this section is to provide the reader with
adequate information to identify the species. As far as
possible, the description of a given species is based on live
specimens and includes details of general appearance,
followed with a detailed description beginning with the
head, body, legs, feet and tail. This section includes notes
on pelage characteristics (i.e., colour, length, variation in
different parts of the body, pattern, areas of bare skin),
and special attention is given to diagnostic features and
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the relative size of ears, eyes, muzzle, tail, etc. In addition,
unique or characteristic cranial and dental features are
noted, as well as the dental formula of adults (i/i-c/c-p/p-
m/m = total number of teeth).

Body measurements General body measurements are
given separately ina table. These are either from previously
published or unpublished sources and provide general
morphometric data from a particular region within the
range of the species.

HB Head-Body length
T Tail
E Ear
SH Shoulder height
WT Weight

Subspecies The number of currently accepted subspecies
is given here (followed by the source), with details of their
geographical range. Where relevant, details important for
diagnosis are provided. If no subspecies are currently
recognised, the species is regarded as monotypic.

Similar species The common name and scientific name
of any similar species with which the current species
could be confused, followed by details of how each similar
species differs from the species being described (i.c., any
description is for the similar species, not the one under the
heading).

Current distribution

The geographical range of the species, described from
west to east, and from north to south. Range extensions or
reductions, reintroductions and introductions, and
disagreements about the range of a species are discussed
here. The ranges of rare species or those with a very
restricted distribution (e.g., Ethiopian wolf) are described
in more precise terms. The spelling of geographical names
follows that given in The Times Atlas (2003). Where
information pertaining to the historical range of a species
exists, the distribution is given in two separate headings,
namely historical distribution and current distribution:

Historical distribution Includes details and references
for known historical data; evidence for assumed former
range such as museum specimens, palacontological and/
or archaeological evidence, cave paintings and so on.

Current distribution The distribution of the species as
currently understood.

Range countries A list of the range countries from which
a species is known to occur (and listed alphabetically),
followed by the most important sources from which this



informationisderived. Possible, but unknown, occurrences
are indicated by (?).

Distribution map

Each species account includes a map of distribution. The
present distribution of the species is shadowed in a map of
suitable scale. If the historic distribution of the species is
known and differs significantly from present, it may be
shown shaded in a lighter grain. Reliable single sightings
within the last 10 years outside those areas are marked
with crosses (X). Areas where species may be present but
sightings unconfirmed are marked with a question
mark (?).

Relative abundance

A generalindication of abundance in the habitat, including
details of density and frequency of observations whenever
that is available. Whenever possible, a table is presented
with site-specific populations/relative abundance and
population trend, summarised for each of its range states.
Quantitative population estimates are usually obtained
from total counts, ground surveys, questionnaire surveys
and informed guesses by knowledgeable observers.
Population abundance is indicated by: abundant (A),
common (C), uncommon (U), rare (R), vagrant (V), present
but abundance unknown (x), presence not confirmed (?),
absent (-), extinct (Ex), probably extinct (Ex?). Population
trendsareindicated by: increasing (I), stable (S), decreasing
(D), unknown (?).

Habitat

The preferred habitat and range of habitats, including
details of rainfall, altitude and seasonal shifts in habitat.
Details of any association with a specific plant, terrain,
water availability, and so on, are also mentioned.

Food and foraging behaviour
This section is divided into three subheadings:

Food Preferred food items; range of prey consumed;
variation in diet in different ecosystems.

Foraging behaviour Location of food; time when foraging
occurs, including notes on activity; whether solitary or
group hunters; sex/age differences in foraging; nomadic
movements in relation to food availability; scavenging;
food caching; how the species kills and handles its prey.

Damage to livestock or game Whether species preys on
domestic stock or impact on wild game, and associated
economic significance.

Adaptations
Morphological (e.g., proportions, shape, dental structure),
physiological (e.g., water metabolism, temperature
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regulation, moult), and behavioural (e.g., huddling, allo-
suckling) adaptations that show how a species uniquely
interacts with its environment.

Social behaviour

Details of group structure, group size and composition,
home range, territorial behaviour, greeting or agonistic
behaviour, use of secretions and vocalisations.

Reproduction and denning behaviour
Physiological and morphological characteristics related
to reproduction, including: spermatogenesis and details
of oestrous cycle; courtship and mating behaviour; length
of gestation; time of birth, including peaks of births and
relationship to rainfall or food availability; litter size;
birth weight and size; spacing of litters; pup development,
and time to weaning and sexual maturity; behaviour of
young; presence of helpers. This section may be
supplemented with information from captive animals.
This section also includes details of dens and burrows,
such as location, type, structure, use of bedding material
and so on.

Competition
Details of those species with which the current species is
known to compete for food, dens or other resources.

Mortality and pathogens
This section is divided into six subheadings:

Natural sources of mortality Sources of mortality that
can be regarded as being natural (i.e., outside of the
influence of man); for example, effects of major predators
on populations, starvation, death of young animals during
dispersal and so on.

Persecution Sources of mortality, with the exception of
hunting and trapping for fur, which can be attributed to
anthropogenic factors. For example, persecution of
animals due to their preying on livestock and/or game, the
capture of animals for the pet trade, and so on.

Hunting and trapping for fur The impact of the fur trade
as a mortality factor in the species, including details of the
quantities of animals affected by hunting or harvesting;
fur harvests and yields; peak years in the fur trade; fur
prices; exports and imports.

Road kills The impact of road traffic on populations,
including information, where available, of numbers of
animals killed.

Pathogens and parasites Effects of pathogens and
parasites on populations; susceptibility to particular
diseases, pathogens and parasites (endo- and ecto-



parasites); the importance of the species as a vector or
reservoir of diseases of domestic stock and humans.

Longevity The known or estimated longevity of the species.
Where data from the wild are not available, this is
supplemented by known records from captive animals.

Historical perspective
The species’ importance in culture; traditional uses;
conservation measures taken in the past.

Conservation status
This section is divided into six subheadings:

Threats The mostimportant tangible and potential threats
the species faces for its immediate or long-term survival.

Commercial use Present human use and influence (e.g.,
furtrade, pet trade); international demand and marketing.

Occurrence in protected areas The species’ known
occurrence in protected areas within the normal
distribution range of the species. Thissectionisnotintended
to provide an exhaustive listing of protected areas from
which a particular species is known to occur, although we
have attempted to be as comprehensive as possible for
threatened species (e.g., dhole). For other species, such as
black-backed jackal, we list only a few of the larger and
better-known protected areas. The lack of adequate survey
data means that our knowledge of the occurrence of some
species in protected areas is poor (e.g., pale fox). In some
accounts, this information is arranged according to
country, in others it is presented in a more generalised
manner. A useful resource for readers, and one that is set
to improve over coming years, is the ICE Biological
Inventory Database (http://www.ice.ucdavis/bioinventory/
bioinventory.html), which features a searchable interface
enabling users to find information on the occurrence of
species in protected areas across the globe.

Protection status CITES listing; threat status in national
or regional Red Data books.

Current legal protection Any protection status that is
legally enacted or enforced for the express aim of protecting
a species, including national legislation; whether hunting

25

and trade are prohibited or regulated; legal protection;
and legal status as problem animal.

Conservation measures taken International treaties
and conventions; traditional protection due to cultural
reasons; establishment of protected areas; action plans;
vaccination trials; other specific actions being undertaken
or completed.

Occurrence in captivity

Notes on whether the species is kept in captivity, and how
successfully they breed in captive conditions. As far as
possible, these have been checked with ISIS (International
Species Information System based in Minnesota, USA,
http://www.isis.org) and the International Zoo Yearbooks
(Published by The Zoological Society of London as a
service to zoos around the world since 1960). Captive
breeding programmes, which have as their aim
reintroduction of the species to areas in the wild, are
discussed here.

Current or planned research projects

A list of research projects currently being conducted on
the species, including brief details of the project, its
coordinators and their institutional affiliations. Future
projects are also listed.

Gaps in knowledge

Obvious gaps in our knowledge of the species that must
receive priority in the next 10 years in order to improve our
understanding of the respective species.

Core literature

A list of specific references that represent major works for
the species. General references are not given unless they
represent the primary source of information. Full citations
of all references mentioned in the text are provided in the
References section.

Reviewer(s)
The names of the reviewers responsible for reviewing and
commenting on the species account.

Editor(s)
The names of the editors responsible for editing and
ensuring the comprehensive nature of the species account.



Chapter 3

South America (Neotropical)

3.1 Short-eared dog
Atelocynus microtis (Sclater, 1883)
Data Deficient (2004)

M.R.P. Leite Pitman and R.S.R. Williams

Other names

English: short-eared fox, small-eared dog, small-eared
zorro; French: renard a petites oreilles; German:
kurzohriger hund; Portuguese: cachorro-do-mato-de-
orelhas-curtas; Spanish: perro de monte; perro de orejas
cortas, zorro negro, zorro ojizarco; Indigenous names:
Ayoreo: divequena; Chiquitano: nomensarixi; Guarayo:
cuachi yaguar; More: quinamco; Ninim, Moseten: achuj
jhirith; Siriono: ecoijok; Tsimane: achuj foij (Bolivia);
Kaiabi: awara (Brazil); Yucuna: ualaca; Huitoto: urubui;
Yeba masa o Barasana: buyairo; Bora: wipe; Okaima:
juhxuutsoonna; Carijona: karejuqué (Colombia); Achuar:
kuap yawa; Cofan: tsampi’suain; Huaorani: babei guinta;
Quechua: sacha alcu, jujunda, puma; Iona-Secoya: wé yai
(Ecuador); Guarani: aguerau (Paraguay); Amarakaeri:
huiwa toto; Matsiguenga: machit; Quechua: monte alcu;
Shipibo: caman ino; Cashinaua: kama, kama inu;
Amahuaca: kama, shindokama; Sharanahua: padoshoinca
(Peru).

Taxonomy
Canis microtis Sclater, 1883. Proc. Zool. Soc. Lond.,
1882:631 [1983]. Type locality: “Amazons”, restricted by

R
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Hershkovitz (1961) to “south bank of the Rio Amazonas,
Para, Brazil.”

Atelocynusisamonotypic genus. The species A. microtis
has been placed in the genus Lycalopex (Studer 1905),
Cerdocyon (Pocock 1914), Dusicyon (Osgood 1934;
Clutton-Brock et al. 1976), and Atelocynus (Cabrera 1931;
Languth 1975; Stains 1975). Van Gelder (1978) considered
Atelocynus asubgenus of Canis. Berta’s (1987) phylogenetic
analysis showed Atelocynus microtis to be a distinct taxon
most closely related to another monotypic Amazonian
canid genus, Speothos, and this hypothesis is now widely
accepted (Wozencraft 1993; Nowak 1999).

Chromosome number: 2n=76 (Wurster and Benirschke
1968). The only individual studied was a female and the
karyotype included 36 pairs of acro- or subacrocentric
autosomes and one pair of large submetracentric
chromosomes, probably X-chromosomes.

Description

The short-eared dog is a medium-sized canid, averaging
about 10kg as an adult (Table 3.1.1). According to
Hershkovitz (1961), a captive adult female was a third
larger than a captive adult male. The animal’s head is fox-
like, with a long, slender muzzle and rounded, relatively
short ears. The pelt colour can range from black to brown
to rufous grey. Pelage is often darkest in a dorsal line
fromthehead to the tail. However, various colour patterns
are observed in different individuals, and it is not clear
whether colour varies with age, habitat, or moult; in

Adult male short-eared dog,
taken by automatic camera.
Alto Purus, Peruvian Amazon,
2002.

M.R.P. Leite Pitman and M. Swarner



Figure 3.1.2. Tracks of adult short-eared dog in Cocha Cashu, Peru (Leite 2000).
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Figure 3.1.1. Footprint
of adult short-eared
dog recorded in Cocha
Cashu, Peru (Leite T00 mum

2000).

Cocha Cashu Biological Station, Madre de Dios, Peru,
both reddish and black individuals have been observed
(Leite 2000). A complete moult lasting three weeks was
observed in July 1960, when a captive animal was
transported from Colombia to a zoo in the United States.
During the moult, large flakes of orange-brown oily
exudates appeared with the falling hairs. A subsequent
moult was observed in March (Hershkovitz 1961; A.
Gardner pers. comm.). The tail is bushy, particularly in
comparison to the short pelage on the rest of the body,
with a dark mid-dorsal band of thick erectile hairs and
light-coloured underside.

The nasals are short; the forehead slightly convex; the
frontal sinus small; the presphenoid very narrow with
lateral wings and large bulla. The dental formula is 3/3-1/
1-4/4-2/3=42. The lower third incisor is short and not
caniniform. The upper canines are distinctively long, their
tips projecting outside the closed mouth for about 50mm.
Theupper molars are narrow for their length (Hershkovitz
1961; Berta 1986).

Table 3.1.1. Combined body measurements for the
short-eared dog from across the species’ range
(Nowak 1999).

HB 720-1,000mm
T 250-350mm
E 34-52mm

SH 356mm

WT 9-10kg

Subspecies Monotypic (Berta 1986).

Similar species Only one other species of wild dog is
known to inhabit lowland Amazonian forest, namely the
bush dog (Speothos venaticus). Confusing the two species
is unlikely due to unambiguous physical and behavioural
differences. Bush dogs are smaller, light-coloured, with a
very short muzzle, legs, and tail; they live in packs and are
seldom seen alone. Tracks may be distinguished by the
bush dog’s conspicuous interdigital membrane, with the
middle toes fused, whereas the short-eared dog’s
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interdigital membrane is only partial (Figures 3.1.1, 3.1.2,
3.1.3). The bush dog’s stride is also shorter, and its tracks
and pads larger than those of the short-eared dog.

Two additional species of wild canids whose ranges
border Amazonia, the crab-eating fox (Cerdocyon thous)
and the culpeo (Pseudalopex culpaeus), as well as domestic
dogs, could potentially be mistaken for the short-eared
dog, but none of these have the combination of a slender,
long snout, short ears, and a bushy tail. Tayras (Eira
barbara) are also brownish and have bushy tails, but differ
in their much smaller ears, yellowish throat and mostly
arboreal habits. The jaguarundi(Herpailurus yaguarondi),
which is sometimes similar in colour, is smaller, more
delicate, and has a very slender tail (Emmons and Feer
1990).

Figure 3.1.3. Comparison of bush dog and short-
eared dog feet, based on dried skins (Pocock 1914).
A and B - Right fore foot and hind foot of bush-dog.

C and D - Right hind foot and fore foot of short-eared dog.




’ Figure 3.1.4. Current
B distribution of the
short-eared dog.
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Current distribution

The short-eared dog has been found in scattered sites from
Colombia to Bolivia and Ecuador to Brazil (Figure 3.1.4).
Its presence in Venezuela was suggested by Hershkovitz
(1961) but never confirmed. Various distributional
hypotheses for the species have been published, suggesting
the presence of the species throughout the entire
Amazonian lowland forest region, as well as Andean
forests in Ecuador and savannah regions (Emmons and
Feer 1990, 1997; Tirira 1999).

For this study, we rechecked museum specimens and
carried out an extensive survey of field biologists doing
long-term research in the species’ putative range,
constructing a new distributional map based only on
specimens of proven origin and incontrovertible field
sightings. Our results suggest a much smaller distribution
range, limited to western lowland Amazonia. The
northernmost record is in Mita, Colombia, at 1°15'57"N,
70°13'19"W (Hershkovitz 1961), the southernmost on the
west bank of the river Heath, Pampas del Heath, north-
west Bolivia, at 12°57'S, 68°53'W (M. Romo pers.comm.).
The easternmost record is from the vicinity of Itaituba,
Brazil, at 4°20'S, 56°41'W (M. De Vivo pers. comm.), and
the westernmost in the Rio Santiago, Peru, at 4°37'S,
77°55'W (Museum of Vertebrate Biology, University of
California, Berkeley, collected 1979). Unfortunately, there
is no information on the continuity of the species’
distribution within its extent of occurrence; the absence of
records from large areas suggests that its distribution may
not be continuous throughout its range.

Range countries Bolivia, Brazil, Colombia, Ecuador,
Peru (M.R.P. Leite unpubl.).
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Relative abundance

The short-eared dog is notoriously rare, and sightings are
uncommon across its range. However, this may not always
have been the case. The first biologists to study the species
found it relatively easy to trap during mammal surveys
around Balta, Amazonian Peru, in 1969 (A.L. Gardner
and J.L. Patton pers. comm.). Grimwood (1969) reported
collecting specimens around the same time in Peru’s Manu
basin (now Manu National Park), suggesting that the
species was also relatively common in that area.

Following these reports, the species went practically
unrecorded in the Peruvian Amazon until 1987, despite
intensive, long-term field surveys of mammals in the
intervening years (Terborgh e al. 1984; Jason and Emmons
1990; Woodman et al. 1991; Pacheco et al. 1993, 1995).
Even Louise Emmons, who carried out long-term projects
monitoring and trapping ocelots (Leopardus pardalis) and
other mammals at the Cocha Cashu Biological Station in
Manu, never saw or trapped the short-eared dog (L. Emmons
pers. comm.). For whatever reason, the species appears to
have temporarily vanished from the region between 1970
and 1987.

Over the last decade, it appears that the species may be
recovering in southern Peru and eastern Ecuador, with
increasing numbers of sightings in recent years at both sites.
Between 1987 and 1999, biologists working in the Peruvian
department of Madre de Dios, mostly in the vicinity of
Cocha Cashu Biological Station, have reported 15
encounters with the short-eared dog (M.R.P. Leite ef al.
unpubl.).

Estimated populations/relative abundance and
population trends In an ongoing field study initiated at



Cocha Cashu in 2000, Leite and colleagues have sighted
and followed five individuals in an area of 10km?, giving
an estimated density of 0.5 individuals/km?. However, far
too little is known about the species to extrapolate this
estimate (itself preliminary) to the rest of the species’
range. For the time being, the short-eared dog must be
considered extremely rare throughout its range and
certainly one of the rarest carnivores wherever it occurs.

Habitat

The short-eared dog favours undisturbed rainforest in the
Amazonian lowlands. The species has been recorded in a
wide variety of lowland habitats, including terra firme
forest, swamp forest, stands of bamboo, and primary
succession along rivers (M.R.P. Leite unpubl.). At Cocha
Cashu, sightings and tracks of the species are strongly
associated with rivers and creeks, and there are five reliable
reports of short-eared dogs swimming in rivers. Records
are very rare in areas with significant human disturbance,
i.e., near towns or in agricultural areas. It is unclear
whether the short-cared dog is able to utilise habitats
outside wet lowland forests. One sighting in Rondonia,
Brazil, was in lowland forest bordering savannah (M.
Messias pers. comm.). Another, at the highest elevation
yet documented for the species, was at 1,200m a.s.l. in the
Ecuadorean Andes, in a transitional zone between lowland
forest and cloud forest (Pitman 2002). Two specimens
collected in 1930 are allegedly from even higher elevations
in the same region — above 2,000m on Volcan Pichincha
and Antisana (near Quito) — but the absence of any other
reports from these well-studied areas leads us to believe
that these represent mislabelled specimens.

Food and foraging behaviour

Food An ongoing study of the short-cared dog’s diet,
based on scat samples collected at Cocha Cashu since 2000
(M.R.P. Leite unpubl.), shows the species to be a generalist
carnivore (Figure 3.1.5). Fish appear to be the most

Figure 3.1.5. Frequency of occurrence of various
prey items in 21 scat samples from Cocha
Cashu, Peru (Leite 2000).
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important item in their diet (present in 28% of samples;
n=21). Defler and Santacruz (1994) had previously
suggested that fish form part of the short-eared dog’s diet,
based on the discovery of a cestode (Diphyllobothrium
latum) In a museum specimen’s intestine (the parasite
requires a fish as its intermediate host). Insects (mainly
Coleoptera) were the second most important item in their
diet (17% of samples), while mammal remains (agoutis,
marsupials and small rodents) were present in 13% of the
scats collected in Cocha Cashu. This corroborates earlier
anecdotal evidence that small rodents, agoutis (Dasyprocta
spp.), pacas (Agouti paca), and acouchis (Myoprocta spp.)
are important components of the diet (Peres 1992; Defler
and Santacruz 1994).

The remains of fruits, including Borismenia japurensis,
Strychnos asperula, Unonopsis floribunda, Pouteriaprocera,
Sciadotenia toxifera, Socratea exorrhiza, Astrocaryum
murumuru, Euterpe precatoria, Trattinnickia sp., and
various Cucurbitaceae and Moraceae were found in 10%
of samples. Fruits of the palm Euterpe precatoria were
found germinating in two scats. Defler and Santacruz
(1994) report short-eared dogs eating fallen Brosimum
fruits and the Cofan Indians of Ecuador report them being
attracted to fallen bananas (R. Borman pers. comm.).

Close to 4% of droppings contained the remains of
frogs, including Osteocephalus taurinus (see below). Parker
and Bailey (1990) reported seeing a short-eared dog with
a frog in its mouth in Madidi National Park in Bolivia.
Crabs (10.3% of samples), birds (10.3%), reptiles (3.4%)
and vegetable fibre (3.4%) were other components of the
diet at Cocha Cashu.

Foraging behaviour The short-eared doghas been reported
hunting alone and in pairs (Peres 1992; M.R.P. Leite
unpubl.). Y. Campos (pers. comm.) described two adults
hunting either a fish or a frog in a water hole in Ecuador;
Peres (1992) observed an individual hunting a rodent
(Proechmyssp.). M.R.P. Leite (unpubl.) observed an adult
chasing a squirrel on the ground, and found a small
waterhole where another adult had apparently killed, but
not eaten, dozens of frogs (Osteocephalus taurinus).

Both diurnal and nocturnal activity patterns have been
observed. Field reports (n=30) appear to indicate a diurnal
or at least partly diurnal animal, with 95% of the
observations made in daylight hours. However, the species
has also been photographed at night walking on trails of
Madidi National Park, Bolivia (R. Wallace pers. comm.),
and one animal was captured swimming after a paca, in a
river at 03:00 in Colombia (Defler and Santacruz 1994).

Damage to livestock or game A. Salas (pers. comm.) has
documented a wild short-eared dog eating chickens near
Tambopata National Reserve, Peru, and P. Santos et al.
(unpubl.) reported two captive individuals in Brazil also
killing poultry.



Adaptations

There is evidence, including the partial interdigital
membrane, sleek, thick coat, and sightings on rivers, to
suggest that the short-ecared dog may be at least partly
aquatic (Berta 1986). The short limbs (though not so short
as those of the bush dog) likely facilitate movement in
dense forests (Hershkovitz 1961).

Social behaviour

The short-eared dog is mainly solitary, although
observations have been made of two adult animals walking
together in October in Peru and between January and
March in Ecuador (M.R.P. Leite unpubl.; Y. Campos
pers. comm.). Since 2000, three individuals of adult size
have been observed to use a 1.6km stretch of white sandy
beach near Cocha Cashu, where two latrines are used
infrequently by both short-eared dogs and river otters
(Lontra longicaudis).

According to Hershkovitz (1961) and A.L. Gardner
(pers. comm.), most observations of wild and captive
individuals indicate that the species is very docile around
humans, with the exceptions of a captive male in the
Schonbrunner Zoo and a female in the Brookfield Zoo,
which growled, snarled and attempted to bite when
frightened. In addition, when a Brazilian hunting party
with six domestic dogs found a pair of short-ecared dogs
with two puppies, “the mother protected the babies fiercely,
havingattacked one of the domesticdogs.” Another female
and two puppies were sufficiently docile to allow them to
be carried in a basket with no attempt being made to bite
the hunters (P. Santos et al. unpubl.). Hershkovitz (1961)
and A.L. Gardner (pers. comm.) reported a strong musky
odour in males for both wild and captive animals, this
being hardly noticeable in females.

Reproduction and denning behaviour
Based on the fresh carcass of a three- or four-month-old
juvenile found in September 2000 at Cocha Cashu
Biological Station, short-cared dogs give birth in May or
June in Peru. Breeding time is not known precisely, but
pups have been found throughout the range in April to
May, June, September, and November to December,
suggesting that parturition occurs in the dry season.
Three dens have been found inside hollow logs, one of
them containing two adults and two pups, another, the
female and two pups (Defler and Santacruz 1994; P.
Santos et al. unpubl.). Another den, containing three
pups, was found in a paca burrow (M.R.P. Leite unpubl.).
At Cocha Cashu Biological Station, the short-eared dog
was found also to use several paca burrows along the steep
banks of a creek.

Competition
Considering the short-cared dog’s generalist diet, it is
likely that all medium-sized sympatric carnivores,
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frugivorous monkeys, rodents, and ungulates, are
competitors to some extent. Paca dens seem to be used
often by short-eared dogs.

Mortality and pathogens

Natural sources of mortality Very little is known. Ocelot
tracks found around the corpse of a dead juvenile in
Cocha Cashu suggest it is a possible predator. Jaguars
(Panthera onca) and pumas (Puma concolor) are also
potential predators.

Persecution There are only a few reports of the short-
eared dog being hunted by man. In one case, the species
was reportedly killed and eaten by the Yora indigenous
people of Peru (Museum of Vertebrate Zoology,
Berkeley, California MVZ No.: 181288 Accn No.: 12921).
In another, A. Salas (pers. comm.) reported that villagers
injured a male short-cared dog (which subsequently
died) as it was killing chickens in the Tambopata river
region, Peru. A recently captured and radio-collared
animal was shot and killed by a hunter in the Alto Purus
region of south-eastern Peru. The hunter claimed it was
mistakenly shot.

Hunting and trapping for fur There are no known
reports of the species being hunted or trapped for its fur.

Road kills The species avoids developed areas, and there
are no known cases of road kills, so the impact of vehicles
on population numbers is probably minimal.

Pathogens and parasites To date, no diseases have been
reported in wild short-eared dogs. Common viral diseases
such as canine distemper virus and canine parvovirus are
widespread among domestic dogs in South America, even
in the most pristine areas of the Amazon (Leite Pitman
et al. 2003). Domestic dogs are kept throughout the region
as pets or hunting companions and occur in a feral state
around villages. Since potentially all wild canid species are
susceptible to distemper, it is feasible that epidemics could
occur, decimating or even locally eliminating populations
of wild canids. P. Santos et al. (unpubl.) report the death of
acaptive, one year-old short-eared dog by canine distemper
virus, and the possible death of another captive individual
by the same means. These and other infectious diseases
may represent a serious threat to wild populations of
Neotropical canids. Forexample, one hypothesis to explain
why this species largely disappeared from the Peruvian
Amazon during the 1970s and 1980s (see Relative
abundance) is that epidemics started by domestic dogs
decimated the population over large areas. Clearly, the
current and potential impacts of these diseases require
further study.

The cestode, Diphyllobothrium latum, was found as an
intestinal parasite of the short-eared dog (Defler and



Santacruz 1994). This tapeworm can cause pernicious
anaemia and occasionally death in domestic dogs, as it
competes with the host for vitamin B12.

Longevity Most captive animals survive for less than a
year, with the exception of two animals that lived for nine
years (Anon. 2000) and eleven years (Jones 1982). There is
no data on longevity in the wild.

Historical perspective

The short-cared dog generally is poorly known by
indigenous peoples of the Amazon basin and is not known
to hold any special significance for them. Several Huaorani
in Ecuadorstated that it was one of the animals they did not
hunt, but they could not offer a clear reason. The
Amarakaeriindigenous people of Peru call the short-cared
dog “huiwa toto”, meaning solitary devil, and believe that
it will attack men by biting their testicles (M. Swarner pers.
comm.).

Conservation status

Threats Diseases from domestic dogs (see above) and
habitatloss. There are no reports of widespread persecution
of the species. An ongoing distribution survey (M.R.P.
Leite unpubl.) suggests that the short-eared dog is rare
throughout its range and threatened by the large-scale
forest conversion underway in Amazonia.

Commercial use Reports of commercial use are
scattered and few. In some cases, wild individuals have
been captured for pets and occasionally for sale to local
people and zoos.

Occurrence in protected areas The short-cared dog is

likely to occur in most protected areas that encompass

large tracts of undisturbed forest in western Amazonia.

During the last decade, its presence has been confirmed in

the following protected areas:

— Bolivia: Madidi National Park, Tahuamanu Ecological
Reserve and Estacion Biologica Beni;

— Brazil: Guajara Mirim State Park, Cristalino Reserve.
The species has never been reported from Xingu
National Park, Amana Reserve, Mamiraua Reserve,
Jau National Park and Serra do Divisor National Park,
but sightings close to these areas suggest the species is
present at very low densities (M.R.P. Leite unpubl.);

— Ecuador: Yasuni National Park, Reserva Ecologica
Cofanesde Bermejo and the Cuyabeno Wildlife Reserve;

— Peru: Manu National Park, Tambopata National
Reserve, Alto Purus Reserved Zone, and Manu Wildlife
Research Center.

Protection status CITES — not listed.
The species is on the Brazilian list of endangered species
(see: www.ibama.gov.br/fauna/extincao.htm) and on the
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preliminary list of Colombian endangered species
(Rodriguez 1998).

Current legal protection Protected by law in Brazil.
Recently removed from the list of protected species in
Peru.

Conservation measures taken Although protected on
paper in some Amazonian countries, this has not yet been
backed up by specific conservation action.

Occurrence in captivity

No short-eared dogs are known to be currently held in
captivity, and only a dozen confirmed records of captive
animals exist. The first recorded captive short-eared dog
(eventually the holotype) was kept at the Zoological Society
of London late in the 19th century (Sclater 1883). At
around the same time, two males were kept at the
Zoological Gardens of Para, Brazil, and in 1933 another
one was presentin the Schonbrunner Tiergarten, Germany
(Hershkovitz 1961). Since then, individuals have been
held in several U.S. zoos (including the Lincoln Park Zoo,
the National Zoo, the Brookfield Zoo, the Oklahoma City
Z.00, and the San Antonio Z00), mostly during the 1960s
and 1970s. Over the last decade, sporadic reports of
captive animals have come from Peru (Pucallpa and Puerto
Maldonado), Colombia (Medellin), Ecuador (Quito), and
Brazil (Canaria and Itaboca in the Amazon).

Current or planned research projects

M.R.P. Leite (Duke University Center for Tropical
Conservation, USA) is conducting an ongoing research
programme on the ecology and conservation of the short-
eared dog at Cocha Cashu Biological Station and the Alto
Purus Reserved Zone, in south-eastern Peru. The project
is currently seeking funding to establish a domestic dog
vaccination programme in the Amazonian protected areas
of Peru and to expand field work to other sites within the
species’ range, including western Brazil, Ecuador, Bolivia,
Colombia, and northern Peru.

Gaps in knowledge
The biology, pathology, and ecology of the species are
virtually unknown. Especially lacking is any estimate of
population density and an understanding of the species’
habitat requirements.

Core literature
Berta 1986; Defler and Santacruz 1994; Leite 2000; Peres
1992.

Reviewers: Annalisa Berta, Orin Courtenay, Louise
Emmons, Alfred Gardner, James Patton, Pedro Santos,
Matthew Swarner, John Terborgh. Editors: Claudio
Sillero-Zubiri, Michael Hoffmann.



3.2 Crab-eating fox
Cerdocyon thous (Linnaeus, 1766)
Least Concern (2004)

O. Courtenay and L. Maffei

Other names

English: crab-eating zorro, common zorro, common fox,
savannah fox, forest fox; French: renard crabier, chien des
bois (Guyana); German: maikong, waldfiichse; Italian:
volpe sciacallo; Portuguese: raposa, raposdo, cachorro-
do-mato, lobinho, graxaim, graxaim-do-mato, mata
virgem, lobete, guancito, fusquinho, rabo fofo (Brazil);
Spanish: zorro cangrejero, zorro carbonero, zorro de monte
(Argentina); zorro de monte, zorro, zorro patas negras
(Bolivia); zorro,lobo, zorro-lobo, perro-zorro, zorro-perro,
ZOTTO perruno, zorra baya, perro sabanero, perro de monte
(Colombia); zorro perro (Uruguay); zorro comun, zorro
de monte, zorro sabanero (Venezuela); Indigenous names:
Izoceno-Guarani: aguara (Bolivia). Guarani: aguara chai
(Argentina); Guarani: aguara’i (Uruguay); Nacdes do
Parque Indigena do Xingu (Kuikuro, Matipu, Narudtu,
and Kalapalo people): sorokokusge; Ualapiti: tsunakatirre;
Mehinaku and Uaura: uau; Suia: roptd; Tumai: auarai;
Kamaiura: uarain; Aueti: tovait; Xavante: waptsd’'uwa
(Brazil). Namo: guahibo; Oa: desano piratapuya, tukano;
Perupa: chaké, yuko, yupa; Ua-kua: chimila; Yu: puinave;
Fo/Fu: chibcha, muyska; Vescura: tunebo; Aguari/Awari:
piaroa; Macadwimi: cubeo; Taimi: cuna; Gagaru: arhuaco;
Maktu: kogui; Ua-kua: chimila; Uarir: wayu; Kiisoué:
chimila (Colombia).

Taxonomy
Canis thous Linnaeus, 1766. Syst. Nat., 12th ed., 1:60.
Type locality: “Surinamo” [Surinam].

Placed in genus Cerdocyon by Hamilton-Smith (1839),
Cabrera (1931), Langguth (1975), Stains (1975) and Berta
(1987). Placed in genus Dusicyon by Clutton-Brock et al.
(1976), subgenus Dusicyon (Cerdocyon) by Osgood (1934),
and subgenus Canis (Cerdocyon) by Van Gelder (1978).

Chromosome number: 2n=74 (Wurster-Hill 1973).

Description

A medium-sized (5-7kg) canid (Table 3.2.1), tail
moderately bushy, often with black tip and dark at base.
No sexual dimorphism. Rostrum long and pointed, head
relatively short and narrow. Pelage generally dark grey to
black along dorsum down to midline; midline to ventrum
including legs grey or black, sometimes with yellow to

Table 3.2.1. Combined body measurements for the
crab-eating fox from Brazil: Marajo6 (Para state, n=28),
Sao Miguel (Minas Gerais, n=5), Baturité (Ceara, n=3)
(Courtenayetal. 1996, O. Courtenay unpubl.); Cuiaba,
Chapada dos Guimaraes, Poconé, Barra do Bugres,
Jangada (Matto Grosso, n=26), Vila Boa (Goais, n=1)
Altinépolis (Sdo Paulo, n=1) (J. Dalponte unpubl.);
Venezuela: Masaguaral (Guarico state, n=10) (Sunquist
et al. 1989); various (data represent mean values of
n=11-44 specimens from five different regions) (Bisbal
1988); Argentina: Sierras de Mal Abrigo (Colonia, n=6)
(Cravinoetal.2000). Cranial and dental measurements
arefoundin Berta (1982), Bisbal (1988), and Courtenay
et al. (1996).

HB 658mm (570-775) n=61
T 310mm (220-410) n=52
HF 136mm (125-147) n=50
SH 368mm (330-415) n=34
E 69mm (55-86) n=47
WT 5.7kg (4.5-8.5) n=52

Crab-eating fox. Emas National
Park, Goias, Brazil, 2002.

Adriano Gambarini



orange flecks; neck and underparts cream to buff white.
Pelage notably bristly and coarse. Substantial inter- and
intra-population pelage colour variation including dark
to almost black (e.g., northern Venezuela, Amazonia,
central Brazil), silver grey (e.g., Venezuelan llanos), and
light grey-yellow rufous (e.g., Ceara, Brazil). Continuous
black dorsal line from neck to tail tip variably present. The
dental formula is 3/3-1/1-4/4-1/2=44.

Subspecies Five subspecies are recognised (Cabrera 1931,

1958; Berta 1982).

— C.t.thous (south-eastern Venezuela, Guyana, Surinam,
French Guiana, northern Brazil)

— C. t. azarae (north-eastern and central Brazil)

— C. t. entrerianus (south Brazil, Bolivia, Uruguay,
Paraguay, Argentina)

— C. t. aquilus (north Venezuela, Colombia)

— C. t. germanus (Bogota region, Colombia)

Similar species Pampas fox (Pseudalopex gymnocercus):
sympatricin southern Brazil, Bolivia, Uruguay, Paraguay
and Argentina; similar build and weight (4-7kg); bushier
tail, pelage mixed grey, with variable dark band running
along dorsum; ears, neck, lower legs, and tail yellow to
rufous. Culpeo (Pseudalopex culpaeus): sympatric in
Bolivia and possibly Colombia; larger, sexually dimorphic
(6-13kg); bushy coat, distinct reddish to agouti on head,
limbs, and orange tinge on belly. Hoary fox (P. vetulus):
sympatric in Brazil; smaller (2.5-4kg), less robust; pelage
woolly not bristly; rostrum length shorter relative to
rostrum width in C. thous (e.g., RL:RW ratio: P. vetulus
2.1vs C. thous 2.5; Courtenay et al. 1996); confusion only
likely with lighter pelage varieties of the crab-eating fox,
or near melanic forms of the hoary fox. Short-eared dog
(Atelocynus microtis): possible sympatry in undisturbed
areas in lowland Amazonian forest of Brazil, Bolivia,
Colombia and Venezuela; weight similar (6.5-7.5kg);
rostrum long and narrow; small rounded ears; tail bushy
relative to body pelage which is short; colour variable.
Gray fox (Urocyon cinereoargenteus): sympatric in
Colombia and north-west Venezuela; weight similar (3—
7kg); distinct reddish pelage on shoulders, ears, legs, and
ventrum below neck. Bush dog (Speothos venaticus):
sympatric throughout most of range; similar weight (5—
7kg), but much more robust with substantially shorter
legs and tail, thicker neck, and broader head; brown to
tawny. Tayra (Eira barbara): sympatric throughout most
of range; weight similar (2.7-7kg); glossy brown to black
over body with contrasting grey yellow brown head and
neck; tail long, two-thirds of body length; ears small and
round. Jaguarundi (Felis yagouaroundi): sympatric
throughout most of range; weight similar (4.5-9kg); fur
short and silky; legs short; body slender; tail relatively
long; head and ears relatively small; silky black to tawny
pelage.
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Figure 3.2.1. Current distribution of the crab-
eating fox.

Current distribution

The species is relatively common throughout its range
from the coastal and montane regions in northern
Colombia and Venezuela, south to the province of
Entrerios, Argentina (35°S); and from the eastern Andean
foothills (up to 2,000m) in Bolivia and Argentina (67°W)
to the Atlantic forests of east Brazil to the western coast of
Colombia (1°N) (Figure 3.2.1). Its known central
distribution in lowland Amazon forest is limited to areas
north-east of the Rio Amazon and Rio Negro (2°S, 61°W),
south-east of the Rio Amazon and Rio Araguaia (2°S,
51°W), and south of Rio Beni, Bolivia (11°S).

Few records exist in Suriname and Guyana. Recent
records in French Guyana (Hansen and Richard-Hansen
2000) have yet to be confirmed (F. Catzeflis pers. comm.).
The previous citation of its occurrence in Peru (Pacheco et
al. 1995) has since been retracted by the authors (D.
Cossios pers. comm.).

Historical distribution Not dissimilar to current. Fossils
found in deposits dating to the late Pleistocene (Lujanian
300,000-10,000 years before present) to Recent, in Lagoa
Santa Caves, Minas Gerais, Brazil (Berta 1987).

Range countries Argentina, Colombia, Bolivia, Brazil,
French Guiana(?), Guyana, Paraguay, Suriname,
Uruguay, Venezuela (Cabrera 1958; Berta 1982).

Relative abundance
No precise estimates of population sizes are available, but
populations generally are considered stable.

©2003 Canid Specialist Group & Global Mammal Assessment



Estimated populations/relative abundance and
population trends Average densities include 0.55 animals
per km? (range: 0.273-0.769, n=7 territorial groups) in the
savannah/scrubmosaic of Marajo, Brazil (Courtenay 1998);
4/km?in the Venezuelan llanos (Eisenberg ez al. 1979), and
1/km? in dry forest in Santa Cruz, Bolivia (Maffei and
Taber 2003). F. Michalski (pers. comm.) estimates <100
individuals in Ipanema National Forest (Sao Paulo) and
Lami Ecological Reserve (Rio Grande do Sul), Brazil, and
Hillet al. (1997) indicate high relative encounter rates in the
Mbaracayu Forest Reserve, Paraguay. There is little
documentation for Suriname, French Guiana, and
periphery areas of lowland Amazon forest.

Habitat
Occupies most habitats including marshland, savannah,
cerrado, caatinga, chaco-cerrado-caatinga transitions,
scrubland, woodlands, dry and semi-deciduous forests,
gallery forest, Atlantic forest, Araucaria forest, isolated
savannah within lowland Amazon forest, and montane
forest. Records up to 3,000m a.s.l. Readily adapts to
deforestation, agricultural and horticultural development
(e.g., sugarcane, eucalyptus, melon, pineapples) and
habitats in regeneration. In the arid Chaco regions of
Bolivia, Paraguay, and Argentina, confined to woodland
edge; more open areas used by the Pampas fox.
Vegetative habitats generally utilised in proportion to
abundance, varying with social status and climatic season.
Radio-tagged foxes in seasonally flooded savannas of
Marajo, Brazil, predominated in wooded savannah (34%)
and regeneration scrub (31%); low-lying savannah was
“avoided”, and areas of wooded savannah “preferred”,
more by senior than junior foxes and more in the wet
season than dry season (Macdonald and Courtenay 1996).
Inthecentralllanos of Venezuela, fox home ranges similarly
shift to higher ground in response to seasonal flooding,
though are generally located in open palm savannah (68%
of sightings) and closed habitats (shrub, woodlands,
deciduous forest, 32%) (Brady 1979; Sunquist ez al. 1989).
In Minas Gerais, Brazil, two radio-tagged foxes (1 male, 1
female) in different territories were observed most often at
the interface of livestock pasture and gallery forest
(“vereidas”) (82%) and in eucalyptus/agricultural
plantations (8%) (O. Courtenay unpubl.). Eighty-eight
crab-eating fox specimens collected by the Smithsonian
Venezuelan Project were taken from prairie and pasture
(49%), deciduous and thorn forest (19%), evergreen forest
(17%),and marshes, croplands and gardens (15%) (Handley
1976 as cited in Cordero-Rodriguez and Nassar 1999).

Food and foraging behaviour

Food Omnivorous, including fruit, vertebrates, insects,
amphibians, crustaceans, birds, and carrion. An
opportunistic predator; dietary components (and their
relative frequency) at any one location varies according to
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availability, climatic season, and probably social status. In
areas of human disturbance, a large proportion of the diet
may comprise foods such as cultivated fruits, domestic
fowl and refuse.

In the Venezuelan llanos, 104 stomach contents from
four different locations comprised in percent volume: small
mammals (26%), fruit (24%), amphibians (13%), insects
(11%); the dry season diet was predominantly small
mammals, reptiles and amphibians, with insect and fruit
becoming more frequent in the wet season (Brady 1979;
Eisenberget al. 1979; Bisbal and Ojasti 1980; Motta-Junior
et al. 1994). In one Venezuelan location, land crabs
(Dilocarcinus) were the most frequent stomach content
dietary item (frequency 33%, volume 17%) in the rainy
season (Bisbal and Ojasti 1980), and in the wetlands of
Laguna Ibera (Corrientes), Argentina, aquatic birds were
identified in 87% of 23 fox scats collected in the vicinity of
the bird’s breeding colony (Parera 1996). Vertebrates were
the most frequently encountered food item (69%) of 74
prey items identified in 22 scats collected at elevations of
>2,600m in the eastern Colombian Andes (Delgado-V in
press), but the least favoured food item (15%) in faeces
collected from the lowland wooded savannahs of Marajo,
Brazil, where cultivated and wild fruit (57%) and insects
(86%) were more frequently encountered (Macdonald and
Courtenay 1996). In Barlovento, Mirandastate, Venezuela,
the percentage volume of identifiable food items in nine fox
stomachs was vegetable remains (80%), vertebrates (11%),
and insects (5%) (Cordero-Rodriguez and Nassar 1999),
whereas in Campinas, Brazil, the stomach contents of 19
road-killed foxes contained, by percent volume, fruit (44%),
birds (17%), mammals (20%), arthropods (2%), fish (<1%),
and amphibians (1%) (Facure and Monteiro-Filho 1996).

Foraging behaviour Crab-eating foxes are primarily
nocturnal and crepuscular. They hunt individually, but
most commonly as pairs; 1-3 adult-sized offspring may
accompany them. Cooperative hunting apparentlyisrare,
but was observed by a single pair in Masaguaral (Brady
1979). They will tolerate close proximity when foraging on
concentrated, easily available food items such as turtle
eggs, fruit, insects (e.g., termites), and sizeable carrion
(e.g., goat carcass) (Montgomery and Lubin 1978; Brady
1979; O. Courtenay unpubl.). The young start to hunt
with the parents at about six weeks old.

Hunting strategies include spring-pouncing to capture
vertebrates, ground-level lateral head movements to snatch
insects, and directional manoeuvres in chase of land crabs.
Prior to consumption, Marajé foxes treat some food items
(e.g., toads, eggs) with a series of shoulder blows with face
up-turned. In the same region, foxes search for and
consume small stones from specific open gravel sites
presumably as a source of minerals (O. Courtenay pers.
obs.). Foxes cache food items but do not regularly urine
mark them (Brady 1979).



Crab-cating foxes probably act as seed dispersers of a
range of wild and cultivated plant species, as indicated by
the presence of germinating seeds in their scats. Examples
include "tusca” (Acacia aroma) and “tala” (Celtis tala) in
Chaco Serrano de Tucuman, Argentina (R. Varela pers.
comm.), “butia” palm (Butia capitata) in Uruguay (Paz et
al. 1995, R. Rodriguez-Mazzini and B. Espinosa pers.
comm.), hovenia (Hovenia dulcis) in the Iguacu National
Park (D. Rode pers. comm.), figs (Ficus spp.) in south-
eastern Brazil (Motta-Junior et al. 1994), guava (Psidium
guineense) in Maraca Ecological Station (M.R.P. Leite
Pitman pers. comm.), and “miri” (Humiria balsamifera)
and cashew (Anacardium occidentale) in Amazon Brazil
(Macdonald and Courtenay 1996).

Damage to livestock or game Reports of poultry raiding
by the crab-eating fox are widespread; however, there is
no evidence that foxes represent a significant predator of
lambs or cause of economic loss to farmers in wool-
producing countries. In Colonia, Uruguay, predation by
foxes (crab-eating fox and Pampas fox) contributed only
2.9% of the lamb mortality rate (0.4% of viable lamb
mortality) (Cravino ef al. 1997). Similarly, in Rio Grande
do Sul, Brazil, only 1.9% of 1,468 lambs born in two
months on six properties succumbed to fox predation,
though foxes appeared to account for 57% of the 49
predatory attacks (Dotto et al. 2001). Sheep remains were
identified in the stomach contents of 7% (1/14) crab-eating
fox and 48.5% (16/33) Pampas fox examined in Rio Grande
do Sul (M. Fabian pers. comm.). In Colonia 17% (1/6)
crab-eating fox and 32% (5/16) Pampas fox examined had
sheep remains in the stomach contents (Cravino et al.
2000: appendix 2).

The crab-cating fox predates incubating eggs of
loggerhead sea turtles (Caretta caretta), hawksbill
(Eretmochelys imbricata), olive ridley (Lepidochelys
olivacea), and green turtles (Chelonia mydas) on Brazilian
beaches including Praia do Forte, Bahia (Santos et al.
2000).

Adaptations

Crab-cating foxes are among the most versatile of canids,
as evidenced by their ability to use a variety of habitat
types and to exploit a number of different food sources.

Social behaviour

Monogamous. Social groups comprise a breeding pair
and 1-5 offspring (older than one year). Family members
travel around their home ranges usually in pairs or, if
offspring are present, in loosely knit family groups.
Separated foxes maintain contact by long distance, high-
pitched, bird-like trill vocalisations. In Marajé, Brazil,
territorial breeding pairs were located <100m apart on a
mean 54% (n=7) of occasions during the period of activity,
whereas close proximity of breeding adults and their
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adult-sized offspring varied from 7.2% to 93.3% between
given pairings (Macdonald and Courtenay 1996).

Reported home range sizes are based on a variety of
estimation techniques: in Marajo, Brazil, adult foxes
occupied stable territories of 5.3km? (range=0.5-10.4km?;
n=21; restricted polygon estimates (RP); Macdonald and
Courtenay 1996). In pasture/eucalyptus habitats in Minas
Gerais, Brazil, an adult male’s range was 2.2km? (RP; O.
Courtenay unpubl.); and in dry forest in Santa Cruz,
Bolivia, an adult female and two adult males occupied
mean home ranges of 2.2km? (range=1.1-2.8km? minimum
convex polygon estimates (MCP); Maffeiand Taber 2003).
In the central Venezuelan llanos (Masaguaral), Brady
(1979) reported a joint home range size of 1.0km? for an
adult M/F fox pair (convex polygon estimate CP); a more
recent study of three adult foxes and three adult fox pairs
in the same site (Sunquist et al. 1989) showed dry season
home ranges (mean=0.7km?a; range=0.5-1.0km?) to be
generally larger than wet season home ranges
(mean=0.7km?; range=0.3-1.0km?; MCP). Shrinkage of
fox range sizes in the wet season is thought to be in response
to changes in availability of dry fox habitats and/or prey
density, a phenomenon also observed in Marajo Island,
Brazil (Macdonald and Courtenay 1996).

Dispersing offspring established territories adjoining
oradjacent to their natal range, an average distance between
range centres of 2.4km (range=1.9-2.9km; n=4)
(Macdonald and Courtenay 1996). Post dispersal, these
foxes interacted amicably with kin members both inside
and outside their natal range. Four male foxes returned to
their natal range 3—13 months after their dispersal, in two
cases following the death of their mate and in one case after
breeding (Macdonald and Courtenay 1996).

Group latrines are not usual features of crab-eating fox
society; however, a latrine comprising >72 scats visited by
atleast four adult-sized individuals was observed in Maraca
Ecological Station, Brazil (M.R.P. Leite Pitman pers.
comm.). Brady (1979) also reports the use of scat latrines
located near resting sites.

Reproduction and denning behaviour

In the wild, litters are produced once per breeding year,
with litters observed in September/October in Marajé (n=6
litters; Macdonald and Courtenay 1996); June in Minas
Gerais, Brazil (n=2; O. Courtenay unpubl.); December in
Brasilia district (F. Rodrigues pers. comm.); between
December and February in the Venezuelan llanos, with
lactating females seen in June (Montgomery and Lubin
1978, Brady 1979), and year round (estimated in January,
May, July, and October) in Barlovento, state of Miranda,
Venezuela, with lactating foxes recorded in August
(Cordero-Rodriguez and Nassar 1999). A pregnant female
was caught in July in south-eastern Brazil (K. Facure and
A. Giaretta pers. comm.), and a pair with three cubs
approximately three months old were seen in late November



in Ipanema National Forest (SP) indicating parturition in
August (F. Michalski pers. comm.). On emergence at 2-3
months, the mean litter size is 2.6 (range=2-3; n=6), with
a male:female sex ratio of 5:1 (Macdonald and Courtenay
1996). It is not known whether the presence of a dominant
female inhibits ovulation in subordinate females.

In captivity, births have been recorded in January,
February, March, June and October, and foxes may breed
twice annually at intervals of 7-8 months (Coimbra-Filho
1966; Brady 1978). The mean litter size is 4.5 (range=3-6;
n=6) with male:female sex ratios of 3:6 (n=2 litters; Biben
1982) and 10:8 (range=5:1 to 1:4; n=4 litters; Brady 1978).
The gestation period is 56 days (range=52-59 days), and
neonatal weight 120-160g (Brady 1978).

Cubrearingis the responsibility of both breeding adults.
Additional helpers have not been observed directly in the
wild. However, the strong social affiliations between adults
and dispersed returning offspring during subsequent
breeding periods are strongly suggestive of sibling helpers
(Macdonald and Courtenay 1996). In captivity, both sexes
bring solid food (they do not regurgitate) to the young who
consume solids from day 16-20 (Biben 1982, 1983; Brady
1978). The milk teeth start to erupt at day 14. Cubs first
leave the den around day 28, but more regularly from day
45 when 1-1.5kg, at which time they develop the adult
pelage. Lactation lasts for approximately 90 days (Brady
1978). Post-weaning dependency lasts for up to five months
until sexual maturity which occurs at approximately nine
months (Brady 1978). Offspring disperse when 18-24
months old (¢f. Brady 1979), which in Marajo is between
August and December.

Crab-eating foxes do not regularly excavate burrows,
but rest above ground in dense undergrowth (including
when rearing cubs), but occasionally adopt abandoned
burrows of other animals such as armadillos (Brady 1979;
Macdonald and Courtenay 1996; R. Cunha de Paula pers.
comm.).

Competition

Potential competitors include the similarly sized hoary fox
(2.5-4kg), Pampas fox (4-7kg), and larger-sized maned
wolf (Chrysocyon brachyurus) (20-33kg). Interspecific
divergence in dietary composition appears to allow these
canid species to coexist (Juarez and Marinho 2002).
Interspecific competition is unlikely to affect conservation
status.

Mortality and pathogens

Natural sources of mortality One radio-tagged crab-
eating fox was located inside the belly of a green anaconda
(Eunectes murinus) in Emas National Park, Brazil (Jacomo
and Silveira 1998), and an ocelot (Leopardus pardalis) was
seen feeding on a carcass of this fox in Iguacu National
Park (Crawshaw 1995). Domestic dogs are known to
chase and kill foxes (Brady 1979), and cause cub deaths
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when dens are located in peri-urban areas. Likely natural
predators include caimans (Caiman yacare and C.
latirostris), jaguar (Panthera onca) and puma (Puma
concolor), though no cases have been reported.

Persecution The fox is perceived as a pest of poultry
throughout much of itsrange (and in Uruguay asa predator
of lambs), and they are thus shot, trapped, and poisoned
indiscriminately (Cravino ez al. 1997). In Marajo, 83% of 12
fox deaths between 1988 and 1991 were due to local hunters
(Macdonald and Courtenay 1996). The mortality rate in
the Marajo population was 0.325 per year (95% C.L.0.180-
0.587), corresponding to a mean life expectancy of 3.1 years
(95%C.L.1.70-5.56). Thisis reflected in a young population
with 57% of the population aged =12 months (1988-1989,
n=25;1994-1995,n=37), and high population replacement
(turnover) rate of 0.84 per year (Courtenay 1998).

Hunting and trapping for fur Young foxes are often
taken as pets, and at least one hunting household in
Marajé, Brazil, admitted to consuming a fox on one
occasion. Heavy trapping occurred in dry forest regions in
Bolivia before the early 1980s when single pelts were worth
USS$30 (L. Maffei pers. obs.).

Road kills In north-eastern Sao Paulo state, Brazil, 29
deaths (male:female ratio of 1:1.5) were recorded along
13,500km of surveyed road between January 1981 and
December 1983; the ratio of crab-eating to hoary fox
carcasses was about 10:1 (J. Dalponte and J. Tavares-Filho
unpubl.; see also Dalponte and Courtenay this volume).

Pathogens and parasites Theeffect of pathogen infection
on population status has been rarely monitored; there are
currently no reports of population declines. Rabies was
confirmed in 18 foxes in Ceara, Brazil between 1980 and
1986, 11 of which were from the same region and within a
six month period (Barros et al. 1989). Two confirmed fatal
cases of canine distemper virus (CDV) were passively
detected in crab-eating foxes, both in Brazil, including one
male from Santa Genebra forest (Universidade de
Campinas, Sao Paulo state) in 1989 (M.R.P. Leite Pitman
pers. comm.), and one male in Lami Biological Reserve
(Rio Grande do Sul) in 1999 (R. Printes pers. comm.).
Domestic dogs were the suspected source of infection in
both cases. By contrast, serological and clinical screening
of 37 foxes that had substantial contact with domestic dogs
with past exposure to CDV and canine parvovirus (CPV)in
Marajo, Brazil, revealed no serological or clinical evidence
of infection (Courtenay et a/l. 2001). Similarly, there was no
evidence of alopecia consistent with scabies infection in 16
animals observed in the Gran Chaco, Bolivia, despite 20%
(19/94) of the sympatric Pampas fox presenting confirmed
or suspected infection with Sarcoptes scabiei (S. Deem pers.
comm.).



The involvement of the crab-cating fox in the
epidemiology of the protozoan parasite Leishmania
infantum causing human and canine leishmaniasis has been
the subject of extensive field studies in Marajo, Brazil
(Courtenay et al. 1994, 2002; Courtenay 1998). Foxes with
confirmed infection do not usually suffer infection-related
mortality and are rarely infectious; thus it is unlikely that
they are maintenance reservoirsin the absence of infectious
domestic dogs (the known disease reservoir). Evidence
suggests that infection spills over into foxes from infected
sympatric dog populations (Courtenay et al. 2001, 2002).
Hoary foxes have reportedly been infected with L. infantum
and the rabies virus in Ceara, Brazil (Deane 1956; Barros
et al. 1989); however, these animals were probably
misidentified crab-cating foxes (Courtenay et al. 1996).

Incaptivity, crab-eating fox deaths have been attributed
to infanticide, scabies, echinococcus infection, pulmonary
disease, ectoparasites (scabies and fleas), and meningitis
(Brady 1978; J. Cartes pers. comm.). Other documented
parasites of free-ranging animals include Hepatozoon canis
(Alencar et al. 1997) and various species of fleas (Cerqueira
et al. 2000) and lice (Hopkins 1949, in Clutton-Brock et al.
1976).

Longevity The oldest recorded free-ranging fox was 9.2
years old, captured in Marajo, Brazil (O. Courtenay pers.
obs.).

Historical perspective

The crab-eating fox is sometimes tamed as pets by
indigenous and rural people (C. Baltzinger pers. comm.);
thereis limited talisman use, e.g., farmers in Ceara, Brazil,
pin fox tails to animal sheds to warn off rabid bats (O.
Courtenay pers. obs.).

Conservation status

Threats Potential threat of spill-over pathogenicinfection
from domestic dogs. In the Serra da Canastra National
Park, Brazil, crab-eating foxes raid human refuse dumps
in close company with unvaccinated domestic dogs along
park boundaries (R. Cunha de Paula pers. comm.).

Commercial use No direct commercial value as furbearer
due to the unsuitability of the fur which is coarse and
short; however, pelts are sometimes traded as those of the
South American grey fox in Argentina, and as those of the
latter species and the Pampas fox in Uruguay (Cravino et
al. 1997; A. Farias pers. comm.). Current illegal trade is
small as the probable consequence of low fur prices; in
Paraguay, forexample, noillegal fox pelts were confiscated
from 1995 to 2000 (J. Cartes pers. comm.).

Occurrencein protected areas Occursinalarge number
of protected and unprotected areas acrossits geographical
range.
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Protection status CITES — Appendix II.

In Argentina, the crab-eating fox was considered “not
endangered” by the 1983 Fauna and Flora National
Direction (resolution 144), and its exploitation and
commercial use was forbidden in 1987 (A. Novaro pers.
comm.; A. Farias pers. comm.); currently listed as
“potentially vulnerable” in the recent Argentine Red Data
Book (Diaz and Ojeda 2000). In Bolivia, it is considered
common and is, therefore, excluded from the Bolivian
Red Data Book (Ergueta and Morales 1996), as it is from
the Brazilian (Biodiversitas 1998) and Colombian
(Rodriguez 1998) lists of threatened species.

Current legal protection There is no specific protective
legislation for this species in any country, though hunting
wildlifeis officially forbidden in most countries. Generally,
there is no specific pest regulatory legislation for the crab-
eating fox, but it is strongly disliked locally as a pest of
livestock (poultry and lambs) leading to illegal hunting
and consequential sales of pelts. In some countries, pest
control is limited by specific quotas (without official
bounties), although the system is often ignored, abused,
or not reinforced (J. Carvino pers. comm.; A. Soutullo
pers. comm.). In Uruguay, hunting permits have not been
issued since 1989 on the basis that lamb predation by foxes
is negligible (Cravino ez al. 1997, 2000).

Conservation measures taken Nothing proposed. No
protection required.

Occurrence in captivity

Present in many zoos and private collections throughout
South America whereit generally breeds well and offspring
survival rates are high.

Current or planned research projects

R.dePaula (Associagao Pro-Carnivoros, Sao Paulo, Brazil)
is studying the interactions between wild and domestic
canids in Serra da Canastra National Park, Brazil.

C. Costa and O. Courtenay (Federal University of
Piaui, Brazil and University of Warwick, UK) are
conducting epidemiological studies on the role of the crab-
eating fox in the transmission of zoonotic leishmaniasis.

J. Dalponte, E. Lima and R. Jorge (Servigo Social
do Comércio/Fundagdo Pro-Natureza, Brazil) are
investigating the diet and parasites of sympatric carnivores
in Reserva Particular do Patriménio Natural do Servigo
Social do Comércio, Pantanal, Mato Grosso, Brazil.

L. Silveira and J. Marinho-Filho (Brasilia University,
Brazil) are studying the ecology of sympatric carnivores in
Emas National Park, Goias, Brazil.

S.Marquesand T.da Santos (Furnas Centrais Elétricas,
Brazil) are conducting radio-telemetry studies on the crab-
eating fox and hoary fox in Guimaraes region of Mato
Grosso, Brazil.



Gaps in knowledge

Littleis known of population status, particularly in lowland
Amazon forest. The significance of infection and disease
in population regulation, and behavioural ecology in the
context of resource dispersion, are of interest.

Core literature

Berta 1982, 1987; Brady 1978, 1979; Courtenay et al. 1994,
1996,2001,2002; Macdonald and Courtenay 1996; Maffei
and Taber 2003; Montgomery and Lubin 1978; Sunquist
et al. 1989.

Reviewers: Julio Dalponte, Carlos A. Delgado-V, M.
Renata P. Leite Pitman, Mauro Lucherini, Anibal Parera.
Editors: Michael Hoffmann, Claudio Sillero-Zubiri.

3.3 Maned wolf
Chrysocyon brachyurus (llliger, 1815)
Near Threatened (2004)

M. Rodden, F. Rodrigues and S. Bestelmeyer

Other names

French: loup a crini¢re; German: mdhnenwolf; Portuguese:
lobo guara, guara; Spanish: aguara guaza (Argentina),
lobo de crin, borochi (Bolivia).

Taxonomy

Canis brachyurus Illiger, 1815. Abh. Phys. Klasse K.
Pruess. Akad. Wiss., 1804—1811 :121. Type locality: not
specified, but later listed by Cabrera (1958) as “los Esteros
del Paraguay”.

The species was originally placed in the genus Canis,
but is now widely included in the genus Chrysocyon
(Langguth 1975; Stains 1975; Van Gelder 1978; Berta
1987; Wozencraft 1993).

Chromosome number is 2n=76, very close to that of
Canis (2n=78). A comparison of chromosome morphology
and banding patterns suggest that the maned wolf and
grey wolf (Canis lupus) share a common wolf-like ancestor
(Wayne et al. 1987a).

Description

The maned wolf is hard to confuse with any other canid
due toitslong, thin legs, long reddish orange fur and large
ears. The English common name comes from the mane-
like strip of black fur running from the back of the head to
the shoulders, averaging 470mm in length. Muzzle black,
throat white, inner ears white, forelegs black and most of
distal part of hindlegs black. An average of 44% of the tail
length is white at the distal end, but the amount varies
between individuals (from 17-66% of the tail length). No
under fur present. The adult dental formula is 3/3-1/1-4/4-
2/3=42. See table 3.3.1 below for body measurements.

Table 3.3.1. Combined body measurements for the
maned wolf from Serra da Canastra National Park,
Brazil (Dietz 1984), Emas National Park, Brazil (Silveira
1999; Bestelmeyer 2000) and Aguas Emendadas
Ecological Station, Brazil (F. Rodrigues unpubl.).

HB 1,058mm (950-1150) n=23
T 446mm (380-500) n=22
E 163mm (135-200) n=23
WT 25.0kg (20.5-30) n=16

Adult female maned wolf.
Serra da Canastra National
Park, Minas Gerias State,
Brazil, 2001.

Rogerio Cunha
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Subspecies Monotypic (Dietz 1984).

Similar species Juveniles could possibly be confused
with the crab-eating fox (Cerdocyon thous) because of
their similar black and grey colouring.

Current distribution

The maned wolf inhabits the grasslands and scrub forest
of central South America from the mouth of the Parnaiba
River in north-eastern Brazil, south through the Chaco of
Paraguay into Rio Grande do Sul State, Brazil, and west
to the Pampas del Heath in Peru (Dietz 1985) (Figure
3.3.1. Beccaceci (1992a) found evidence of maned wolves
in Argentina as far south as the 30th parallel, and a
sightingin the province of Santiago del Estero was recently
reported (Richard ez al. 1999). They probably range into
northern Uruguay. Their presence in this country was
confirmed through a specimen trapped in 1990 (Mones
and Olazarri 1990), but there have not been any reports of
sightings since that date (S. Gonzalez pers. comm.).

Range countries Argentina, Bolivia, Brazil, Paraguay,
Peru, Uruguay (Dietz 1985; Mones and Olazarri 1990;
Beccaceci 1992a).

Relative abundance

With their primarily solitary habits and large home ranges
(see Social behaviour), maned wolves are found in low
densities throughout the range. In some areas of central
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Brazil, they appear to be more common, but increasing
habitat fragmentation may threaten the viability of wild
populations (Table 3.3.2).

Estimated populations/relative abundance and
population trends

Table 3.3.2. The status of maned wolves in various
range countries. (Population trend: D=declining,
?=unknown, Ex=extinct).
Country Population size Trend
Argentina 1,000? D?
Bolivia >1,000 ?
Brazil ? ?
Peru ? ?
Paraguay ? ?
Uruguay Ex? ?
Habitat

Maned wolves favour tall grasslands, shrub habitats,
woodland with an open canopy (cerrado), and wet fields
(which may be seasonally flooded). Some evidence indicates
that they may prefer areas with low to medium shrub
density (Bestelmeyer 2000). Maned wolves are also seen in
lands under cultivation for agriculture and pasture.
Daytime resting areas include gallery forests (Dietz 1984),
cerrado and marshy areas near rivers (Bestelmeyer 2000;
F. Rodrigues unpubl.). There is some evidence that they
can utilise cultivated land for hunting and resting (A.



Jacomo and L. Silveira unpubl.), but additional studies
are essential in order to quantify how well the species
tolerates intensive agricultural activity.

Food and foraging behaviour

Food Omnivorous, consuming principally fruits and small-
to medium-sized vertebrates. Numerous authors (Dietz
1984; Carvalho and Vasconcellos 1995; Motta-Janior et
al. 1996; Azevedo and Gastal 1997; Motta-Janior 1997;
Rodrigues et al. 1998; Jacomo 1999; Santos 1999; Silveira
1999; Juarez and Marinho 2002; Rodrigues 2002) have
investigated the diet of the maned wolf. These studies have
all found a wide variety of plant and animal material in the
diet, with about 50% of the diet comprising plant material
and 50% animal matter (Table 3.3.3). The fruit Solanum
lycocarpum grows throughout much of the range and is a
primary food source; other important items include
small mammals (Caviidae, Muridae, Echimydae) and
armadillos, other fruits (4Annonaceae, Myrtaceae, Palmae,
Bromeliaceae, and others), birds (Tinamidae, Emberizidae
and others), reptiles and arthropods. Although the
frequency of plant and animal items found in faecal samples
isapproximately equal (Table 3.3.2), the biomass of animal
items is usually greater than that of plant items (Motta-
Junior et al. 1996; Santos 1999; Rodrigues 2002). Certain
items, such as rodents and Solanum, are consumed year
round, but the diet varies with food availability. At least
occasionally, pampas deer (Ozotoceros bezoarticus) are
also consumed (Bestelmeyer and Westbrook 1998). In
Jacomo’s (1999) study, deer appeared in 2.4% of 1,673
samples analysed.

Foraging behaviour Nocturnal and crepuscular, maned
wolves may forage for up to eight consecutive hours,
feeding on everything they can catch and every ripe
fruit they detect (Bestelmeyer 2000; L. Silveira and A.
Jacomo unpubl.). Strategies for hunting animal prey
include: 1) stalking prey with a final pounce; 2) digging
after burrowing animals; 3) leaping into the air to capture
flying birds and insects, and 4) sprinting after fleeing deer.
Approximately 21% of all hunting attempts end with the
successful capture of prey, and the strategies do not differ
in their success rates (Bestelmeyer 2000). Beccaceci (1992a)
and C. Silva (unpubl.) recorded maned wolves feeding on
coypus (Myocastor coypus) that were caught in traps set
by hunters. L. Silveira and A. Jacomo (unpubl.) observed
maned wolves scavenging opportunistically on road-kill
carcasses.

Damage to livestock and game The maned wolf has
been known to prey on domestic animals, especially
chickens (Dietz 1984). However, poultry remains were
found in only 0.6-1.4% of analysed scat samples (Dietz
1984; Motta-Junior et al. 1996; Rodrigues 2002).

Adaptations

The maned wolf’s long legs, large ears and pacing gait are
considered adaptations for standing in and moving above
tall grasses to hear small prey below. The long legs also
enable maned wolves to run swiftly, at least occasionally
tracking down flecing pampas deer (Bestelmeyer and
Westbrook 1998).

Table 3.3.3. Frequency of classes of food items in the maned wolf’s diet in 11 places of the Cerrado of Brazil.
(1) Juarez and Marinho 2002; (2) Dietz 1984; (3) Motta-Junior et al. 1996; (4) — Motta-Junior 1997; (5) Azevedo and
Gastal 1997; (6) Jacomo 1999; (7) Silveira 1999; (8) Santos 1999; (9) Carvalho and Vasconcellos 1995; (10) Rodrigues
2002.
Locality
Faz.Rio P.N.S.da Faz. Agua E.E.de Faz. Salto Campus APA Gama- P.N. Faz Santa Aguas
Pratuddo/ Canastra/  Limpa/ Jatai/ e Ponte/ da UFSC Cab Veado/ Emas/ Sao Luis/ Barbara/ Emendadas
Items BA(l) MG(2 DF (3) SP(4) MG (4) AR/SP (4) DF(5 GO(6,7) MG  SP(9) EE/DF(0)
Solanum lycocarpum 31.9 32.6 25.7 15.6 31.0 24.4 23.1 18.0 29.3 32.3 27.4
Miscellaneous fruit 9.4 7.3 9.2 14.7 2.8 10.2 10.7 36.3 7.8 6.3 24.2
Grass 9.4 111 11.8 14.3 20.0 12.8 13.8 3.2 17.2 9.4 8.2
Subtotal - vegetable 50.7 51.0 46.7 44.6 53.8 47.4 47.6 57.5 54.3 48.0 59.8
Arthropods 3.6 5.7 2.0 5.5 2.1 51 23.1 1.6 12.1 7.3 5.8
Reptiles 1.6 0.3 2.6 3.4 4.8 1.3 - 3.1 1.8 - 0.1
Birds 8.4 12.0 13.8 8.4 10.4 7.7 10.7 11.1 11.1 12.5 10.1
Eggs - - - - - - 3.1 0.2 - - 0.4
Rodents & marsupials 33.0 26.6 25.0 32.1 27.5 34.6 15.4 24.0 141 29.2 16.7
Armadillos 1.6 3.1 9.2 2.9 - 1.3 - 2.1 6.3 1.0 6.7
Other mammals 1.0 0.7 0.7 2.1 1.4 1.3 - 0.2 0.5 - 0.5
Other vertebrates - 0.6 - 1.0 - 1.3 - - 0.3 2.1 -
Subtotal - animal 49.2 49.0 53.3 55.4 46.2 52.6 52.3 423 46.2 52.1 40.3
No. of occurrences 191 2,056 304 237 145 78 65 4,540 396 96 901
No. samples 70 740 104 61 46 21 20 1,673 150 ? 328
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Social behaviour

Maned wolves appear to be facultatively monogamous.
Pairs are not often seen together, although researchers
have observed pairsresting, huntingand travellingtogether.

Dietz (1984) found that home ranges of pairs in Serra
da Canastra National Park varied between 21.7 and
30.0km? (average 25.2 + 4.4km? n=3 pairs). The home
ranges of individuals studied in other areas are larger,
ranging from 15.6-104.9km? (average 57.0 * 34.3km?,
n=5) in Aguas Emendadas Ecological Station (Rodrigues
2002) and 4.7-79.5km? (average 49.0 + 31.8km?, n=5) in
Emas National Park (Silveira 1999). Home range
boundaries appear stable over time and are defended
against adjacent pairs, although there may be overlap at
the edge of the home range (Rodrigues 2002). Males and
females do not differ in their rates of scent marking.
Termite mounds are preferentially used as urine-marking
sites, and more marks are placed on the upwind side of
objects than on the downwind side (Bestelmeyer 2000).
Floater individuals without territories appear to move
along territory boundaries (Dietz 1984) and do not scent
mark (Bestelmeyer 2000).

The most frequently heard vocalisation is the roar-
bark, a loud vocalisation that has been heard during all
times of the day and night and at all times of the year (Brady
1981; Bestelmeyer 2000; L. Silveiraand A. Jacomo unpubl.).

Reproduction and denning behaviour

Female maned wolves enter oestrus once per year, for
approximately five days. Peak breeding season is from
April to June. There are numerous published accounts of
breeding behaviour in captivity, but little information is
available from wild populations (Silveira 1968; Encke
1971; Brady and Ditton 1979; Bartmann and Nordhoff
1984; Dietz 1984; Rodden et al. 1996; Bestelmeyer 2000).
In captivity, the frequency of vocalisations (roar-bark)
and scent marking increases during the weeks prior to
mating (Brady 1981), and theamount of time a pair spends
in close proximity increases significantly during the
oestrous period. Courtship is characterised by frequent
approaches, mutual anogenital investigation, and playful
interactions. Mounting may occur frequently during
oestrus; successful breeding includes a copulatory tie that
may last several minutes. In Emas National Park, Brazil,
a breeding pair observed at night for approximately 3.5
hoursforaged together and vocalised frequently whenever
one partner was out of sight. The male marked with urine
or faeces wherever the female marked. A breeding display
lasting 10 minutes included a two-minute copulatory tie.
After copulation, the pair continued to forage together (L.
Silveira and A. Jacomo unpubl.).

Gestation length is approximately 65 days, with the
majority of births occurring from June to September,
during the dry season. One female gave birth to three pups
in a bed of tall marsh grass. At 45 days of age the pups had
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not yet left the den and weighed 2.0kg (female) and 2.25kg
(males) (L. Silveiraand A. Jacomo unpubl.). Alldens found
in the wild have been above ground, gaining shelter from
natural features such as the canopies of shrubs, rock crevices,
gullies, and dry mounds in marshy, tall-grass areas.

In captivity, an analysis of 361 births indicated that
parturition peaks in June (winter), and the average litter
sizeis 3 (range=1-7; Maia and Gouveia 2002). Birth weights
average 390-456g (n==8). In captive animals, nursing bouts
begin to decline after the first month, and weaning is
complete by around 15 weeks. Pups begin consuming solids
regurgitated by the parents at around four weeks of age;
regurgitation has been recorded up to seven months after
birth (Brady and Ditton 1979). Females with 7-14-week-
old pupshave been observed hunting for continuous periods
of eight hours over 3km from their den sites and pups
(Bestelmeyer 2000; F. Rodrigues unpubl.). Pups stay in the
mother’s home range for approximately one year, when
they begin to disperse. Juveniles attain sexual maturity at
around the same time, but usually do not reproduce until
the second year.

One of the many unknown aspects of maned wolf
behaviour is the role the male plays in rearing pups. Pups
have been seen accompanied by two adults (Dietz 1984),
and a female with pups was seen accompanied by a male
many times (F. Rodrigues unpubl.). In captivity, males
increase pup survival rates and are frequently observed
regurgitating to pups and grooming pups (Bestelmeyer
2000). Nonetheless, direct confirmation of male parental
care in the wild is still lacking.

Competition

No direct competition has been observed with other
carnivores sharingmaned wolves’ primary habitat, including
the bush dog (Speothos venaticus), crab-eating fox
(Cerdocyon thous), hoary fox (Pseudalopex vetulus), pampas
fox (P. gymnocercus), puma (Puma concolor), jaguar
(Pantheraonca), pampas cat (Oncifelis colocolo), jaguarundi
(Herpailurus yaguarondi), crab-eating raccoon (Procyon
cancrivorus), hog-nosed skunk (Conepatus semistriatus),
and grison (Galictus cuja and G. vittata). The diet of the
maned wolf significantly overlaps with that of the crab-
eating fox, and to a lesser extent with that of the smaller
hoary fox (Silveira 1999; Juarez and Marinho 2002).
However, maned wolves can take larger prey than either
fox species (Bestelmeyer and Westbrook 1998; Silveira
1999; Juarez and Marinho 2002). Evidence from northern
Argentina indicates that the maned wolf and pampas fox
may eat many of the same food items (L. Soler pers.
comm.). Packs of domestic dogs may also compete for prey
with maned wolves.

Mortality and pathogens
Natural sources of mortality Because of its size, other
carnivores do not usually prey upon the maned wolf,



although thereis a record of predation by a puma (M. Reis
pers. comm.). In areas inhabited by humans, domestic
dogs have been observed pursuing and killing maned
wolves (A. Hass pers. comm.; F. Rodrigues unpubl.; and
see also Threats).

Persecution Maned wolves are not viewed as a serious
threat to livestock, although they may occasionally be
shot when caught raiding chicken pens. Diet studies
indicate that domestic chickens have little importance in
their diet, but this relationship needs to be studied more
thoroughly.

Hunting and trapping for fur The pelt of the maned wolf
is of no value to the fur trade.

Road kills Road kills are one of the main causes of
mortality of maned wolves, especially for youngindividuals
and sub-adults (Beccaceci 1992a; Vieira 1996; Silveira
1999; Rodrigues 2002; L. Soler pers. comm.). Road kills
on highways are responsible for mortality of approximately
half of the annual production of pups in some reserves
(Rodrigues 2002).

Pathogens and parasites The giant kidney worm,
Dioctophymarenale, which infects wild and captive maned
wolves in South America, is considered a serious health
threat (Matera et al. 1968; Beccaceci 1990). Beccaceci
(1992b) found evidence of tuberculosis in a wild specimen,
and hemo-parasites have also been recorded (F. Vinci
pers. comm.).

In captivity, maned wolves are susceptible to typical
canine viruses, including canine distemper, parvovirus,
rabies, and adenovirus. Infectious diseases and digestive
disorders are among the main causes of death among pups
31-120 days old (Maia and Gouveia 2002). Ovarian
tumours are frequently found in adult females (Munson
and Montali 1991). Cystinuria, a metabolic disease of the
renal system, is prevalent in both captive and wild maned
wolves, although its impact on wild populations is not
known (Bush and Bovee 1978; Bovee ef al. 1981; Mussart
and Coppo 1999).

Longevity In captivity, maned wolves may live up to 16
years. To the best of our knowledge, thereisno information
available for longevity in the wild.

Historical perspective

Throughout its range, attitudes towards the maned wolf
range from tolerance to fear and dislike. Native folklore
and superstitions contribute to the attitudes of local people.
For example, in Brazil certain parts of the maned wolf are
used in local medicines to cure bronchitis and kidney
disease or as a treatment for snakebite. Other body parts
are believed to bring good luck (C. Silva pers. comm.). In
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Bolivia, cowboys believe that sitting on the pelt of amaned
wolf will protect them from bad luck (L. Sainz pers.
comm.).

Although it is one of the largest carnivores in the
grasslands, the species is apparently not well known to a
large segment of the population. In a study of visitors at
Brasilia Zoo, which is surrounded by cerrado, 32% of 30
adults and 30 children surveyed did not recognise the
maned wolf when shown a photograph of the animal
(Bizerril and Andrade 1999).

Conservation status

Threats The most significant threat to maned wolf
populations is the drastic reduction of habitat, especially
due to conversion to agricultural land (Fonseca et al.
1994). The cerrado has been reduced to about 20% of its
preserved original area (Myers et al. 2000), and only 1.5%
ofitis currently protected (Ratter et al. 1997). In addition,
habitat fragmentation causesisolation of sub-populations.
Many maned wolves are killed on the nation’s roads.
Highways border many of the Conservation Units of the
Brazilian cerrado, and drivers often do not respect speed
limits. Reserves close to urban areas often have problems
with domestic dogs. These dogs pursue and may Kkill
maned wolves and can also be an important source of
disease. Domestic dogs also possibly compete with the
maned wolf for food. Interactions with humans also pose
a threat to the maned wolf. Diseases, such as those
mentioned above, can be important causes of mortality in
the wild, but there is very little information available
about the health of wild populations. In areas where there
are domestic dogs, the problem is certainly greater.

Commercial use None. Indications are that the use of
maned wolf parts for medicinal purposes does not involve
any sort of large-scale commercial transactions and is
confined to native folk medicine (see Historical
perspective).

Occurrence in protected areas

— Argentina: Chaco National Park, Mburucuya National
Park, Ibera Provincial Reserve, San Juan de Poriahu,
San Alonso Private Reserves, Rio Pilcomayo National
Park, El Bagual Private Reserve, Campo Bouvier, La
Esmeralda Reserve, and possibly La Loca Provincial
Reserve;

— Bolivia: Estacion Bioldgica del Beni, Parque Nacional
Noel Kempff Mercado, Parque Nacional and Area
Naturalde Manejo Integrado Otuquis and San Matias,
Parque Nacional Madidi. May occur in Parque
Nacional Kaa Iya del Gran Chaco and Territorio
Indigena & Parque Nacional Isiboro Sécure;

— Braczil: occursin the following National Parks: Brasilia,
Emas, Chapada dos Veadeiros, Araguaia, Serra da
Canastra, Grande Sertao Veredas, Serra do Cipd,



Chapada dos Guimaraes, Serra da Bodoquena, Ilha
Grande, Aparadosda Serra, Serra Geral, Sao Joaquim,
Serra da Bocaina, Itatiaia. Ecological Reserve
Roncador, Ecological Stations Aguas Emendadas,
Urugui-Una, Serra das Araras, Pirapitinga and Taiama.
State Parks: Ibitipoca, Itacolomi, Nascentes do Rio
Taquari, Caracol, Iatapua, Turvo, Cerrado, Vila Velha;

— Paraguay: Mbaracayu Forest Biosphere Reserve;

— Peru: Pampas del Heath?

Protection status CITES — Appendix II.

Protected in Argentina (classified as Endangered on the
Red List); and included on the list of threatened animals in
Brazil (Bernardes et al. 1990).

Current legal protection Hunting is prohibited in Brazil,
Paraguay and Bolivia. Maned wolves are protected by law
in many parts of their range, but enforcement is frequently
problematic. Included in the United States Endangered
Species list.

Conservation measures taken We are not aware of any
conservation actions specific to the maned wolf. However,
they are the beneficiaries of broader attempts to protect
the cerrado (for example, recent actions to reduce the
impact of road kills in Brasilia).

Occurrence in captivity

Records of captive maned wolves have been kept in an
International Studbook, which was maintained by the
University of Heidelberg from 1973 to 1978, and since
1979 by Frankfurt Zoo, Germany. As of 31 December
2003, 146 institutionsreported a total of 431 maned wolves
in captivity, including 208 males and 222 females.
Cooperative breeding programmes exist among zoos in
Europe, North and South America, and there has been
considerable research on reproductive behaviour and
physiology, nutrition, diseases and other husbandry issues.
There are no known reintroduction projects currently
underway. Individuals are sometimes kept as pets or in
private collections.

Current or planned research projects

In Brazil, there are several ecological studies underway,
investigating aspects such as home range, feeding ecology,
behaviour and reproductive behaviour, including studies
by: F. Rodrigues, Rogério Cunha and Eduardo Eizirik
(Associagdo Pro-Carnivoros), Adriana Hass (CNPq) and
F. Vinci (Unido de Ensino do Planalto Central) in Serra da
Canastra National Park; F. Rodrigues (Associagao Proé-
Carnivoros)in Distrito Federal; A. Jacomo and L. Silveira
(Associagdo Pro-Carnivoros) in Goias; J. Carlos Motta-
Junior (Universidade de Sao Paulo) in Sao Paulo and
Minas Gerais; L. Fernando Silva (Fundagao ZooBotanica
de Belo Horizonte) in Minas Gerais; J. Eduardo Mantovani
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(Instituto Nacional de Pesquisas Espaciais) in Sdo Paulo;
C. Silva (Instituto Brasileiro de Mecio Ambiente) in
Parana.

Studies of genetic variability are being done by J.
Roberto Moreira (Centro Nacional de Recursos Genéticos
/ Empresa Brasileira de Agropecuaria) and M. Nazaré
Clautau (Universidade de Brasilia). J. Roberto Moreira is
also revising the distribution of the species in Brazil.

In Argentina, A. Soria and S. Heinonen Fortabat
(Delegacion A.P.N.) have been conducting surveys of
maned wolvesin three National Parks: Pilcomayo, Chaco,
and Mburucuya. L. Soler (HUELLAS, and Grupo de
Ecologia Comportamental de Mamiferos, GECM) has
proposed a study in the Mburucuya National Park in the
province of Corrientes, to examine habitat use and
availability and to census the carnivore species utilising
the park and surrounding areas. The attitudes of local
people will be a major focus of the study. Although
HUELLAS and Oikoveva (a French NGO) are providing
partial funding, additional support is being sought. S.
Gonzalez (Division Citogenética, Universidad de la
Republica Oriental del Uruguay) and M. Beccaceci
(Universidad del Salvador) have also proposed a study of
the genetic variability of wild populations in Argentina.

In Bolivia, additional studies of canid ecology in eastern
Bolivia have been proposed (L. Emmons, Smithsonian
National Museum of Natural History, and L. Sainz,
Museo de Historia Natural Noel Kempff Mercado).

A captive study of maned wolf nutritional requirements
(M. Allen and S. Childs), supported by the American Zoo
and Aquarium Association’s Maned Wolf Species Survival
Plana, the National Zoological Park, and Purina Mills, is
underway. A second captive study focusing on the modes
of inheritance of cystinuria, is supported by the AZA
MWSSP, University of Pennsylvania, and Morris Animal
Foundation (J. Kehler and P. Henthorn, University of
Pennsylvania).

Gaps in knowledge

Population surveys throughout the species’ range are
needed. The impact of human encroachment on suitable
habitat is not clearly understood, and the suitability of
agricultural land as maned wolf habitat needs to be
investigated. The impact of disease processes on wild
populations is not well understood.

Core literature

Bestelmeyer 2000; Brady and Ditton 1979; Dietz 1984,
1985; Jacomo 1999; Motta-Junior et al. 1996; Silveira
1999.

Reviewers: Marcelo Beccaceci, Otavio Borges Maia, James
Dietz, Louise Emmons, Anah Jacomo, Leandro Silveira,
Lucia Soler. Editors: Michael Hoffmann, Claudio Sillero-
Zubiri.



3.4 Culpeo
Pseudalopex culpaeus (Molina, 1782)
Least Concern (2004)

J.E. Jiménez and A.J. Novaro

Other names

English: Andean fox; French: Culpeau; German:
Andenfuchs; Spanish: zorro colorado (Argentina); zorro
Andino (Bolivia, Peru); zorro culpeo (Chile); lobo Andino
(Ecuador); Indigenous names: Aymara: khamake (Peru,
Bolivia, Chile); Mapuche: culpem (Chile, Argentina);
Quechua: atoj (Peru).

According to Molina (1782 cited in Osgood 1943: 64)
the name culpeo derives from the Mapuche word ‘culpem’
that means ‘madness’, because individuals expose
themselves to hunters that easily kill them.

Taxonomy

Canis culpaeus Molina, 1782. Sagg. Stor. Nat. Chile, p.
293. Type locality: “Chili” restricted by Cabrera (1931) to
the “Santiago Province” (¢.71°00'W, 33°30'S; Osgood
1943, Novaro 1997a).

Due to their wide range in distribution, high phenetic
variability and scarcity of material, the taxonomy of the
South American canids has been a topic of much debate.
During the last three decades, Clutton-Brock et al. (1976)
and Wozencraft (1989) placed the culpeo in the genus

Dusicyon, Langguth (1975) and Van Gelder (1978) in
Canis, while Berta (1987), Wozencraft (1993) and Tedford
et al. (1995) considered it as Pseudalopex. Finally, Zunino
et al. (1995) proposed use of the genus Lycalopex. As a
result, the taxonomic status of the culpeo is still unresolved
(Novaro 1997a).

The culpeo separated from their closest relative, the
chilla (P. griseus) between 250,000 and 500,000 years ago.
Morphological evolution of these foxes, relative to other
species, has been faster than genetic changes (Wayne et al.
1989). In fact, in both species, some populations within
species are genetically more distinct than populations
between species (Yahnke ef al. 1996).

Chromosome number: 2n=74 (Vitullo and Zuleta
1992).

Description

The culpeo is the largest fox in the genus (Novaro 1997a;
Table 3.4.1) and among South American canids, is only
smaller than the maned wolf (Chrysocyon brachyurus).
The head is broad and the muzzle is wide, which gives the
culpeo a strong appearance. The species is dimorphic,
males being larger and on average 1.5 times heavier than
females (Johnson and Franklin 1994a; Travaini et al.
2000). It has a white to light tawny chin and body
underparts. Dorsal parts of the head, including the ears
and neck, as well as legs and flanks are tawny or rufous.
The rump is darker, ranging in colour from tawny to dark

Table 3.4.1. Body measurements for the culpeo.
Salar de Reserva Nacional Neuquén Parque Nacional
Punta Negra Las Chinchillas (steppe, north Torres del Paine
(highland desert, (matorral, north Patagonia, (steppe, south
Peru highlands northern Chile) central Chile) Argentina) Patagonia, Chile)
(B.D. Patterson (M. Parada (J.E. Jiménez (A.J. Novaro (W.E. Johnson
pers. comm.) pers. comm.) unpubl.) unpubl.) pers. comm..)
HB 700mm 715mm 586mm 879mm 729mm
male (613-752) n=6 (660-790) n=8 (545-635) n=6 (810-925) n=11 (445-840) n=6
HB 680mm 641mm 675mm 832.3mm 756mm
female (675-685) n=2 (490-705) n=8 (610-720) n=4 (765-890) n=15 (742-770) n=4
T 354mm 380mm 381mm 452mm 433mm
male (305-408) n=6 (8350-415) n=8 (360-415) n=6 (425-493) n=11 (400-465) n=6
T 360mm 362mm 355mm 414mm 397mm
female (340-380) n=2 (310-400) n=8 (840-370) n=4 (870-450) n=15 (380-410) n=4
HF 163mm 156mm 149mm 173mm 174mm
male (153-175) n=6 (144-170) n=10 (145-152) n=6 (160-184) n=9 (165-180) n=6
HF 152mm 150mm 139mm 162mm 155mm
female (149-155) n=2 (137-157) n=8 (130-145) n=4 (145-177) n=13 (148-160) n=4
E 94mm 110mm n=1 84mm 89mm 91mm
male (90-98) n=6 (79-88) n=6 (82-95) n=11 (85-96) n=6
E 88mm 90mm n=1 83mm 82mm 83mm
female (85-90) n=2 (79-87) n=4 (75-90) n=15 (78-88) n=4
WT 6.5kg 4.0kg 11.0kg 10.5kg
male (5.4-8.6) n=10 (8.4-4.9) n=3 (8.5-12.3) n=11 (7.3-13.8) n=6
WT 5.4kg 4.6kg 8.5kg 7.8kg
female (4.6-6.8) n=9 (8.9-5.1) n=4 (7.4-10.0) n=15 (6.8-9.0) n=4
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Culpeo, age and sex unknown. Magallanes, southern Chile.

grey, according to the subspecies. The tail is long and
bushy of grey colour with a black tip and a dark dorsal
patch near its base. Feet and legs are bright tawny with no
black (Osgood 1943). Specimens from northern ranges
(i.e., P. c. andina) are lighter in colour (Osgood 1943; J.E.
Jiménez pers. obs.). Compared to the chilla, culpeos have
longer canines and shorter second molars (Wayne et al.
1989). The dental formula is 3/3-1/1-4/4-2/3=42 (Novaro
1997a).

Subspecies Six subspecies are recognised (Cabrera 1931).
— P. ¢. andina (altiplano)

— P. c. culpaeus (central Chileand west central Argentina)
— P. ¢. Iycoides (island of Tierra del Fuego)

— P. ¢. magellanica (Magallanes and Patagonia)

— P. c. reissii (Andes of Ecuador)

— P. c. smithersi (mountains of Cérdoba, Argentina)

Similar species Chilla (P. griseus): sympatric in Chile
and northern, western, and southern Argentina; smaller,
with dark chin and dark patch on the thighs. Pampas fox
(P. gymnocercus): closest in size to the culpeo, but
apparently not sympatric with it. Crab-eating fox
(Cerdocyon thous): sympatricin southern Bolivia (L. Maffei
pers. comm.); smaller with darker coat.

Current distribution

The culpeoisdistributed along the Andes and hilly regions
of South America from Narifio Province of Colombia in
the north (Jiménez et al. 1995) to Tierra del Fuego in the
south (Markham 1971; Redford and Eisenberg 1992)
(Figure 3.4.1). It ranges down to the Pacific shoreline in
the desert of northern Chile (Mann 1945; J.E. Jiménez
pers. obs.), south to about Valdivia (Osgood 1943), and
then again in Magallanes. On the eastern slopes of the
Andes, the culpeo is found in Argentina from Jujuy
Province in the North, reaching the Atlantic shoreline
from Rio Negro and southwards. This extended eastward
distribution 1is relatively recent and was apparently

Enrique Couve Montané
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favoured by sheep ranching (Crespo and De Carlo 1963;
Novaro 1997a). See also Relative Abundance.

Range countries Argentina, Bolivia, Chile, Colombia,
Ecuador, Peru (Cabrera 1958; Novaro 1997a).

Relative abundance

Due to conflicts with humans (i.e., preying upon poultry
and livestock; Crespo and De Carlo 1963; Bellati and von
Thiingen 1990) and because of its value as a furbearer, the
culpeo has been persecuted throughout its range for many
decades (Jiménez 1993; Novaro 1995). Thus, current
population numbers may be the result of past and present
hunting pressure and food availability. The introduction
of exotic prey species such as European hares (Lepus
europaeus) and rabbits, as well as small-sized livestock
into Chile and Argentina ¢. 100 years ago, probably led to
increases in the distribution and abundance of culpeos,
and facilitated their expansion towards the lowlands in
eastern Argentina (Crespo and De Carlo 1963; Crespo
1975; Jiménez 1993; Jaksic 1998; Novaro et al. 2000a).
Currently, culpeos range over a much wider area in

Figure 3.4.1. Current distribution of the culpeo.
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Patagonia than previously. Likewise, in several areas of
the desert of northern Chile, recent mining activities
provide the culpeo with resources such as food, water, and
shelter that were in much shorter supply in the past, and
hence have changed theirlocal distribution and abundance
(J.E. Jiménez pers. obs.).

Culpeos appear to withstand intense hunting levels as
shown by fur harvest data from Argentina and still maintain
viable regional populations (Novaro 1995). Culpeo
populations that are harvested intensively may maintain
viable levels through immigration from neighbouring
unexploited areas that act as refugia (Novaro 1995). The
culpeo population in Neuquén Province in north-
west Patagonia for example, appears to function as a
source-sink system in areas where cattle and sheep
ranches are intermixed (Novaro 1997b). Cattle ranches
where no hunting occurs supply disperser foxes that
repopulate sheep ranches with intense hunting. Changes
in sex ratio may be another mechanism that allows culpeo
populations to withstand intense hunting (Novaro 1995).
Furthermore, large litter size and early maturity (Crespo
and De Carlo 1963) could explain the culpeo’s high
resilience to hunting.

When hunting pressure is reduced, culpeo populations
usually can recover quickly (Crespo and De Carlo 1963).
This increase was observed at the Chinchilla National
Reserve (Jiménez 1993) and at Fray Jorge National Park
(Meserve et al. 1987; Salvatori et al. 1999), both in north
central Chile. Culpeo densities also have increased in
many areas of Argentine Patagonia following the reduction
of fur prices and hunting pressure in the late 1980s and
early 1990s (Novaro 1997b; A.J. Novaro and M.C. Funes
unpubl.). An exception to this response is the culpeo
population in Tierra del Fuego, where they are still
declining in spite of several years of reduced hunting
pressure (N. Loekemeyer and A. Iriarte pers. comm.).

Estimated populations/relative abundance and
population trends Estimates from intensive trapping by
Crespo and De Carlo (1963) provided a density of 0.7
individuals/km? for north-west Patagonia, Argentina.
Thirty years later, Novaro et al. (2000b), using line
transects, reported densities of 0.2-1.3 individuals/km?
for the same area. In north central Chile, the ecological
density of culpeosin ravinesis 2.6 individuals/km?, whereas
the crude density (throughout the study site) is 0.3
individuals/km? (Jiménez 1993). In Torres del Paine, a
crude density of 1.3 individuals/km? was reported based
on sightings (J. Rau pers. comm.). Interestingly, a later
estimate for the same area, based on telemetry, rendered
an ecological density of 1.2 individuals/km? (Johnson
1992, in Jiménez 1993).

Based on radio telemetry, sightings and abundance of
faeces, Salvatori er al. (1999) concluded that culpeos
respond numerically to a decline in the availability of their
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prey in north central Chile. Earlier, based on abundance
of faeces, Jaksic et al. (1993) reached the same conclusion
for the same culpeo population. In contrast, culpeos (not
distinguished from sympatric chillas) did not show a
numerical or a functional response during a decline of
their main prey at another site in north central Chile
(Jaksic et al. 1992).

Habitat

Throughout its wide distribution, the culpeo uses many
habitat types ranging from rugged and mountain terrain
up to the tree line, deep valleys and open deserts, scrubby
pampas, sclerophyllous matorral, to broad-leaved
temperate southern beech forest in the south. The culpeo
uses all the range of habitat moisture gradients from the
driest desert to the broad-leaved rainforest. In the Andes
of Peru, Chile, Bolivia, and Argentina, the culpeo reaches
elevations of up to 4,800m a.s.l. (Redford and Eisenberg
1992; Romo 1995; A.J. Novaro et al. unpubl.; J.E. Jiménez
pers. obs.). Redford and Eisenberg (1992) placed the
culpeo in the coldest and driest environments of South
America relative to other South American canids.

Food and foraging behaviour

Food Trophic ecology is perhaps the best-studied aspect
of culpeo biology (Medel and Jaksic 1988; Jaksic 1997).
The culpeo diet, based mainly on faecal analysis, has been
described for northern Chile (Marquet et al. 1993), north
central Chile (Meserve et al. 1987; Jaksic et al. 1993;
Jiménez 1993), central Chile (Yanez and Jaksic 1978;
Jaksic et al. 1980; Simonetti 1986; Iriarte er al. 1989;
Ebensperger et al. 1991), northern Argentine Patagonia
(Crespo and De Carlo 1963; Crespo 1975; Novaro et al.
2000a), southern Patagonia (Yafiez and Rau 1980; Jaksic
et al. 1983; Johnson 1992; Johnson and Franklin 1994b),
and Tierra del Fuego (Jaksic and Yafiez 1983; Jaksic et al.
1983). Most of these studies are from areas where only
culpeo foxes are present, given that their faeces cannot be
easily distinguished from those of the chilla (Jiménez et al.
1996a; but see Capurro et al. 1997).

Their main prey ranges from wild ungulates in Peru,
European hares and domestic sheep in northern Patagonia,
haresinsouthern Patagonia, smallmammals and European
rabbits (Oryctolagus cuniculus) in central Chile and Tierra
del Fuego, to small mammals, ungulates, and insectsin the
highlands of northern Chile. Other vertebrates such as
lizards, birds, and insects, make up a small component of
this fox’s diet. Although it is an opportunistic predator,
the culpeois considered more carnivorous and a consumer
of larger mammalian prey than the other South American
foxes (Crespo 1975; Langguth 1975; Redford and
Eisenberg 1992). When seasonality was examined, almost
all studies found differences in diet composition, likely in
response to prey availability. In Argentine Patagonia,
culpeos prey on hares more than would be expected from



their availability (Novaro et al. 2000a) and selected among
rodent species for those that may be more vulnerable
(Corley et al. 1995). Culpeos in central Chile select the
largest small mammals available (Meserve et al. 1987,
Iriarte et al. 1989; Jaksic et al. 1993).

Although the bulk of the diet is made up of animal
prey, it is often described as a consumer of fruits and
berries and is, therefore, considered a disperser of a variety
of seed species (Yafiez and Jaksic 1978; Jaksic et al. 1980;
Bustamante et al. 1992; Castro et al. 1994; Leon-Lobos
and Kalin-Arroyo 1994). Highest fruit consumption occurs
when small mammals are the least abundant and vice
versa (Castro et al. 1994).

Foraging behaviour Culpeos appear to be solitary
foragers (W. Johnson pers. comm.). Culpeo foraging may
be influenced by the nocturnal activity of its main prey
(Iriarte et al. 1989; Johnson and Franklin 1994a) but also
by persecution. In Argentina, highland Peru, (where it is
intensively persecuted), the Chilean desert and Magallanes,
the culpeo has an almost completely nocturnal activity
pattern (Crespo and De Carlo 1963; Crespo 1975; Johnson
1992; Novaro 1997b; M. Parada unpubl.). This contrasts
with the diurnal activity patterns in north central Chile
(Jiménez 1993; Salvatori et al. 1999), where it is protected.
The reason for the nocturnal activity in Magallanes is
perhaps because they are hunted in the surrounding areas.
Culpeos have been recorded moving linear distances of
about 7km in Fray Jorge National Park (Salvatori et al.
1999) and north-west Patagonia (A.J. Novaro et al.
unpubl.), but movements three times as large have been
documented for desert-dwelling foxes in northern Chile
(M. Parada pers. comm.). This high variability is likely
associated with the spatial distribution and abundance of
its food and water sources.

Damage to livestock and game Bellatiand von Thiingen
(1990) indicate that foxes, mainly culpeos, are involved in
predation of lambs during parturition and account for
60% of the attacks by predators in Patagonia. Lamb
mortality by foxes ranges from 5-40%, but it may be
mainly compensatory (Bellati and von Thiingen 1990).
Up to 83% of the biomass of the culpeo diet in some areas
is from exotic mammals, mainly from European hares and
sheep, but most of the sheep could be taken as carrion
(Crespo and De Carlo 1963; Miller and Rottmann 1976;
Novaro et al. 2000a). Offending individuals attack the
throat, the neck, or the scapular area on the back of their
victims. A collared juvenile culpeo (weighing 3.6kg)
attacked and killed a 24kg goat by biting and hanging
from the throat (J.E. Jiménez pers. obs.).

Adaptations
The culpeo has the smallest molars of all South American
foxes, which reflectsits highly carnivorous diet (Kraglievich
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1930). Its relatively longer canines also indicate carnivory
(Wayne et al. 1989).

Culpeo fur quality changes between seasons (Osgood
1943), becoming longer and denser during the winter
(Crespo and De Carlo 1963). The increase in body size
towards the south (Jiménez et al. 1995) and to higher
elevations (Miller and Rottmann 1976; J.E. Jiménez
unpubl.) may be the result of a bio-energetic adaptation to
lower temperatures and harsher conditions.

Social behaviour

Culpeos seem to be solitary foxes. Spatial studies
throughout their range indicate that they have inter- and
intra-sexually non-overlapping home ranges (Johnson
1992; Jiménez 1993; Salvatori et al. 1999; M. Parada pers.
comm.). Small areas of spatial overlap occur at sites of
human refuse, but foxes still segregate temporally
(Salvatori et al. 1999). Females are apparently more
spatially intolerant than males in the wild (Salvatori et al.
1999) as well as in captivity.

Innorthcentral Chile, home ranges of females averaged
8.9km? and were 2.5 times larger than those of males
(Salvatori et al. 1999). In contrast, culpeo home ranges in
Torres del Paine were only 4.5km? in size and similar for
males and females (Johnson and Franklin 1994a). Desert-
dwelling culpeos show high variability in home range size,
ranging from 10km?for culpeoslivingin ravines to 800km?
for foxes associated with highland salt flats and lakes (M.
Parada unpubl.).

Reproduction and denning behaviour

In the Patagonian steppe of Argentina, male culpeos
produce sperm between June and mid-October (early
winter to early spring). Females are monoestrous and
mating occurs from the beginning of August through
October (Crespo and De Carlo 1963). Gestation is 58
days. Based on embryo counts, Crespo and De Carlo
(1963) estimated a mean litter size of 5.2 (range=3-8). At
birth pups weight ¢.170g and reach up to 13kg when
adults. Juveniles reach adult size within seven months and
can reproduce during the first year. Although the sex ratio
of 253 individuals was skewed in favour of males in the
Neuquén population (Crespo and De Carlo 1963), some
30 years later the sex ratio approached parity, as expected
for intensively hunted populations (Novaro 1995).

Competition

Forevidence of potential competition between culpeo and
chilla, please refer to the corresponding section of the
latter species account.

In the steppe of Argentina, Crespo (1975) proposed
that an increase in food availability through the
introduction of sheep and hares may have relaxed potential
competition between culpeos and other carnivores such as
chilla, little grisons ( Galictis cuja), mountain cats (Oncifelis



colocolo), and Geoffroy’s cats (O. geoffroyi). A study in
the same region indicates that culpeos, chillas, Geoffroy’s
cats, and pumas (Puma concolor), all select European
hares as one of their main prey items. Hares undergo
periods of low abundance, when competition may be
intense and consumption of native prey may increase
(Novaro et al. 2000a).

Ebensperger et al. (1991) found that in central Chile,
despite an eight-fold body mass difference, culpeos prey
on similar prey and in similar proportions to little grisons,
suggesting potential competition for food. In contrast, a
study of a carnivore community in highland Peru shows
that sympatric predators such as culpeos, pumas, and
mountain cats feed on similar prey items, but in very
different proportions, rendering different mean prey sizes
(Romo 1995).

Mortality and pathogens

Natural sources of mortality Crespo and De Carlo
(1963) state that with the exception of pumas, the culpeo
lacks natural enemies.

Persecution One of the prime causes of mortality in the
species has been persecution by farmers through hunting
and trapping because of their reputation for preying on
lambs; they are also controlled by using strychnine (Bellati
and von Thiingen 1990; Novaro 1995). See Relative
Abundance.

Hunting and trapping for fur Until the early 1990s the
main cause of mortality was hunting and trapping for fur
(Miller and Rottmann 1976; Novaro 1995). During 1986,
in excess of 2,100 fox skins (culpeo and chilla) were
exported from Chile (Iriarte ef al. 1997). An average of
4,600 culpeo pelts were exported annually from
Argentina between 1976 and 1982, with a peak of 8,524
in 1977. Legal exports declined to an average of
approximately 1,000 between 1983 and 1996 with peaks of
2,421 in 1990 and 4,745 in 1996 and have been negligible
since 1997 (Novaro 1995; Direccién de Fauna y Flora
Silvestres and M. Elisetch pers. comm.). See Relative
Abundance.

Road kills Road kills occur frequently in Neuquén,
Argentina (A.J. Novaro pers. obs.).

Pathogens and parasites In central Chile, one culpeo
tested for Trypanosoma cruzi, the protozoan of Chagas
disease, gave negative results (Jiménez and Lorca 1990).

Stein et al. (1994) found a low prevalence of the
nematodes Physolaptera clausa, Toxascaris leonina, and
Protospirula numidica in the 129 culpeos examined from
Argentine Patagonia. In addition, in culpeos from the
same general area, the cestode Echinoccocus patagonicus
and the tick Toxocara canis were reported (Crespo and De
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Carlo 1963). In Peru, culpeos had Taenia hydiatigena and
T. multiceps (Moro et al. 1998). In Chile, a Taenia sp. was
also found in the intestine (Medel and Jaksic 1988) and
adults of Linguatula serrata were detected in the trachea of
culpeos (Alvarez 1960 in Medel and Jaksic 1988).

Longevity The oldest wild-caught individual based on
cementum annuli was 11 years old (Novaro 1997b).

Historical perspective

Remains of the prey of culpeo (in the form of faeces and
large bones) complicate studies by archaeologists at rock
shelters that were co-used by humans in the past (Mondini
2000).

Conservation status

Threats Main threats to culpeos have been hunting for fur
and persecution to reduce predation on livestock and
poultry. Habitat loss does not appear to be an important
threat to this species. Predation by feral and domestic
dogs may be important in some areas (Novaro 1997b).

Commercial use This has usually taken the form of
hunting and trapping for fur, although trade has decreased
in the last decade. See Hunting and trapping for fur; see
also Relative Abundance.

Occurrence in protected areas

— In Chile, the culpeo occurs in 38 protected areas
distributed throughout the country, encompassing all
the habitats where it can be found. However, only 14%
are large enough to support viable populations.

— In Argentina, the species occurs in 12 national parks
and several provincial reserves, the majority of which
probably support viable populations.

— InPeru, culpeos occurin 13 protected areas (D. Cossios
pers. comm.).

Protection status CITES — Appendix II

Currentlegal protection In Chile, the speciesis considered
as “Insufficiently Known” and the subspecies P. c. [ycoides
isconsidered as “Endangered” by Glade (1993). According
to Cofré and Marquet (1999), the culpeo is not in need of
immediate conservation action. Hunting has been banned
since 1980, although law enforcement is not strict.

The Argentine legislation about culpeos is
contradictory. Culpeos were considered “Endangered”
bya 1983 decree of the Argentine Wildlife Board (Direccion
de Fauna y Flora Silvestre), due to the numbers of culpeo
pelts traded during the 1970s and early 1980s. Trade at the
national level and export of culpeo pelts, however, was
legal during that entire period and currently remains legal.
The culpeo’s endangered status has never been revised in
spite of marked changes in the fur trade and reports from



monitoring programmes (see Relative Abundance). The
Tierra del Fuego population has been legally protected
since 1985 (N. Loekemeyer pers. comm.).

In Peru, the culpeo is not considered endangered and
culpeo hunting may be legal if a management plan is
approved by the government (D. Cossios pers. comm.). In
Bolivia, although the fur export was banned in 1986, the
species is not protected (Tarifa 1996; L. Pacheco pers.
comm.).

Conservation measures taken The Argentine Wildlife
Board isstarting to develop a management plan for canids
that will include the culpeo (V. Lichtschein and M. Eliseth
pers. comm.). Five regional workshops that included
wildlife agency officials from provincial governments,
wildlife traders, conservationists, and scientists have been
held in Argentine Patagonia during recent years (the last
one in 2002) to coordinate efforts to manage culpeo
populations in a sustainable manner and reduce sheep
predation. Similarly, in Chile, two national carnivore
workshops have been organised by the Livestock and
Agricultural Bureau during recent years. These were aimed
at presenting new findings on the natural history of canids,
including culpeos, and wildlife-livestock issues and to
discuss ways of improving our knowledge and better
protecting Chilean carnivore populations.

Occurrence in captivity
The culpeo is common in zoos throughout Chile and
Argentina.

Current or planned research projects

In Chile, the culpeo is one of three species being studied in
Nahuelbuta National Park as part of a doctoral dissertation
by E. McMahon (University of Massachusetts, USA).

Ongoing research at Salar de Punta Negra in the
highland desert of northern Chile (conducted by Minera
Escondida and Chile’s Forest Service) has been
focusing on culpeo ecology and its impact on flamingo
reproduction. The monitoring programme, which has
been running since 1986, includes examining the diet and
a study of movement patterns using satellite and standard
telemetry.

There are two other long-term monitoring projects in
north central Chile at Fray Jorge and at Auco, led,
respectively, by P. Meserve (Northern Illinois University,
USA) and F. Jaksic (Universidad Catdlica de Chile). In
addition, researchers from Universidad Austral de Chile
are studying the ecology of culpeos on Tierra del Fuego
(M. Briones pers. comm.).

Biologists from Coérdoba University in central
Argentina are conducting a study of the diet and prey
availability of the little-known P. ¢. smithersi population
of Pampa de Achala (M. Pia and S. Lépez pers.
comm.).
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In Neuquén Province, A.J. Novaro (Centro de Ecologia
Aplicada del Neuquén, Argentina), is in charge of an
ongoing project investigating the role of culpeos in
regulating European hare populations.

Throughout Argentine Patagonia, researchers from
several agencies have been evaluating population trends
of culpeos and other carnivores using standardised scent-
stations and other methods since 1989 (A.J. Novaro and
M.C. Funes of Centro de Ecologia Aplicada del Neuquén,
C. Chehebar of Parques Nacionales, A. Travaini of
Universidad Austral, and N. Loeckemeyer of Direccion
de Recursos Naturales of Tierra del Fuego).

Gaps in knowledge

1. Itappearsthat conservation measures (e.g., hunting
and trapping regulations) to protect culpeos are not
effective to prevent poaching. There is a need for
science-based information to aid management
decisions and formulation of conservation
regulations.

Studies on and long-term monitoring of population
dynamics are needed to manage culpeos as a furbearer
species. Given the wide distributional range of the
species, research that encompasses the entire range of
variability of the species is required. This is also true
with regards to the genetic makeup of the species,
especially as concerns the status of the currently
recognised subspecies.

3. It is essential to develop means of making sheep-
ranching activities compatible with sympatric
wildlife including culpeos. Research aimed at better
understanding culpeo behaviour as a sheep predator
combined with sheep husbandry could help in
decreasing the impact of predation. Bounty systems to
kill culpeosare still in place in some Argentine provinces
to reduce predation on sheep. This control system has
proven to be widely ineffective with other carnivores.
Research is needed to determine whether sheep
predation is carried out only by certain individuals as
is the case with coyotes (Canis latrans), in which case
selective removal may be a more effective system of
control (J. Bellati pers. comm.).

A study is urgently needed to determine the causes of
decline of the Tierra del Fuego population and measures
to reverse it.

Core literature

Crespo and De Carlo 1963; Jiménez 1993; Jiménez et al.
1996b; Johnson 1992; Johnson and Franklin 1994a.b;
Medel and Jaksic 1988; Novaro 1997a,b; Novaro et al.
2000a; Salvatori et al. 1999.

Reviewers: Elise McMahon, Warren E. Johnson, Fabian
M. Jaksic. Editors: Claudio Sillero-Zubiri, Michael
Hoffmann.



3.5 Darwin’s fox
Pseudalopex fulvipes (Martin, 1837)
Critically Endangered - CR: C2a(ii) (2004)

J.E. Jiménez and E. McMahon

Other names

Spanish: zorro de Darwin, zorro de Chiloé, zorro chilote;
Indigenous names: Huilliche: payneguru (i.e., blue fox)
(Chile).

Taxonomy

Vulpes fulvipes Martin, 1837. Proc. Zool. Soc. Lond.,
p.11. Type locality: near the mouth of San Pedro Channel
on the southern end of Chiloé Island, Chile (c. 73°45’W,
43°20’S; Osgood 1943).

Until recently the Darwin’s fox was known only from
the Island of Chiloé. Its taxonomic status was uncertain
and confusing, mainly due to a paucity of museum material
from which to make an accurate taxonomic assessment. [t
has been considered alternatively as an island form of the
chilla (P. griseus) (Langguth 1969; Clutton-Brock et al.
1976; Pine et al. 1979; Corbet and Hill 1980; Honacki et al.
1982; Redford and Eisenberg 1992; Wozencraft 1993) or
as a distinct species (Martin 1837; Osgood 1943; Cabrera
1958; Miller et al. 1983; Tamayo et al. 1987).

However, the discovery of a mainland population in
sympatry with the chilla (Medel et al. 1990), and the
analysis of mitochondrial DNA of the three Chilean foxes
(i.e., including culpeo P. culpaeus), provides strong
evidence for considering the Darwin’s fox as a legitimate
species (Yahnke et al. 1996). This study found that: (1)
Darwin’s fox separated from the chilla 275,000 to 667,000
yearsago; (2) themainland populationisa relict population
(and not a founder group that escaped from captivity as
has been suggested; Medel ef al. 1990) and was probably
distributed over a larger area in south central Chile; and
(3) the mainland stock separated from the island stock
about 15,000 years ago. In other words, current
populations of Darwin’s fox are relicts of a former, more
widely distributed species (Yahnke 1995; Yahnke et al.
1996). Yahnke (1995), based on pelage coloration, found
some similarities between the Darwin’s fox and the
Sechuran fox (P. sechurae) from the coastal desert of Pert
(2,000km to the north), supporting Osgood’s (1943)
speculations of a phylogenetic relationship.

Chromosome number is not known.

Description

Darwin’s fox is a small, stout fox possessing an elongated
body and short legs (Table 3.5.1). Its muzzle is short and
thin and extends into a rather rounded forehead. The
agouti hair on the torso is a mixture of grey and black
that contributes to its dark appearance. It has rufous
markings on the ears and along the legs below the knees
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and elbows (i.e., fulvipes). White markings are found
under the chin, along the lower mandible, on the under
belly and on the upper and inner part of the legs. The tail
is dark grey, relatively short and quite bushy, a useful
diagnostic character for distinguishing this species from
congenerics (Novaro 1997). Compared to the chilla, the
skull is shorter and the auditory bulla smaller, but the
dentition is heavier (Osgood 1943). Dental formula is 3/3-
1/1-4/4-2/3=42.

Subspecies Monotypic.

Table 3.5.1. Body measurements for Darwin’s fox.

Nahuelbuta
National Park
(E. McMahon unpubl.).

Chiloé Island
(J.E. Jiménez unpubl.)

:Ze 540mm (525-557) n=6 538mm (482-561) n=9
HB 514mm (480-550) n=9 522mm (495-591) n=7
female

U 224mm (195-240) n=7 220mm (195-255) n=9
male

. 219mm (175-250) n=9 221mm (199-235) n=7
emale

il 107mm (99-111) n=7  110mm (101-117) n=9
male

o 103mm (93-110.5) =9 105mm (101-114) n=7
emale

= 67mm (61-75)n=6  69mm (62-81) n=5
male

E 64mm (52-71)n=9  60mm (56-66) N=3
female

Ll 3.06kg (2.8-3.95)n=7  2.44kg (1.9-2.8) n=9
male .26kg (2.8-3. = 44kg (1.9-2.8) n=
wT

e 291kg(255-37)n=9  2.26kg (1.8-2.5) n=7

Darwin’s foxes. Radio-collared ~four-year-old male with five-
month-old male pups. Parque Nacional Nahuelbuta, Chile, 2000.

Elise McMahon



Similar species Sechuran fox (P. sechurae): smaller in
size; inhabits open areas and sandy coastal deserts of Pert.
Chilla (P. griseus): larger in size, with longer legs and
lighter colour; sympatric only in Nahuelbuta National
Park.

Current distribution

Darwin’s fox is endemic to Chile (Figure 3.5.1). It has a
disjunct distribution with two populations: one found in
the forests of Chiloé Island (42°S, 74°W), and another on
the coastal mountains in Nahuelbuta National Park of
mainland Chile (37°45'S, 73°00'W).

There are few records for the species. Charles Darwin
collected the first specimen in 1834 from the south-castern
end of Chilo¢ Island. Osgood (1943) later captured it at
the mouth of the Inio River, on the southern shore of the
sameisland. On the Pacific shore of Chiloé, the species has
been trapped on Playa Tricolor (in June 1999; J.E. Jiménez
pers. obs.) and intensively monitored since November
2001 at Ahuenco; on the Cordillera del Piuché, the fox has

Figure 3.5.1. Current distribution of Darwin’s fox.
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been monitored since 1989 (Jiménez et al. 1990). On the
northern part of Chiloé Island, one fox was captured in
November 1999 and at Tepuhueico, on the central part,
two adults were observed in June 2002 (J.E. Jiménez pers.
obs.). On the north-western part of the same island, a local
recently killed a female and her two cubs; and there have
been additional sightings in the same area (C. Mufioz pers.
comm.). Thus, Darwin’s fox occurs on most of Chiloé
Island (about 200km long x 62km wide), especially where
forest remains, with the exception of the most populated
areas on the eastern and north-eastern parts.

On mainland Chile, Jaime Jiménez has observed a
small population since 1975 in Nahuelbuta National Park;
this population was first reported to science in the early
1990s (Medel et al. 1990). It appears that Darwin’s foxes
arerestricted to the park and the native forest surrounding
the park (McMahon et al. 1999). This park, only 68.3km?
in size, is a small habitat island of highland forest
surrounded by degraded farmlands and plantations of
exotic trees (Greer 1966). This populationislocated about
600km north of the island population and, to date, no
other populations have been found in the remaining forest
in between (W.E. Johnson pers. comm.).

Range countries Chile (Osgood 1943).

Relative abundance

Darwin’s fox was reported to be scarce and restricted to the
southern end of Chiloé Island (Osgood 1943). The
comparison of such older accounts (reporting the scarcity
of Darwin’s fox), with recent repeated observations, conveys
the impression that the Darwin’s fox has increased in
abundance, although this might simply be a sampling bias.

Estimated populations/relative abundance and
population trends Yahnke et al. (1996) speculated that
500 foxes live on the Island of Chiloé. Based on home range
estimates of six foxes, and considering their extensive
range overlaps (42-99%) Jiménez (2000) calculated that
theecological density of the Darwin’s foxis 0.95 individuals/
km?at the Piruquina study site (c. 9km?) on Chiloé. Although
difficult to estimate the overall density on the island, the
species is rare on the northern part and around towns on
the north-eastern and eastern part of Chiloé. Otherwise,
the species is fairly common for a wild canid in forested
environments, especially on the mountain terrain and
lowland beaches on the Pacific Ocean side.

?=Unknown).

Table 3.5.2. The status of Darwin’s fox populations in Chile (Trend: I=increasing, S=stable, D=declining,

Protected areas Other areas Total
Region Population size Trend Population size Trend Population size Trend
Mainland ~78 ? 10 D <100 ?
Chiloe Island 250 S 250 D 500 S
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Based on intensive captures in Nahuelbuta National
Park, E. McMahon (unpubl.) estimated a density of 1.14
individuals/km? and extrapolated an abundance of 78
individuals in this isolated population. This estimate is
similar to the figure of 50 foxes given by Cofré and
Marquet (1999). This number is quite small considering it
is the only known mainland population. Nevertheless, the
mainland population appears to haveincreased in numbers
since 1986, apparently as a response to a decrease in chillas
(Jaksiceral. 1990). Recent quantitative information (Table
3.5.2) does not agree with a previous study that reported
that the Darwin’s fox was about twice as abundant on
Chiloé as in Nahuelbuta (Jiménez et al. 1990).

Habitat

Darwin’s fox is generally believed to be a forest obligate
species found only in southern temperate rainforests (Jaksic
et al. 1990; Medel et al. 1990). Recent research on Chiloé,
based on trapping and telemetry data on a disturbance
gradient, indicates that, in decreasing order, foxes use old-
growth forest followed by secondary forest followed by
pastures and openings (Jiménez 2000). Although variable
among individuals, about 70% of their home ranges
comprised old-growth forest. However, compared with
the amount available, foxes preferred secondary forest
and avoided old growth. Selection of openings varied
among individuals. The forest is of Valdivian type,
comprising a few native conifers and several species of
broad-leaved evergreen species, and dominated by fruit-
bearing trees of the Mirtaceae family. This forest is dense,
with different strata and very moist all year round (Jiménez
et al. 1990).

On the Pacific coast of Chiloé, Darwin’s fox lives in a
fragmented environment of coastal sand dunes mixed with
dense evergreen forest. On the northern part of the island,
Darwin’sfox usesarelatively flat, but fragmented landscape
of broad-leaf forest and dairy cow pastures. Research on
the mainland population supports the notion of the species
using primarily dense forest (Jaksic ez al. 1990; Jiménez et
al. 1990). Capture and telemetry data indicate that animals
are found in dense Araucaria-Nothofagus forest, open
Nothofagus forest and open pasture with decreasing
frequency (McMahon et al. 1999). The forest comprises
mainly monkey-puzzle trees (Araucaria araucaria) and five
species of southern beech (Nothofagus spp.), one of which
is non-deciduous.

Food and foraging behaviour

Food Darwin’s fox is omnivorous, has a broad diet
spectrum, and is highly opportunistic; these traits facilitate
its survival in a prey-poor and highly fluctuating
environment (such as Nahuelbuta and Chiloé; Jaksic ez al.
1990; Jiménez et al. 1990). It changes its diet as the
availability of food items changes in the environment,
which renders marked seasonal changes. Based on faecal
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analysis, Jiménez et al. (1990) reported that the mainland
population ate mainly small mammals, reptiles, insects,
birds, and arachnids (in that order of importance). The
proportions of these prey classes fluctuated strongly among
seasons. More recently, analysis of faeces of trapped foxes
indicated that, by number, insects were the most abundant
prey in the diet, followed by small mammals and reptiles
(although small mammals constituted most of the diet
biomass). Berries were also included in the diet, showing
up in ¢. 20% of the faeces.

On the mainland, Darwin’s foxes rely heavily on the
seeds of monkey-puzzle trees from March to May (E.
McMahon unpubl.). During the summer months,
droppings are filled with insect remains and seeds. Further
contentand geneticanalysis of scats collected in Nahuelbuta
National Park over a four-year period will provide more
detailed information on seasonal fluctuations in diet and
the dietary separation between the Darwin’s fox and the
other carnivores in the system.

On Chiloé, during the warm season insects were the
most abundant in the diet by number, followed by
amphibians, mammals, birds and reptiles (Jiménez et al.
1990); 49% of faeces had seeds. A recent dietary study of
three different fox populations on the island found that in
the summer, foxes fed mainly on insects, which were
replaced by small mammals during the winter (J. Jiménez
and J. Rau unpubl.). During late summer and fall, the diet
was comprised almost entirely of fruits of Mirtaceae trees.
Armesto et al. (1987) speculated that foxes could be
considered a key species because of their role in dispersing
seeds of forest species. An ongoing experiment indicates
that at least for one tree species (Amomyrtus luma), a high
percentage of seeds collected from faeces germinate under
field conditions. A small amount of the diet consists of
carrion, as evidenced by the remains (e.g., hair) of sheep,
pigs, cattle, and horse in faeces.

Foraging behaviour Our telemetry data indicate that up
to four foxes may concentrate on a carcass for a few days,
but that they are otherwise solitary hunters. Jiménez et al.
(1990) stated that foxes would scavenge opportunistically.
Local settlers reported that lone Darwin’s foxes would kill
Southern pudu deer (Pudu puda) (about 10kgin weight) by
biting their ankles and then the throat. They have been
observed hunting ducks in a marsh during midday in the
coastal range at Playa Ahuenco (October 2000; J.E.
Jiménez pers. obs.). In addition, coastal foxes feed on
shellfish and shorebirds, and up to nine individuals have
been observed feeding on large brown algae on the beach.
In Nahuelbuta National Park, where the Darwin’s fox is
sympatric with the chilla, McMahon (2002) has found
that Darwin’s fox forage in habitats rich in small mammals
mainly at night, when the larger chilla is less active.
Daytime activity of the Darwin’s fox seems to be
concentrated in forested areas where they may feed on



reptiles, amphibians, and forest-floor dwelling birds species
such as the tapaculos (Rhinocryptids).

Damage to livestock or game On Chiloé, foxes are well
known for killing poultry and raiding garbage dumps,
apparently with little fear of people and dogs to the point
that they enter houses at night in search for food (J.E.
Jiménez pers. obs.). In the farmlands surrounding
Nahuelbuta National Park, interviews with the local
farmers indicate that Darwin’s foxes are not involved in
livestock or poultry predation (E. McMahon unpubl.).

Adaptations

Smallsize and short limbs and tail appear to be adaptations
forlivingin the dense forest understorey. Short extremities
and compact body shape might also serve to decrease heat
loss in cold and wet environments (Allen’s rule) such as
those favoured by Darwin’s fox. The dark pigmentation
pattern of the body corresponds with subsistence in a
moisture-saturated environment (conforming to Gloger’s
rule). Dark coloration might also serve as camouflage in
the dark environment close to the forest floor. The fox has
been observed swimming across a river in excess of 15m
wide on Chiloé. This aquatic ability might enable the
Darwin’s fox to move and disperse in a landscape where
water bodies are a common landscape feature.

Social behaviour
Telemetric information on Chilo¢ indicates that when not
breeding, Darwin’s foxes are solitary carnivores (J.E.
Jiménez unpubl.). They would, however, congregate at a
food source when faced with concentrated resources (e.g.,
carcasses and seaweed stranded on beaches). A pairappears
to be the standard unit during the breeding season. In the
island population, home ranges are about 1.6km?for males
and 1.5km? for females (J. Jiménez and J. Rau unpubl.).
Given the very large range overlaps among neighbouring
foxes, and that individuals share their home range with an
average of 4.7 males and 3.3 females, the Darwin’s fox
appears to be a non-territorial species (Jiménez 2000).
On the mainland, pairs persist throughout the year,
often being found within close proximity (E. McMahon
unpubl.). Pairs have been known to share their home range
with offspring from previous years. All family members
associate closely with each other, showing very little
aggressive behaviour between the parents and yearling
offspring. Although one family has been observed for over
three years, we have not seen any evidence of older siblings
serving as helpers to new litters. Two yearling male siblings
have been observed foraging and frolicking together (E.
McMahon pers. obs.). Other known pairs (n=4) have
juvenile males and females using their home range.
Telemetry results from the mainland population indicate
that there are groups of individuals with overlapping home
ranges. However, there is little overlap between groups.
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The maintenance of a large family group may be
influenced by a paucity of suitable territories for potentially
dispersing juveniles. Dispersal appears to be delayed and
may be opportunistic such as in the case of one female,
monitored since first captured as a yearling. She remained
in association with her putative family group until three
years of age, when she dispersed into an adjoining area with
an adult male who had lost his mate. In another case, two
males marked and radio-collared as pups, dispersed from
their familial home range at two years of age. Their dispersal
was six months post the death of their mother and coincided
with the breeding season and the arrival of an adult female
who subsequently paired with their father (E. McMahon
unpubl.).

Reproduction and denning behaviour

On the mainland, lactating females have been caught in
October (austral spring) and pups have been documented
leaving the den area and venturing out with both parents in
December (austral summer) (E. McMahon unpubl.). Litter
size is estimated to be 2-3 pups based on observations of
parents with litters and capture data. Weaning occurs in
February. During weaning, the female spends relatively
less time with the pups and a greater portion of their
interactions are antagonistic, whereas the male spends
more time playing with and grooming the pups (E.
McMahon pers. obs.). Jaksic et al. (1990) described a den
as a rock cavity (2m deep, 1.8m wide, and 0.7m high),
located in Araucaria-Nothofagus forest with a bamboo
understorey.

On Chiloé, reproduction occurs at least between October
and January, when lactating females have been found. A
small pup was found denning in a rotten and hollow log on
the ground in late December (J.E. Jiménez pers. obs.).
During mating, males and females are together for a few
days. During the few weeks after parturition occurs, females
do not move much and appear to stay in the den.

Competition

The only other terrestrial carnivores that live on Chiloé
Island are the kod-kod or guina (Oncifelis guigna), the hog-
nosed skunk (Conepatus chinga), and the little grison
(Galictis cuja). However, there are no data to support
potential competition of these carnivores with the fox. The
sympatric rufous-legged owl (Strix rufipes) is another
potential competitor of Darwin’s fox for small mammal
prey.

The mainland population overlaps geographically with
six carnivore species. These include the puma (Puma
concolor), the culpeo and the chilla, the guifia, the hog-
nosed skunk and the grison. The first three carnivores are
larger and represent not only potential competitors, but
also potential predators. Preliminary results of the current
investigation of the ecological overlap between Darwin’s
fox and the chilla indicate that they exhibit some degree of



overlapin homerangesand activity patterns (E. McMahon
unpubl.). Clearly, the potential exists for competition
between these two species.

Itappearsthat when in sympatry with other carnivores,
such as on the mainland, Darwin’s fox moves into the open
forest/grassy areas mainly at night, when the small mammals
areactive and when the grey fox isless active (E. McMahon
pers. obs.). Thus, nocturnal behaviour may be related to
avoidance of competitors as well as potential predators.

Mortality and pathogens

Natural sources of mortality In Nahuelbuta National
Park, puma, culpeo, and chilla are all potential predators
of the Darwin’s fox. The larger culpeo has also been
trapped in the same area as the Darwin’s fox, but based on
telemetry data, these individuals were passing through the
area and therefore less likely to be serious competitors. Of
the 29 radio-collared foxes we have followed over four
years, there have been five mortalities attributed to larger
carnivores, of which one was a puma. This latter fox had a
home range adjacent to the park and was often in open
patchy habitat. However, the main habitat of the Darwin’s
fox includes extremely dense undergrowth, which may
prohibit serious pursuit by pumas (E. McMahon pers.
obs.).

In Nahuelbuta National Park, survival rates of radio-
collared juvenile and adult Darwin’s foxes are 84% for
females and 93% for males. Analysis of cause-specific
mortality rate for the mainland population indicates that
74% of mortalities are due to natural causes while 26% are
human caused (McMahon 2002).

Persecution Aside from reports by locals that they kill
Darwin’s foxes because they eat their poultry, and
individuals killed by dogs, no other mortality causes have
been detected on the island. On the mainland, radio-
telemetry data and interviews with local people support the
idea that the Darwin’s fox does not venture far enough
outside the park and forested area surrounding the park to
be considered a nuisance by farmers.

Hunting and trapping for fur Although this fox is easily
and repeatedly trapped, there is no known hunting or
trapping for its fur.

Road kills In Nahuelbuta National Park, an adult, lactating
female was killed by a tourist in the parking lot of the park’s
main attraction (McMahon 2002). Some foxes have become
habituated to people by constant and unrestricted feeding
by park visitors. These foxes spend much of their time
under vehicles in the parking lot and are at risk of being
killed by visitor’s cars. Foxes have been observed climbing
intovisitor’scars, and there have been reports from CONAF
park rangers of visitor’s attempting to leave the park with
Darwin’s foxes in their vehicles. This lack of supervision
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over tourists who feed and thereby encourage foxes to
spend time in the parking lot is thought to be one of the
main conservation concerns for this mainland population.

Pathogens and parasites No pathogens or parasites
have been reported for the Darwin’s fox.

Longevity In Nahuelbuta National Park, an adult male
estimated to be three years old at capture has been
monitored since 1998, making him now seven years of age.
We have been following another male estimated to be 6—
7 years old and a female who is five years old (McMahon
2002).

Historical perspective
No information available.

Conservation status

Threats and conservation measures taken Although
the species is protected in Nahuelbuta National Park,
substantial mortality sources exist when foxes move to
lower, unprotected private areas in search of milder
conditions during the winter. Some foxes even breed in
theseareas. Thisis one of the reasons why itis recommended
that this park be expanded to secure buffer areas for the
foxes that use these unprotected ranges (McMahon et al.
1999).

The presence of dogs in the park may be the greatest
conservation threat in the form of potential vectors of
disease or direct attack. There is a common practice to
have unleashed dogs both on Chiloé and in Nahuelbuta;
these have been caught within foxes’ ranges in the forest.
Although dogs are prohibited in the national park, visitors
are often allowed in with their dogs that are then let loose
in the park. There has been one documented account of a
visitor’s dog attacking a female fox while she was nursing
her two pups (E. McMahon pers. obs.). In addition, local
dogs from the surrounding farms are often brought in by
their owners in search of their cattle or while gathering
Araucariaseedsin the autumn. Park rangers even maintain
dogs within the park, and the park administrator’s dog
killed a guifia in the park. Being relatively naive towards
people and their dogs is seen as non-adaptive behaviour in
this species’ interactions with humans.

The island population appears to be relatively safe by
being protected in Chiloé National Park. This 430km?
protected area encompasses most of the still untouched
rainforest of the island. Although the park appears to
have a sizeable fox population, foxes also live in the
surrounding areas, where substantial forest cover remains.
These latter areas are vulnerable and continuously
subjected to logging, forest fragmentation, and poaching
by locals. In addition, being naive towards people places
the foxes at risk when in contact with humans. If current
relaxed attitudes continue in Nahuelbuta National Park,



Chiloé National Park may be the only long-term safe area
for the Darwin’s fox.

Commercial use None. However, captive animals have
been kept illegally as pets on Chiloé Island (Jiménez pers.
obs).

Occurrence in protected areas Nahuelbuta National
Park (IX Administrative Region) protects the mainland
population in ¢. 68km?; Chiloé National Park (X
Admistrative Region) protects the island population in c.
430km?.

Protection status CITES — Appendix 11

The conservation status in Chile is ‘rare’ on the mainland
and ‘vulnerable’ on Chiloé Island (Glade 1993). More
recently, Cofré and Marquet (1999) considered the Darwin’s
fox as ‘critical’, assigning it the second most urgent
conservation priority among Chilean terrestrial mammals.
Spotorno (1995) reported that the mainland population is
vulnerable and its future survival uncertain if current
environmental trends continue.

Current legal protection Protected by Chilean law since
1929 (Iriarte and Jaksic 1986), but enforcement is not
always possible and some poaching occurs.

Occurrence in captivity

The Temuco Zoo held a male and a female until their
release in October 2000 on Chiloé. No known specimens
are kept elsewhere.

Current or planned research projects
J.E. Jiménez (Universidad de Los Lagos, Osorno, Chile)
has studied the Darwin’s fox since 1989 on Chiloé. He is
currently conducting a study on the ecology of the species
and the effects of forest fragmentation on the behaviour
and habitat use of Darwin’s fox. In 2001, he began an
outreach programme with local farmers to help protect the
species. In August 2002, a three-year Darwin Initiative to
focus on the conservation of the Chiloé population was
initiated by J.E. Jiménez and S.M. Funk. It is addressing
questions on the ecology, genetic structure, spatial
modelling of distribution and abundance, and an assessment
of risks of disease transmission by dogs, in addition to
having a strong education programme with local people.
E. McMahon (University of Massachusetts, Amherst,
USA) has been studying the behavioural ecology of the
Darwin’s foxin Nahuelbuta National Park since 1998. One
aspect of this study is an investigation of interspecific
interactions with sympatric chillas, culpeos, and guinas. A
further initiative concerns conservation education in the
local schools involving both children and their parents.
E. McMahon (University of Massachusetts) has
conducted a study on disease and parasites affecting the
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Darwin’s fox in the mainland population since January
2002. Since potential interaction with domesticdogs appears
tobe one of the primary conservation threats to the mainland
population, a study is planned to determine the presence of
rabies, parvovirus, and distemper in the dogs living in the
area surrounding the park.

E. McMahon (University of Massachusetts) and W E.
Johnson (National Cancer Institute, Maryland, USA) will
be examining levels of inbreeding in the mainland
population and conducting further investigation of the
phylogenetic relationships between the Darwin’s fox and
other South American canids.

Gaps in knowledge

A high priority would be to conduct intensive searches for
other populations between Nahuelbuta and Chiloé. There
are many remote pockets that are little explored where
isolated populations could still be found.

The behavioural ecology of a forest-specialist or forest-
dependent species is of utmost interest. Research topics to
be explored include: social behaviour (e.g., tolerance to
conspecifics), large home range overlaps, presence of
helpers, and small litter sizes. In addition, little is known as
concerns population dynamics, dispersal behaviour, and
metapopulation structure.

Genetic aspects, including levels of inbreeding and
inbreeding depression, and past population bottlenecks,
are little known and important for future management.

Impacts of and resilience to human-related disturbances,
the effects of free-ranging dogs, the foxes ecological naiveté
to people, and forest disappearance and fragmentation are
all of interest for fox survival. The impact of habitat loss
(through forest conversion) on fox populations is also of
interest. Atleast in Chiloé, habitat disturbance per se seems
to play little, if any, role in population dynamics. On the
mainland, however, fragmentation might increase risk of
predation by other native predators.

Considering the potential disease threat posed by
domesticdogs, aninvestigation into diseases and pathogens
(and other allied mortality causes) is crucial.

If Darwin’s fox is so closely related to the Sechuran fox
of southern Pert as the circumstantial evidence suggests,
then how did the two species diverge and became separated?
These two ranges have been separated by the Atacama
Desert for a long time. Exploring this question, in
connection with other puzzling biogeographical patterns,
could provide evidence to better understand canid speciation
and species interactions.

Core literature
Jaksic et al. 1990; Jiménez et al. 1990; Medel et al. 1990;
Yahnke et al. 1996.

Reviewers: Fabian M. Jaksic, Warren E. Johnson. Editors:
Claudio Sillero-Zubiri, Michael Hoffmann.



3.6 Chilla
Pseudalopex griseus (Gray, 1837)
Least Concern (2004)

R. Gonzaélez del Solar and J. Rau

Other names

English: South American grey fox, Argentinean grey fox,
grey zorro; French: renard gris; German: Patagonischen
fuchs; Spanish: zorro gris, zorro gris chico, zorro gris
Patagdnico (Argentina); zorro gris, zorro chico, zorro
chilla, zorro de la pampa (Chile); Indigenous names:
Araucano/Mapuche: ngiirii, nuru, n’ru (Argentina/Chile);
Puelche: yeshgai (Argentina); Quechua: atdj (Argentina/
Peru).

Taxonomy
Vulpes griseus Gray, 1837. Mag. Nat. Hist. [Charlesworth’s],
1:578. Type locality: “Magellan”, listed in Cabrera (1958)
as “Costa del Estrecho de Magallanes™ [Chile].

The Darwin’s fox (Pseudalopex fulvipes) was first
deemed anisland form of P. griseus (Osgood 1943; Clutton-

Brock et al. 1976; Honacki et al. 1982). More recently,
however, the discovery of sympatric populations of P.
fulvipes and P. griseus on the Chilean mainland (Medel et
al. 1990), and studies using metachromatic and genetic
(see Yahnke et al. 1996) analyses support the recognition
of P. fulvipes as a species. The Pampas fox (P. gymnocercus)
has recently been suggested to be conspecific with P.
griseus on the basis of acraniometric and pelage characters
analysis (Zunino et al. 1995). These authors conclude that
P. gymnocercus and P. griseus are clinal variations of one
single species, namely Lycalopex gymnocercus.
Chromosome number is 2n=74; fundamental number
is FN=76. Somatic karyotype of the female constituted by
36 pairs of acrocentric chromosomes. The X chromosome
is metacentric, and the Y chromosome is a micro-
chromosome (Gallardo and Formas 1975).

Description

A small fox-like canid with body measurements as shown
in Table 3.6.1. Head rufescent, flecked with white. Large
ears. Chin with well-marked black spot. Coat brindled
grey, made up of agouti guard hairs with pale underfur.

Table 3.6.1. Body measurements for the chilla.

Parque Nacional
Nahuelbuta,

Chile (E. McMahon
pers. comm.).

Tucuman, Argentina
(Mares et al. 1996).

Reserva Nacional
Las Chinchillas,
Chile (Jiménez 1993,
Jiménez et al. 1995).

Parque Nacional
Torres del Paine,
Chile (Johnson and
Franklin 1994c).

HB male  520mm (501-540) n=2

HB female 566mm (562-570) n=2 579mm (515-660) n=14

T male 337mm (328-347) n=2

T female  319mm (317-322) n=2 283mm (115-330) n=14

HF male 128mm (125-131) n=2

HF female 122mm (120-124) n=2 130mm (118-145) n=14

E male 75mm (70-81) n=2

E female  81mm (80-82) n=2 84mm (55-169) n=8

WT male 4.0 £ 0.1 (SE) kg, n=23

WT female 3.5kg (2.5-5.0) n=14 3.3 £ 0.1 (SE) kg, n=21 2.5 + 0.9 (SE) kg, n=16

Chilla, age and sex unknown.
Parque Nacional Talampaya,
La Rioja, Argentina.

Rafael Gonzéalez del Solar



Thighs crossed by a black patch. Legs and feet pale tawny.
Underparts pale grey. Tail long and bushy, with dorsal
line and tip black. Tail’s underside presents a mixed pale
tawny and black pattern (Osgood 1943; Clutton-Brock et
al. 1976).

The cranium is small, lacking an interparietal crest.
Teeth widely separated. The dental formula is 3/3-1/1-4/4-
2/3=42.

Subspecies Four subspecies are recognised (Osgood

1943).

— P. g. domeykoanus (I Region to IX Region, Chile;
southern Peru). Dentition weaker than P. g. griseus;
pelage paler than P. g. maullinicus.

— P. g. gracilis(Western Argentina [Monte desert], from
Santiago del Estero Province to west Rio Negro
Province).

— P. g. maullinicus (Southern temperate forests of
Argentinaand Chile, and in the latter from VIII Region
to XI Region). Dentition weaker than P. g. griseus;
pelage darker than P. g. domeykoanus.

— P. g. griseus (Argentinean and Chilean Patagonia,
south from Rio Negro to Magellan’s Strait in the
former, and in the steppes from east XI Region to XII
Region in the latter; introduced in Tierra del Fuego).

Similar species Culpeo (P. culpaeus): generally larger;
chin whitish; cranium with interparietal crest; relatively
longer canines and relatively shorter molars. Pampas
fox (P. gymnocercus): more robust; pelage more
uniformly grey (less rufescent). Darwin’s fox (Pseudalopex
fulvipes): smaller; pelage darker brown; deeper and richer
shaded rufescent areas on head, ears and legs; tail not
bushy.

Current distribution

Widespread in plains and mountains on both sides of the
Andes (Figure 3.6.1), from northern Chile (17°S) down to
Tierra del Fuego (54°S).

In Argentina, they occur in the western and southern
arid and semi-arid regions of the country, from c¢. 23°S
(Jujuy and Salta) to Tierra del Fuego, and from the
eastern foothills of the Andes mountain range to meridian
66°W, reaching the Atlantic coast (¢. 63°W) south from
Rio Negro. Present in the following provinces: Jujuy
(Jayat et al. 1999), Salta (Mares et al. 1996), Tucuman,
Catamarca, Santiago del Estero, La Rioja, San Juan,
Mendoza, west of San Luis, Neuquén, west of La Pampa,
Rio Negro, Chubut, Santa Cruz, and Tierra del Fuego
(Osgood 1943; Olrog and Lucero 1981).

Widespread in Chile from the I Administrative Region
(Atacama Province) in the north, south to the Strait of
Magellan (XII Administrative Region, Magallanes
Province), and Tierra del Fuego (Medel and Jaksic 1988;
Marquet et al. 1993), and from the western foothills of the
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Figure 3.6.1. Current distribution of the chilla.

Andes mountain range to the Pacific coast (71-73°W).
They were introduced to Tierra del Fuego in 1951 in an
attempt to control rabbit (Oryctolagus cuniculus)
infestation (Jaksic and Yanez 1983).

Other populations have been reported to exist in some
of the southern Atlantic islands, including Malvinas/
Falkland (Olrog and Lucero 1981), but this requires
confirmation. Their presence in Peru is uncertain.

Range countries Argentina, Chile, Peru (?) (Osgood
1943; Olrog and Lucero 1981; Jayat et al. 1999).

Relative abundance

In Argentina, Olrog and Lucero (1981) considered chillas
to be “locally common”. In the latter country, relative
abundance of chillas has been evaluated mainly through
the scent stations technique. Autumn data collected in
Pilcaniyeu (Rio Negro) from 1983 to 1989, as well as
winter data collected in Patagonia from 1989 to 2000 (A.
Novaro and M. Funes unpubl.) and in north-castern
Mendoza from 1993 to 1997 (F. Videla et al. unpubl., R.
Gonzalezdel Solar ez al. unpubl.), suggest that populations
are essentially stable in the southern half of Argentina
where habitat is more favourable. They are reported to
have expanded their distribution in Tierra del Fuego since
their introduction (A. Novaro pers. comm.). J. Bellati
(pers. comm.) estimated in 1996 an ecological density of
one chilla/km? in Tierra del Fuego. Their status in the
northern half of the country is unknown.

©2003 Canid Specialist Group & Global Mammal Assessment



Estimated populations/relative abundance and
population trends In Chile, chillas are considered frequent
in the northernmost and northern regions (1 individual
detected weekly); scarce (1 individual detected monthly)
in central Chile; frequent-common (common: 1-5
individuals detected daily) in southern Chile; and common-
abundant (abundant: >5 individuals detected daily) in
southernmost Chile. The species became very abundant
around Bahia Inutil (Tierra del Fuego) in the areas where
it was first released in 1951 (Jaksic and Yafez 1983).
Despite having been overexploited for their fur in the past,
chillas seem not to be decreasing in number (J. Jiménez
pers. comm.).

In Chile, a mean ecological density of 3.3 chillas/km?
was reported for the core area of Parque Nacional Torres
del Paine, which is particularly safe and rich in resources
for chillas. However, a much lower crude density (1.3
foxes/km?) resulted when the former figure was
extrapolated to the whole park. The density of foxes in
Parque Nacional Torres del Paine, however, is likely to be
higher than in most other Chilean populations, since the
park is located in a particularly productive area. Three
different density estimates resulted from the use of three
different techniques for a site similar to Parque Nacional
Torresdel Paine (Duran ez al. 1985). The most conservative
of these estimates is 1.3 foxes/km?—a result similar to that
of Johnson and Franklin (1994a) — and the highest 2.3
foxes/km?, a figure that was deemed an overestimation
(probably caused by methodological problems) by different
authors (see Johnson and Franklin 1994a). In Reserva
Nacional Las Chinchillas, the minimum abundance
estimate (absolute density) over the entire reserve was 0.43
foxes/km?, while the ecological density was 2.04 grey
foxes/km? (Jiménez 1993).

In north-eastern Mendoza (Argentina), visitation
indices progressively decrease from summer to winter,
suggesting that the population suffers a decline during the
cold season (R. Gonzalez del Solar unpubl.). A similar
pattern was found in Chile’s Bosque Experimental San
Martin (Martinez et al. 1993).

Habitat

The chilla occurs in steppes, “pampas” (grasslands), and
“matorral” (scrublands) (Olrog and Lucero 1981). They
generally inhabit plains and low mountains, but they have
been reported to occur as high as 3,500-4,000m a.s.1. (see
Marquet et al. 1993; Jayat et al. 1999). Although chillas
occur in a variety of habitats, they prefer shrubby open
areas. In central Chile, they hunt more commonly in flat,
open patches of low height (1-2m) scrub than in areas with
dense vegetation or ravines. Yet, they do visit ravines,
apparently in search of fruit (Jaksic ez al. 1980; Jiménez et
al. 1996b). In southern Chile (Parque Nacional
Nahuelbuta), chillas also prefer open areas to those more
dense patches where Darwin’s foxes occur (Jaksic et al.
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1990; Jiménez et al. 1990; Medel et al. 1990). Duran et al.
(1985) found that in Chilean Patagonia, their typical
habitat was the shrubby steppe composed of “coirdén”
(Festuca spp., Stipa spp.) and “iires” (Nothofagus
antarctica), and that burning and destruction of forests in
order to augment the land for sheep farming seems to have
been advantageous for chillas. A similar preference was
detected in Parque Nacional Torres del Paine, where 58%
of the 12 monitored individuals used matorral shrubland
or Nothofagus thicket habitat within their home ranges,
more than was expected (Johnson and Franklin 1994c¢). In
thenorth-castern Mendoza desert (Argentina), these foxes
seem to prefer the lower levels of the shrubby sand dunes
that characterise the landscape or the valleysamong dunes
rather than their higher sections (R. Gonzalez del Solar
unpubl.).

Chillas are tolerant to very different climatic regimes
from remarkably hot and dry areas, such as the Atacama
coastal desert in northern Chile (less than 2mm average
annual rainfall, 22°C mean annual temperature), to the
humid regions of the temperate Valdivian forest (2,000mm
average annual rainfall, 12°C mean annual temperature)
and the cold Tierra del Fuego (¢. 400mm average annual
rainfall, 7°C mean annual temperature).

Food and foraging behaviour

Food Chillas are omnivorous generalists, feeding on a
variety of food types including mammals, arthropods,
birds, reptiles, fruit, and carrion (Medel and Jaksic 1988).
Fruits ingested include berries of Cryptocarya alba and
Lithraea caustica in Chile (Yanez and Jaksic 1978; Jaksic
et al. 1980), pods of Prosopis spp., and the berry-like fruits
of Prosopanche americana and of several Cactaceae in
Argentina (Gonzalez del Solar et al. 1997, unpubl.).

A tendency to carnivory, however, is apparent, since
vertebrates, especially rodents, are reported to be the most
important prey in most studies. Small mammals were the
mostimportant vertebrate prey in most sites in the Chilean
matorral (Yafiez and Jaksic 1978; Jaksic et al. 1980;
Simonetti et al. 1984; Marquet et al. 1993; Jiménez et al.
1996b) and in the temperate rainforests of southern Chile
(Martinezet al. 1993; Rauet al. 1995). Different situations
have been found elsewhere. In Reserva Malleco (temperate
forest of southern Chile), rodents and insects were similarly
represented (R. Figueroa and E. Corales pers. comm.),
whereasin Parque Nacional Torres del Paine, the European
hare (Lepus europaeus) was the most represented vertebrate
prey, followed by artiodactyl carrion and akodontine
rodents (Johnson and Franklin 1994b). In Argentina’s
Patagonian steppe (Neuquén), artiodactyl carrion was the
most important food item in 42 stomachs collected in
winter (representing 62% of biomass ingested), followed
by hares and cricetine rodents (Novaro et al. 2000). Similar
results emerged from Argentina’s southern Patagonia
(Chubut), where carrion was followed by birds, rodents,



and fruit (S. Saba pers. comm.). Finally, in two studies
conducted in Tierra del Fuego, invertebrates were followed
by ungulates (reportedly carrion), birds, and rodents
(Jaksic et al. 1983).

In the harshest habitats of its distribution range, the
diet of the chilla includes increasingly higher proportions
of non-mammal food as small mammal availability
decreases (Yanez and Jaksic 1978). For example, lizards
(44% minimum number of individuals) were the most
consumed vertebrate prey in winter, the season of lowest
small mammal availability in coastal northern Chile
(Simonetti et al. 1984). In central Chile, where small
mammal availability decreases towards autumn, berries
appeared in 52% of the droppings (n=127) collected in
that season; while in spring, when small mammal
availability is the highest, berries were present in only 18%
of the faeces (n=62; Jaksic et al. 1980). In north-eastern
Mendoza (Argentinean Monte desert), fruit (61% annual
mean of weight of remains [MWR]) was represented in
35% of faeces (n=116), followed by small mammals (19%
frequency of occurrence [FO], 15% MWR) — mostly the
murid (Eligmodontia typus). Small mammal consumption
decreased from autumn (28% MWR) to summer (8%
MWR), while fruit consumption simultaneously increased
from 59%to 71% (MWR) (Gonzalez del Solar et al. 1997).

Chillas might favour species richness in terrestrial
ecosystems by acting as key predators to competitor
rodents (J. Rauunpubl.). Chillasmay also have an influence
on vegetation structure by restricting the low-scale spatial
distribution of rodents (e.g., Octodon degus) through
predation (Martinez et al. 1993), and through seed dispersal
(Yafiez and Jaksic 1978; Campos and Ojeda 1997; R.
Gonzalez del Solar unpubl.).

Foraging behaviour Feeding behaviour appears to be
rather selective in certain areas (Martinez et al. 1993;
Novaro et al. 2000a) and more or less opportunistic in
others (Jaksic et al. 1980, 1983; Simonetti ef al. 1984).
Foraging occurs mostly in open areas (Jaksic et al. 1980;
Jiménezet al. 1996b). Although hunting groups of up to4—
5 individuals have been reported, grey foxes mostly hunt
solitarily except perhaps at the end of the breeding season,
when juveniles may join the parents in the search for food.
In Parque Nacional Torres del Paine, the most common
foraging behaviour consists of “slow walking, with abrupt,
irregular turns through the low (<500 mm) vegetation”,
while “prey appear to be located by sound, sight, and
smell, with the fox’s ears often turned forward and back in
response to sound and the muzzle turned upward sniffing
into the breeze” (Johnson and Franklin 1994a). Mice are
captured with a sudden leap or by rapidly digging holes
(40-100mm deep, 20-40mm wide). Scavenging iscommon,
as well as defecation on and around guanaco (Lama
guanicoe) and goat (Capra hircus) carcasses (Johnson and
Franklin 1994a; R. Gonzalez del Solar et al. unpubl.).
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Caching behaviour has also been reported (Johnson and
Franklin 1994a).

Direct observation reports suggest that chillas are
crepuscular, although they can be commonly seen in
daylight (Greer 1965; R. Gonzalez del Solar pers. obs.).
Data from radio-collared individuals showed that they
were primarily nocturnal in Parque Nacional Torres del
Paine, although having a greater mean daily activity rate
in summer and autumn than culpeos (Johnson and
Franklin 1994¢). Radio-tracking data from Reserva
Nacional Las Chinchillas showed that foxes were active
day and night (Jiménez 1993). As inferred from their prey,
they would be most active in late afternoon and night
(Yafezand Jaksic 1978; Jaksicet al. 1980; R. Gonzalez del
Solar et al. unpubl.).

Damage to livestock or game The chilla has been
considered a voracious predator of livestock, poultry and
game (Yafiez and Jaksic 1978). In north-eastern Mendoza
(Argentina), local breeders claim important goat losses
due to grey fox predation. Despite this, dietary studies
suggest that the remains of domestic animals found in
faeces (R. Gonzalez del Solar et al. unpubl.) and stomachs
are not only scarce but probably come from carrion, since
such remains are often associated with larvae of Diptera
(e.g., Calliphoridae) that usually occur in rotten carcasses
(Jaksic et al. 1983). Furthermore, it is unlikely that one
individual of such a small canid would be able to kill a
healthy adult goat or sheep. A different situation concerns
newly-bornlivestock. Predation onlambs has been observed
in Reserva Nacional Las Chinchillas (Chilean matorral),
where an individual fox was seen distracting a ewe while
another robbed its lamb (J.E. Jiménez pers. comm.).

Adaptations

The chilla has relatively short canines and relatively long
second molars, traits that suggest a tendency to include
lessmeat and more plant and insect food in its diet (Wayne
et al. 1989).

Social behaviour

The basic component of social organisation in Parque
Nacional Torres del Paine is the breeding monogamous
pair, accompanied by occasional female helpers, male
dispersal, and occasional polygyny (Johnson and Franklin
1994a). Solitary individuals were seen from March to July
(94% mean monthly visual observations), while pairs
comprised 42% of sightings during August. Male and
female of the pair maintained an exclusive home range
year-round, which did not overlap with home ranges of
neighbouring grey fox pairs. Intraspecific interactions
displayed were few and usually aggressive. Individual
home range sizes (n=23) varied between 2.0 = 0.2km?
(minimum convex polygon) and 2.9 = 0.3km? (95%
harmonic mean) (Johnson and Franklin 1994a, b, c).



Reproduction and denning behaviour

Mating occursin Augustand September, and the gestation
period is 53-58 days (Johnson and Franklin 1994a). In
Parque Nacional Torres del Paine, mating takes place
mainly in August, and 4-6 pups are born in October. Dens
are located in a variety of natural and man-made places
such as a hole at the base of a shrub or in culverts under a
dirtroad, and may be changed to anew location during the
nursing period. During the first 3-4 days, the mother
rarely leaves the den; during this period the male provisions
her with food. Pups are cared for by both parents on an
approximately equal time basis. Young foxes start to
emerge from the den when they are about one month old,
and start to disperse (8—65km) around 5-6 months later,
i.e., at 6-7 months of age (Johnson and Franklin 1994a).
Therefore, lactation lasts 4-5 months as inferred from the
time when radio-tracked adultsin Parque Nacional Torres
del Paine were last seen with their pups (Johnson and
Franklin 1994a). Age of sexual maturity is uncertain but
believed to be about one year.

Two interesting phenomena concerning breeding
behaviour may occur: combined litters (associated with
polygyny) and the presence of female helpers. Both
phenomena seem to be related to higher food availability
and the possibility to raise larger litters, since an extra
female would contribute by bringing more food to the den,
increasing anti-predator vigilance, and/or substituting for
the other female if she dies during the breeding period
(Johnson and Franklin 1994a).

Competition

Interspecificcompetition has been suggested as a potential
mechanism for explaining the distribution patterns of the
chilla and the culpeo, since populations of these species
coexistinalarge section of their geographical distribution,
consume similar vertebrate prey items, and have similar
activity patterns (Fuentes and Jaksic 1979; Jiménez 1993;
Johnson and Franklin 1994b, 1994c; Jiménez et al. 1996b).
Chillas and culpeos are allopatric in northern Chile and
central Argentina, whereas they are sympatric in the
southern regions of both countries (Johnson and Franklin
1994b; Jiménez et al. 1996b; Novaro et al. 2000a), and in
north-western Argentina (Jayat et al. 1999).

Fuentes and Jaksic (1979) attempted to explain this
pattern of distribution in terms of character displacement
of body size and altitudinal habitat partitioning (niche
complementarity hypothesis). According to these authors,
the similar size of both species in central Chile would be due
to the chillas tending to use lower and more open habitats,
while culpeos would usually occupy higher lands or more
densely vegetated areas such as ravines. In the southern
part of the country (south of 33°S, Reserva Nacional Las
Chinchillas and Parque Nacional Torres del Paine), the
rather homogenecous topographic profile would preclude
habitat segregation by altitude, causing foxes to diverge in
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body size (culpeo: 7-12kg, chilla: 3—4kg) and partition
food resources in order to lessen interspecific competition.

Other authors (Jiménez 1993; Johnson and Franklin
1994b, c) have suggested that culpeo and chilla distributions
are an effect of different energy requirements and
interspecific interference. Small size and lower energetic
needs would allow chillas to exploit a broader spectrum of
less optimal food categories and inhabit poorer habitats,
from which culpeos would be excluded because of their
higher energetic needs. When in sympatry, chillas would
be excluded from the richest patches by culpeos, which are
larger and more aggressive.

The Darwin’s fox is also thought to be a potential
competitor of the chilla, since initial data on the ecology of
sympatric populations of these foxes suggest that they
exhibit similar activity patterns, a high degree of overlap
in home range and habitat use, and considerable overlap
in their diets (E. McMahon pers. comm.).

Mortality and pathogens

Natural sources of mortality Little known. A culpeo was
reported to attack and kill a chilla at Parque Nacional
Nahuelbuta (Jiménez et al. 1996b). In Parque Nacional
Torres del Paine, five out of 11 radio-tracked individuals
lost during the study died from natural causes, and one
unmarked individual was killed, but not eaten, by a puma
(Puma concolor) (Johnson and Franklin 1994a).

Persecution Chillas are hunted on the belief that they are
voracious predators of small livestock, poultry and game.
The usual means are shooting, dogs, poison, snares, and
foothold traps. Hunting occurs despite foxes being protected
by legal regulations (Johnson and Franklin 1994a; R.
Gonzalez del Solar pers. obs.). Domestic dogs may also kill
chillas. Around 45% of the mortality documented by
Johnson and Franklin (1994a) in Parque Nacional Torres
del Paine resulted from either poaching or dog attacks.

Hunting and trapping for fur Chillas have been heavily
hunted for their pelts in the past (Ojeda and Mares 1982;
Iriarte and Jaksic 1986), and are still hunted (though
apparently with much less intensity) in Chilean and
Argentinean Patagonia.

Ojeda and Mares (1982) report that 5,789,011 pelts
were legally exported from Argentina generically labelled
as “zorro gris” (grey fox) from 1972 to 1979. In 1979 the
total amount of exports reached US$40,877,042, at US$39
per skin. At about the same time (1978), a hunter would
receive US$S for a skin in Salta Province (Ojeda and Mares
1982). From 1976 to 1979, the approximate annual number
of peltsreported to have been exported ranged from 700,000
to 1,200,000. However, these extremely high numbers are
difficult to interpret, and it is unlikely that the chilla was as
heavily hunted as previously thought. Official reports on
exports appear to have labelled as “grey fox” pelts



corresponding to three different species, namely the chilla,
the crab-eating fox (Cerdocyon thous), and, particularly,
the Pampas fox (Ojeda and Mares 1982). On the other
hand, available data do not include illegal exports or
internal commerce. In any case, the legal exports of chilla
pelts markedly decreased from 1980 onwards. During the
1980 to 1986 period, annual exports — mostly to Germany
—averaged 100,000, reaching 300,000 pelts in some years.
The fox-fur market experienced another decline in the late
1980s and early 1990s, plunging from about 100,000 pelts
exported in 1987 to approximately 33,000 in 1990. The
number of pelts commercialised through the Fine Fur
Auctions Office of Rio Negro Province also decreased
from about 9,000 pelts in 1988 to about 1,000 in 1991, at a
rate of roughly one half per year. Whether the cause of this
trend was a decline in fox populations, decreased demand
for their fur, or simply the failure of the country’s
administration to cope with the black market is unknown.
The continued decline of fox-pelt exports — even when
foxes are still heavily hunted in some regions of the country
— could also be linked to the particular exchange rate
between domestic and foreign currency, which makes
exporting goods a barely profitable alternative. In 1996,
there was a brief reactivation of the fox-fur market due to
commerce with Russia, but during the 1997 to 1999 period
the national exports reached an annual average of only
8,000 fox (Pseudalopex spp.) pelts (A. Novaro and M.
Funes pers. comm.; but see also illegal exports from Chile,
below). The current price of a skin at Rio Gallegos (Santa
Cruz Province) is US$ 2-3 (A. Iriarte pers. comm.).

In Chile, there are official reports on pelt exports since
1910; however, available data correspond to voluntary
declaration of legal exports, leaving aside unreported legal
exportsandillegal trade. Besides, asin the case of Argentina,
the significance of the internal commerce is unknown.
From 1926 to 1946, fox pelts were the principal native
wildlife item being exported from the country, even though
no hunting or commercialisation was permitted since 1929.
Between 1939 and 1944 the average amount of skins
exported was ¢. 24,000 every five years (see details in Iriarte
and Jaksic 1986). Chilla pelts, more valuable than those of
culpeo, comprised ¢. 90% of the total exports. In 1939,
about 1,000 skins, plausibly including a few culpeos, were
reported as being brought to market in Punta Arenas,
southernmost Chile (Osgood 1943). From 1945 to 1949
(9,692 skins) until 1955 to 1959 (2,845 skins), the exports
decreased dramatically, exhibiting a new increase (an
average of ¢. 14,000 pelts per five-year period) during the
1960 to 1974 interval, and a final decline from 1975 to 1984
(Iriarte and Jaksic 1986). The numbers of fox skins exported
from Chile are consistently lower than those reported from
Argentina, even when the area of each country is considered.
For the period 1970 to 1979 (see information above for
Argentina), a total of 12,846 fox skins (Pseudalopex spp.)
were exported (see Iriarte and Jaksic 1986). The ban on
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chilla hunting was lifted for two years in the mid-1980s, on
the basis of density estimates obtained from southernmost
Chile (Duranetal. 1985). New regulations allowed a limited
harvest of 10,000 individuals in Chile, and this was never
completed, perhaps due to the difficulty in capturingenough
individuals (Johnson and Franklin 1994b, Iriarte 2000).
From 1985 to 1995, the chilla was the third most exported
Chilean wild mammal (3,630 skins; Iriarte 2000). Illegal
exportsareestimated at 10,000-15,000 skins/year, especially
from Magallanes Region (southernmost Chile) to Rio
Gallegos (southernmost Argentina). Between 1991 and
1994, atotal of 996 chilla pelts or individuals were confiscated
by the SAG, the Chilean Burecau of Livestock and
Agriculture (Iriarte 2000). In 1996, 8,500 pelts were exported
to Argentina (A. Iriarte pers. comm.).

Road kills Little data available, but frequently observed in
Mendoza (Argentina), especially in summer (R. Gonzalez
del Solar pers. obs.).

Pathogens and parasites Stein et al. (1994) report the
presence of nematodes in most of the stomachs (n=22)
collected in Neuquén (Argentina) and suggested that the
high prevalence of Physaloptera clausa (present in 68% of
the sample), and the lower prevalence of Toxascaris leonina
(23%) and Protospirura numidica criceticola (9%) may be a
result of characteristics of diet and the intermediate vectors
of the parasites.

Different gastrointestinal parasites were found in 63%
of 22 stomachs obtained in the coastal steppe of Chubut
(Argentina), during 1996 (S. Saba pers. comm.). Nematodes
were present in 100% of the infected stomachs, cestodes in
14%, and acanthocephalans in 14%. Proglotides of
Echinococcus spp. were found in the anus and faeces of a
chilla captured in Reserva Nacional Las Chinchillas (J.E.
Jiménez pers.comm.). Chagas’ trypanosomes (7rypanosoma
cruzi) were absent from the blood samples of two foxes
captured at the same site (Jiménez and Lorca 1990).

Longevity Longevity is unknown in the wild. Individuals
of undetermined age lived a maximum of five years in the
Chilean National Zoo (G. Gonzalez pers. comm.).

Historical perspective

In ancient times, chillas were used as food by some
Argentinean aboriginal groups such as Matacos and
Mocovies, but this was not a common practice among
other indigenous groups or among the “criollo” people
(the offspring of European immigrants bornin Argentinean
territory), who only ate fox meat under extreme
circumstances. Several aboriginal groups, such as Onas,
Yamanas, and Tehuelches, used foxes’ pelts to make clothes
of different sorts. With the arrival of the Europeans and
theemergence of criollos, pelts began to be used as currency.
In general, the relation between chillas and human beings



has been conflictive, especially from the settling of small-
livestock breeders onwards. Traditionally, Argentinean
peasants have deemed foxes to be a nuisance or even a
menace for poultry, sheep, goat, and game. Chillas were
even considered a pest some 20 years ago in arecas of
Argentina, where there are still occasional attempts to
legalise commerce in fox pelts and their status as a pest.
For example, in 1999, small-livestock breeders’ pressure
led the Office for Natural Resources of Mendoza to
partially lift the ban, allowing breeders to kill those
individual foxes demonstrably causing trouble to them
(Gonzalez del Solar et al. 1997, unpubl.).

Argentinean indigenous folklore regards “Juan” (or
“Don Juan™) the fox (Pseudalopex spp., Cerdocyon), as
representing shrewdness and generally challenging the
authoritarian power of his rich uncle the jaguar (Panthera
onca). However, far from being the perfect hero, Juan is
selfish and never tries to unite with other weak animals.
Moreover, Juan sometimes tries to deceive other small
animals (e.g., the armadillo Chaetophractus spp.), aiming
to rob them of their food or females. But, more often than
not, the fox ends up fooled by his supposed victims.

Conservation status

Threats The main threat to chilla populations in the past
was commercial hunting. However, inferences on the
historical rate of chilla extraction are difficult, since official
pelt-export reports apparently have conflated data
corresponding to different species. Hunting intensity has
apparently declined in recent years (see Commercial use).
Illegal trapping still occurs in some regions of Chile and
Argentina, mainly related to controlling predation on
small livestock and apparently not as intensively as in the
past (A. Iriarte pers. comm.).

Commercial use Hunted for its pelt in Argentina and
Chile (see Hunting and trapping for fur).

Occurrence in protected areas

— Argentina: Uncertain. Present in at least six protected
areas in central west Argentina: Parque Nacional
Talampaya, Parque Nacional Ischigualasto, Reserva
Provincial Bosque Telteca, Parque Nacional Las
Quijadas, Man and Biosphere Reserve of Nacufian,
Reserva Porvincial La Payunia;

— Chile: present in 30 Wildlife Protected Areas (WPA)
from a total of 49 surveyed. However, 40% of those 30
WPASs are smaller than the 115km? needed to sustain a
minimum viable population (500 individuals).
Estimates of local extinctions in WPAs from central
Chile reach 50% (see Simonetti and Mella 1997). The
most important Chilean WPAs in which chillas occur
include: Parque Nacional Lauca, Parque Nacional
Puyehue, Parque Nacional Vicente Pérez Rosales,
Parque Nacional Torres del Paine.

Protection status CITES — Appendix II.

Current legal protection Resolution 144/83 of the former
National Secretary of Natural Resources and Sustainable
Development of Argentina categorises this species as “In
Danger”. Chillas are totally protected in Mendoza,
Catamarca, and San Luis, while in the continental provinces
of Patagonia and in Tierra del Fuego, hunting and fur
trading are legal (A. Novaro and M. Funes pers. comm.).

In Chile, the passing of the 1972 furbearer’s protection
law appears to have curtailed the exports of pelts (Iriarte
and Jaksic 1986; Iriarte 2000; but see above). Currently, all
Chilean populations are protected by law N°19,473[1996],
except for those from Tierra del Fuego (XII Region),
where a maximum of 10individuals/day/hunter are allowed
from May 1 to July 31 (A. Iriarte pers. comm.).

Conservation measures taken Efforts are being made
in Argentina to concentrate the relevant biological, legal
and commercial information on the species in an attempt
to design a plan for sustainable use and conservation (A.
Novaro and M. Funes pers. comm.).

Occurrence in captivity
Chillas occur in many zoos of Argentina and Chile, but
details of breeding in captivity are not known.

Current or planned research projects

A. Novaro and M. Funes (Centro de Ecologia Aplicada
del Neuquén, Neuquén, Argentina) have been coordinating
an ongoing survey of Patagonian carnivores in Argentina
since 1992. The programme includes annual surveys of
chilla population trends and periodic meetings attended
by specialists, government officials, and pelt-market
entrepreneurs.

R. Gonzalez del Solar, S. Puig and F. Videla (Instituto
Argentino de Investigaciones de las Zonas Aridas,
Mendoza, Argentina) are conducting a dietary study on
the species in the Argentinean central Monte desert.

J.Rau (Universidad de Los Lagos, Osorno, Chile) and
A. Munoz-Pedreros (Universidad Catolica de Temuco,
Temuco, Chile) are also involved in a dietary study in the
Araucania Region (southern Chile), and at the time of
writing, were finishing their analysis of a large sample of
chilla droppings.

A. Mangione and B. Nufiez (Universidad Nacional de
San Luis, San Luis, Argentina) are carrying out research
on the nutritional ecology of chillas.

F. Jaksic (Universidad Catolica de Chile, Santiago,
Chile), J. Jiménez. (Universidad de Los Lagos, Osorno,
Chile) and collaborators have conducted monitoring of
chilla food habits since 1987 in Reserva Nacional Las
Chinchillas.

E. McMahon (University of Massachusetts, Amherst,
USA)iscoordinating a study of niche relationships among



the three Chilean foxes (P. griseus, P. culpaeus and P.
fulvipes) at Parque Nacional Nahuelbuta.

Gaps in knowledge

The need for a deeper understanding of the biology of the
chilla has been repeatedly emphasised by Argentine as
well as by Chilean studies (e.g., Johnson and Franklin
1994b; Gonzalezdel Solar et al. 1997). Reliable information
isneeded especially with regard to those biological aspects
required for population management leading to sustainable
use and conservation: population-dynamics, incidence of
parasites and other diseases, and research on the role of
chillas in small-livestock mortality.

Core literature

Campos and Ojeda 1996; Duran et al. 1985; Gonzalez del
Solar et al. 1997; Jaksic et al. 1980; Johnson and Franklin
1994a, b, ¢; Medel and Jaksic 1988; Rau et al. 1995.

Reviewers: Fabian Jaksic, Jaime Jiménez, Mauro
Lucherini, Andrés Novaro. Editors: Claudio Sillero-Zubiri,
Michael Hoffmann.

3.7 Pampas fox
Pseudalopex gymnocercus
(G. Fischer, 1814)

Least Concern (2004)

M. Lucherini, M. Pessino and A.A. Farias

Other names

English: Azara’s fox, Azara’s zorro; French: renard
d’Azara; German: Pampasfuchs; Italian: volpe Azara,
volpe grigia delle Pampas; Portuguese: graxaim do campo,
cachorro do campo, rasposa do mato; Spanish: zorro
pampeano (Argentina); zorro de patasamarillas (Bolivia);
zorro de Azara, zorro Pampa, zorro del pais, zorro de

campo (Uruguay); Indigenous names: Guarani: aguara
cha’l (Argentina, Paraguay); Mapuche: ngiirii (Argentina);
Quechua: atdj (Argentina, Bolivia).

Taxonomy
Procyon gymnocercus G. Fischer, 1814. Zoognosia, 3: xi,
178. Type locality: “Paraguay”, restricted by Cabrera
(1958) to “a los alrededores de Asuncion” [Paraguay, c.
25°S, 57°W].

The taxonomic status of the Pampas fox and other
related speciesis controversial. This canid was firstincluded
in the genus Canis by Linnaeus (1758) and in Pseudalopex
by Burmeister (1854). However, it was treated as Dusicyon
by Cabrera (1958) and then by Langguth (1969), who gave
Pseudalopex subgenericrank. Later, Langguth (1975) and
Van Gelder (1978) placed Pseudalopex as a subgenus of
Canis, excluding Dusicyon australis. Clutton-Brock et al.
(1976) included all these taxa and Pseudalopex vetulus in
Dusicyon. However, Berta (1988) gave full generic
recognition to Pseudalopex, arguing that the species falling
into this genus (culpaeus, griseus, gymnocercus, sechurae,
and vetulus) share derived features that support a single
origin for those taxa, separated from other genera now
extinct and more closely related with Dusicyon australis.
Recently, Zunino et al. (1995) proposed that P. griseus
and P. gymnocercus represent clinal variants of Lycalopex
gymnocercus. They considered Lycalopex as the valid
genus name because it would have been used by Burmeister
two years earlier. Chromosome analyses carried out by
Gallardo and Formas (1975), and Vitullo and Zuleta
(1992) supported this proposal (sece Wozencraft 1993 and
Zunino et al. 1995 for detailed comments).

Chromosome number: 2n=74 (Wayne et al. 1987).

Description

A medium-sized South American fox, smaller than the
culpeo (P. culpaeus). The head, somewhat triangular in
shape, is reddish with a pale grey to white ventral surface.

Adult Pampas fox, thought to
be male. Lihuel Calel National
Park, La Pampa, Argentina,
2001.

Marcelo Dolsan (via Marcelo Pessino)



Table 3.7.1. Body measurements for the Pampas fox.
Buenos Aires province, Colonia Department,
La Pampa province, Argentina (E. Luengos Vidal Uruguay
Argentina (Crespo 1971) and M. Lucherini unpubl.) (Cravino et al. 2000).
HB male 648mm (597-700) n=10 660mm (620-740) n=20
HB female 621mm (535-683) n=16 630mm (505-720) n=18
T male 352mm (320-365) n=10 342mm (280-380) n=24
T female 319mm (270-356) n=16 325mm (250-410) n=20
HF male 140mm (135-155) n=10 145mm (130-160) n=22
HF female 128mm (115-145) n=16 135mm (115-170) n=16
E male 86mm (80-90) n=10 74mm (61-90) n=24
E female 84mm (80-90) n=16 73mm (62-83) n=18
WT male 4.6kg n=116 5.9kg (4-8) n=24 5.9kg n=11
WT female 4.2kg n=163 4.7kg (8-5.7) n=20 4.6kg n=8

The ears are triangular, broad and relatively large; they
are reddish on the outer surface and white on the inner
surface. The rostrumis narrow, ventrally pale, black in the
chinand reddish to black dorsally. The eyes, near frontally
placed, take an oblique appearance. The body, back and
sides are grey, like the outer surface of the hind limbs,
which show on the lower rear side a characteristic black
spot. A dark band, almost black, runs longitudinally
along the trunk and tail dorsum. The tail is relatively long,
bushy and grey, being black at the tip (Table 3.7.1). The
belly and the inner surface of the limbs are pale grey to
white. The outer surface of the front limbs and the distal
surface of the hind limbs are reddish. Smaller size and lack
of interparietal crest distinguish its skull from that of the
culpeo (Zunino et al. 1995). Dental formula is 3/3-1/1-4/4-
2/3=42.

Subspecies Three subspecies have been proposed
(Massoia 1982). Their geographic limits are not precise
and Massoia (1982) suggested that along their borders
they could coexist and interbreed. This author did not
clarify the subspecific status of the Pampas foxes from
Entre Rios Province in Argentina, and there is no data
regarding the taxonomic position of Bolivian foxes.

— P. g. gymnocercus (subtropical grasslands of north-
eastern Argentina — southern Misiones, northern
Corrientes and eastern Formosa provinces— Uruguay,
Paraguay and south-eastern Brazil, from Parana to
Rio Grande do Sul estates).

P. g. antiquus (Pampas grasslands, Monte scrublands
and Espinal open woodlands of central Argentina,
from Cordoba and San Luis provinces to the Rio
Negro, and from the Atlantic coast to a poorly defined
limit west of the Salado-Chadileva River).

P. g. lordi (restricted to the Chaco-Mountain Tropical
Forest ecotone in Salta and Jujuy provinces of
Argentina). The smallest subspecies, with pelage
smoother and brighter, denser in the tail, and more
contrasting in colour than in the other subspecies.
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There are characteristic dark (almost black) spots in
the pectoral and axilar regions of the body. Its skull is
smaller than in the other subspecies, average length
and weight being 924mm and 4.3kg, respectively
(Massoia 1982), compared with 960mm and 5.9kg in
P. g. gymoncercus (Barlow, in Redford and Eisenberg
1992) and 967mm and 4.4kg in P. g. antiquus (Crespo
1971).

Similar species Chilla (Pseudalopex griseus): overlaps
with the south-eastern portion of the range of the Pampas
fox; similar in colour and body proportions, but usually

smaller and with a more uniformly grey pelage and shorter

Figure 3.7.1. Current distribution of the Pampas fox.
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legs (Clutton-Brock et al. 1976; Novaro 1997a). Crab-
eating fox (Cerdocyon thous): occurs in the northern part
of the range; similar in size, but with shorter hair and
rostrum, and dark-coloured, shorter, legs (Redford and
Eisenberg 1992).

Current distribution

The Pampas fox inhabits the Southern Cone of South
America (Figure 3.7.1), occupying chiefly the Chaco,
Argentine Monte, and Pampas eco-regions. From eastern
Bolivia, western Paraguay and east of Salta, Catamarca,
San Juan, La Rioja and Mendoza provinces in Argentina,
to the Atlantic coast; and from south-eastern Brazil to the
Rio Negro Province, Argentina, in the south. Information
on the limits of its distribution and the extent to which it
overlaps with congeneric species is uncertain.

Range countries Argentina, Bolivia, Brazil, Paraguay,
and Uruguay (Redford and Eisenberg 1992).

Relative abundance

Little quantitative data are available on the abundance of
Pampas fox populations. However, it would be either
abundant or common in most areas where the species has
been studied.

In the coastal area of central Argentina, a study based
on scent-stations found that Pampas fox signs were more
frequent than the common hog-nosed skunk (Conepatus
chinga) and grison (Galictis cuja) (Garcia 2001). Similarly,
the frequency of observation of Pampas fox was higher
thanthat of skunk, grison, and the Geoffroy’s cat (Oncifelis
geoffroyi) in a Sierra grassland area of Buenos Aires
Province (M. Lucherini et al. unpubl.). In areas where the
Pampas fox is sympatric with the crab-eating fox, the
former would be more abundant in open habitats, while
the latter would more frequently inhabit woodland areas.

The Pampas fox seems to be tolerant of human
disturbance, being common in rural areas, where
introduced exotic mammals, such as the European hare
(Lepus europaeus), could form the bulk of its food intake
(Crespo 1971; Farias 2000a; D. Birochio and M. Lucherini
unpubl.).

Estimated populations/relative abundance and
population trends The highest density has been reported
for the Bafiados del Izozog in the Bolivian Chaco (1.8
individuals/km?; Ayala and Noss 2000). In an Argentine
Pampas area, Crespo (1971) found a density of 1.04 foxes/
km?, while Brooks (1992) estimated a density of 0.64 fox
groups/km? for the Paraguayan Chaco, where fox
abundance appeared to be correlated with annual rodent
abundance. In La Pampa Province, Argentina, data from
scent stations showed a stable tendency in the abundance
of this species between 1992 and 1998 (Table 3.7.2) (R.
Dosio and M. Pessino unpubl.).

Habitat

The Pampas fox is a typical inhabitant of the Southern
Cone Pampas grasslands. It prefers open habitats and tall
grass plains and sub-humid to dry habitats, but is also
common in ridges, dry scrub lands and open woodlands
(Brooks 1992; Redford and Eisenberg 1992). In the driest
habitats in the southerly and easterly parts of its range, the
species is replaced by the chilla. Where its range overlaps
with that of the crab-eating fox, the Pampas fox would
select more open areas. Apparently, the Pampas fox has
been able to adapt to the alterations caused by extensive
cattle breeding and agricultural activities to its natural
habitats.

Food and foraging behaviour

Food Like most other medium-sized foxes, the Pampas
fox is a generalist and adaptable carnivore. Its diet shows
great geographic variation and may include both wild and
domestic vertebrates (particularly rodents and birds), fruit,
insects, carrion and garbage. Based on stomach contents,
wild mammals and sheep appeared to be the two most
important food items in Uruguay (Cravino et al. 1997),
while in La Pampa Province, Argentina, European hares
and rodents were the most important food items, followed
by birds and carrion (Crespo 1971). Recent studies in
Buenos Aires Province, Argentina, using faecal analysis,
report high frequencies of occurrence of rodents and
birds, but also of insects and fruits (Farias 2000a; D.
Birochio and M. Lucherini unpubl.)and crabs (in a coastal

estimates based on the densities given above.

Table 3.7.2. The status of Pampas foxes in various regions (Population: A=abundant, C=common, X=present but
abundance unknown; Trend: I=increasing, S=stable). When shown, numeric abundance indicated as rough

Protected areas Other areas Total
Region Population size  Trend Population size  Trend Population size  Trend
La Pampa (Argentina) 150 S/l 150,000 S >150,000 S/
Buenos Aires (Argentina) C S/l C S/l C S/l
Uruguay X ? C ? C ?
Rio Grande do Sul (Brazil) X ? C ? C ?
Paraguayan Chaco X ? C ? 180,000 ?
Bolivian Chaco X ? C ? 350,000 ?
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area; Vuillermoz and Sapoznikow 1998). However, in a
study where ingested biomass was estimated, mammal
carrion, rodents and hares were the main dietary
components (Farias 2000a). Seasonal and local variations
in dietare likely connected to variationsin food availability
(Vuillermoz and Sapoznikow 1998; Farias 2000a; Garcia
2001; D. Birochio and M. Lucherini unpubl.). No sex/age
differences in food habits have been reported, but
occasional observations of food remains at den sites (M.
Lucherini pers. obs.) suggest that cubs feed mostly on
small- to medium-sized vertebrate prey.

Foraging behaviour The Pampas fox is a typical solitary
and opportunistic carnivore, foraging both during the day
and night (E. Luengos Vidal unpubl.), although feeding
activity would become mainly nocturnal where heavily
hunted. Large, highly concentrated food resources (i.e.,
large mammal carcasses) may cause several individuals to
gather, possibly through movements exceeding the borders
of normal home range size (E. Luengos Vidal and M.
Lucherini unpubl.). Food caching behaviour has been
observed, apparently related to an increase in the
availability of a food resource, i.c., rodents (J. Pereira
pers. comm.).

Damage to livestock or game Predation on domestic
stock traditionally has been one of the main reasons to
justify this fox’s persecution by rural people. Nevertheless,
it is likely that mainly adult sheep are scavenged, while
some studies found evidence of predation on newborn
lambs, but concluded that foxes were only a secondary
factor of lamb mortality (2.9% of total lamb mortality in
Uruguay, Cravinoetal. 1997;4.1%and 6.9% 1in Argentina,
Bellati 1980 and Olachea et al. 1981, respectively), especially
when compared to climate (Cravino et al. 1997). High
levels of predation on poultry have never been supported
by observations or dietary studies. Similarly, although
Pampas foxesare commonly accused of causing important
reductions in game populations, particularly by feeding
on eggs and chicks of ground-nesting birds, there is little
data to support this view (Vuillermoz and Sapoznikow
1998; Farias 2000a).

Adaptations
Very littleis known about the behavioural, morphological
and physiological adaptations of this species.

Social behaviour

Pampas foxes are thought to form monogamous
pairs. However, they spend most of their time solitarily:
in the Paraguayan Chaco (Brooks 1992) and La Pampa
Province, Argentina (Branch 1994) 88-93% of
observations, respectively, were of single individuals. Pairs
are frequently observed from mating until cubs leave the
natal den.
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In a Sierra grassland area, the home ranges of two
adultmales have been estimated at40 and 45ha (E. Luengos
Vidal and M. Lucherini unpubl.). In the same area, foxes
showed a relatively low frequency of re-use of scat marking
sites, and a tendency to mark latrines used by Geoffroy’s
catsand common hog-nosed skunks (M. Lucherini and C.
Manfredi unpubl.). Defecation site features suggest that
scats are used in intraspecific communication (M.
Lucherini and D. Birochio unpubl.; A.A. Farias pers.
obs.).

The long-distance calls of Pampas foxes, which show
a peak in frequency during the breeding period, may serve
to maintain contact between pair members, as well as in
territorial behaviour (Branch 1994). During the breeding
season, both pair mates have been observed using a brief
and repeated alarm call when detecting potential threats
to the young (M. Lucherini pers. obs.).

Reproduction and denning behaviour

Incentral Argentina, cubsare bornin spring, from October
to December. Gestation lasts 55-60 days, and litter size
ranges from 3-5 (Crespo 1971; M. Lucherini and E.
Luengos Vidal unpubl.). Dens may be located in a variety
of shelters, ¢.g., a hole at the base of a tree trunk, in
armadillo dens, or among rocks. Cubs are frequently
moved to a new location (M. Lucherini and E. Luengos
Vidal pers. obs.). Young stay at the den for the first three
months. Both pair mates have been observed to guard the
den (M. Lucherini pers. obs.) and males provide food to
cubs and females at the den. Females may breed at 812
months of age. In a Sierra Pampas area, reproductive dens
did not appear to be re-used in following years (M.
Lucherini pers. obs.).

Competition

In the Lihuel Calel National Park, Argentina, remains
of armadillos (Zaedyus pichy and Chaetophractus
villosus), plain viscachas (Lagostomus maximus),
small rodents (Ctenomys spp., Galea musteloides) and
European hares appeared in the droppings of both the
puma (Puma concolor) and Pampas fox (M. Pessino
unpubl.).

Partial dietary overlap has also been found with the
Geoffroy’s cat, a similar-sized carnivore whose range
widely overlaps that of the Pampas fox. In Buenos Aires
Province, most of the food items in the droppings of these
two carnivores (e.g., Cavia, Oligorizomys and Akodon
rodents), European hares, small passerines and doves
were the same, although their frequency of occurrence
was different (Vuillermoz and Sapoznikow 1998, M.
Lucherini and C. Manfredi unpubl.). However, signs of
presence, suggest that spatial segregation between the
Pampas fox and Geoffroy’scat may occurin Mar Chiquita,
Atlantic coast of Buenos Aires Province (A.A. Farias
unpubl.).



In Uruguay, although temporal segregation has been
suggested, a very large food niche overlap was reported
between the Pampas fox and crab-eating fox (Cravino et
al. 2000).

Very littleinformation is available on two other species
that share a large proportion of their ranges with the
Pampas fox: the Pampas cat (Oncifelis colocolo) and the
common grison. Some data from scat analysis suggest
extensive food niche overlap between the Pampas fox and
the grison in a Sierra Pampas area (M. Lucherini et al.
unpubl.).

Mortality and pathogens

Natural sources of mortality Little is known about
natural causes of mortality. Pampas fox remains have
been found in puma scats collected in the Lihuel Calel
National Park, Argentina (Wander et al. unpubl.). Kills
by feral dogs have also been reported (A.A. Farias pers.
obs., A. Canepucciaand D. Queirolo Morato pers. comm.).

Persecution In Argentina and southern Brazil (Rio
Grande do Sul State, C. Indrusiak pers. comm.), the
Pampas fox has been considered an important predator of
sheep and goats, and consequently has been actively
persecuted by livestock ranchers. In the provinces of La
Pampa, Buenos Aires, and San Luis, control campaigns
were carried out against this species between 1949 and the
early 1970s, in order to reduce economic losses caused by
predation. As a result, 361,560 individuals were killed
using different methods, including leg-hold traps, selective
traps with toxic cartridges, shooting, dogs and poisoned
baits (Godoy 1963; M. Pessino and R. Sosa unpubl.).
Pampas foxes were also hunted by the bounty system in
the provinces of San Juan, Catamarca, and Rio Negro
during 1959 and Coérdoba during 1960.

In 2001, the bounty system was used again for the
control of this species in La Pampa Province, while fox
hunting has been re-opened in Buenos Aires Province. In
Brazil, although the fox is protected by law, control
measures are regularly taken by sheep breeders with no
legal permission (C. Indrusiak pers. comm.). In Uruguay,
special hunting authorisation may be easily obtained by
the government to control predation on sheep herds
(Cravino et al. 2000).

Hunting and trapping for fur Rural residents have
traditionally hunted the Pampas fox for its fur, and this
activity has been an important source of income for them.
From 1975 to 1985, Pseudalopex fox skins (mostly
belonging to P. gymnocercus; Garcia Fernandez 1991)
were among the most numerous to be exported legally
from Argentina (Chebez 1994). However, exports have
declined from the levels of the early and mid-1980s mainly
due to a decline in demand (Novaro and Funes 1994).
From 1997 to 1999, national fox pelt exports averaged a
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mere 8,000 specimens per annum (M. Elisetoh unpubl.).
In Uruguay, because of their relatively high commercial
value, illegal trade of P. gymnocercus furisstill widespread
(D. Queirolo Morato pers. comm.), while in Paraguay no
illegal fox pelts were confiscated during 1995 to 2000 (J.
Cartes pers. comm.).

Road kills Pampas foxes are frequently struck by cars (N.
Fracassiand D. Queirolo Morato pers. comm.). However,
no data are available in order to establish the impact of
road kills on fox populations.

Pathogens and parasites Animals kept in captivity are
susceptible to parvovirus and distemper (F. Baschetto
pers. comm.). Ectoparasites in the Pampas fox include
ticks (Amblyomma maculatum, A. auriculare) and fleas
(Pulexirritans, Ctenocephalides felix, Hectopsyllabroscus,
Malacopsylla grossiventris, Tiamastus cavicola, Polygenis
spp.). Inasample of 132 foxes, the most common parasites
were A. maculatum, M. grossiventris and P. irritans (A.
Bischoff de Alzuet unpubl.). Recorded endoparasites
include Taenia pisiformis (Taenidae), Dipylidium caninum
(Dilepididae), Joyeuxiella spp. (Dilepididae), and many
species from the Cestoda Class. Nematodes such as
Molineus felineus (Trichostrongylidae), Toxocara canis
(Ascariidae), Ancylostoma caninum (Ancylostomidae),
Rictularia spp. (Rictularidae), and Physaloptera spp.
(Physalopteridae) (Led et al. 1970), as well as Echinococcus
granulosus and E. cepanzoi, have also been noted. Another
internal parasite, Athesmia foxi (Trematoda:
Dicrocoeliidae), was found in the small intestine. Cases of
Sarcoptes scabiei infection have also been reported (S.
Deem pers. comm.).

Longevity Few individuals are likely to live more than a
few years in the wild, but a captive animal lived nearly 14
years (Jones 1982).

Historical perspective

Fox furs were used by native communities for making
shawls. When white traders appeared, fox furs became
valued merchandise. Rural people inhabiting La Pampa
Province use Pampas fox fat for medicinal purposes (M.
Pessino pers. obs.). Among natives and settlers, foxes in
general, and particularly the Pampas fox, have been the
main characters of numerous stories and proverbs, which
have been passed down from generation to generation.
Also, these communities have interpreted their presence
and behaviour in certain circumstances as omens.

Conservation status

Threats The implementation of control measures
(promoted by ranchers) by official organisations, coupled
with the use of non-selective methods of capture, represent
actual threats for the Pampas fox. Fox control by



government agencies involves the use of bounty systems
without any serious studies on population abundance or
the real damage that this species may cause. In rural areas,
direct persecution is also common, even where hunting is
officially illegal.

Most of the species’ range has suffered massive habitat
alteration. For instance, the Pampas, which represents a
large proportion of the species’ distribution range, has
been affected by extensive cattle breeding and agriculture.
Approximately 0.1% of the original 500,000km? range
remains unaffected. However, due to the species’
adaptability, the Pampas fox seems able to withstand the
loss and degradation of its natural habitat, as well as
hunting pressure. Since no studies are available on its
population dynamics in rural ecosystems, caution is
required, since the sum of these threats may eventually
promote the depletion of fox populations. Hunting pressure
has resulted in diminished populations in the provinces of
Tucuman (Barquez et al. 1991) and Salta (Cajal 1986) of
north-western Argentina.

Commercial use Considering that the Pampas fox trade
is banned, no statistical information on the fur harvest is
available. Different authors have pointed out that
Argentine exports corresponding to the chilla historically
included other species, such as the crab-eating fox and the
Pampas fox (Ojeda and Mares 1982; Garcia Fernandez
1991).

Occurrence in protected areas

— In Uruguay, the Pampas fox has been reported in
many protected areas which are included in a law
passed in 2000 establishing the national protected
areas system. However, this law has not been
implemented yet (R. Rodriguez-Mazzini and D.
Queirolo Morato pers. comm.).

Argentina: National Parks Chaco (Chaco), Mburucuya
(Corrientes), Calilegua (Jujuy), El Palmar (Entre Rios),
Lihuel Calel (La Pampa) (Heinonen Fortabat and
Chebez 1997), E. Tornquist and Bahia Samborombon
Provincial Parks, and Campos del Tuya Wildlife
Reserve (Buenos Aires). The Pampas fox is the least
well represented among the Pseudalopex species in the
National Park system of Argentina (Heinonen Fortabat
and Chebez 1997).

Protection status CITES — Appendix II.

The Argentina Red List of Mammals (Diaz and Ojeda
2000) assigned the Pampas fox to the “Least Concern”
category.

Current legal protection In Argentina, it was declared
not threatened in 1983, and its trade was prohibited in
1987. However, this species continues to be hunted and
demand for its fur exists.
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In Uruguay, all foxes are protected by law, and the
onlylegal exceptionis the government’s so-called “control
hunting permission”, which does not allow the taking of
animals for the fur trade. The situation is very similar in
Paraguay.

Conservation measures taken None.

Occurrence in captivity

In Argentina, the Pampas fox has been successfully bred
in captivity and presently is the best represented carnivore
species in captivity in the country (Aprile 1999).

Current or planned research projects

In the Argentina Pampas grassland, the GECM (Grupo
de Ecologia Comportamental de Mamiferos), Universidad
Nacional del Sur, Argentina, is presently comparing the
abundance, spatial behaviour and social organisation as
well as food niche of the Pampas fox in a protected site
versus a site affected by farming.

A. Farias and V.B. Garcia (Pontificia Universidad
Catolica de Chile) have started studies on the trophic
ecology of the Pampas fox in two coastal areas of Buenos
Aires Province.

S.J. O’Brien and W.E. Johnson (National Cancer
Institute, USA) have proposed a DNA-based study on the
phylogeny of Pseudalopex foxes.

S. Gonzalez et al. (Division Citogenética-IIBCE,
Unidad Asociada Facultad de Ciencias, Uruguay) initiated
a study aimed at determining the genetic variability of P.
gymnocercus and the crab-eating fox in wooded areas in
northern and eastern Uruguay in order to test whether
hybridisation occurs.

Gaps in knowledge

Most aspects of the species’ ecology remain unknown.
Studies on population dynamics in agricultural land,
impact and sustainability of hunting, effect of predation
on livestock and game species are needed, particularly for
an appropriate management of wild populations. In
addition, resolution of the species’ taxonomic status is
essential.

Core literature
Crespo 1971; Massoia 1982; Zunino et al. 1995.
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3.8 Sechuran fox
Pseudalopex sechurae (Thomas, 1900)
Data Deficient (2004)

C. Asa and E.D. Cossios

Other names

English: Sechura desert fox, Peruvian desert fox; French:
renard de Sechura; German: Sechurafuchs, perufuchs;
Spanish: perro de monte de Sechura, zorra Pampera
(Ecuador), zorro costefio, zorro de Sechura, Pacha zorro,
Juancito (Peru); Indigenous names: Pacha zorro (Cajamarca
Department); Moche and Olmo: Pacter, Pacterillo (Peru).

Taxonomy

Canis sechurae Thomas, 1900. Ann. Mag. Nat. Hist., ser.
7, 5:148. Type locality: “Desert of Sechura, N.W. Peru...
Sullana”.

Simpson (1945) included the Sechuran fox in the genus
Dusicyon. Langguth (1969) also considered Pseudalopex a
subgenus of Dusicyon, although he subsequently (1975)
regarded it as a subgenus of Canis (as did Van Gelder
1978). Clutton-Brock et al. (1976) also included the species
in the genus Dusicyon, but did not recognise subgenera.
Berta (1987) recognised Pseudalopex as a distinct genus
including the Sechuran fox. This treatment was followed
by Wozencraft (1993) and Nowak (1999).

Chromosome number is not known.

Description

The Sechuran fox is the smallest species of the genus
Pseudalopex (Huey 1969) (Table 3.8.1). The head is
small, with relatively long ears (about 2/3 the length of the

Table 3.8.1. Body measurements for male Sechuran
foxes from Coto de Caza El Angolo, Piura (CDC
Universidad Nacional Agraria Molina).

HB 670mm (500-780) n=4
T 292mm (270-340) n=4
SH 288mm (220-360) n=4
E 70mm (60-80) n=4

WT 3.6kg (2.6-4.2) n=4

head) and a short muzzle. Face is grey, and there is a
rufous-brown ring around the eyes (Thomas 1900). The
ears may be reddish on the back; the dark muzzle may
have paler hairs around the lips. The pelage consists of
pale underfur with agouti guard hairs, while the underparts
are fawn or cream-coloured. There is sometimes a dark
stripe down the back. The frontal limbs (up to the elbows)
and the back limbs (up to the heels) are usually reddish in
colour. The tail is relatively long and densely furred,
ending in a dark tip. The dental formula is 3/3-1/1-4/4-2/
3=42. Thecarnassials areslightly smaller, and the grinding
teeth larger, than in allied forms (Thomas 1900); the
canines are “fox-like” (Clutton-Brock et al. 1976).

Subspecies Monotypic.

Similar species Chilla (Pseudalopex griseus): usually
presents a rufous tinge on the face and muzzle and a black
spot on the chin; muzzle slightly narrower. Hoary fox (P.
vetulus): rufous face and muzzle; well-marked dark stripe
along the dorsal line of the tail; general colour normally
brighter.

Adult male Sechuran fox.
Lambayeque, Peru, 2001.

Daniel Ascensios




Current distribution

The Sechuran fox can be found in the coastal zones of
north-western Peru and south-western Ecuador, between
3 and 12°S (Figure 3.8.1). In Peru, it is distributed on the
western slope of the Andes between the frontier with
Ecuadorand Lima. Specimens living further south may be
the chilla or another species not yet described (E. Vivar
pers. comm.).

Range countries Ecuador, Peru (Eisenberg and Redford
1999).

Relative abundance

Little known. This species was judged by Grimwood
(1969) as abundant and not in need of protection. The
species is easily observed in rural areas and disturbed
environments from Piura department to La Libertad
department in Peru. Surveys based on footprints in Coto
de Caza El Angolo in Piura, Peru, show an average of 12.6
foxes per km (CDC 1989). The Sechuran fox is uncommon
in Ecuador.

Estimated populations/relative abundance and
population trends

Table 3.8.2. The status of Sechuranfoxesinvarious
regions (Population: A=abundant, C=common,
U=uncommon; X=present but abundance unknown,
?=current presence not confirmed; Trend: S=stable,
D=declining, ?=unknown).

Country Trend

Ecuador

Peru
Tumbes Department
Piura Department
Lambayeque Department
La Libertad Department
Cajamarca Department
Ancash Department
Ica Department
Lima Department

Population size

COXO>r2>>0O0>C
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Habitat

The Sechuran fox occupies habitats ranging from sandy
deserts with low plant density to agricultural lands and
dry forests (Cabrera 1931; Huey 1969; Langguth 1975).

Food and foraging behaviour

Food A generalist, omnivorous species, the Sechuran fox
varies its diet opportunistically, preferentially consuming
vertebrate prey or carrion when available, but often
depending predominantly on seeds or seed pods. Studies
during late winter and early spring in the inland Sechuran
desert found droppings containing mainly the remnants
of seeds or seed pods of Prosopis juliflora (algarrobo),
Capparis scabrida (zapote) and C. avicennifolia (vichayo)
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Figure 3.8.1. Current distribution of the
Sechuran fox.

(Huey 1969; Asa and Wallace 1990). Seeds in faeces were
notdigested, indicating that the syrupy matrix surrounding
the seeds may be the actual source of nourishment. In a
germination study (C. Asa unpubl.), seeds recovered from
faeces sprouted earlier than those gathered from the
ground, suggesting that the foxes not only act as seed
dispersers, but affect the ability of the seeds to germinate
rapidly when sporadic rains occur.

Fox droppings along the coast contained crabs and
several bird species, probably obtained as carrion that
washed ashore (Huey 1969; Asa and Wallace 1990).
However, following the El Nifio rains of 1983/1984, fox
droppings revealed a dramatic dietary shift to grasshoppers
and mice (Phyllotis gerbillus) as these prey became more
abundant (Asa and Wallace 1990). During summer in
Reserva Nacional Lachay (coastal loma in central Peru),
the main foods were insects, scorpions (Carica candicans),
fruits and rodents (Asa and Wallace 1990). The lack of
standing water in the inland desert habitat suggests that
the foxes can survive without drinking. However, foxes
may lick condensation from vegetation on foggy mornings.

Foraging behaviour The Sechuran fox is primarily
nocturnal. Radio-telemetry dataindicated thatindividuals
emerged from daytime sleeping dens in rocky buttes before
sunset and remained active through most of the night
before re-entering dens at dawn (Asa and Wallace 1990).

©2003 Canid Specialist Group & Global Mammal Assessment



The phases of the moon did not influence this activity
pattern, perhaps because foxes were consuming seeds and
seed pods rather than hunting. Occasionally, foxes can be
seen during the day (Huey 1969; C. Asa and M.P. Wallace
pers. obs.). No food caching has been recorded.

Damage to livestock or game Damage to poultry and
guinea pigs has not been measured, but some rural
habitants (principally of Lambayeque, La Libertad and
Piura departments, Peru) often report such damage,
principally from September to January (D. Cossios
unpubl.). There are no reports of damage to game.

Adaptations

In addition to the species’ nocturnal activity, the small size
and somewhat large ears of the Sechuran fox may also be
adaptation to desert life. The species’ ability to exist in
areas with no standing water also attests to its adaptation
to arid habitats.

Social behaviour

Little is known about the social behaviour of this species.
Groups larger than three individuals are rare, and usually
only observed in cases where food sources are concentrated.
Of four radio-collared foxes, the home range of one adult
male adjoined that of one adult female accompanied by
two almost full-grown juveniles (one male and one female)
(Asaand Wallace 1990). However, each individual foraged
separately during the night and occupied separate, though
nearby, dens during the day.

Reproduction and denning behaviour

Birdseye (1956) reported births occurring primarily in
October and November. Abdominal distension suggested
that one adult radio-collared female may have been
pregnant when captured in August (Asa and Wallace
1990). If this female was indeed pregnant, it is significant
that the adult male in the adjoining territory did not
associate with her at that time, as might be expected if he
was her mate. The male in her territory appeared to be
juvenile, but could possibly have been her mate. However,
the other juvenile within her territory was female,
suggesting that both juveniles may have been her offspring
from the previous breeding season.

Competition

Occasional competition with the culpeo (P. culpaeus) may
arise when this species moves to the coast. Thereis probably
competition with the chilla at the southern limit of its
range.

Mortality and pathogens

Natural sources of mortality According to local reports
boa constrictors prey on pups. Predation by other
carnivores, like pumas (Puma concolor), other felids and
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culpeo foxes is possible in some areas, but pumas and
jaguar (Panthera onca) are now uncommon in the Sechuran
fox’s habitat. Large raptors in these areas normally prey
on smaller animals (e.g., Geranoetus melanoleucus,
Sarcorhamphus papa, Buteo spp., and others).

Persecution The Sechuran fox is persecuted in some
zones where it is considered a predator of poultry, guinea
pigs and other domestic animals.

Hunting and trapping for fur Although the use of this
species for fur is not permitted, the illegal practice does
exist though on a very small scale. Illegal hunting and
trapping for making amulets and dissecting specimens is
more extensive.

Road kills Road kills are common in northern Peru, but
the number of the road kills is not estimated.

Pathogens and parasites Not known.
Longevity Not known.

Historical perspective

Shamans in northern Peru use dissected specimens or
parts of the fox’s body (e.g., paws, tails or heads), to
perform traditional magic-religious rituals.

Conservation status

Threats The most important threats are from the market
for handicrafts and amulets and from persecution because
of damage to livestock. In Peru, the rural inhabitant’s
attitude towards the species is one of persecution (68.3%
of correspondents) or indifference (31.7%). The stated
reasons for persecution were due to damage on domestic
fowl and guinea pigs (65% of correspondents), the
consumption of vegetal or stored goods (13.3%), and the
belief of goat predation (10%) (D. Cossios unpubl.). The
Sechuran fox also faces some pressure in agricultural
zones and from urbanisation and habitat degradation;
habitat reduction or loss is considered the principle threat
to this species in Ecuador (Tirira 2001).

Commercial use lllegal sale of puppies, of amulets made
from body parts, and of handicrafts made from fur occurs
principally in the markets of Tumbes, Chiclayo, Piura and
Lima city. The most common type of handicraft made
with coastal fox parts consists of preserved adult animals
in a “sitting” position. This activity is limited almost
exclusively to the department of Piura, Peru.

The practice of magic-religious rituals by shamans
involving preserved Sechuran fox specimens or partsis the
principal human use of this species in Peru. The specimens
are used to attract “good spirits” or “positive energies”
during premonition rituals or to manufacture amulets,



called seguros, with different purposes. Some shamans
use also the Sechuran fox’s fat for the treatment of bronchial
illness and stomach disorders (D. Cossios unpubl.).

Occurrence in protected areas

— Ecuador: Parque Nacional Machalilla, Manabi;
Reserva Ecolégica Manglares Churute, Guayas.

— Peru: Zona Reservada de Tumbes, Tumbes; Parque
Nacional Cerros de Amotape, Tumbes; Coto de Caza
el Angolo, Piura; Coto de Caza Sunchubamba,
Cajamarca; Santuario Histérico Bosque de Pomac,
Lambayeque; Zona Reservada Algarrobal el Moro,
Lambayeque; Zona Reservada de Laquipampa,
Lambayeque; Reserva Nacional de Calipuy, Ancash;
Reserva Nacional de Lachay, Lima.

Protection status CITES — not listed.

Current legal protection Between 1975 and 2000, a
governmental authorisation was required to hunt the
speciesin Peru. Since 2000, hunting outside the established
areas and trade of the species has been prohibited. The
police and the Ministry of Agriculture are responsible for
the control of illegal trade. However, it has proven
especially difficult to control trade in rural areas and in
some cities. Currently, there are no international treaties
or conventions regarding this species.

Conservation measures taken The Sechuran fox was
not traditionally protected, for cultural reasons, until
recently. Now it is protected in Santa Catalina de
Chongoyape, a rural community of Lambayeque
department, because they are considered important for
tourism and as seed dispersers (D. Cossios unpubl.).

Occurrence in captivity

Some specimens are kept in the following authorised
collections: Parque de las Leyendas Zoo, Lima (26
specimens) and Atocongo Zoo, Lima (3 specimens).

Current or planned research projects

E. Vivar (Museum of Natural History, U.N.M.S.M, Lima,
Peru) is currently conducting research on the taxonomy
and distribution of the Sechuran fox.

Investigations of its relationship with humans, its role
in seed dispersal and its diet in Peru are being conducted
by D. Cossios (Instituto Nacional de Recursos Naturales
— INRENA, Peru).

Core literature
Asa and Wallace 1990; Birdseye 1956; Cabrera 1931;
Huey 1969; Langguth 1975.

Reviewers: Elena Vivar, Michael P. Wallace. Editors:
Michael Hoffmann, Claudio Sillero-Zubiri.
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3.9 Hoary fox
Pseudalopex vetulus (Lund, 1842)
Data Deficient (2004)

J. Dalponte and O. Courtenay

Other names

English: hoary zorro, small-toothed dog; French: renard
du Brésil; German: Brasilianischer, kampfuchs; Portuguese:
raposa-do-campo, raposinha (Brazil); Spanish: zorro de
campo comun; Indigenous names: Tupy: jaguarapitanga;
Xavante: waptsa wa (Brazil).

Taxonomy

Canis vetulus Lund, 1842. K. Dansk. Vid. Selsk. Naturv.
Math. Afhandl., 9:4. Type locality: Lagoa Santa, Minas
Gerais [Brazil] (Cabrera 1958).

Burmeister (1854) created the genus Lycalopex for the
hoary fox. Osgood (1934) reduced Lycalopexto asubgenus
of Dusicyon, followed by Simpson (1945), Cabrera (1958)
and Clutton-Brock et al. (1976). Langguth (1969, 1975)
placed the species in Lycalopex, and Van Gelder (1978)
included it in Canis (Lycalopex). Berta (1987) placed the
species in Pseudalopex and was followed by Wozencraft
(1993).

Chromosome number: 2n= 37 (Wurster-Hill and
Benirschke 1968).

Description

The hoary fox is a slender animal with a relatively short,
pointed muzzle, and large ears (Table 3.9.1). Pelage colour
is variable: the upper body regions are pale grey, whereas
the underparts are generally buff yellow to chestnut
including the neck, chest and patch behind the ears. The
anterior part of the neck is buff white, but the underside of

Table 3.9.1. Combined body measurements for the
hoary fox from Pirapora (Minas Gerais), Franca (Sao
Paulo) (Vieira 1946); Chapada dos Guimaraes (Mato
Grosso) (Thomas 1903); Sao Miguel (Minas Gerais)
(Courtenay unpubl.); Nova Xavantina, Cuiaba,
Chapadados Guimaraes (Mato Grosso), Arinos (Minas
Gerais) (J. Dalponte unpubl.); Planaltina (Distrito
Federal), Sao Miguel (Minas Gerais) (J. Marinho-Filho
pers. comm.)

HB male 587mm (490-715) n=13
HB female 575mm (510-660) n=6
T male 338mm (270-380) n=13
T female 282mm (250-310) n=5
HF male 129mm (120-135) n=11
HF female 129mm (127-130) n=3
E male 69mm (60-76) n=10

E female 67mm (60-75) n=3

WT male 3.3kg (2.5-4) n=8

WT female 3.4kg (3.0-3.6) n=3




the lower jaw is dark, almost black, as is both the tail base
and tail tip; a dark spot on dorsal surface of tail base
variably present. Near melanic forms have been described
(Cabrera 1931; Vieira 1946; Cabrera and Yepes 1960; J.
Dalponte pers. obs.). Dental formula is 3/3-1/1-4/4-2/
3=42.

Subspecies Monotypic (Stains 1975).

Similar species Crab-eating fox (Cerdocyon thous):
sympatric throughout the geographical range of the hoary
fox; morerobust, larger (4.5-8.5kg), and has coarse bristly
pelage; colour variation is substantial within and between
populations, ranging from dark grey/black (e.g.,
Amazonia, central Brazil) to grey/yellow rufous (e.g.,
Ceara, north-east Brazil), with or without a dark dorsal
line along the body to tail tip (specimens of the lighter
colour type could be confused with the hoary fox); footpad
(and footprint) differentiation of the two species is possible
by the experienced field worker (Becker and Dalponte
1991). Pampas fox (P. gymnocercus): possibly sympatric
with the hoary fox in southern Sdo Paulo state; more
robust and larger (4-6kg); pelage colour and body
proportions are similar. Sechuran fox (P. sechurae): not
sympatric, occurring in north-west Peru and south-west
Ecuador; similar size (4-5kg), and pelage colour, but lacks
the dark stripe along the dorsal line of the tail.

Current distribution

Thehoary fox is confined to Brazil (Figure 3.9.1), associated
with the cerrado habitats (mosaic of grasslands and
xerophytic vegetation) of the central Brazilian plateau, and
peripheral transitional zones including dry open habitats
of the Pantanal (Mato Grosso state). Confirmed in the
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Hoary fox, age and sex
unknown. Sao Paulo State,
Brazil, 2003.

Adriano Gambarini

states of Minas Gerais, Sao Paulo, Mato Grosso do Sul,
Mato Grosso, Tocantins and Goias (J. Dalponte unpubl.),
southern and western Bahia (Juarez and Marinho-Filho
2002; J. Dalponte pers. obs.), and western Piaui in Parque
Nacional Serra da Capivara (F. Olmos pers. comm.).
Capture records of an extant specimen held in Teresina
Zoological Park indicate its northerly geographical limit is
probably in north Piaui (Costa and Courtenay 2003). A
previous report of its occurrence in Ceard (north-east
Brazil) (Deane 1956) was contested by Courtenay et al.
(1996). Records along the Brazil-Bolivian border in Mato
Grosso (Anderson 1997) are unsubstantiated; the nearest
record is 70km to the south in the Pantanal (Mato Grosso
do Sul) (J. Dalponte unpubl.).

Figure 3.9.1. Current distribution of the hoary fox.
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Historical distribution A single fossil record exists from
Vila de Lujan, Provincia de Buenos Aires, Argentina,
dating back to the Lujanian period, late Pleistocene (Berta
1987). In Brazil, fossil records are those of Lund’s
expeditions in Lagoa Santa caves, Minas Gerais, south-
east Brazil (Lund 1842).

Range countries Brazil (Cabrera 1958).

Relative abundance

There are no reliable data available. Locally abundant in
the central highland cerrado biome, but populationsappear
smaller than those of the sympatric Crab-eating fox for
which population estimates are similarly lacking.

Habitat

Occurs in open cerrado habitats, but readily adapts to
insect-rich livestock pastures and areas of agriculture
(soybean, rice, corn, eucalyptus plantation). Rarely
observed in densely wooded cerrado, floodplains, dry or
gallery forests.

Food and foraging behaviour

Food Omnivorous, though diet mainly of insects,
particularly ground-dwelling harvester termites
(Synthermes spp. and Cornitermes spp.), recorded in 87%
of faeces collected in six localities across its geographical
range (Dalponte 1997; Silveira 1999; Juarezand Marinho-
Filho 2002; O. Courtenay unpubl.; J. Dalponte unpubl.).
Dung beetles are consumed in great quantities when
seasonally abundant. Other dietary items include small
mammals, grasshoppers, birds and reptiles. Seasonal
variation in most diet components has been noted
(Dalponte 1997; Silveira 1999; Juarez and Marinho-Filho
2002; O. Courtenay unpubl.).

Foraging behaviour Hoary foxes are predominantly
nocturnal and tend to hunt as individuals, or in loosely-
knit pairs, with or without their juvenile offspring.
Foraging group sizes of 3-5 were most common during
periods of insect swarming (O. Courtenay unpubl.). They
consume termites directly from the ground surface, or
from the underside of dried disks of cattle dung which they
flip over by pushing the dried disks along the ground at
speed. Hoary fox cubs consume insects from the age of at
least two months (O. Courtenay unpubl.). During the
early rainy season, adult and young foxes catch swarming
winged ant and termite elates, and dung beetles, on the
wing by acoustic and visual location.

Damage to livestock or game There is no evidence that
hoary foxes prey upon livestock or domestic fowl, despite
their frequent close proximity to human dwellings
(Dalponte 1997; Silveira 1999; Juarez and Marinho-Filho
2002; O. Courtenay unpubl.).
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Adaptations

Small carnassials and wide crushing molars and the
exceptionally large auditory bullae (Clutton-Brock ez al.
1976) suggest adaptations to a predominantly insectivorous
rather than larger prey-based diet. However, their cranio-
dental morphology is not dissimilar to members of the
Dusicyon[Pseudalopex] group (Clutton-Brock ez al. 1976),
which are not insectivorous. Whether their small size and
slender build is an adaptation to, or consequence of, a
small prey-base and/or hunting in grasslandsis not known.
Their preference for insects allows them to partition food
resources and coexist with other sympatric canids such as
the crab-eating fox and maned wolf (Chrysocyon
brachyurus) (Juarez and Marinho-Filho 2002).

Social behaviour
Monogamous. One study group living in pasture comprised
an adult breeding pair and five (3M:2F) juvenile offspring
that shared largely overlapping home ranges of 4.6km?
(range = 4.5-4.6km?) (O. Courtenay unpubl.). In Bahia,
an adult female occupied a home range of 3.8km? (Juarez
and Marinho-Filho 2002). Contact rates of a single
breeding pair estimated by radio-telemetry indicated that
they spend up to 35% of their activity period in close
proximity, with substantial variation during offspring
rearing (October to May) (O. Courtenay unpubl.). Spot
sightings in different habitats and localities revealed that
groups were composed of single animals on 75% of
occasions, followed by pairs (30%), and groups larger
than two (4%) (J. Dalponte and E. Lima unpubl.).
Vocalisations include a roar and threat bark;
vocalisations are most common during the mating season
(J. Dalponte unpubl.). Hoary foxes urinate using a raised
leg urination position; frequent urination in small
quantities is typical of territory marking behaviour (J.
Dalponte unpubl.).

Reproduction and denning behaviour
In the wild, females produce litters of 4-5 offspring once
a year during July and August, at observed male:female
sex ratios of 4:2 (O. Courtenay unpubl.), and 2:2 (J.
Dalponte and E. Lima unpubl.). A similar parturition
season (September/mid-October) occurs in captive
animals, with litter sizes of 3—4 (n=2) (Coimbra-Filho
1966, J. Dalponte pers. obs.). The precise length of the
gestation period is not known, but mating occurs in late
May/early June suggesting that it falls within the range of
other members of the Pseudalopex group (53-60 days).
Pups are born in dens in disused armadillo holes,
particularly that of the yellow armadillo (Euphractus
sexcinctus) (n=5 social groups, J. Dalponte and E. Lima
unpubl., O. Courtenay unpubl.). Offspring are cared for
by the breeding male and female; there is currently no
evidence of helpers. In one case, a lone breeding female
was observed to successfully nurse and rear four cubs to



six months of age (J. Dalponte and E. Lima unpubl.).
During late lactation, the female visits the den perhaps
a couple of times per night to nurse; in her absence, the
male baby-sits, grooms and guards the cubs against
potential predators (O. Courtenay unpubl.). Post-weaning,
adult gender roles change: female contact declines
substantially, whereas the male stays with the cubs as
chaperone during hunting expeditions to insect patches
close to the den (O. Courtenay unpubl.). The estimated
lactation period in the wild is three months indicated by
the cessation of nursing in mid-November (O. Courtenay
unpubl.). Juveniles of both sexes disperse in May when 9—
10 months old and may establish home-ranges adjacent to
their natal territory (J. Dalponte and E. Lima unpubl., O.
Courtenay unpubl.).

Competition

The main competitors are likely to be the similarly sized
crab-eating fox (4.5-8.5kg) and the larger-sized maned
wolf (23kg) which often occur in sympatry. Inter-specific
divergence in diet composition appears to allow these
three canid species to coexist (Juarez and Marinho-Filho
2002). Adult hoary foxes with their young have been
observed to tolerate the presence of crab-eating foxes at
insect foraging grounds (Courtenay et al. unpubl.). Due to
its predominantly insectivorous diet, the hoary fox
potentially competes also with the large guild of
myrmecophagous predators of the cerrado biome.
However, the latter group tend to forage termite species
that are mound builders and produce chemical secretions,
making them largely inaccessible to the hoary fox.

Mortality and pathogens

Natural sources of mortality Hoary fox remains (hairs,
teeth and bone fragments) have been identified in 0.3-4%
of maned wolf faeces from three different sites in Central
Brazil: Parque Nacional de Chapada dos Guimaraes (J.
Dalponte and E. Gomes da Silva unpubl.), Parque
Nacional de Emas (Silveira 1999; A.T. Jacomo pers.
comm.), and Parque Nacional Grande Sertdo Veredas (J.
Dalponte unpubl.), suggesting that maned wolves are
opportunist consumers of hoary foxes, presumably as
scavengers. It is debatable that maned wolves actively
hunt live adult foxes. Hoary foxes are not represented in
stomach contents or faeces of large predatory birds or
large felines, though Xavante hunters in the Rio das
Mortes Indigenous Reserve, Mato Grosso state, reported
at least one fox being killed and eaten by a puma (Puma
concolor) (E. Lima pers. comm.).

Persecution Hoary foxes are killed indiscriminately as
predators of domestic fowl, although they probably earn
thisreputation from crab-eating foxes which are formidable
thieves (Courtenay and Maffei chapter 3.2 this volume).
Young foxes are often taken as pets, and domestic dogs
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are responsible for cub deaths when dens are located in
peri-urban areas.

Hunting and trapping for fur Occasional hunting occurs
as a predator control measure, but populations are not
trapped for fur.

Road kills In north-east Sao Paulo state, seven hoary fox
deaths were recorded along 13,500km of road between
January 1981 and December 1983, with a ratio of crab-
eating to hoary foxes of about 10:1 (J. Dalponte and J.A.
Tavares-Filho unpubl.). The proportion of male to female
hoary foxes in an additional sample of 19 road-killed foxes
in central Brazil was approximately 2:1 (J. Dalponte
unpubl.).

Pathogens and parasites Population declines due to
pathogen infection have not been documented; however,
atleast one death due to sarcoptic mangeis thought to have
occurred in the Serra da Canastra (J. Dietz pers. comm.).
Two other individuals, a female and her infant, which had
been radio-tracked in the Rio Pratuddo ranch, Posse, W
Bahia, seemingly died following a sarcoptic mange infection
that was also seen to infect at least one maned wolf (J.
Marinho-Filho pers.comm.). Reports of hoary fox infection
with the rabies virus and the protozoan parasite Leishmania
infantum in the state of Ceara (Deane 1956; Barros et al.
1989) almost certainly refer to crab-eating fox and not
hoary fox (Courtenay et al. 1996). Disease outbreaks due
to other common canid pathogens (e.g., canine distemper
virus and canine parvovirus) have not been reported in the
wild. Other documented parasites of hoary foxes include
Trypanosoma cruzi (Albuquerque and Barretto 1970), and
Angiostrongylus vasorum found in eight animals captured
in Minas Gerais (Lima et al. 1994).

Longevity No information available, however an eight-
year-old captive female (in August 2002) was observed in
Teresina Zoological Park (Costa and Courtenay 2003).

Historical perspective
Unknown.

Conservation status

Threats The principal biome where hoary foxes occur is
the cerrado which is being destroyed at a rate of 3% each
year, largely in the interests of agriculture (livestock and
soybean) (MMA-BRASIL 1998). It appears that hoary
foxes adapt to livestock pasture rich in termites and dung
beetles. Breeding hoary foxes are found in deforested
wooded areas (J. Dalponte pers. obs.), thus it is possible
that deforestation may not have a negative impact on the
species. Areas of high human population density are
unlikely to be suitable. There are no population estimates
available.



Commercial use Not exploited for fur or any other
products.

Occurrencein protected areas Brazil: Parque Nacional
de Chapada dos Guimaraes, Parque Nacional da Serra da
Capivara, Parque Nacional da Serra da Canastra, Parque
Nacional de Emas, Parque Nacional Grande Sertdo
Veredas, Estagio Ecologica de Aguas Emendadas, Parque
Nacional de Brasilia, Reftigio de Vida Silvestre da Fazenda
Nhumirim ¢ RPPN do Rio Negro, Parque Estadual da
Serra do Lageado, Parque Estadual de Santa Barbara,
Santuario de Vida Silvestre do Sao Miguel, Fazenda Sao
Miguel.

Protection status CITES — not listed.

Listed as “Vulnerable” by the Canid Conservation
Assessment and Management Plan (CAMP) 1993 meeting
in Sao Paulo; “Vulnerable” in individual state faunal
status accounts, but not listed in the Brazilian official list
of threatened mammals (Fonseca et al. 1994).

Current legal protection Hunting and trade in wildlife is
generally forbidden in Brazil. There is no specific hunting
legislation for hoary foxes.

Conservation measures taken Nothing proposed. No
cultural protection reported.

Occurrence in captivity

Specimens in Brazilian zoos at the time of writing
include: Brasilia (1); Sao Paulo (1); Ribeirao Preto (1);
Belo Horizonte (5); Teresina (1). High mortality rates
due to starvation amongst captive cubs are reported.
There are no current plans to reintroduce hoary foxes into
the wild.

Current or planned research projects

J. Dalponte (Universidade de Brasilia, Brazil) is currently
studying the ecology and behaviour of the hoary fox in
Mato Grosso, Brazil.

Gaps in knowledge

Areas for further research include focusing on aspects of
behavioural ecology, population status, geographical
range, the potential role of disease in population regulation,
and their status as potential reservoirs of veterinary (e.g.,
scabies, distemper) and public health (e.g., leishmaniasis,
rabies) pathogens.

Core literature
Costa and Courtenay 2003; Dalponte 1997, 2003; Juarez
and Marinho-Filho 2002; Silveira 1999.

Reviewers: Louise Emmons, Jader Soares Marinho-Filho.
Editors: Claudio Sillero-Zubiri, Michael Hoffmann.
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3.10 Bush dog
Speothos venaticus (Lund, 1842)
Vulnerable - VU: C2a(i) (2004)

G.L. Zuercher, M. Swarner, L. Silveira
and O. Carrillo

Other names

English: vinegar dog, savannah dog; Dutch: boshond,
busdagoe (Suriname); French: chiens des buissons, zorro;
German: waldhund; Italian: speoto, itticione; Portuguese:
cachorro-do-mata, cachorro-do-mato-vinagre, cachorro-
do-mato-cotd, cachorro-pitoco (Brazil); Spanish: zorrito
vinagre (Argentina); zorro/perro vinagre, perro/perrito
de monte (Bolivia/Ecuador/Venezuela); perrito venadero,
umba (Colombia); perro de la selva, pero selvatico, perro
de agua, Guanfando (Ecuador — origin undetermined);
Indigenous languages: Cubeo: maca tawimi, Huitoto:
iton+maido, Shuku: puinave, Yucuna: huerateyaniminami
(Colombia); Achuar: tuwen’k, patukam yawa, Chachi:
pikucha, Huaorani: babeguinta, Quichua: sacha alcu,
Secoya: airojo’ya, masioco yai(Ecuador); Aché: mbetapa,
Guarani: jagua yvyguy (Paraguay); Amarakaeri: dumba
cuhua, cuan cuan, Shibipo: hueshes (Peru).

Taxonomy

Cynogale venatica Lund, 1842. K. Dansk. Vid. Selsk.
Naturv. Math. Afhandl.9:67. Typelocality: “Lagoa Santa”
[Minas Gerais, Brazil, c. 19°39'S, 43°44'W].

The bush dog is accepted as the sole extant
representative of the monotypic genus Speothos. Speothos
pacivorus Lund, 1839, an extinct species, is known only
from fossil deposits discovered at the Lagoa Santa caves
in Minas Gerais, Brazil, and may not have existed past the
Holocene (Berta 1984). This is the same site for the type
locality specimen of S. venaticus. The two species are
distinguished by several dental features, including the
presence of a metaconule and hypocone on M, a large,
double-rooted M,, as well as the larger size of S. pacivorus
(Berta 1987). A third species, S. major (Lund 1843), is now
considered synonymous with S. venaticus (Berta 1984).

The taxonomic relationship of bush dogs to other
canids remains debatable. The presence of a unicuspid M,
talonid led to the inclusion of the bush dogin the subfamily
Simocyoninae, along with two other species that share
this characteristic, the African wild dog (Lycaon pictus),
and dhole (Cuon alpinus). Berta (1984, 1987) suggested
bush dogs are most closely related to small-eared dogs
(Atelocynus microtis), and members of the Cerdocyon
clade (one of four monophyletic groups of South American
canids). This group includes the raccoon dog (Nyctereutes
procyonoides). Berta (1987) suggests a single ancestor for
this group, ranging over Eurasia and North America, with
isolation of the raccoon dog occurring when the Bering
Land Bridge disappeared. Recent molecular analyses,



based on mitochondrial DNA, suggest bush dogs and
maned wolves (Chrysocyon brachyurus) constitute a
monophyletic group distinct from other South American
canids (Wayne et al. 1997).

Chromosome number: 2n=74 (Schreiber and Dmoch
1994).

Description

The bush dogis characterised by an elongate body, a short
and sometimes stubby tail, broad face with short muzzle,
small rounded ears, brown eyes, and short legs (Table
3.10.1). Head and neck are generally reddish/tan or
tawny, gradually darkening to black or dark brown
hindquarters and legs. The underside is also dark and
some individuals may show a pale white throat (i.c.,
Bolivia) or chest patch. Coat patterns can, however, be
highly variable, ranging from almost all black to very light
blonde. Feet are partially webbed and tracks are nearly
identical to those of the domestic dog. Bush dogs are one
of three canid species with trenchant heel dentition, a
unicuspid talonid on the lower carnassial molar that
increases the cutting blade length. Dental formula is 3/3-
1/1-4/4-2/2=40.

Table 3.10.1. Body measurements for the bush
dog from Paraguay (Van Humbeck and Perez 1998;
Nowak 1999).

HB 630mm (575-750)
T 140mm (125-150)
E 30mm

SH 200mm (200-300)

WT 5-8kg

Subspecies Three subspecies are recognised (Cabrera

1961).

— S. v. panamensis (Panama)

— 8. v. venaticus (Argentina, Bolivia, northern and central
Brazil, Colombia, Ecuador, French Guiana, Guyana,
Paraguay, Peru, Suriname, Venezuela).

— S. v. wingei (south-eastern Brazil).
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Adult male (front) and female
(behind) bush dog. Oklahoma
City Zoo, USA.

Gerald L. Zuercher

Similar species Short-eared fox (Atelocynus microtis):
distinguished by a grizzled, blackish/grey coat, erect
pointed ears, longer legs, and a bushy tail long enough to
touch the ground. Tayra (Eira barbara): longer bushy tail
and a yellow throat and head patch.

Current distribution

This species occurs from extreme eastern Central America
and northern South America, south to Paraguay and
north-eastern Argentina (Figure 3.10.1). Isolated
populations may also still occur in Ecuador (Tirira 2001)
and Colombia, west of the Andes. However, historical
distribution may have extended as far north as Costa Rica
(De la Rosa and Nocke 2000), where the species may still
survive in suitable habitat.

Range countries Argentina, Bolivia, Brazil, Colombia,
Costa Rica (?), Ecuador, French Guiana, Guyana,
Panama, Paraguay, Peru, Suriname, Venezuela (Fonseca
and Redford 1984; Defler 1986; Strahl et al. 1992; Aquino
and Puertas 1997; Silveira et al. 1998; De la Rosa and
Nocke 2000; Barnett et al. 2001; Tirira 2001; Zuercher and
Villalba 2002).

Figure 3.10.1. Currentdistribution of the bush dog.
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Relative abundance

Although there is currently no information available
regarding the species’ density, it is important to note that,
despite its large distributional range and occurrence in a
variety of habitats (i.e., cerrado and rainforest), the species
has never been reported as abundant. Thus, it seems to be
naturally rare throughoutitsrange, independent of human
disturbance.

Habitat

Bush dogs are reported to be a habitat generalist by
indigenous peoples, within the context of occurring
generally near water sources, particularly small streams,
and near available prey populations, especially Agouti
paca (O. Carrillo and M. Swarner pers. obs.). Bush dogs
have been observed in lowland (below 1,500m a.s.l.)
forested habitats including primary and gallery forest
(Defler 1986), semi-deciduous forest, and seasonally
flooded forest (Aquino and Puertas 1997). Observations
have also been recorded from cerrado habitat in Brazil
(Silveira et al. 1998; C. Brady pers. comm.) and Paraguay
(Zuercher and Villalba 2002) and pampas (wet savannah)
edge/riparian areas (Strahl ez al. 1992; Emmons 1998). In
some cases, they have been observed as faras 5,700m from
forest habitat (Silveira er al. 1998). The species is also
occasionally reported from secondary forest, ranchland
(M. Swarner pers. obs.) and fragmented cerrado ranchland
(L. Silveira and A. Jacomo pers. comm.).

Food and foraging behaviour

Food Primarily carnivorous, bush dogs are most
commonly observed hunting large rodents such as paca
(Agouti paca) and agouti (Dasyprocta spp.) (53.1% and
28.1%, respectively, of reported sightings in central western
Amazonia; Peres 1991). Their diet may also include small
mammals (i.e., rats, Oryzomys spp. and Proechimys spp.,
rabbits, Sylvilagus brasiliensis, opossums, Didelphis spp.
and nine-banded armadillo Dasypus novemcinctus; Van
Humbeck and Perez 1998; Zuercher and Villalba 2002).
Other prey items include teju lizards (M. Swarner pers.
obs.), snakes, and possibly ground-nesting birds. Local
people report that bush dogs can take prey considerably
larger than themselves such as capybaras (Hydrochaeris
hydrochaeris), and rheas (Rhea americana), as well as deer
(Mazamaspp.), and possibly even tapir (Tapirus terrestris)
(R. Wallace pers. comm.) by hunting in packs (Deutsch
1983; Peres 1991; Strahl ez al. 1992). Their diet is reported
to vary seasonally.

Foraging behaviour Peres (1991) reported 92% of
observed bush dog hunting parties consisted of at least
two individuals (mean=4.5; range=2-8). Local people
describe a variety of cooperative hunting strategies
employed by bush dogs (M. Swarner unpubl.). Forexample,
in Bolivia, they are commonly reported to hunt Mazama
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deer by attacking the legs until the animal tires and falls.
Olfaction may play a large role when foraging. When
hunting burrowing animals, some individuals reportedly
enter the prey’s burrow while other pack members wait at
possible escape routes. Once flushed, prey is pursued with
seemingly relentless endurance by the pack, even into deep
water. Solitary hunting has been observed (Deutsch 1983).

Damage to livestock or game In Bolivia and Ecuador,
bush dogs are considered predators of chickens (M.
Swarner pers. obs.).

Adaptations

Modified carnassial teeth suggest an exclusively
carnivorousdiet. Webbed feet suggest swimming capability
and imply that large rivers do not represent barriers to
distribution (Strahl e al. 1992). Small compact body may
be an adaptation to pursue burrowing prey and navigate
through dense forest. Stocky, muscular neck may aid in
prey capture or extraction from burrows. Dark coat colour
is a reported general adaptation to humid, forest
environments. Nomadic behaviour may reflect responses
to changing densities of favoured prey species as well as
avoidance of competitors and/or predators.

Social behaviour

Although solitary individuals have been observed, the
bush dog is considered the most social of the small canids
(Ginsbergand Macdonald 1990; Sheldon 1992), reportedly
living in groups ranging from 2-12 individuals with most
observed groups comprising 2-6 members (M. Swarner
unpubl.; L. Silveira pers. obs.). Captive bush dogs, too,
are compulsively social, rarely spending more than a few
minutes from companions (Macdonald 1996). Strahl ez al.
(1992) state that the bush dog is probably a cooperative
species, and report observations by indigenous hunters
and colonists in Venezuela of bush dogs hunting in groups
of up to six individuals. The ability of a pack to subdue
larger prey appears to be a primary benefit of sociality for
bush dogs (Kleiman 1972; Driiwa 1983).

Driiwa (1983) suggests a monogamous pair-bond is
likely with multiple years’ offspring living with the pair at
any given time. A mostly diurnal species, the pair and any
family members spend the night in a den (Kleiman 1972;
I. Porton pers. comm.). Males exhibit a high degree of
parental care that includes food supplementation to females
prior to birth and throughout nursing (I. Porton pers.
comm.). Silveira et al. (1998) estimate the home range as
between 4.56 and 4.72km?; this estimate is derived from a
canid home range regression based on body mass by
Gittleman and Harvey (1982).

Porton (1983) suggests urine marking is important in
formation and maintenance of pair-bonds. Indigenous
people report a strong smell associated with bush dogs
(Swarner unpubl.), lending further evidence that urine is



a particularly effective communication medium for this
species. Sex-specific urine-marking behaviour characterises
bush dogs. Males extrude the penis and move laterally,
creating a spray rather than a stream (Kleiman 1972).
Females drag the ano-genital region over a surface or
display either a forelimb handstand or a squat. The raised
posture of the female allows urine to be deposited
approximately 150mm higher than the spray of the male
(Kleiman 1972).

Adult bush dog vocalisations have been classified into
six categories: (1) whines; (2) repetitive whines; (3) pulsed
vocalisation; (4) screams; (5) barks; and (6) growls (Brady
1981). Infant vocalisationsinclude whines, grunts, growls,
and barks and are thought to either elicit care or reduce
aggression. Habitat and social organisation are thought
to influence the physical structure of bush dog
vocalisations. Theelaborate set of close-range vocalisations
assists in communicating subtle changes in mood as well
as changes in location (Kleiman 1972; Brady 1981). The
use of this close-contact call has been noted in a bush dog
group travelling through tall grass during the day in
Colombia (Defler 1986). Bush dogsalso havea vocalisation
similar to the short-distance vocalisation (Brady 1981)
but at a different frequency. This particular vocalisation
hasbeen reported from Paraguay during the early morning
(K. DeMatteo pers. comm.) and night (Beccaceci 1994).

Reproduction and denning behaviour

Free-ranging bush dogs have an unknown mating season,
although pups have been found in the wet season (M.
Swarner pers. obs.). The majority of information regarding
bushdogreproduction comes from captive studies. Captive
females have two oestrous cycles per year (Kleiman 1972),
demonstrating the species’ physiological potential. Oestrus
isaseasonal and likely influenced by social factors (Porton
et al. 1987). Dominant females appear to suppress the
oestrus of daughters (Porton ez al. 1987; Macdonald
1996). Gestation is 67 days, and mean litter size is 3.8
(range=1-6). Lactation lasts approximately eight weeks.
Bush dogs are believed to be sexually mature by one year.

Competition

No direct measures of competition are available. However,
there is a high degree of overlap in the reported diets of
bush dogs and many other Neotropical carnivore species
and humans. This potential competition with humans for
food resources may partially explain the absence of bush
dogs near human settlements. Den-site competition is
unlikely as the species is considered very nomadic and
often reported to use pre-existing burrows of paca or
armadillos. Direct interactions with sympatric carnivore
species are unknown.

Mortality and pathogens
Natural sources of mortality Indigenous peoples in
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Paraguay, Bolivia, and Ecuador report finding bush dogs
killed by jaguars and puma.

Persecution Bush dogs are occasionally killed in Bolivia
and Ecuador for depredation of chickens (M. Swarner
pers. obs.).

Road kills No substantial data exist to quantify bush dog
susceptibility to automobile collisions. However, in Brazil,
bush dogs have been found as road kills (L. Silveira, pers.
obs.).

Hunting and trapping for fur The bush dog is not
currently, nor was it historically, valued for its pelt. Local
people report that they were an extremely rare by-catch
during the pre-1978 spotted-cat skin trade.

Pathogens and parasites Known disease-causing
organisms and parasites of bush dogs include bacteria
(Escherichia coli, Proteus vulgaris, Staphylococcus aureus,
S. epidermis, Klebsiella sp., Shigella sp.), protozoans
(Giardia sp.), fungi (Candida sp.) (Van Humbeck and
Perez 1998), nematodes (Lagochilascaris sp.) and cestodes
(Echinococcus sp.) (Volcan and Medrano 1991). Captive
individuals also have shown susceptibility to parvovirus
(Janssen et al. 1982) and vaccine-induced canine distemper
virus (Mclnnes et al. 1992).

Longevity A captive bush dog reportedly lived for more
than 13 years (Jones, in Nowak 1999), but is likely to be
around 10 years in the wild.

Historical perspective

Indigenous people have occasionally kept bush dogs as
pets and hunting dogs, emphasising their superior hunting
abilities when pursuing burrowing prey, especially paca
and armadillos (M. Swarner unpubl.). However, other
informants report that bush dogs are difficult orimpossible
to domesticate because of the fierceness, all-meat diet, or
susceptibility to domestic dog diseases.

Some lowland Quichua of eastern Ecuador report that
bush dogs have owners like any domesticdog (M. Swarner
pers. obs.). The “owners” are referred to as sacha runa
(forest people or spirits) and use them as hunting dogs.
Due to this belief, some Quichua are reluctant to capture
or kill bush dogs because it would be equivalent to stealing
or killing a neighbour’s hunting dog.

Many indigenous peoples consider the bush dog to be
one of the best hunters in the forest, sometimes singing
songs to their own dogs in hopes of passing on the bush
dog’s skills (Descola 1996). Human hunters often report
killing prey pursued by bush dogs whenever encountered
and taking it for themselves, even following the bush dog’s
high-pitched hunting barks in the hope of a stealing
opportunity (M. Swarner unpubl.).



Conservation status
Threats Only serious perceived threat is from habitat
conversion and human encroachment.

Commercial use None known.

Occurrence in protected areas
— Argentina: Iguazu National Park and Urugua-i
Provincial Park;
— Bolivia: Carrasco National Park, Amboro National
Park, Rios Blancos and Negros Reserve, Beni
Biosphere Biological Station and Reserve and Madidi
National Park, and Noel-Kempff Mercado National
Park;
Brazil: Emas National Park, Iguagu National Park,
Cantdo State Park, Tocantins State and Serra das
Araras State Park, Mato Grosso, IGBE’s Ecological
Reserve, Gurupi Biological Reserve, Amazonia
National Park, Rio Trombetas Biological Reserve,
Tapirapé Biological/Tapirapé-Aquiri National Forest,
and Mirador State Park; Colombia: Tuparro National
Park;
Ecuador: Sumaco-Napo Galeras National Park
(Centro de Datos para la Conservacion del Ecuador),
Yasuni National Park, Cotocachi-Cayapas Ecological
Reserve, and Cuyabeno Faunistic Reserve;
Guyana: Kaieteur National Park;
Paraguay: Reserva Biosfera del Bosque Mbaracayu,
San Rafael National Park, Reserva Privada
Golondrina, Reserva Natural Privada Morombi,
Reserva Natural Privada Ypeti, and Reserva Natural
Privada Ka’l rague;
Peru: Tamshiyacu-Tahuayo Communal Reserve, and
National Reserve of Pacaya-Samiria, Biabo Cordillera
Azul Reserve, Centro Rio Amigos, and Bahauja-
Sonene National Park and Tambopata Candamo
Reserve;
— Venezuela: Canaima National Park.

Protection status CITES — Appendix I (2000).
Declared “Vulnerable” in Argentina (Beccaceci, in
Ginsberg and Macdonald 1990).

Current legal protection Hunting is prohibited in
Colombia (Law Number 848:1973), Ecuador (Law
Number 74:1981), French Guiana (Law Number
JO19860625:1986), Panama (Law Number 2-80:1980),
Paraguay (Law Number 18796:1975) and Peru (Law
Number 5056:1970). Hunting and trade is regulated in
Argentina (Law Number 22.421:1981), Bolivia (Law
Number 12301:1975), Brazil (Law Number 5197:191967),
and Venezuela (Law Number 276:1970). There is no
Information for Guyana and Suriname.

Conservation measures taken None known.
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Occurrence in captivity
Bush dogs do occur in captivity and are breeding
successfully. No known attempts at reintroduction.

Current or planned research projects

G. Zuercher (Kansas Cooperative Fish and Wildlife
Research Unit, Kansas State University and Sunset
Zoological Park, Manhattan, Kansas, USA), with
additional support by Sedgwick County Zoo (Wichita,
Kansas), and the American Zoo and Aquarium Association,
is investigating the ecological role of the bush dog as part
of a greater mammalian carnivore community within the
Interior Atlantic Forest of eastern Paraguay.

L. Silveira (Pré Carnivoros, Sdo Paulo, Brazil), A.
Jacomo (Pro Carnivoros), and C. Brady (Memphis Zoo,
Memphis, Tennessee, USA) are exploring the distribution
and conservation of bush dogs within the Brazilian cerrado
biome, where conservation units of confirmed bush dog
presence are being examined, and potential corridor sites
are being identified. The project is sponsored by Pré
Carnivoros and Memphis Zoo (Memphis, Tennessee,
USA).

M. Swarner (University of Maryland, College Park,
Maryland, USA) undertook an inventory of indigenous
knowledge of bush dogs throughout western Amazonia
between July 2000 and August 2001 (a study supported by
the Thomas J. Watson Foundation).

K. DeMatteo (St. Louis Zoo and St. Louis University,
St. Louis, Missouri, USA)is continuing an ongoing captive
study to investigate the reproductive physiology of female
bush dogs and the role of social stimulation in ovulation.

Gaps in knowledge

The distribution of bush dogs should be re-evaluated.
There are no population estimates or demographic data
for bush dogs in any of their range countries. Our
understanding of dietary habitsis based mostly on anecdotal
information and does not address seasonal or geographic
variation. Habitat associations are not clearly understood
— the species was once thought to be dependent on forests
butis now regularly observed in open habitats. The impact
of disease, both historically and currently, is unclear (this
is especially true for diseases introduced by domestic
animals). Accepted ideas of behaviour and social structure,
obtained from captive animals, have not yet been verified
in wild populations. Interspecific relationships with
sympatric carnivores need to be further evaluated.

Core literature

Aquino and Puertas 1997; Brady 1981; Driwa 1983;
Kleiman 1972; Macdonald 1996; Porton 1983; Silveira et
al. 1998; Strahl et al. 1992; Van Humbeck and Perez 1998.

Reviewers: Melissa Rodden; Karen DeMatteo. Editors:
Michael Hoffmann, Claudio Sillero-Zubiri.



Chapter 4

Central and North America (Nearctic)

4.1 Coyote
Canis latrans Say, 1823
Least Concern (2004)

E.M. Gese and M. Bekoff

Other names

English: brush wolf, prairie wolf, American jackal; Spanish:
coyote; Indigenous names: Aztec: coyotl; Maya: pek’i’cash
(Central America); Cree and Saulteaux: mista-chagonis;
Dakota: mica or micaksica; Omaha: mikasi; Mandan:
scheke; Hidatsa: motsa; Arikarus: stshirits pukatsh;
Klamath: ko-ha-a; Piute: eja-ah; Chinook: italipas;
Yakima: telipa; Flathead: sinchlep (North America)
(Young and Jackson 1951; Reid 1997).

Taxonomy

Canis latrans Say, 1823 (described by Thomas Say in
Long and Long 1823:168). Type locality: “engineer
cantonment”...reported in Young and Jackson (1951) as
“about 12 miles south-east of the present town of Blair,
Washington County, Nebraska...”

“By the late Pliocene, the ancestral coyote, Canis
lepophagus, was widespread throughout North America”
(Bekoff 1982). In the north-eastern United States, the
eastern coyote may be a subspecies having coyote ancestry
with some introgression of wolf and dog genes (Hilton
1978; Wayne and Lehman 1992; but see Thurber and
Peterson 1991; Lariviére and Créte 1993).

Chromosome number: 2n=78 (Wayne et al. 1987).
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Description

Coyotes appear slender with “a long, narrow, pointed
nose; small rounded nose pads; large pointed ears; slender
legs; small feet; and a bushy tail...” (Young and Jackson
1951). Size varies geographically (Young and Jackson
1951) (Table 4.1.1), although adult males are heavier and
larger than adult females. They range in colour from pure
grey to rufous; melanistic coyotes are rare (Young and
Jackson 1951). Fur texture and colour varies geographically:
northern subspecies have long coarse hair, coyotes in the
desert tend to be fulvous in colour, while coyotes at higher
latitudes are darker and more grey (Young and Jackson
1951). The belly and throat are paler than the rest of the
body with a saddle of darker hair over the shoulders. The
tip of the tail is usually black. Hairs are about 50-90mm
long; mane hairs tend to be §0-110mm long. Pelage during

Table 4.1.1 Body measurements for the coyote.
Las Animas County, Maine, USA
Colorado, USA (Richens and Hugie
(E.M. Gese unpubl.) 1974)

HB male  842mm (740-940) n=38 888 mm, n=26

HB female 824mm (730-940) n=36 836 mm, n=21

T male 323mm (290-350) n=10 363 mm, n=26

T female  296mm (260-340) n=10 343 mm, n=21

HF male 186mm (180-200) n=6 209 mm, n=23

HF female 180mm (170-190) n=6 197 mm, n=21

WT male  11.6kg (7.8-14.8) n=86  15.8kg, n=28

WT female 10.1kg (7.7-14.5) n=73 13.7kg, n=20

Adult coyote, sex unknown, in
full winter coat. Manning
Provincial Park, British
Columbia, Canada.

David Shackleton



summer is shorter than in winter. The dental formula is 3/
3-1/1-4/4-2/3=42.

Subspecies Young and Jackson (1951) recognised 19

subspecies. However, the taxonomic validity of individual

subspecies is questionable (Nowak 1978).

— C. [ latrans (Great Plains region of the U.S. and
southern Canada)

— C. L ochropus (west coast of the U.S.)

— C. L cagottis (south-eastern Mexico)

— C. [ frustror (parts of Oklahoma, Texas, Missouri,
Kansas in the U.S.)

— C. [ lestes (intermountain and north-west U.S., south-
west Canada)

— C. I mearnsi (south-western U.S., north-western

Mexico)

C. I microdon (north-eastern Mexico, southern Texas

in the U.S.)

C. . peninsulae (Baja California of Mexico)

C. [ vigilis (south-western Mexico)

C. I clepticus (Baja California of Mexico)

C. I impavidus (western Mexico)

C. I goldmani (southern Mexico, Belize, Guatemala)

C. [ texensis (Texas and New Mexico in the U.S.)

C. I jamesi(Tiburon Island, Baja California of Mexico)

C. [ dickeyi (El Salvador, Honduras, Nicaragua,

Costa Rica)

— C. [ incolatus (Alaska in the U.S., north-western
Canada)

— C. L hondurensis (Honduras)

— C. [ thamnos (Great Lakes region of the U.S. and
Canada, north central Canada)

— C. I umpquensis (west coast of north-western U.S.)

Similar species Coyotes can be confused with grey wolves
(C. lupus), red wolves (C. rufus), and domestic dogs. Coyotes
usually can be differentiated from these congenerics using
serologic parameters, dental characteristics, cranial
measurements, neuroanatomical features, diameter of the
nose pad, diameter of the hindfoot pad, ear length, track
size, stride length, pelage, behaviour, and genetics (Bekoff
1982; Bekoff and Gese 2003; and references therein).
Coyotes may be differentiated from domestic dogs using
the ratio of palatal width (distance between the inner
margins of the alveoli of the upper first molars) to the
length of the upper molar tooth row (from the anterior
margin of the alveolus of the first premolar to the posterior
margin of the last molar alveolus) (Howard 1949; Bekoff
1982; and references therein). If the tooth row is 3.1 times
the palatal width, then the specimen is a coyote; if the ratio
is less than 2.7, the specimen is a dog (this method is about
95% reliable) (Bekoff 1982). Unfortunately, fertile hybrids
are known between coyotes and dogs, red and grey wolves,
and golden jackals (Young and Jackson 1951; Bekoff and
Gese 2003; and references therein).

Grey wolf (C. lupus): larger than coyotes, though with
a relatively smaller braincase; nose pad and hindfoot pads
are larger (Bekoff 1982; and references therein). Thereisno
overlap when comparing large coyotes to small wolves in
zygomatic breadth, greatest length of the skull, or bite ratio
(width across the outer edges of the alveoli of the anterior
lobes of the upper carnassials divided by the length of the
uppermolar toothrow) (Paradiso and Nowak 1971; Bekoff
1982; and references therein).

Red wolf (C. rufus): usually larger than coyotes with
almost no overlap in greatest length of skull; more pro-
nounced sagittal crest (Bekoff 1982; and references therein).

[ Current range

o 1000 Km

Figure 4.1.1. Current
distribution of the
coyote.
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Distribution

Historical distribution Coyotes were believed to have
been restricted to the south-west and plains regions of the
U.S. and Canada, and northern and central Mexico, prior
to European settlement (Moore and Parker 1992). During
the 19th century, coyotes are thought to have expanded
north and west. With land conversion and removal of
wolves after 1900, coyotes expanded into all of the U.S.
and Mexico, southward into Central America, and
northward into most of Canada and Alaska (Moore and
Parker 1992).

Current distribution Coyotes continue to expand their
distribution and occupy most areas between 8°N (Panama)
and 70°N (northern Alaska) (Figure 4.1.1). They are
found throughout the continental United States and
Alaska, almost all of Canada (except the far north-eastern
regions), south through Mexico and into Central America
(Bekoff 1982; Reid 1997; Bekoff and Gese 2003).

Range countries Belize, Canada, Costa Rica, El Salvador,
Guatemala, Honduras, Mexico, Nicaragua, Panama,
United States of America (Moore and Parker 1992; Reid
1997; Bekoff and Gese 2003).

Relative abundance
Coyotesareabundant throughout their range (Table4.1.3)
and are increasing in distribution as humans continue to
modify the landscape. Elimination of wolves may also
have assisted coyote expansion. Coyote density varies
geographically with food and climate, and seasonally due
to mortality and changes in pack structure and food
abundance. Local control temporarily reduces numbers
on a short-term basis, but coyote populations generally
are stable in most areas.

Coyote densities in different geographic areas and
seasons (Table 4.1.2) vary from 0.01-0.09 coyotes/km? in
the winter in the Yukon (O’Donoghue ef al. 1997) to 0.9/

Table 4.1.2. Coyote densities in differentgeographic
areas and seasons.
Location Density Season Source
Alberta 0.1-0.6  Winter Nellis & Keith 1976
0.08-0.44 Winter Todd et al. 1981
Colorado 0.26-0.33 Pre-whelp Gese et al. 1989
0.7 Winter Hein & Andelt 1995
Montana 0.15 Spring Pyrah 1984
0.39 Summer Pyrah 1984
Tennessee 0.35 Pre-whelp Babb & Kennedy 1989
Texas 0.9 Post-whelp Knowlton 1972
1.5-2.3 Autumn Knowlton 1972
0.9 Pre-whelp Andelt 1985
0.12-0.14 Pre-whelp Henke & Bryant 1999
Yukon 0.01-0.09 Winter O’Donoghue et al. 1997
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km? in the fall and 2.3/km? during the summer (post-
whelping) in Texas (Knowlton 1972; Andelt 1985).

Estimated populations/relative abundance and
population trends

Table 4.1.3. The status of coyotes in various range
countries (Population: A=abundant, C=common,
U=uncommon; Trend: l=increasing, S=stable,
D=declining).

Country Trend

Belize
Canada
Costa Rica

El Salvador
Guatemala
Honduras
Mexico
Nicaragua
Panama
United States

Population abundance

>CO>000C>»C

Habitat

Coyotes utilise almost all available habitats including
prairie, forest, desert, mountain, and tropical ecosystems.
The ability of coyotes to exploit human resources allows
them to occupy urban areas. Water availability may limit
coyote distribution in some desert environments.

Food and foraging behaviour

Food Coyotes are opportunistic, generalist predators that
eat a variety of food items, typically consuming items in
relationtochangesinavailability. Coyoteseat foodsranging
from fruit and insects to large ungulates and livestock.
Livestock and wild ungulates may often be represented in
coyote stomachs and scats as carrion, but predation on
large ungulates (native and domestic) does occur (Andelt
1987). Predation by coyotes on neonates of native ungulates
can be high during fawning (Andelt 1987). Coyotes in
suburban areas are adept at exploiting human-made food
resources and will readily consume dog food or other
human-related items.

Foraging behaviour Studies on the predatory behaviour
of coyotes show that age of the coyote, wind, habitat, and
snow conditions all influence their ability to capture small
mammals (Bekoff and Wells 1986; Gese ef al. 1996a).
Coyotes hunt small mammals alone, even when pack size is
large (Gese et al. 1996a). When preying on native ungulates,
cooperation among pack members may facilitate the capture
of prey, but is not essential. Environmental factors are
important to the success of an attack on adult ungulates.
Presence of the alpha pair is important in determining the
success of the attack, and younger animals generally do not
participate. The number of coyotes is not as important as
whoisinvolved in the attack (Gese and Grothe 1995). Also,



the ability of the ungulate to escape into water, defensive
abilities of the individual and cohorts, and nutritional state
of the individual under attack, contribute to the outcome
(Gese and Grothe 1995). In areas with an ungulate prey
base in winter, resource partitioning and competition for a
carcass may be intense, even among members of the same
pack (Gese et al. 1996b). When coyotes prey on sheep, they
generally attack by biting the throat and suffocating the
animal. Defensive behaviours by sheep sometimes can deter
coyotes from continuing their attack.

Coyotesmay be active throughout the day, but they tend
to be more active during the early morning and around
sunset (Andelt 1985). Activity patterns change seasonally,
or in response to human disturbance and persecution
(Kitchen et al. 2000a). Activity patterns change during
winter, when there is a change in the food base (Bekoff and
Wells 1986; Gese et al. 1996b).

Damage to livestock or game Coyotes are a major
predator of domestic sheep and lambs. In areas with predator
control, losses to coyotes were 1.0-6.0% for lambs and 0.1—
2.0% for ewes (USFWS 1978). In areas with no predator
control, losses to coyotes were 12-29% of lambs and 1-8%
of ewes (McAdoo and Klebenow 1978; O’Gara et al. 1983).
However, coyote predation is not always the major cause of
losses. In 1999, the value of sheep reported lost to predators
was estimated at US$16.5 million (USDA 2000). In 1999,
predators killed an estimated 273,600 sheep and lambs,
with coyotes causing 60.7% of those losses (USDA 2000).
Of the 742,900 sheep and lambs reported lost in 1999, only
165,800 (22.3%) were killed by coyotes (USDA 2000).
However, not all losses are necessarily reported.
Predation by coyotes on game species can be very high,
particularly among fawns (Andelt 1987). Losses due to
predation can be 40-90% of the ungulate fawn crop, with
coyotes being one of the major predators (Andelt 1987).
Predation by coyotes on adult ungulates is less pronounced
compared to neonatal predation. The effect that coyote
predation has on the adult segment of ungulate populations
is poorly understood, but in some situations increased
predation may be correlated with winter severity.

Adaptations

Coyotes are very versatile, especially in their ability to
exploit human-modified environments. Their plasticity in
behaviour, social ecology, and diet allows coyotes to not
only exploit, but to thrive, in almost all environments
modified by humans. Physiologically, the insulative
properties of their fur allow coyotes to adapt to cold environ-
ments (Ogle and Farris 1973). In deserts, lack of free water
may limit their distribution compared to smaller canids.

Social behaviour
Coyotesare considered less social than wolves (but see Gese
etal. 1996b, c). The basic social unitis the adult, heterosexual
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pair, referred to asthe alpha pair. Coyotes form heterosexual
pair bonds that may persist for several years, but not
necessarily for life. Coyotes may maintain pair bonds and
whelp or sire pups up to 10-12 years of age. Associate
animals may remain in the pack and possibly inherit or
displace members of the breeding pair and become alphas
themselves. Associates participatein territorial maintenance
and pup rearing, but not to the extent of the alpha pair.
Other coyotes exist outside of the resident packs as transient
or nomadic individuals. Transients travel alone over larger
areas and do not breed, but will move into territories when
vacancies occur.

One factor that may affect coyote sociality is prey size or
prey biomass. In populations where rodents are the major
prey, coyotes tend to be in pairs or trios (Bekoff and Wells
1986). In populations where elk and deer are available, large
packs of up to 10 individuals may form (Bekoff and Wells
1986; Gese et al. 1996b, c).

Coyotesare territorial with a dominance hierarchy within
each resident pack (Bekoff 1982; Bekoff and Gese 2003, and
references therein). In captivity, coyotes show early
development of aggressive behaviour and engage in
dominance fights when 19-24 days old (Bekoff ez al. 1981).
The early development of hierarchical ranks within litters
appearstolastupto4.5months (Bekoff 1977). Territoriality
mediates the regulation of coyote numbers as packs space
themselves across the landscape in relation to available food
and habitat (Knowlton ez al. 1999). The dominance hierarchy
influences access to food resources within the pack (Gese et
al. 1996, ¢).

Home-range size varies geographically (Laundré and
Keller 1984), and among residents, varies with energetic
requirements, physiographic makeup, habitat, and food
distribution (Laundré and Keller 1984). Home-range size is
influenced by social organisation, with transients using
larger areas, and residents occupying distinct territories
(Andelt 1985; Bekoff and Wells 1986). Resident coyotes
actively defend territories with direct confrontation, and
indirectly with scent marking and howling (Camenzind
1978; Bekoff and Wells 1986). Only packs (2-10 animals)
maintain and defend territories (Bekoff and Wells 1986).
Fidelity to the home range area is high and may persist for
many years (Kitchen et al. 2000b). Shifts in territorial
boundaries may occur in response to loss of one or both of
the alpha pair (Camenzind 1978).

Dispersal of coyotes from the natal site may be into a
vacant or occupied territory in an adjacent area, or they may
disperse long distances. Generally, pups, yearlings, and
non-breeding adults of lower social rank disperse (Gese et
al. 1996¢). Dispersal seems to be voluntary as social and
nutritional pressures intensify during winter when food
becomes limited (Gese et al. 1996¢). There seems to be no
consistent patternin dispersal distance or direction. Dispersal
by juveniles usually occurs during autumn and early winter.
Pre-dispersal forays may occur prior to dispersal.



Coyotescommunicate using auditory, visual, olfactory,
and tactile cues. Studies have identified different types of
vocalisations, seasonal and diel patterns, and the influence
of social status on vocalisation rates (Bekoff and Gese
2003; and references therein). Howling plays a role in
territorial maintenance and pack spacing by advertising
territorial boundaries and signalling the presence of alpha
animals which will confront intruders and defend the
territory. Studies on scent marking have shown that alpha
coyotes perform most scent marking, scent marking varies
seasonally, and scent marks contribute to territory
maintenance (Bekoffand Gese 2003; and references therein).
Scent marking may also be amechanism for sex recognition
and anindicator of sexual condition, maturity, or synchrony
(Bekoff and Gese 2003; and references therein).

Reproduction and denning behaviour
Descriptions of spermatogenesis and the oestrous cycle
show that both males and females show annual cyclic
changes in reproductive anatomy and physiology
(Kennelly 1978). Females are seasonally monoestrus,
showing one period of heat per year between January and
March, depending on geographic locale (Kennelly 1978).
Pro-oestrus lasts 2-3 months and oestrus up to 10 days.
Courtship behaviour begins 2-3 months before copulation
(Bekoff and Diamond 1976). Copulation ends with a
copulatory tie lasting up to 25 minutes. Juvenile males and
females are able to breed.

The percentage of females breeding each year varies
with local conditions and food supply (Knowlton et al.
1999). Usually, about 60-90% of adult females and 0-70%
of female yearlings produce litters (Knowlton ez al. 1999).
Gestation lasts about 63 days. Litter size averages about
six (range=1-9) and may be affected by population density
and food availability during the previous winter (Knowlton
etal.1999). Innorthern latitudes, coyote litter size changes
inresponse to cycles in snowshoe hares (Lepus americanus)
(Todd and Keith 1983; O’Donoghue et al. 1997). Gese et
al. (1996b) found an increase in litter size after cold, snowy
winters had increased the number of ungulate carcasses
available to ovulating females. Litter sex ratio is generally
1:1 (Knowlton 1972).

Coyotesmay den in brush-covered slopes, steep banks,
under rock ledges, thickets, and hollow logs. Dens of
other animals may be used. Dens may have more than one
entrance and interconnecting tunnels. Entrances may be
oriented to the south to maximise solar radiation (Gier
1968). The same den may be used from year-to-year.
Denning and pup rearing are the focal point for coyote
families for several months until the pups are large and
mobile (Bekoff and Wells 1986).

The pups are born blind and helpless in the den. Birth
weight is 240-275g; length of the body from tip of head to
base of tail is about 160mm (Gier 1968). Eyes open at
about 14 days and pups emerge from the den at about
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three weeks. The young are cared for by the parents and
other associates, usually siblings from a previous year
(Bekoff and Wells 1986). Pups are weaned at about 5-7
weeks of age and reach adult weight by about nine months.

Competition

Direct and indirect competition between coyotes and
wolves, and pumas (Puma concolor) has been documented.
Coyotes have been killed by wolves and may avoid areas
and habitats used by these larger carnivores. Direct
predation and competition for food and space with wolves
may limit coyote numbers in some areas under certain
conditions (Peterson 1995).

In some areas, coyotes may not tolerate bobcats (Lynx
rufus; but see Major and Sherburne 1987) and red foxes
(Vulpes vulpes; ¢.g., Major and Sherburne 1987), but
appear to be more tolerant when food is abundant (Gese
et al. 1996d). Coyotes will also kill smaller canids, mainly
swift fox (V. velox), kit fox (V. macrotis), and gray fox
(Urocyon cinereoargenteus). Coexistence between these
canids may be mediated by resource partitioning (e.g.,
White et al. 1995; Kitchen et al. 1999).

Mortality and pathogens

Natural sources of mortality Coyotes of various ages
have different mortality rates depending on the level of
persecution and food availability (Knowlton ez al. 1999).
Pups (<1 year old) and yearlings (1-2 years old) tend to
have the highest mortality rates. For individuals >1 year
of age, mortality rate varies geographically (Knowlton
1972). Knowlton (1972) reported high survival from 4-8
years of age. About 70-75% of coyote populations are 1
4 years of age (Knowlton ef al. 1999).

Predation by large carnivores and starvation may be
substantial mortality factors, but their effects on coyote
populations are poorly understood. Increased mortality is
often associated with dispersal as animals move into
unfamiliar areas and low-security habitats (Knowlton et
al. 1999).

Persecution Even in lightly exploited populations, most
mortality is attributable to humans. Human exploitation
can be substantial in some coyote populations (Knowlton
et al. 1999). Human activity causes a high proportion of
deaths of coyotes, with protection of livestock and big
game species constituting one of the greatest motives for
persecuting coyotes. Harvest of coyotes as a furbearer
also continues throughout its range.

Hunting and trapping for fur Coyotes are harvested for
their fur in many states in the U.S. and several provinces
in Canada.

Road Kkills Coyotes are subject to vehicular collisions
throughout their range.



Pathogens and parasites Disease can be a substantial
mortality factor, especially among pups (e.g., Gese et al.
1997). Serological analyses for antibodies in coyotes show
that they have been exposed to many diseases. Generally,
the effects of these diseases on coyote populations are
unknown. Prevalence of antibodies against canine
parvovirus, canine distemper, and canine infectious
hepatitis varies geographically (Bekoff and Gese 2003;
and references therein). The prevalence of antibodies
against plague (Yersinia pestis) ranges from <6% in
California (Thomas and Hughes 1992) to levels >50%
(Gese et al. 1997); prevalence of antibodies against
tularemia (Francisella tularensis) ranges from 0%in coyotes
in Texas (Trainer and Knowlton 1968) to 88% in Idaho
(Gier et al. 1978). Serologic evidence of exposure to
brucellosis and leptospirosis varies across locales (Bekoff
and Gese 2003; and references therein). Coyotes in an
urban area are equally exposed to pathogens (Grinder and
Krausman 2001).

Coyotes are inflicted with a variety of parasites,
including fleas, ticks, lice, cestodes, round-worms,
nematodes, intestinal worms, hookworms, heartworms,
whipworms, pinworms, thorny-headed worms, lungwormes,
and coccidia fungus (see Gier et al. 1978; Bekoff and Gese
2003; and references therein). Coyotes may carry rabies
and suffer from mange, cancer, cardiovascular diseases,
and aorticaneurysms (Bekoffand Gese 2003; and references
therein).

Longevity Coyotes in captivity may live as long as 21
years (Linhart and Knowlton 1967), but in the wild, life
expectancy is much shorter; maximum age reported for a
wild coyote is 15.5 years (Gese 1990).

Historical perspective

Coyotes were an important element in Native American
mythology. The term coyoteis derived from the Aztec term
“coyotl.” In Crow mythology, Old Man Coyote played the
role of trickster, transformer, and fool. In the south-west,
the Navajo called the coyote “God’s dog.” Among the
tribes of the Great Plains, the coyote was “God of the
Plains.” In the culture of the Flathead Indians, the coyote
was regarded as “most powerful, and favourable to
mankind” (Young and Jackson 1951). With European
expansion into the western U.S., the coyote came into
conflict with domestic livestock. Predator control pro-
grammes began in the 1800s with the intention of ridding
the west of predators. While the wolf and grizzly bear were
reduced or extirpated throughout most of their former
ranges, the coyote thrived and expanded into these human-
modified landscapes. Today, the coyote is distributed
throughout the continental U.S. and Mexico, most of
Canada and Alaska, and much of Central America. While
local control continues, the coyote has firmly established
itself as the “trickster” of native lore and is here to stay.

86

Conservation status

Threats There areno current threats to coyote populations
throughout their range. Local reductions are temporary
and their range has been expanding. Conservation
measures have not been needed to maintain viable
populations. Coyotesadaptto human environs and occupy
most habitats, including urban areas. Hybridisation with
dogs may be a threat near urban areas. Genetic
contamination between dogs, coyotes, and wolves may be
occurring in north-eastern U.S. Hybridisation between
coyotesand red wolvesis problematic for red wolfrecovery
programmes.

Commercial use Coyote fur is still sought by trappers
throughout its range, with harvest levels depending upon
fur prices, local and state regulations, and traditional uses
and practices. Many states and provinces consider coyotes
a furbearing species with varying regulations on method
of take, bag limit, and seasons.

Occurrence in protected areas The coyote occurs in
almost all protected areas across its range.

Protection status CITES — not listed.

Currentlegal protection No legal protection. Restrictions
on harvest and method of harvest depend upon state or
provincial regulations.

Conservation measures taken None at present.

Occurrence in captivity

Over 2,000 coyotes occur in captivity in zoos, wildlife
centres, and so on throughout their range. They readily
reproduce in captivity and survival is high.

Current or planned research projects

Due to the wide distribution of coyotes throughout
North and Central America, coyote research continues
across its range. Because the coyote is so numerous, much
of the research does not focus on conservation measures,
but usually on community dynamics, predator-prey
relationships, disease transmission, and coyote-livestock
conflicts. Over 20 studies are currently being conducted in
the U.S., Canada, Mexico, and Central America.

Gaps in knowledge

Several gapsin knowledge still remain: coyote reproductive
physiology and possible modes of fertility control;
selective management of problem animals; effects of
control; genetic differentiation from other canids
(particularly the red wolf); development of non-lethal
depredation techniques; interactions of coyotes and other
predators; coyote-prey interactions; human-coyote
interactions and conflicts at the urban interface; factors



influencing prey selection; communication; adaptations
in urban and rural environments; and interactions with
threatened species.

Core literature

Andelt 1985, 1987; Bekoff and Gese 2003; Bekoff and
Wells 1986; Gese et al. 1996a, b, ¢; Gier 1968; Knowlton
et al. 1999; Young and Jackson 1951.

Reviewers: William Andelt, Lu Carbyn, Frederick
Knowlton. Editors: Claudio Sillero-Zubiri, Deborah
Randall, Michael Hoffmann.

4.2 Red wolf
Canis rufus Audubon and Bachman, 1851
Critically Endangered - CR: D (2004)

B.T. Kelly, A. Beyer and M.K. Phillips

Other names
None.

Taxonomy

Canis rufus Audubon and Bachman, 1851. Viviparous
quadrupeds of North America, 2:240. Type locality: not
given. Restricted by Goldman (1937) to “15 miles of
Austin, Texas” [USA].

In recent history the taxonomic status of the red wolf
hasbeen widely debated. Mech (1970) suggested red wolves
may be fertile hybrid offspring from grey wolf (Canis
lupus) and coyote (C. latrans) interbreeding. Wayne and
Jenks (1991) and Roy et al. (1994b, 1996) supported this

suggestion with genetic analysis. Phillipsand Henry (1992)
present logic supporting the contention that the red wolf
is a subspecies of grey wolf. However, recent genetic and
morphological evidence suggests the red wolf is a
unique taxon. Wilson et al. (2000) report that grey
wolves (Canis lupus lycaon) in southern Ontario appear
genetically very similar to the red wolf and that these two
canids may be subspecies of one another and not a
subspecies of grey wolf. Wilson et al. (2000) propose
that red wolves and C. lupus lycaon should be a
separate species, C. lycaon, and their minor differences
acknowledged via subspecies designation. A recent
meeting of North American wolf biologists and geneticists
also concluded that C. rufus and C. lupus lycaon were
genetically more similar to each other than either was to
C. lupus or C. latrans (B.T. Kelly unpubl.). Recent
morphometric analyses of skulls also indicate that the red
wolfislikely not to be a grey wolf X coyote hybrid (Nowak
2002). Therefore, while the red wolf’s taxonomic status
remains unclear, there is mounting evidence to support
C. rufus as a unique canid taxon.
Chromosome number: 2n=78 (Wayne 1993).

Description

The red wolf generally appears long-legged and rangy
with proportionately large ears. The speciesisintermediate
in size between the coyote and grey wolf. The red wolf’s
almond-shaped eyes, broad muzzle, and wide nose pad
contribute to its wolf-like appearance. The muzzle tends
to be very light with an area of white around the lips
extending up the sides of the muzzle. Coloration s typically
brownish or cinnamon with grey and black shading on the
back and tail. A black phase occurred historically but is
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Male red wolf, age unknown.

Art Beyer



Table 4.2.1 Body measurements for the red wolf
from Alligator River National Wildlife Refuge, North
Carolina, USA (USFWS unpubl.).

HB male 1,118mm (1,040-1,250) n = 58

HB female 1,073mm (990-1,201) n = 51

HF male 234mm (213-270) n = 55

HF female 222mm (205-250) n = 42

E male 116mm (107-129) n = 54

E female 109mm (99-125) n = 49

SH male 699mm (640-772) n = 60

SH female 662mm (590-729) n = 45

T male 388mm (330-460) n = 52

T female 363mm (295-440) n = 47

WT male 28.5kg (22.0-34.1) n =70

WT female 24.3kg (20.1-29.7) n = 61

probably extinct. The dental formula is 3/3-1/1-4/4-2/
3=42.

Subspecies C. rufus gregoryi, C. rufus floridanus, and C.
rufus rufus were initially recognised by Goldman (1937)
and subsequently by Paradiso and Nowak (1972). Canis
rufus gregoryiis thought to be the only surviving subspecies
and is the subspecies believed to have been used for the
current reintroduction and conservation effort of red
wolvesintheeastern United States. Genetic methodologies
have not been applied to subspecific designation. Current
disagreement about the relatedness of wolves in eastern
North America (see Taxonomy section above), if resolved,
may alter currently accepted subspecific classification of
C. rufus.

Similar species The red wolf, as a canid intermediate in
size between most grey wolves and coyotes, is often noted
as being similar to both of these species in terms of general
conformation. However, the coyote is smaller overall with
a more shallow profile and narrower head. Grey wolves
typically have a more prominent ruff than the red wolfand,
depending on subspecies of grey wolf, typically are larger
overall. Also, most grey wolf subspecies have white and/or
black colour phases. Although red wolves historically had
a black phase, no evidence of this melanism has expressed
itself in the captive or reintroduced population.

Distribution

Historical distribution As recently as 1979, the red wolf
was believed to have a historical distribution limited to the
south-eastern United States (Nowak 1979). However,
Nowak (1995) later described the red wolf’s historic range
as extending northward into central Pennsylvania and
more recently has redefined the red wolf’s range as
extending even further north into the north-eastern USA
and extreme eastern Canada (Nowak 2002). Recent genetic
evidence (see Taxonomy section above) supports a similar
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Figure 4.2.1. Current distribution of the red wolf.

buteven greater extension of historicrange into Algonquin
Provincial Park in southern Ontario, Canada.

Current distribution Red wolves exist only in a
reintroduced population in eastern North Carolina, USA
(Figure4.2.1). The current extant population of red wolves
occupies the peninsula in eastern North Carolina between
the Albermarle and Pamilico Sounds.

Range countries Historically, red wolves occurred in the
United States of America and possibly Canada (Wilson et
al. 2000; Nowak 2002). Currently, red wolves only reside
in eastern North America as a reintroduced population
(Phillips et al. 2003) and possibly Canada (Wilson et al.
2000).

Relative abundance

Extinct in the Wild by 1980, the red wolf was reintroduced
by the United States Fish and Wildlife Service (USFWS)
in 1987 into eastern North Carolina. The red wolf is now
common within the reintroduction area of roughly
6,000km?(Table 4.2.2). However, the species’ abundance
outside the reintroduction area is unknown.

Estimated populations/relative abundance and
population trends

Table 4.2.2 The status of red wolves in USA (Trend:
S=stable, EX=extinct).

Population size Trend
Reintroduced population <150 S
Former range _ EX

(south-eastern USA)

Habitat
Very little is known about red wolf habitat because the
species’ range was severely reduced by the time scientific
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investigations began. Given their wide historical
distribution, red wolves probably utilised a large suite of
habitat types at one time. The last naturally occurring
population utilised the coastal prairic marshes of south-
west Louisiana and south-cast Texas (Carley 1975; Shaw
1975). However, many agree that this environment
probably does not typify preferred red wolf habitat. There
is evidence that the species was found in highest numbers
in the once extensive bottomland river forests and swamps
of the south-east (Paradiso and Nowak 1971, 1972; Riley
and McBride 1972). Red wolves reintroduced into north-
eastern North Carolina and their descendants have made
extensive use of habitat types ranging from agricultural
lands to pocosins. Pocosins are forest/wetland mosaics
characterised by an overstory of loblolly and pond pine
(Pinus taeda and Pinus serotina, respectively) and an
understory of evergreen shrubs (Christensen et al. 1981).
This suggests that red wolves are habitat generalists and
can thrive in most settings where prey populations are
adequate and persecution by humansisslight. The findings
of Hahn (2002) seem to support this generalisation in that
low human density, wetland soil type, and distance from
roads were the most important predictor of potential wolf
habitat in eastern North Carolina.

Food and foraging behaviour

Food Mammals such as nutria (Myocastor coypus), rabbits
(Sylvilagus spp.), and rodents (Sigmodon hispidus,
Oryzomys palustris, Ondatra zibethicus) are common in
south-east Texas and appear to have been the primary
prey of red wolves historically (Riley and McBride 1972;
Shaw 1975). In north-eastern North Carolina, white-
tailed deer (Odocoileus virginianus), raccoon (Procyon
lotor), and rabbits are the primary prey species for the
reintroduced population, comprising 86% (Phillips et al.
2003) of the red wolves’ diets.

Foraging behaviour Red wolves are mostly nocturnal
with crepuscular peaks of activity. Hunting usually occurs
at night or at dawn and dusk (USFWS unpubl.). While it
is not uncommon for red wolves to forage individually,
there is also evidence of group hunting between pack
members (USFWS unpubl.). Also, resource partitioning
between members of a pack sometimes occurs. In one
study, pack rodents were consumed more by juveniles
than adults, although use of rodents diminished as the
young wolves matured (Phillips et al. 2003).

Damage to livestock or game Historically, the red wolf
was believed to be a killer of livestock and a threat to
local game populations, despite lack of data to support
such a belief. As of September 2002, the reintroduced
population in north-eastern North Carolina has been
responsible for only three depredationssince 1987 (USFWS
unpubl.).
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Adaptations

Red wolves are well adapted to the hot, humid climate of
the south-eastern United States. Their relatively large ears
allow for efficient dissipation of body heat, and they
moult once a year, which results in them replacing their
relatively thick, heat-retaining, cold-season pelage with a
thin and coarse warm-season pelage. Such a moult pattern
ensures that red wolves are not only able to tolerate the
warm humid conditions that predominate in the south-
eastern United States, but also the wide range of annual
climatic conditions that characterise the region in general.
A potential specific adaptation appears to be the ability of
the red wolf to survive heartworm infestation. All the
adult wild red wolves tested for heartworm in the restored
populationin North Carolina test positive for heartworm;
yet, unlike in domestic dogs and other canids, it is not
known to be a significant cause of mortality. More general
adaptations include the tolerance of the red wolf’s
metabolic system to the feast/famine lifestyle that results
from the species’ predatory habits.

Social behaviour

Like grey wolves, red wolves normally live in extended
family units or packs (Phillips and Henry 1992; Phillips et
al. 2003). Packs typically include a dominant, breeding
pair and offspring from previous years. Dispersal of
offspring typically occurs before individuals reach two
years of age (Phillips er al. 2003). Group size in the
reintroduced population typically ranges from a single
breeding pair to 12 individuals (Phillips ez al. 2003; USFWS
unpubl.). Red wolves are territorial and, like other canids,
appear to scent mark boundaries to exclude non-group
members from a given territory (Phillips et al. 2003;
USFWS unpubl.). Home range size varies from 46-226km?,
with variation due to habitat type (Phillips et al. 2003).

Reproduction and denning behaviour

Red wolves typically reach sexual maturity by 22 months
of age, though breeding at 10 months of age may occur
(Phillips et al. 2003). Mating usually occurs between
February and March, with gestation lasting 61-63 days
(Phillips et al. 2003). Peak whelping dates occur from mid-
April to mid-May producing litters of 1-10 pups (USFWS
unpubl.). In a given year, there is typically one litter per
pack produced by the dominant pair. Two females breeding
within a pack is suspected but has not yet been proven.
During the denning season, pregnant females may establish
several dens. Some dens are shallow surface depressions
located in dense vegetation for shelter at locations where
the water table is high, while other dens are deep burrows
often in wind rows between agricultural fields or in canal
banks; dens have also been found in the hollowed out
bases of large trees (Phillips ez al. 2003; USFWS unpubl.).
Pups are often moved from one den to another before
abandoning the den altogether, and den attendance by



male and female yearlings and adult pack members is
common (USFWS unpubl.).

Competition

The degree of competition for prey and habitat between
red wolves, coyotes and red wolf X coyote hybrids, is
uncertain. Studies to determine this are currently underway
(see Current or planned research projects below). In
contrast, competition for mates between red wolves and
coyotes orred wolfx coyote hybridsappearsto be significant
(Kellyetal. 1999) (see Conservation status: Threats below).
Red wolves may also compete, to a lesser degree, with
black bears (Ursus americanus). The destruction of red
wolf dens by black bears has been observed, although it is
unknown if these dens had already been abandoned
(USFWS unpubl.). Conversely, wolves have also been
observed killing young bears (USFWS unpubl.).

Mortality and pathogens

Natural sources of mortality Natural mortality accounts
for approximately 21% of known mortality. There are no
known major predators of red wolves, although
intraspecific aggression accounts for approximately 6% of
known red wolf mortalities (USFWS unpubl.).

Persecution Human-induced mortality in red wolves is
significant in the reintroduced population and more
substantial than natural causes of mortality. It accounts
forapproximately 17% of known red wolf deaths (primarily
from gunshot, traps, and poison) (USFWS unpubl.). Direct
persecution by humans was a key factor in the eradication
of red wolves from much of the south-eastern United
States.

Hunting and trapping for fur There are currently no legal
hunting or trapping for fur programmes for red wolves in
the United States. Wolves purported to be red wolf-like
wolves Canis lupus lycaon (see Taxonomy section above)
are trapped for fur in Canada when they migrate out of
Algonquin Provincial Park.

Road kills In the reintroduced population, road kills are
the most common mortality factor accounting for 18% of
known red wolf deaths (USFWS unpubl.). However, a
proportionately higher number of deaths from vehicle
strikes occurred earlier in the reintroduction efforts when
captive wolves were released, suggesting that a tolerance
in those wolves to human activities predisposed them to
spend more time on or near roads (Phillips et al. 2003;
USFWS unpubl.).

Pathogens and parasites Heartworms (Dirofilaria
immitis), hookworms (Ancylostoma caninum), and
sarcoptic mange (Sarcoptes scabiei) have been considered
important sources of mortality in red wolves (USFWS
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1990). In the reintroduced population in North Carolina,
both heartworms and hookworms occur, but, neither
appear to be a significant source of mortality (Phillips and
Scheck 1991; USFWS unpubl.). Mortalities related to
demodecticmange and moderate to heavy tick infestations
from American dog ticks (Dermacentor variabilis), lone
star ticks (Amblyomma americanum), and black-legged
ticks (Ixodes scapularis) have also occurred in the
reintroduced population but, likewise, donotappear to be
significant mortality factors (USFWS unpubl.). Tick
paralysis of a red wolf has been documented in North
Carolina (Beyer and Grossman 1997).

Longevity Appears to be similar to other wild canids in
North America. In the absence of human-induced
mortality, red wolves have been documented to have lived
in the wild as long as 13 years (USFWS unpubl.).

Historical perspective

Although red wolvesranged throughout the south-eastern
United States before European settlement, by 1980 they
were considered Extinctin the Wild (McCarley and Carley
1979; USFWS 1990). There are no known traditional uses
of red wolves by Native Americans or early settlers.
Rather, it is likely that red wolves were viewed by early
settlers as an impediment to progress and as pests that
were best destroyed. Demise of the species has largely
been attributed to human persecution and destruction of
habitat that led to reduced densities and increased
interbreeding with coyotes (USFWS 1990). These factors
were largely responsible for the eradication of the species,
with the exception of those individuals found occupying
marginal habitats in Louisiana and Texas in the 1970s. In
these habitats, red wolves frequently suffered heavy
parasite infestation (Goldman 1944; Nowak 1972, 1979;
Carley 1975).

The plight of the species was recognised in the early
1960s (McCarley 1962), and the red wolf was listed as
endangered in 1967 under United States legislation that
preceded the Endangered Species Act (ESA) of 1973. A
recovery programme was initiated after passage of the
ESA in 1973. It was during the early 1970s that the
USFWS determined recovery of the species could only be
achieved through captive breeding and reintroductions
(see Conservation measures taken below) (USFWS 1990).

Conservation status

Threats Hybridisation with coyotes or red wolf x coyote
hybrids is the primary threat to the species’ persistence in
the wild (Kelly et al. 1999). While hybridisation with
coyotes was a factor in the red wolf’s initial demise in the
wild, it was not detected as a problem in north-eastern
North Carolina until approximately 1992 (Phillips et al.
1995). Indeed, north-eastern North Carolina was
determined to beideal for red wolf reintroductions because



ofapurported absence of coyotes (Parker 1986). However,
during the 1990s, the coyote population apparently became
well established in the area (P. Sumner pers. comm.;
USFWS unpubl.).

It has been estimated that the red wolf population in
North Carolina can sustain only one hybrid litter out of
every 59 litters (1.7%) to maintain 90% of its genetic
diversity for the next 100 years (Kelly et al. 1999). However,
prior to learning of this acceptable introgression rate, the
introgression rate noted in the reintroduced population
was minimally 15% (Kelly et al. 1999) or approximately
900% more than the population can sustain to maintain
90% of its genetic diversity for 100 years. If such levels of
hybridisation continued beyond 1999, non-hybridised red
wolves could disappear within 12-24 years (3-6
generations). An adaptive management plan designed to
test whether hybridisation can be reduced to acceptable
levels was initiated in 1999 (Kelly 2000) (see Current or
planned research projects below). Initial results from this
plan suggest that the intensive management specified in
the plan may be effective in reducing introgression rates to
acceptable levels (B. Fazio pers. comm.).

In the absence of hybridisation, recovery of the red
wolf and subsequent removal of the species from the U.S.
Endangered Species List is deemed possible. It is
noteworthy that similar hybridisation has been observed
in the population of suspected red wolf-type wolves in
Algonquin Provincial Park, Ontario, Canada (see
Taxonomy above). If these wolves are ultimately shown to
be red wolf-type wolves, this will enhance the conservation
status of the species and nearly triple the known number
of red wolf-type wolves surviving in the wild.

As noted above (see Mortality), human-induced
mortality (vehicles and gunshot) can be significant.
However, the threat this mortality represents to the
population is unclear. Most vehicle deaths occurred
early in the reintroduction and were likely due to naive
animals. Nonetheless, the overall impact of these mortality
factors will depend on the proportion of the losses
attributable to the breeding segment of the population
(effective population (N,) and what proportion of the
overall populationislost due to these human factors (both
Nand N).

Commercial use None.

Occurrence in protected areas The only free-ranging
population of red wolves exists in north-eastern North
Carolina in an area comprised of 60% private land and
40% publicland. This area contains three national wildlife
refuges (Alligator River NWR, Pocosin Lakes NWR, and
Mattamuskeet NWR) which provide important protection
to the wolves. Red wolves or a very closely related taxon
may also occupy Algonquin Provincial Park, Ontario,
Canada (see Taxonomy above).
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Protection status CITES — not listed.

Current legal protection The red wolf is listed as
‘endangered’ under the U.S. Endangered Species Act
(ESA) (United States Public Law No. 93-205; United
States Code Title 16 Section 1531 et seq.). The reintroduced
animals and their progeny in north-eastern North Carolina
are considered members of an experimental non-essential
population. This designation was promulgated under
Section 10(j) of the ESA and permits the USFWS to
manage the population and promote recovery in a manner
thatis respectful of the needs and concerns of local citizens
(Parker and Phillips 1991). Hunting of red wolves is
prohibited by the ESA. To date, federal protection of the
red wolf has been adequate to successfully reintroduce
and promote recovery of the species in North Carolina.

Conservation measures taken A very active recovery
programme for the red wolf has been in existence since the
mid-1970s (Phillips et al. 2003; USFWS 1990), with some
measures from asearly as the mid-1960s (USFWS unpubl.).
By 1976, a captive breeding programme was established
using 17 red wolves captured in Texas and Louisiana
(Carley 1975; USFWS 1990). Of these, 14 became the
founders of the current captive breeding programme. In
1977, the first pups were born in the captive programme,
and by 1985, the captive population had grown to 65
individuals in six zoological facilities (Parker 1986).

With the species reasonably secure in captivity, the
USFWS began reintroducing red wolves at the Alligator
River National Wildlife Refuge in north-eastern North
Carolina in 1987. As of September 2002, 102 red wolves
have been released with a minimum of 281 descendants
produced in the wild since 1987. As of September 2002,
there is a minimum population of 66 wild red wolves in
north-eastern North Carolina, with a total wild population
believed to be at least 100 individuals. Likewise, at this
same time, there is a minimum population of 17 hybrid
canids present in north-castern North Carolina. The 17
known hybrids are sterilised and radio-collared (USFWS
unpubl.).

During 1991 a second reintroduction project was
initiated at the Great Smoky Mountains National Park,
Tennessee (Lucash ef al. 1999). Thirty-seven red wolves
were released from 1992 to 1998. Of these, 26 either died
orwererecaptured after straying onto private lands outside
the Park (Henry 1998). Moreover, only five of the 32 pups
known to have been born in the wild survived but were
removed from the wild during their first year (USFWS
unpubl.). Biologists suspect that disease, predation,
malnutrition, and parasites contributed to the high rate of
pup mortality (USFWS unpubl.). Primarily because of
the poor survival of wild-born offspring, the USFWS
terminated the Tennessee restoration effortin 1998 (Henry
1998).



Occurrence in captivity

As of September 2002, there are approximately 175 red
wolves in captivity at 33 facilities throughout the United
States and Canada (USFWS unpubl.). The purpose of the
captive population is to safeguard the genetic integrity of
the species and to provide animals for reintroduction. In
addition, there are propagation projects on two small
islands off the South Atlantic and Gulf Coasts of the U.S.
which, through reintroduction of known breeding
individuals and capture of their offspring, provide wild-
born pups for release into mainland reintroduction projects
(USFWS 1990).

Current or planned research projects

In an effort to understand and manage red wolf
hybridisation with coyotes and red wolf x coyote hybrids,
the USFWS is implementing a Red Wolf Adaptive
Management Plan (RWAMP) (Kelly 2000). The plan,
which employs an aggressive science-based approach to
determineif hybridisation can be managed, was developed
after consultation with numerous wolf biologists and
geneticists and first implemented in 1999 (Kelly et al.
1999; Kelly 2000). The goal of the plan is to assess
whether hybridisation can be managed such that it is
reduced to an acceptably low level (see Conservation
status: Threats above). As of September 2002, the initial
results from the RWAMP indicate that this seems to be
the case. If these initial results hold, the next questions
that need to be addressed for the conservation of the red
wolfin the wild will be: (1) what is the long-term feasibility
of sustaining the intensive management of the RWAMP?;
and (2) will introgression rates remain at an acceptable
level in the absence of the current intensive management?
As part of the RWAMP, several research projects are
underway:

L. Waits and J. Adams (University of Idaho, USA)
are using non-invasive genetic techniques to monitor
presence and distribution of canids in the reintroduction
area, and are working to improve genetic identification
techniques.

The USFWS is examining whether red wolves and
coyotes compete with each other for space or share space
and partition resources, and is testing the use of captive-
reared pups fostered into the wild red wolf population to
enhance genetic diversity.

P. Hedrick and R. Frederickson (Arizona State
University, USA) are conducting sensitivity analyses of a
deterministic genetic introgression model.

D. Murray (Trent University, Canada) is developing a
survival-based spatial model of wolf-coyote interactions.

M. Stoskopf and K. Beck (North Carolina State
University, USA) are studying the use of GPS collars to
monitor wolf movements, the social behaviour of red
wolves and coyotes, and the epidemiology of coyote
introgression into the wild red wolf population.
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K. Goodrowe (Point Defiance Zoo and Aquarium,
Washington, USA) is conducting extensive resecarch
regarding various aspects of the red wolf reproductive
cycle.

D. Rabon (University of Guelph, Canada) is studying
the roles of olfactory cues and behaviour in red wolf
reproduction.

Core literature

Kelly 2000; Kelly et al. 1999; Nowak 1979, 2002; Paradiso
and Nowak 1972; Phillips. et al. 1995, 2003; Riley and
McBride 1972; USFWS 1990.

Reviewers: David Mech, Richard Reading, Buddy Fazio.
Editors: Claudio Sillero-Zubiri, Deborah Randall, Michael
Hoffmann.

4.3 Gray fox

Urocyon cinereoargenteus
(Schreber, 1775)

Least Concern (2004)

T.K. Fuller and B.L. Cypher

Other names

English: tree fox; Spanish: zorro, zorro gris, zorra gris
(Mexico), zorro plateado, gato de monte (southern
Mexico), gato cervan (Honduras).

Taxonomy

Canis cinereoargenteus Schreber, 1775. Die Sdugethiere,
2(13):pl. 92[1775]; text: 3(21):361[1776]. Type locality:
“eastern North America” (“Sein Vaterland ist Carolina
und die Warmeren Gegenden von Nordamerica, vielleicht
auch Surinam™).

Gray foxes traditionally were considered to be distinct
from other foxes. Clutton-Brock et al. (1976) and Van
Gelder (1978) proposed reclassifying gray foxes as Vulpes.
However, Geffen et al. (1992¢) determined that gray foxes
represent an evolutionary lineage thatis sufficiently distinct
from vulpine foxes to warrant recognition as a separate
genus.

A molecular phylogenetic analysis of the Canidae
showed that there are four monophyletic clades (Canis
group, Vulpes group, South American foxes and the bush
dog/maned wolf clade) and three distantly related basal
taxa, one of which is the gray fox (U. cinereoargenteus;,
Wayne et al. 1997). The gray fox often clusters with two
other ancient lineages, the raccoon dog (Nyctereutes
procyonoides) and the bat-cared fox (Otocyon megalotis)
but the exact relationship among these taxa is unclear. The
early origination of these lineages has resulted in significant
sequence divergence that may have masked unique sequence
similarities (i.e., synapomorphies) that would have resulted



from common ancestry (Wayne et al. 1997). Despite the
unclear affinities, Urocyon is currently considered a basal
genus within the Canidae and has only two surviving
members, the gray and island fox (Urocyon littoralis).

Chromosome number is 2n=66 (Fritzelland Haroldson
1982).

Description

The gray fox is medium sized with a stocky body,
moderately shortlegs and medium-sized ears (Table4.3.1).
The coat is grizzled grey on the back and sides with a dark
longitudinal stripe on top of a black-tipped tail, dark and
white markings on its face, and a conspicuous cinnamon-
rusty colour on its neck, sides and limbs. There is also
white on its ears, throat, chest, belly and hind limbs, while
the undercoat is mostly buff and grey. The tail is thick and
bushy, and the furis coarse-appearing. The dental formula
is 3/3-1/1-4/4-2/3=42. The posterior ventral border of the
dentary has a prominent notch or “step”, and on the
cranium, the temporal ridges are separated anteriorly but
connect posteriorly to form a distinctive “U” shape (Hall
1981).

Table 4.3.1 Body measurements for the gray fox
from California, USA (Grinnell et al. 1937).

Total length male
Total length female

981mm (900-1,100) n=24
924mm (825-982) n=20

(
(
385mm (333-443) n=24
(
(

T male )

T female 357mm (280-407) n=20
HF male 137mm (100-150) n=24
HF female 130mm (115-140) n=20
E male 79mm (60-89) n=24

E female 77mm (55-101) n=20
WT male 4.0kg (3.4-5.5) n=18
WT female 3.3kg (2.0-3.9) n=16

Adult gray fox, sex unknown. Fresno, California, USA, 2003.

Karen Brown
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Subspecies Up to 16 subspecies are recognised (Fritzell

and Haroldson 1982):

U. c. borealis (New England)

U. c. californicus (southern California)

U. c. cinereoargenteus (eastern United States)

U. c. costaricensis (Costa Rica)

U. c. floridanus (Gulf states)

U. c. fraterculus (Yucatan)

U. c. furvus (Panama)

U. c. guatemalae (southernmost Mexico south to

Nicaragua)

— U. c¢. madrensis (southern Sonora, south-west
Chihuahua, and north-west Durango)

— U. c. nigrirostris (south-west Mexico)

— U. ¢. ocythous (Central Plains states)

— U. c¢. orinomus (southern Mexico, Isthmus of
Tehuantepec)

— U. c. peninsularis (Baja California)

— U. c. scottii (south-western United States and northern
Mexico)

— U. c. townsendi (California and Oregon)

— U. c. venezuelae (Colombia and Venezuela)

Similar species Island fox (Urocyon littoralis): very similar
in appearance to the gray fox, but tends to be somewhat
darker and is 25-50% smaller (Crooks 1994; Moore and
Collins 1995); confined to the Channel Islands off the
southern coast of California, and considered to be
descended from mainland gray foxes (Collins 1982; Wayne
et al. 1991; Moore and Collins 1995).

Current distribution

The gray fox iswidespread in forest, woodland, brushland,
shrubland, and rocky habitats in temperate and tropical
regions of North America, and in northernmost montane
regions of South America.

Historical distribution In North America, the historical
northernmost distribution of the gray fox probably was
somewhat further south than its current northern limit
(Fritzell and Haroldson 1982). Also, the range of the
species probably did not extend significantly into the
Great Plains because of the lack of brushy cover. Habitat
modifications, such as fire suppression and tree planting,
have facilitated occupation of this biome (Fritzell 1987).
The species also was formerly found on Martha’s Vineyard,
a small offshore island in the state of Massachusetts
(Waters 1964). In Central America, gray foxes were much
more widespread before the conversion of forested land
into pastures and urban areas (de la Rosa and Nocke
2000).

Current distribution The gray fox ranges from the
southern edge of central and eastern Canada, and Oregon,
Nevada, Utah, and Coloradoin the United States south to
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northern Venezuela and Colombia; and from the Pacific
coast of the United States to the Atlantic and Caribbean
oceans. The species is not found in the northern Rocky
Mountains of the United States, or in the Caribbean
watersheds of Honduras, Nicaragua, Costa Rica, and
western Panama (Figure 4.3.1).

Range countries Belize, Canada, Colombia, Costa Rica,
El Salvador, Guatemala, Honduras, Mexico, Nicaragua,
Panama, United States of America, Venezuela (Hall 1981;
Fritzell 1987; Eisenberg 1989; de la Rosa and Nocke
2000).

Relative abundance

The gray fox is common in occupied habitat, but appears
to be restricted to locally dense habitats where it is not
excluded by sympatric coyotes (Canis latrans) and bobcats
(Lynx rufus) (Farias 2000b).

Estimated populations/relative abundance and
population trends No estimates of total gray fox
abundance have been attempted. Reported densities range
from 0.4/km?in California (Grinnell ez al. 1937) to 1.5/km?
in Florida (Lord 1961). There is no good evidence that
gray fox numbers are increasing or decreasing in any part
of their range.

Habitat
In castern North America, the gray fox is most closely
associated with deciduous/southern pine forests
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interspersed with some old fields and scrubby woodlands
(Hall 1981). In western North America, it is commonly
found in mixed agricultural/woodland/chaparral/riparian
landscapes, and shrub habitats. The species occupies
forested areas and thick brush habitatsin Central America,
and forested montane habitats in South America
(Eisenberg 1989). Gray foxes occur in semi-arid areas of
the south-western U.S. and northern Mexico where cover
is sufficient. They appear to do well on the margins of
some urban areas (Harrison 1997).

Food and foraging behaviour

Food Gray foxes have been identified as the most
omnivorous of all North American fox species (Fritzell
and Haroldson 1982). They consume primarily rabbits
(Sylvilagus spp.) and rodents during cold winter months,
then greatly diversify their diets in spring and summer to
includeinsects, particularly Orthoptera (e.g., grasshoppers),
birds, natural fruits and nuts, and sometimes carrion.
Fruit and nut consumption often increases in the autumn
as availability of these foods increases (Fritzell and
Haroldson 1982).

Foraging behaviour Gray foxes are more active at night
than during the day. They also increase their home ranges
during late autumn and winter, possibly in response to
changes in food resource availability and distribution.
Male foxes also may increase their ranges during spring,
probably in response to increased food requirements of
more sedentary females and newborn pups (Follman 1973;



Nicholson et al. 1985). No information has been reported
on specific hunting behaviour of gray foxes.

Damage to livestock or game Although historically
considered a potentially significant predator of small
game and poultry, gray foxes currently are not considered
an important threat to game populations or livestock
(Fritzell and Haroldson 1982).

Adaptations

With relatively short legs, a greater ability to rotate the
radius on the ulna compared to other canids, and a
relatively greater ability to abduct the hind limb, gray
foxes are notable tree climbers (Feeney 1999). They can
climb branchless, vertical trunks to heights of 18m, as well
as jump vertically from branch to branch.

Social behaviour
Monogamy with occasional polygyny is probably most
typical in gray foxes (Trapp and Hallberg 1975), but few
quantitative data are available, and it is not known if
breeding pairs remain together during consecutive years.
The basic social unit is the mated pair and their offspring
of the year (Trapp and Hallberg 1975; Greenberg and
Pelton 1994). Offspring typically disperse at 9—10 months
of age, and although long distance dispersal (over 80km)
has been reported (Sheldon 1953; Sullivan 1956), young
foxes may also return to and settle down near their natal
ranges (Nicholson et al. 1985). Gray foxes exhibit some
territoriality, as home ranges of adjacent family groups
may overlap, but core areas appear to be used exclusively
by asingle family (Chamberlain and Leopold 2000). Home
range size ranges from 0.8km?(Yearsley and Samuel 1982)
to 27.6km? (Nicholson 1982), and size may vary with
habitat quality and food availability.

Gray foxes scent mark by depositing urine and faeces
in conspicuous locations (Fritzell and Haroldson 1982).
They also communicate vocally via growls, alarm barks,
screams, and “coos” and “mewing” sounds during
greetings (Cohen and Fox 1976). Gray foxes engage in
allogrooming with adults grooming juveniles and each
other (Fox 1970).

Reproduction and denning behaviour

Gray foxes reach sexual maturity at 10 months of age,
although not all females breed in their first year (Wood
1958; Follman 1978). Breeding generally occurs from
January to April with gestation lasting about 60 days
(Sullivan 1956). Litter size ranges from 1-10 and averages
around four pups (Fritzell 1987). Eyes of pups open at
about 10-12 days. Pups accompany adults on foraging
expeditions at three months and forage independently at
four months (Trapp and Hallberg 1975). Females appear
to be responsible to provision pups (Nicholson et al. 1985),
although there is some evidence that males may also
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contribute to care of pups (Chamberlain 2002). Juveniles
reach adult sizeand weightat about 210 days (Wood 1958).

During parturition and pup rearing, gray foxes use
earthen dens, either dug themselves or modified from
burrows of other species. They will also den in wood and
brush piles, rock crevices, hollow logs, hollows under
shrubs, and under abandoned buildings (Trapp and
Hallberg 1975). Gray foxes may even den in hollows of
trees up to nine metres above the ground (Davis 1960). In
eastern deciduous forests, dens are in brushy or wooded
areas where they are less conspicuous than dens of co-
occurring red foxes (Vulpes vulpes) (Nicholson and Hill
1981). Den use diminishes greatly during non-reproductive
seasons when gray foxes typically use dense vegetation for
diurnal resting locations.

Competition

Red foxes are sympatric with gray foxes over much of the
gray fox range, but competitive interactions between the
two species are not well understood. Historically,
differences in food and habitat preferences may have
reduced competition between the species, but recent
deforestation and other anthropogenic disturbances
appear to have resulted in increased habitat use overlap
(Churcher 1959; Godin 1977). Competition between gray
and kit (Vulpes macrotis) or swift (Vulpes velox) foxes has
not been recorded, probably because of differences in
habitat preference (wooded and brushy versus shrub-
steppe, arid and semi-arid desert and open grasslands,
respectively) that precludes interactions between the
species. Coyotes, on the other hand, opportunistically kill
gray foxes (Wooding 1984; Farias 2000b; B. Cypher
unpubl.), and appear to limit gray fox abundance in some
areas (but see Neale and Sacks 2001). Gray fox abundance
is inversely related to coyote abundance in California
(Crooks and Soulé 1999), and gray fox numbers increased
following coyote removal in Texas (Henke and Bryant
1999). In southern California, coyotes may limit gray
foxes to thicker chaparral cover (Farias 2000b; Fedriani et
al.2000). Bobcats also may kill gray foxes (Farias 2000b).
Conversely, gray fox populations may limit the number of
weasels (Mustela spp.) in some areas (Latham 1952;
Hensley and Fisher 1975).

Mortality and pathogens

Natural sources of mortality In addition to coyotes and
bobcats, golden eagles (Aquila chrysaetos) and mountain
lions (Felis concolor) kill gray foxes (Grinnell et al. 1937,
Mollhagen et al. 1972).

Persecution In the past, gray foxes may have been
persecuted because they were deemed predators of
domestic livestock or poultry, or hunted as a result of
general bounties, but persecution currently is not a
significant mortality factor for the species.



Hunting and trapping for fur Trapping of gray foxes is
legal throughout much of their range, and is likely to be the
most important source of mortality where it occurs and
probably can limit their populationslocally. Annual harvests
of gray foxes were approximately 182,000 in the 1970s and
increased to 301,000 in the 1980s (Obbard et al. 1987).
During 1994 to 1995, more than 80,000 gray foxes were
harvested in 40 states (International Association of Fish
and Wildlife Agencies unpubl.). In the south-eastern United
States, gray foxes are traditionally hunted with hound dogs
(Fritzell 1987). Thereislittleevidence that regulated trapping
has adversely affected gray fox population numbers.

Road kills Occasionally, gray foxes are hit by vehicles, but
this does not appear to be a significant source of mortality.
In Alabama, 14% of gray fox deaths were attributed to
vehicles (Nicholson and Hill 1984).

Pathogens and parasites Local populations have been
reduced as a result of distemper (Nicholson and Hill 1984)
and rabies (Steelman et al. 2000). In Alabama, 36% of gray
fox deaths were attributed to distemper (Nicholson and
Hill 1984). Of 157 gray fox carcasses examined in the
south-eastern United States, 78% were diagnosed with
distemper (Davidson ez al. 1992). A variety of external and
internal parasites have been found among gray foxes
including fleas, ticks, lice, chiggers, mites, trematodes,
cestodes, nematodes, and acanthocephalans (Fritzell and
Haroldson 1982). Gray foxes appear to be highly resistant
to infestation by sarcoptic mange mites (Stone ez al. 1972).

Longevity 1t is rare for a gray fox to live longer than 4-5
years, although Seton (1929) reported that some individuals
could live 14-15 years.

Historical perspective

Humans have probably harvested gray foxes for their fur
foraslongasthe two have been in contact with one another.
Gray foxesare trapped for utilitarian and economic reasons
(including the perceived elimination of livestock
depredation), and also for recreation. However, recent
changes in social attitudes towards trapping have resulted
in lower participation in the activity and its outright ban in
some states (e.g., Arizona, California, Colorado, Florida,
Massachusetts, New Jersey) (Armstrong and Rossi 2000).

Conservation status

Threats Nomajor threats, but habitat loss, fragmentation,
and degradation, may be particularly problematic in
regions where human numbers are increasing rapidly and
important habitat is converted for agricultural, industrial,
and urban uses.

Commercial use Because of its relatively lower fur quality
compared to other species, commercial use of the gray fox
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is somewhat limited. However, 90,604 skins were taken in
the United States during the 1991 and 1992 season
(Linscombe 1994). In Mexico, gray foxes are frequently
sold illegally as pets (R. List pers. comm.).

Occurrence in protected areas Gray foxes occur in
numerous protected areas throughout their range, such as
Big Bend NP, San Joaquin National Wildlife Refuge,
Rocky Mountain NP and Everglades and Dry Tortugas
NP, and Adirondack NP.

Protection status CITES — not listed.

Currentlegal protection The gray foxislegally protected
as a harvested species in Canada and the United States
(Fritzell 1987).

Conservation measures taken No specific measures are
currently being implemented, and none appear necessary
at this time.

Occurrence in captivity

According to ISIS, there are 74 foxes in captivity, although
there may be more in the hands of private collections/
individuals who do not report to ISIS. Gray foxes appear
to fare well in captivity and commonly are on display at
zoos and wildlife farms.

Current or planned research projects

R. Sauvajot (U.S. National Park Service, Thousand Oaks,
California) and collaborators at the Santa Monica
Mountains National Recreation Areain California recently
investigated gray fox ecology, space use, interspecific
interactions, and response to human development.

Researchersat the Savannah River Ecology Laboratory
(Aiken, South Carolina) areinvestigating the demographic
characteristics of a non-harvested population of gray foxes
in South Carolina.

R. List (Instituto de Ecologia, National University of
Mexico) and colleagues are studying the ecology and
demography of a closed gray fox population, in a 1.6km?
reserve within central Mexico City, to determine
management needs.

M. Gompper (University of Missouri, Columbia) has
proposed a genetic and ecological investigation of an
island gray fox population on Cozumel, Mexico.

Gaps in knowledge

Because of the relatively high abundance and low economic
value of gray foxes, surprisingly little research has been
conducted on this species. Basic ecological and
demographic information is needed for each of the major
habitats occupied by gray foxes. Also, data on the response
of gray foxes to human-altered landscapes (e.g., urban
environments) are needed. No region-wide or range-wide



population estimate has been produced. Furthermore,
extremely little is known about the status and ecology of
gray foxes outside of the USA and Canada. The effects of
gray foxes on populations of smaller vertebrates, especially
in urban and suburban settings without larger predators,
may be important.

Core literature
Fritzell 1987; Fritzell and Haroldson 1982; Hall 1981;
Harrison 1997; Lord 1961; Trapp and Hallberg 1975.

Reviewers: Gary Roemer, Rurik List. Editors: Deborah
Randall, Claudio Sillero-Zubiri, Michael Hoffmann.

4.4 Island fox
Urocyon littoralis (Baird, 1858)
Critically Endangered — CR:A2be+3e (2004)

G.W. Roemer, T.J. Coonan, L. Munson and R.K. Wayne

Other names
English: island gray fox, Channel Islands fox, California
Channel Island fox.

Taxonomy

Vulpes littoralis Baird, 1858:143. Type locality: San Miguel
Island, Santa Barbara County, California, USA [34°02'N,
120°22'W].

Urocyon is currently considered a basal genus within
the Canidae and has only two surviving members, the gray
fox (U. cinereoargenteus) and the island fox (U. littoralis)
(Wayne et al. 1997). The island fox is believed to be a direct
descendant of the gray fox, having reached the Channel
Islands either by chance over-water dispersal or human-
assisted dispersal (Collins 1991a, b). Eachisland population
differs in genetic structure and of the five mtDNA
haplotypes found in island foxes, none are shared with a
nearby mainland sample of gray foxes. However, all island
fox populations share a unique restriction enzyme site,
clustering the populationsinto a single monophyletic clade
(Wayne et al. 1991b). Population specific restriction-
fragment profiles have been identified from minisatellite
DNA (Gilbert et al. 1990), and multilocus genotypes from
hypervariable microsatellite DNA were used to correctly
classify 99% of 183 island/gray fox samples to their
population of origin (Goldstein et al. 1999). The two mis-
classifications occurred between nearby island populations.
These data clearly justify the current classification of island
foxes as a separate species (Wozencraft 1993) and the
subspecific classifications of the six island populations
(Hall 1981; Moore and Collins 1995).

Chromosome numberisidenticalto U. cinereoargenteus
with 2n=66; 62 acrocentricchromosomes, a submetacentric
pair and two sex chromosomes (Wayne et al. 1991b).
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Description

Island foxes are the smallest North American canid. Males
are significantly heavier than females (Moore and Collins
1995) (Table4.4.1). The head is grey with black patches on
thelateral sides of the muzzle in the vicinity of the vibrissae,
with black outlining the lips of both jaws. White patches

Table 4.4.1. Body measurements for the Island fox.
Measures of adult foxes were taken in 1988 for all
subspecies except for San Clemente (R. Wayne
unpubl.). Weight for San Clemente foxes was measured
in 1988 (D. Garcelon and G. Roemer unpubl.), other
measures for San Clemente foxes are from Moore and
Collins (1995).

Northern Southern

Channel Islands Channel Islands
HB male 536mm 548mm

(470-585) n=44 (513-590) n=28
HB female 528mm 538mm

(456-578) n=50 (475-634) n=30
T male 213mm 272mm

(145-255) n=44 (230-310) n=51
T female 202mm 248mm

(115-265) n=50 (180-295) n=46
HF male 111mm 112mm

(94-124) n=44 (104-120) n=51
HF female 107mm 107mm

(95-122) n=50 (92-115) n=46
E male 60mm 63mm

(53-68) n=44 (55-72) n=51
E female 60mm 62mm

(54-67) n=50 (59-67) n=46
WT male 2.0kg 2.0kg

(1.4-2.5) n=44 (1.4-2.5) n=51
WT female 1.8kg 1.8kg

(1.5-2.3) n=50 (1.3-2.4) n=46

Adult female island fox, San Miguel Island, California, USA, 1994.

Timothy J. Coonan



on the muzzle extend behind the lateral black patches to
the cheek and blend into the ventral surface of the neck
which is mostly white and bordered by rufous dorsally.
Small white patches are present lateral to the nose. Variable
degrees of white and rufous colour the chest and extend
throughout the belly. The body and tail are mostly grey,
with the latter having a conspicuous black stripe on the
dorsal surface ending in a black tip. The grey of the body
extends partially down the legs giving way to mostly
rufous, both in the middle and towards the rear. On both
San Clemente and San Nicolas Islands, a brown phase
coat colour occurs in which the grey and black of the body
are largely replaced with a sandy brown and deeper brown,
respectively. It is unclear if the brown phase is a true coat
colour morph, a change that occurs with age or possibly a
change that occurs because of an interaction with Opuntia
spines that get imbedded within the pelt (Sheldon 1990).
Pelage is relatively short (20-40mm deep) with a single
moult resulting in a thin summer coat and a dense winter
coat. Eight mammae are present. Dental formula is 3/3-1/
1-4/4-2/3=42. Island foxes typically have fewer caudal
vertebrae, 15-22 (n=47), than the gray fox, 21-22 (n=31)
(Moore and Collins 1995).

Subspecies Six subspecies are currently recognised

(Moore and Collins 1995):

Northern Channel Islands

— U. L littoralis (San Miguel Island, 34°02'N, 120°22'W)

— U. L santarosae (Santa RosalIsland, 33°57'N, 120°10'W)

— U. I santacruzae (Santa Cruz Island, 33°57'N,
119°45'W)

Southern Channel Islands

— U. [ dickeyi (San Nicolas Island, 33°14'N, 119°30'W)

— U. I clementae (San Clemente Island, 32°52'N,
118°27'W

— U. L catalinae (Santa Catalina Island, 33°24'N,
118°24'W)

Similar species Gray fox (Urocyon cinereoargenteus):
coloration very similar with a similar dark longitudinal
stripe on top of a black-tipped tail. The gray fox also has
dark and white markings on its face, and a conspicuous
cinnamon-rusty colour on its neck, sides and limbs. There
is also white on the gray fox’s ears, throat, chest, belly and
hind limbs, while the undercoat is mostly buff and grey.
The gray fox is at least 30% larger than the island fox
(Fritzell and Haroldson 1982).

Current distribution

The current distribution is thought to be a consequence of
waif dispersal to the northern Channel Islands during the
late Pleistocene, followed by Native American assisted
dispersal to the southern Channel Islands (Collins 1982,
1991a, b, 1993; Wayne et al. 1991b; Goldstein et al. 1999;
see also Historical perspective). The species is now
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Figure 4.4.1. Current distribution of the island fox.

geographically restricted to the six largest of the eight
California Channel Islandslocated off the coast of southern
California, USA (Figure 4.4.1).

Range countries United States (Moore and Collins 1995).

Relative abundance
Island foxes exhibit substantial variability in abundance,
both spatially and temporally.

Estimated population size, relative abundance and
population trends Total island fox numbers have fallen
from approximately 6,000 individuals (Roemer ez al. 1994)

Figure 4.4.2. Trend in fox population size on San
Clemente (SCL), Santa Cruz (SCR) and San
Miguel (SMI) Islands.
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Table 4.4.2. Status of island foxes in the Channel Islands (Trend: S=stable, D=decreasing).

Current population’

Initial Protected areas Other areas Total
Island Population’ Population Trend Population Trend Population Trend
San Miguel 450 28 D 28 D
Santa Rosa ? 45 D 45 D
Santa Cruz 1,312 17 D 60-80 77-97 D
San Nicolas 520 435-734 S 435-734 S
Santa Catalina 1,342 24 200 D 224 D
San Clemente 825 410 D 410 D

1 Initial population sizes (N,) were estimated from date collected in the mid- to late 1980s or early 1990s using a capture-recapture approach (Kovach
and Dow 1981; Roemer et al. 1994; Garcelon 1999; Roemer 1999; Coonan et al. 2000). Current population sizes (N) are the best estimates for 2002
(Garcelon 1999; Roemer 1999; Coonan 2002, 2003; Coonan et al. 2000; Timm et al. 2000; Roemer and Wayne 2003; G. Smith unpubl.).
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Figure 4.4.3. The probability of population
persistence for each of three island fox
populations: San Clemente (SCL), Santa Cruz
(SCR) and San Miguel (SMI). The estimates of T (n,)
used to generate the population persistence probabilities are
381, 5 and 13 years, respectively (G. Roemer et al. unpubl.).

to less than 1,500 in 2002 (Table 4.4.2). Four of the six
island fox subspecies have experienced precipitous declines
in the last four years. Fox populations on both San Miguel
and Santa Cruz Islands declined by >90% between 1995
and 2000 (Figure 4.4.2). Similar declines also occurred on
Santa Rosa and Santa Catalina Islands (Roemer 1999;
Timm et al. 2000; Roemer et al. 2001a, 2002; Coonan
2003). Only 28 foxes are left on San Miguel and 45 foxes
on Santa Rosa, and all are in captivity (Coonan 2002,
2003). The Santa Cruz population has dropped from an
estimated 1,312 foxesin 1993 to 133 foxesin 1999 (Roemer
1999; Roemer et al. 2001a). Estimates for 2001 suggest
that this population may have declined to as low as 60-80
individuals in the wild (Coonan 2002). A captive-breeding
facility was initiated on Santa Cruz Island in 2002 when
three adult pairs were brought into captivity; one pair had
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five pups in the spring (Coonan 2002). The subspecies on
all three northern Channel Islands are in imminent danger
of extinction (Figure 4.4.3). Fox populations on San
Miguel and Santa Cruz Islands have an estimated 50%
chance of persistence over the next decade, are in need of
immediate conservation action (Roemer 1999; Roemer et
al. 2001a, 2002; Coonan 2003). On Santa Catalina, island
foxes are now rare on the larger eastern portion of the
island as a result of a canine distemper outbreak that
swept through the population in 1999 (Timm ef al. 2000).
The San Clemente population could be as low as 410 adult
foxes, down from a high of 800-900 foxes. The causes of
this decline are not yet clear (Garcelon 1999; Roemer
1999); however, it has been suggested that management
actions aimed at protecting the threathened San Clemente
loggerhead shrike (Lanius ludovicianus mearnsi) may be a
major factor in this decline (Cooper ez al. 2001; Schmidt ez
al. 2002; Roemer and Wayne 2003). The San Nicolas
population appears to be at high density (5.6-16.4 foxes/
km?)and currently harbours one of the largest populations
(estimate=734 foxes, Roemer ez al. 2001b). However, this
estimate may be positively biased and the actual population
size may be closer to 435 foxes (G. Smith pers. comm.).
All of the current estimates of density and population
size in island foxes have been conducted using
modifications of a capture-recapture approach (Roemer
et al. 1994). In its simplest application, population size is
determined by multiplying average density among
sampling sites times island area. Population estimates
could be improved by first determining habitat-specific
estimates of density and multiplying these densities times
the area covered by the specific habitat (Roemer et al.
1994), an approach amenable to analysis with geographical
information systems. However, density estimates made
from aggregating home ranges suggest that the use of
capture-recapture data may also overestimate density.
For example, fox density estimated at Fraser Point, Santa
CruzIsland using the capture-recapture approach was 7.0
foxes/km? (Roemer et al. 1994). A simultaneous estimate



of density based on the distribution of home ranges for 14
radio-collared foxes with overlapping home ranges was
approximately 31% lower (4.8 foxes/km?) (Roemer 1999).
Thus, the size of island fox populations may be lower than
current capture-recapture analyses suggest.

Habitat

Island foxes occur in all habitats on the islands including
native perennial and exotic European grassland, coastal
sage scrub, maritime desert scrub, Coreopsis scrub, Isocoma
scrub, chaparral, oak woodland, pine woodland, riparian,
and inland and coastal dune.

Although fox density varies by habitat, there is no
clear habitat-specific pattern. When fox populations were
dense, foxes could be trapped or observed in almost any of
the island habitats, except for those that were highly
degraded owing to human disturbance or overgrazing by
introduced herbivores. More recently, foxes have become
scarce owing to precipitous population declines. On the
northern Channel Islands where the declines are principally
aconsequence of hyperpredation by golden cagles (Aquila
chrysaetos) (Roemer et al. 2001a, 2002), foxes are more
numerousin habitats with dense cover, including chaparral
and introduced stands of fennel (Foeniculum vulgare) (G.
Roemer pers. obs.).

Food and foraging behaviour

Food Island foxes are omnivorous and feed on a wide
variety of insects, vertebrates, fruits, terrestrial molluscs
and even near-shore invertebrates (Laughrin 1973, 1977;
Collins 1980; Kovach and Dow 1981; Crooks and van
Vuren 1995; Moore and Collins 1995; Roemer et al.
2001b). The relative abundance of insects, mammals and
plant material in the fox diet has been found to differ by
habitat type (Laughrin 1977; Crooks and van Vuren 1995;
Roemer et al. 2001b), and by island, depending upon
availability of food items (Laughrin 1973; Collins and
Laughrin 1979). Forexample, on San Miguel Island where
deer mouse (Peromyscus maniculatus) densities are high,
they form a large proportion of the diet of the island fox
(Collins 1980). On Santa Cruz Island, Jerusalem crickets
(Stenopelmatus fuscus) are a principal prey whereas on
San Clemente Island, Jerusalem crickets are absent from
the fauna and therefore unavailable. In contrast, the fruits
of the coastal prickly pear cactus (Opuntia littoralis) are a
principal food on San Clemente Island, especially during
winter, but the cactus was nearly eradicated from Santa
Cruz Island (Goeden et al. 1967) and thus comprises only
a small portion of the fox diet there. The frequency of bird
remains in the scat of island foxes is usually low (3—6%)
but on San Miguel Island bird remains were found in 22%
of scats (n=208) examined (Laughrin 1977; Collins and
Laughrin 1979; Crooks and van Vuren 1995). For an
exhaustive list of foods consumed by island foxes and the
inter-habitat and inter-island variability see Laughrin
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(1973, 1977), Collins and Laughrin (1979) and Moore and
Collins (1995).

Foraging behaviour Island foxes primarily forage alone,
mostly at night, but they are also active during the day
(Laughrin 1977; Fausett 1982; Crooks and van Vuren
1995). Dependent young accompany adults on forays and
adult foxes may also forage together on occasion (G.
Roemer pers. obs.). Foxes forage by coursing back and
forth through suitable habitat patches and then moving,
rather directly, throughlittle-used habitats to other suitable
habitat patches. Foxes are unable to extract prey as easily
from the denser habitat and thus forage in more open
habitats where prey availability, but perhaps not
abundance, is greater (Roemer and Wayne 2003).

Damage to livestock or game Island foxes are not
known to prey on livestock, but the introduced chukar
(Alectoris chukar), occurs in the diet (Moore and Collins
1995), and it is probable that foxes feed on California
quail (Callipepla californica), which are found on both
Santa Catalina and Santa Cruz Islands.

Adaptations

Island foxes are a dwarf form of the mainland gray fox and
this reduction in body size may be a consequence of an
insular existence (Collins 1982). Reduced interspecific
competition, reduced predation and lack of large prey
may have contributed to their smaller body size.

Social behaviour

Island foxes typically exist as socially monogamous pairs
that occupy discrete territories (Crooks and van Vuren
1996; Roemer et al. 2001b). It is not uncommon for full-
grown young to remain within their natal range into their
second year or forindependent, territory-holding offspring
to visit their parents in their former natal range (Roemer
et al. 2001b).

The home range size of the island fox is one of the
smallest recorded for any canid. On Santa Cruz Island,
fox home ranges varied by season and habitat type,
generally ranging between 0.15 and 0.87km? (Crooks and
van Vuren 1996; Roemer e al. 2001b). Mean annual home
range on Santa Cruz Island was 0.55km?(n=14, Roemer et
al.2001b). On San Clemente Island, mean home range size
was larger (0.77km?, n=11), perhaps due to the lower
productivity of this more southerly island (Thompson et
al. 1998). On Santa Cruz Island, fox home ranges expanded
when territorial neighbours were killed by golden eagles,
suggesting that density of foxes and the spatial distribution
of neighbours may influence territory size (Roemer et al.
2001b).

Foxescommunicate using visual, auditory and olfactory
cues. Both submissive and aggressive behaviours have
been observed and are similar to those described for the



gray fox (Laughrin 1977; Fausett 1982; Moore and Collins
1995). Males have been observed chasing other male foxes
and have also been observed fighting. Bite wounds were
noted in 4 of 1,141 captures of foxes on Santa Cruz Island
but were observed only in males and only during the
breeding season (Roemer 1999). Foxes demarcate territory
boundaries with latrine sites and have been observed
urinating as frequently as every 6-9m (Laughrin 1977).

Reproduction and denning behaviour

Foxesbreed once a year with parturition usually occurring
in early April. Recent research suggests this canid may
have induced ovulation (C. Asa pers. comm.), a
physiological character that may allow for plasticity in the
timing of reproduction. Pups have been born in early
February on San Clemente Island and aslate as 27 May on
Santa Catalina Island (Schmidt et a/. 2002; Timm et al.
2002). Of 35 foxes captured and killed in the month of
February 1928 on Santa Cruz Island, 11 (46%) were
pregnant (Sheldon 1990). Anincreasein territory vigilance
bymalesoccursasearly asJanuary with actual copulations
in captivity typically observed in early March (Coonan
and Rutz 2000; Roemer et al. 2001b).

Length of gestation is unknown but has been estimated
at 50-53 days (Moore and Collins 1995). Litter size varies
from one to five but most litters are smaller, from one to
three. Of 24 dens located on Santa Cruz Island, average
litter size was 2.17 (Laughrin 1977). Average litter size for
two captive breeding facilities on the northern islands was
2.6 (n=5, Coonan and Rutz 2000). In 2002, one captive
pair on Santa Cruz Island produced a litter of five pups
(Coonan 2002). Weaning is complete by mid- to late June
and pups reach adult weight and become independent by
September (Garcelon et al. 1999). Although most foxes
are typically monogamous, extra-pair fertilisation has

been recorded. Of 16 pups whose paternity was determined
by genetic analysis, 25% were the result of extra-pair
fertilisations (Roemer et al. 2001b). Dens used include
rock piles, dense brush and naturally occurring cavities in
the ground or under tree trunks.

Competition

The only known competitors of island foxes are island
spotted skunks (Spilogale gracilis amphiala) on Santa
Cruzand Santa Rosa Islands (von Bloeker 1967; Laughrin
1977; Crooks and van Vuren 1995; Roemer et al. 2002)
and feral cats on all three southern Channel Islands
(Laughrin 1977; Kovach and Dow 1981).

Mortality and pathogens

Natural sources of mortality Hyperpredation by golden
eagles has been identified as a primary mortality factor for
island foxes on the northern Channel Islands, and is likely
responsible for the recent catastrophic population declines
of those three subspecies (Roemer 1999; Roemer et al.
2001a, 2002.). The presence of an exotic omnivore, the
feral pig (Sus scrofa), enabled eagles to colonise theislands,
increase in population size, and overexploit the fox.
Evidence from 28 fox carcasses from Santa Cruz and San
Miguel Islands implicated eagles in nearly 90% of the
mortalities, and a logisticmodel of hyperpredation showed
that pigs would have been necessary to support a large,
resident eagle population (Figure 4.4.4) (Roemer 1999;
Roemer et al. 2001a, 2002). Further, the prevalence of
other potential mortality factors, such as disecase and
parasites, were found to be incongruent with the pattern
of fox population declines (Roemer et al. 2000a, 2001a).
Red-tailed hawks (Buteo jamaicensis) may Kkill Kkits
(Laughrin 1977). Interspecific aggression is another source
of natural mortality.
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Persecution Island foxes are not persecuted except for
the predator control programme currently being instituted
by the U.S. Navy to protect the San Clemente loggerhead
shrike.

Hunting and trapping for fur Island foxes are not currently
hunted or trapped for their fur, but may have been
historically. Sheldon (1990) took 155 foxes in the winter of
1927-1928 during 20 days of trapping with the intent of
selling the pelts. It is not known if a market for fox pelts
was established. Native Americans used fox pelts to create
ceremonial headdresses, arrow-quivers, capes and blankets
(Collins 1991Db).

Road kills On San Clemente, Santa Catalina and San
Nicolas Islands, trauma from automobiles is a significant
source of mortality (Garcelon 1999; G. Smith pers. comm.).

Pathogens and parasites Canine diseases are considered
important potential mortality sources for island foxes
(Garcelonetal. 1992). Thisis underscored by the epidemic
of canine distemper virus (CDV) that decimated the Santa
Catalina Island fox population in 1998 to 2000 (Timm et
al. 2000). CDV was apparently introduced sometime
between late 1998 to mid-1999 and hascaused an estimated
95% reduction in the fox population on the eastern 87% of
Catalina Island. Human settlement on a narrow isthmus
likely formed a barrier to fox dispersal and the spread of
the disease to the western portion of the island. A total of
148 foxes have been captured in 2000 to 2001 on the
western 13% of Santa Catalina Island supporting the
contention that foxes there were not exposed to CDV (S.
Timm pers. comm.). Antibodies to CDV were recently
detected in foxes from San Nicolas Island but the titre
levels observed may represent false positives (Coonan
2002; S. Timm pers. comm.).

Exposure to other various canine pathogens has been
confirmed but morbidity or mortality has not been
substantiated (Timm ez «/. 2000; L. Munson unpubl.).
Positive antibody titres have been detected for canine
parvovirus, canine adenovirus, canine herpesvirus, canine
coronavirus, leptospirosis, toxoplasmosis and for
heartworm (Dirofilaria immitis) (Garcelon et al. 1992,
Roemer 1999; Roemer et al. 2000a, 2001a; Crooks et al.
2001). In addition a number of intestinal pathogens have
been identified including Ancylostoma, Toxascaris,
Mesocestoides, Isospora, Sarcocytis, and Neospora
(Roemer et al. 2001a). Island foxes from San Miguel are
infested with three pathogenic parasites, Uncinaria,
Angiocaulus and an as yet unidentified spirurid that causes
granulomas in the intestinal tract and mesentery (L.
Munson unpubl.). These parasitic granulomas are likely
the cause of the rectal prolapses that were observed in two
wild foxes, one of which later died (G. Roemer pers. obs.)
and in two captive foxes that recovered after reinsertion
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(K. Rutz pers. comm.). Other sources of mortality include
trauma as a result of injury and aspiration pneumonia. A
captive fox on Santa Rosarecently died from an aggressive
oral cavity cancer (M. Willett and L. Munson unpubl.)
and cancer of the ear canal (ceruminous gland carcinomas)
has been observed in three foxes from Santa Catalina
Island (L. Munson unpubl.).

Foxes on allislands also have thyroid atrophy, hepatic
fibrosis and amyloidosis, and recently foxes from San
Clemente Island have shown evidence of Quintox
poisoning (L. Munson unpubl.), an anti-coagulant
rodenticide used to control rodents as part of the San
Clemente Loggerhead Shrike Recovery Program (Cooper
et al. 2001).

Longevity Foxes as old as 10 years of age have been
captured on San Miguel Island (Coonan ef al. 1998).

Historical perspective
Island foxes played a spiritual role in earlier Native
American societies on the Channel Islands (Collins 1991b).
Native Americans of the Channel Islands harvested foxes
to make arrow-quivers, capes and headdresses from their
pelts, they ceremonially buried foxes, conducted an Island
Fox Dance and most likely kept foxes as pets or semi-
domesticates (Collins 1991b). Their current distribution is
a direct consequence of historical interaction with humans
(Collins 1991a, b; Wayne et al. 1991b; Goldstein et al.
1999). Fossil evidence dates the arrival of foxes to the
northern Channel Islands (Santa Cruz, Santa Rosa and
San Miguel) from 10,400-16,000 ybp (years before present)
(Orr 1968). Their actual colonisation probably occurred
between 18,000 and 40,000 years ago, when these northern
islands were joined into one large island known as
“Santarosae” (Collins 1982, 1993). Atitsclosest, Santarosae
was a mere 6km from the North American continent,
having reached its maximum size 18,000-24,000 ybp. It is
hypothesised that sometime during this period, mainland
gray foxes, the progenitor of the island fox, colonised
Santarosae by chance over-water dispersal, by either
swimming or by rafting on floating debris (Collins 1982,
1993). As glaciers retreated and sea levels rose, Santarosae
was subdivided into separate islands. Santa Cruz Island
was formed first, some 11,500 ybp. Sea levels continued to
rise separating the remaining land mass once again,
approximately 9,500 ybp, to form Santa Rosa and San
Miguel Islands. Native Americans then colonised the
ChannelIslands 9,000-10,000 ybp, and after establishment
ofanextensive traderoute, transported foxes to the southern
islands. The southern islands were thought to have been
colonised by foxes between 2,200 and 5,200 ybp (Collins
1991a, b, 1993; Wayne et al. 1991b; Vellanoweth 1998).
Island foxes also represent a significant scientific
resource. Their geographic distribution and resulting
isolation has created a set of model populations that has



extended our knowledge regarding the effects of insularity
on mammalian social organisation (Roemer et al. 2001b),
has contributed to an understanding of the molecular
evolution of highly variable gene regions (Gilbert et al.
1990; Goldstein et al. 1999) and their recent decline is a
clear example of the potential impact that invasive species
can have on insular systems (Roemer et al. 2001a, 2002).

Conservation status

Threats The current primary threats to the species include
golden eagle predation on the northern Channel Islands
(Roemer 1999; Roemer et al. 2001a, 2002) and the possible
introduction of canine diseases, especially CDV, to all
populations (Garcelon e al. 1992; Roemer 1999; Timm et
al. 2000). All populations are small, several critically so,
and are threatened by demographic stochasticity and
environmental variability. The small populations are
especially vulnerable to any catastrophic mortality source,
be it predation, canine disease, or environmental extremes
(Roemer et al. 2000b).

Recently, there has also been a management conflict
between island foxes and the San Clemente Island
loggerhead shrike (Roemerand Wayne 2003). Island foxes
were euthanised on San Clemente Island in 1998 as part of
a programme to protect nesting shrikes (Elliot and Popper
1999; Cooper et al. 2001). Although euthanasia of foxes
hasstopped, anumber of foxes are now retained in captivity
each year, during the nesting and fledging stage of the
shrike, and subsequently released back into the
environment. The impact to fox reproduction and the
potential disruption of the social system are unknown, but
may be significant. These actions may have contributed to
a 60% decline in the fox population on San Clemente
Island (Cooper et al. 2001; Schmidt et al. 2002; Roemer
and Wayne 2003). Considering the precipitous declines in
foxes on four of six islands and the continued decline in the
San Clemente population, this current management
practice needs further scrutiny.

Commercial use There is no commercial use of island
foxes.

Occurrence in protected areas The three subspecies on
the northern Channel Islands occur within the Channel
Islands National Park. Approximately two-thirds of Santa
CruzIsland is owned by The Nature Conservancy (TNC),
and managed as the Santa Cruz Island Preserve. The
Preserve is within the boundaries of the Channel Islands
National Park, and the TNC and NPS (National Parks
Service), co-manage natural resources together under a
cooperative agreement. Approximately 87% of Santa
Catalina Island is owned by the Santa Catalina Island
Conservancy, a non-profit conservation organisation, and
both San Clemente and San Nicolas Islands are owned
and managed by the U.S. Navy.
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Protection status CITES — not listed.

Current legal protection The species was formerly a
category Il candidate for federal listing, butisnot currently
listed by the U.S. Fish and Wildlife Service (USFWS)
as ‘threatened’ or ‘endangered’ under the Federal
Endangered Species Act. The species is listed by the state
of California as a ‘threatened’ species (California
Department of Fish and Game 1987). The current legal
status hasnot been sufficient to prevent recent catastrophic
population declines. In June 2000, the USFWS was
petitioned to list the populations on the three northern
Channel Islands and Santa Catalina Island as’endangered’
(Suckling and Garcelon 2000). The USFWS recently
proposed to list these four subspecies as ‘endangered’
(USDI 2001).

Conservation measures taken Based upon recommend-
ations from an ad hoc recovery team, the Island Fox
Conservation Working Group, the National Park Service
(NPS) began initiating emergency actions in 1999, with
the objectives being to remove the primary mortality
factor currently affecting island foxes (golden eagle
predation), and to recover populations to viable levels via
captive breeding. Between November 1999 and June 2002,
22 ecagles were removed from Santa Cruz Island and
relocated to north-eastern California. In 1999, the NPS
established an island fox captive breeding facility on San
Miguel Island, added a second facility on Santa Rosa in
2000 and a third on Santa Cruz Island in 2002 (Coonan
2002,2003; Coonan and Rutz 2000, 2002). Fourteen foxes
were originally brought into captivity on San Miguel;
current captive population is now 28. There are currently
45 foxes in captivity on Santa Rosa, and 12 adult foxes in
the Santa Cruz facility that produced a single litter of five
pups (Coonan 2002, 2003).

The NPS has prepared an island fox recovery plan for
the northern Channel Islands (Coonan 2001) and an
island-wide restoration plan for Santa Cruz Island (USDI
2002). The measures taken thus far on the northern
Channel Islands (golden eagle removal and captive
breeding) will form the basis for long-term recovery for
the subspecies on the northern Channel Islands. In
addition, the reintroduction of bald eagles (Haliaeetus
leucocephalus), the eradication of feral pigs, and the
removal of exotic plants have been recommended and are
being implemented (Roemer ez al. 2001a; USDI 2002).
Demographic modelling indicates that recovery to viable
population levels could take up to a decade (Roemer ez al.
2000Db).

On Santa Catalina Island, The Santa Catalina Island
Conservancy has taken a series of measures to mitigate the
effects of canine distemper virus on that subspecies. Close
to 150 foxes from the west end have been field-vaccinated
for CDV, and both translocation and captive breeding



programmes have been established to aid in recolonising

the eastern portion of the island (Timm et al. 2000, 2002).
Although the Island Fox Conservation Working Group

recognised the need for a species-wide recovery plan, there

iscurrently no formal vehicle toaccomplish such a planning

effort, because the species is not listed under the Federal

Endangered Species Act. Nonetheless, the Working Group

recognised that the following actions need to be

implemented in order to ensure recovery of island fox

populations to viable levels (Coonan 2002, 2003):

*  Complete removal of golden eagles from northern

Channel Islands.

Implement monitoring/response programme for future

golden eagles.

Remove feral pigs from Santa Cruz Island.

Reintroduce bald eagles to the northern Channel

Islands.

Eliminate canine distemper as a mortality factor on

Santa Catalina Island.

Vaccinate wild foxes against canine distemper virus, as

needed.

Monitor populations for diseases causing morbidity

and mortality through necropsy and faecal and blood

testing.

Enforce no-dog policy on islands, and vaccinate

working dogs.

Educate the publicabout potential disease transmission

from domestic dogs.

Establish and maintain captive breeding facilities on

San Miguel, Santa Rosa, Santa Cruzand Santa Catalina

Islands.

Supplement wild populations with captive-reared foxes.

Implement annual population monitoring of each

subspecies/population.

Halt management actions to protect the San Clemente

loggerhead shrike that are adversely affecting the San

Clemente island fox.

Develop adaptive management programme.

Occurrence in captivity

Island foxes currently are kept in captivity on fourislands.
The National Park Service’s captive breeding programme
maintains facilities on San Miguel, Santa Rosa and Santa
Cruz Islands, in which there are currently 28, 45 and 17
island foxes, respectively. The Santa Catalina Island
Conservancy and the Institute for Wildlife Studies have
established a captive breeding facility on that island, and
there are currently 12 adult pairs of foxes there (Timm et
al. 2002). Small numbers (1-4) of San Clemente Island
foxes are kept in a total of four zoos on the mainland with
a variable number of foxes held in captivity each year on
that island (Cooper et al. 2001).

Current or planned research projects
M. Gray (UCLA, Los Angeles, California), G.W.Roemer
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(New Mexico State University, Las Cruces, New Mexico)
and E. Torres (California State University, Los Angeles,
California) are currently conducting a genetic analysis of
captive island foxes, assessing genetic relatedness to
formulate captive breeding strategy and maintain genetic
diversity of founders.

A. Aguilar and R.K. Wayne (UCLA, Los Angeles,
California) are assessing variation at the major
histocompatiblity complex (Mhc) in the island fox.

C. Asa (St. Louis Zoo, Saint Louis, Missouri) is
studying timing of the reproductive cycle via hormonal
analysis of captive island foxes.

D.K. Garcelon (Institute for Wildlife Studies, Arcata,
California) conducted transect trapping and radio-
telemetry studies in 2001 which will be used to estimate
basic population parameters for Santa Cruz Island foxes
and determine mortality factors for this subspecies.
Ongoing work willinclude annual population monitoring,
and studies on spatial organisation and survival of island
foxes on San Clemente Island using capture-recapture
and radio-telemetry. This work will also include annual
population monitoring on San Nicolas Island, using a
grid-based, capture-recapture study for estimating density,
survival and recruitment

S. Timm (Institute for Wildlife Studies, Arcata,
California) is studying survival of translocated foxes on
Santa Catalina Island.

L. Munson and D. Fritcher (University of California,
Davis, California) are monitoring disease in the island
fox. They aim to determine all disecases and parasites
present in island foxes from all populations, both
historically through archived frozen carcasses and
presently through necropsy of dead foxes.

G.W. Roemer (New Mexico State University, Las
Cruces, New Mexico) and P. Miller (IUCN Conservation
Breeding Specialist Group) are undertaking a population
viability analysis of the island fox with the aim to
refine previous analyses of population viability and
threat.

Gaps in knowledge

It is known that wild island fox pairs are unrelated and
that extra-pair copulations occur (Roemer et al. 2001b),
but little is known about how island foxes select mates and
whether mate choice could play a role in improving the
currently low reproduction characterising captive foxes
(Coonan and Rutz 2002). Controlled mate-choice
experiments are needed.

It has been suggested that intense predation by golden
eagles could have altered island fox activity patterns and
selected for greater nocturnal activity in those foxes that
have survived predation (Roemer ez al. 2002). The survival
of the remaining wild island foxes on Santa Cruz Island is
being monitored, but there has been no attempt to
document daily activity levels (Dennis et al. 2001). The



pattern of daily activity of wild Santa Cruz Island foxes
needs to be assessed, and compared to the activity of
captive and captive-reared foxes that are released into the
wild. If captive-reared foxes are more active during diurnal
and crepuscular periods than their wild counterparts, it is
probable that captive-reared foxes reintroduced into the
wild will suffer higher mortality owing to golden eagle
predation.

There has been only a single study that has examined
dispersal in island foxes (Roemer et al. 2001b) and the
number of dispersal events recorded was small (n==8).
Additional information on island fox dispersal patterns
on different islands and during periods of high and low
density are needed.

Core literature

Collins 1991a,b, 1993; Crooks and van Vuren 1996;
Laughrin 1977; Moore and Collins 1995; Roemer 1999;
Roemer et al. 2001a,b, 2002; Roemer and Wayne 2003;
Wayne et al. 1991b.

Reviewers: Lyndal Laughrin, David K. Garcelon, Paul
Collins. Editors: Claudio Sillero-Zubiri, Deborah Randall,
Michael Hoffmann.

4.5 Kit fox
Vulpes macrotis Merriam, 1888
Least Concern (2004)

R. List and B.L. Cypher

Other names
English: desert fox; German: wiistenfuchs; Spanish: zorra
del desierto, zorra nortefia.
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Taxonomy

Vulpesmacrotis Merriam, 1888. Typelocality: “Riverside,
Riverside County, California“ [United States, ¢. 34°00'N,
117°15'E].

The kit fox has been considered conspecific with the
swift fox, V. velox, based on morphometric similarities
and protein-electrophoresis (Clutton-Brock et al. 1976;
Hall 1981; Dragoo et al. 1990). Others have treated V.
macrotis as a distinct species based on multivariate
morphometric data (Stromberg and Boyce 1986) and
more recently based on mitochondrial DNA (Mercure et
al. 1993).

Chromosome number not known.

Description

The kit fox is one of the smallest foxes in the Americas
(Table 4.5.1). The most conspicuous characteristic is the
large ears. The fur is short, with yellowish to greyish head,
back and sides; the shoulders and the outside of the legs are
brown-yellow; the belly and the inner side of legs are
white-yellowish; the tip of the tail is black. The neck, legs
and belly may have buffy highlights. The hair is dense

Table 4.5.1 Body measurements for the kit fox from
Janos, Chihuahua, Mexico (Listand Jimenez Guzman
in press).

HB male 537mm (485-520) n=7
HB female 501mm (455-535) n=5
T male 308mm (280-340) n=8
T female 289mm (250-305) n=5
E male 82mm (71-95) n=8

E female 80mm (74-95) n=6
WT male 2.29kg (1.7-2.7) n=8
WT female 1.9kg (1.6-2.2) n=6

Adult kit fox, sex unknown,
standing at the entrance of its
burrow. Janos, Chihuahua,
Mexico, 2001.

Rurik List



between the foot-pads. Dental formula: 3/3-1/1-4/4-2/3=42.
Mean cranial measurements from 35 specimens of V. m.
mutica were: condylobasal length 114.4mm; zygomatic
breadth 62.1mm; palatal length 57.8mm; interorbital
breadth 23.1mm; postorbital breadth 21.4mm (Waithman
and Roest 1977).

Subspecies Eight subspecies have been recognised
(McGrew 1979). Fewer taxonomic studies have been
conducted on kit foxes in Mexico, and therefore the
taxonomy of kit foxes in Mexico is less certain.

— V. m. arsipus (south-eastern California, southern
Arizona, and northern Sonora)

V. m. devia (southern Baja California)

V. m. macrotis (south-western California — extinct)
V. m. mutica (San Joaquin Valley of California)

V. m. neomexicana (New Mexico, western Texas, and
north-west Chihuahua)

V. m. nevadensis (Great Basin of the U.S.)

V. m. tenuirostris (northern Baja California)

V. m. zinseri (north central Mexico).

Similar species Swift fox, Vulpes velox: Sympatric with
the kit fox only in a small contact zone (c. 100km wide);
shorter, more rounded ears that are set farther apart on
the head, and a shorter tail relative to body length.

Current distribution

The kit fox inhabits the deserts and arid lands of western
North America (Figure 4.5.1). In the United States, it
occurs from southern California to western Colorado and
western Texas, north into southern Oregon and Idaho. In

Mexico, it occurs across the Baja California Peninsula
and across northern Sonora and Chihuahua to western
Nuevo Leon, and southinto northern Zacatecas (McGrew
1979; Hall 1981).

Range countries Mexico, USA (Hall 1981).

Relative abundance

The species is common to rare. Density fluctuates with
annual environmental conditions, which are dependent
upon precipitation (Cypher et al. 2000). In Utah, density
ranged from 0.1-0.8/km> (Egoscue 1956, 1975). In
California, density varied from 0.15-0.24/km?over a period
of three years on one study site (White e al. 1996) and from
0.2-1.7/km? over 15 years on another study site (Cypher et
al.2000). Kit fox densities in prairie dog town complexes in
Mexico were 0.32-0.8/km? in Chihuahua (List 1997) and
0.1/km? in Coahuila and Nuevo Leon (Cotera 1996).

Estimated populations/relative abundance and
population trends In Mexico, data on which to base a
population estimate for kit foxes are only available from
two localities with very specific characteristics (presence of
prairie dog towns). Therefore, the estimation of a
population size for the country or even population trends
isnot possible with current information. However, because
natural habitats occupied by the kit fox are being
transformed, it is safe to assume that, overall, populations
of the kit fox in Mexico are declining. In the past 10 years,
about 40% of prairie dog towns in Coahuila and Nuevo
Leon were converted to agriculture (L. Scott and E.
Estrada unpubl.).
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Figure 4.5.1. Current
distribution of the
kit fox.
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In the United States, kit fox abundance is unknown.
Population trends are assumed to be relatively stable in
Texas, New Mexico, Arizona, Utah, and Nevada where
harvests for fur continue. Populations in Idaho, Oregon,
and the Mojave Desert in California also may be relatively
stable due to a lack of significant threats. Populations are
potentially increasing in Colorado where foot-hold
trapping was recently banned. Populations of the
‘endangered’ San Joaquin kit fox in the San Joaquin
Valley of California are likely still declining due to
continuing habitat loss, fragmentation, and degradation
(USFWS 1998).

Habitat

The kit fox inhabits arid and semi-arid regions
encompassing desert scrub, chaparral, halophytic, and
grassland communities (McGrew 1979; O’Farrell 1987).
It is found in elevations ranging from 400-1,900m a.s.1.,
although kit foxes generally avoid rugged terrain with
slopes >5% (Warrick and Cypher 1998). Loose textured
soils may be preferred for denning. Kit foxes will use
agricultural lands, particularly orchards, on a limited
basis, and kit foxes also can inhabit urban environments
(Morrell 1972).

Food and foraging behaviour

Food Kit foxes primarily consume rodents, leporids, and
insects. Primary prey includes kangaroo rats (Dipodomys
spp.), prairie dogs (Cynomysspp.), black-tailed jackrabbits
(Lepus californicus), and cottontails (Sylvilagus spp.). Other
items consumed include birds, reptiles, and carrion
(Egoscue 1962; Jiménez-Guzman and Lépez-Soto 1992;
White et al. 1995; List 2003; Cypher et al. 2000). Plant
material is rarely consumed, although cactus fruits are
occasionally eaten (Egoscue 1956).

Foraging behaviour Kit foxes mostly forage solitarily.
They are mainly active by night and occasionally exhibit
crepuscular activity (List 1997).

Damage to livestock and game There is no evidence
that kit foxes significantly impact game or livestock
populations.

Adaptations

Kit foxes are well adapted to a life in warm, arid
environments. To dissipate heat while conserving water,
they have a large surface area to body mass ratio and
large ears which favour non-evaporative heat dissipation
and can vary panting rates (Klir and Heath 1992).
Predominantly nocturnal activity and diurnal den use also
reduce water loss. Kit foxes can obtain all necessary water
from their food, but to do so must consume approximately
150% of daily energy requirements (Golightly and Ohmart
1984).
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Social behaviour

Kit foxes are primarily monogamous with occasional
polygyny (Egoscue 1962). Pairs usually mate for life
(Egoscue 1956). Young from previous litters, usually
females, may delay dispersal and remain in natal home
ranges where they may assist with raising the current litter
(List 1997; Koopman et al. 2000). Kit foxes are not strongly
territorial and home ranges may overlap, although core
areas generally are used exclusively by one family group
(White and Ralls 1993; Spiegel 1996). Home range size is
variable, even within similar vegetation types, and ranges
from 2.5km? (Knapp 1978) to 11.6km? (White and Ralls
1993).

Kit foxes sometimes bark at approaching predators or
to recall pups, and they sometimes emit a “hacking growl”
during intraspecific encounters. Foxes in dens or captivity
make a closed-mouth vocalisation during times of anxicty
(Egoscue 1962). Scent-marking by kit foxes has not been
investigated.

Reproduction and denning behaviour

Kit foxes mate from mid-December to January and give
birth from mid-February to mid-March after a gestation
of 49-55 days (Egoscue 1956; Zoellick et al. 1987). Litter
size ranges from 1-7 (mean=4; Cypher et al. 2000).
Reproductive success is considerably lower for yearling
females and varies annually with food availability for all
age classes (Spiegel 1996; Cypher et al. 2000). Pups emerge
from dens at about four weeks, are weaned at about eight
weeks, begin foraging with parents at about 3—4 months,
and become independent at about 5-6 months (Morrell
1972; R. List unpubl.). Mean dispersal age in California
was eight months (Koopman et al. 2000).

Kit foxes use dens year round and have multiple dens
within their home ranges (White and Ralls 1993; Koopman
etal. 1998). Although they can excavate their own dens, kit
foxes frequently occupy and modify the burrows of other
species, particularly prairie dog, kangaroo rats, squirrels
(Spermophilus spp.) and badgers (Taxidea taxus) (Morrell
1972; Jiménez-Guzman and Lopez-Soto 1992; Cotera 1996;
List 1997). Occasionally, they will den in man-made
structures (e.g., culverts, pipes), but young are almost
always born in earthen dens (Spiegel 1996; Zoellick et al.
1997).

Competition

Potential competitors for food and dens include coyotes
(Canis latrans), bobcats (Lynx rufus), red foxes (Vulpes
vulpes), badgers, skunks (Mephitis spp. and Spilogale spp.),
and feral cats (White ez al. 1995; Cypher and Spencer 1998;
B. Cypher unpubl.). Strategies such as year-round den use,
resource partitioning, and habitat partitioning allow kit
foxes to mitigate competitive effects and coexist with most
of these species. Non-native red foxes are increasing within
the range of kit foxes (Lewis et al. 1993), and may present



amore significant competitive threat due to greater overlap
in resource exploitation patterns and potential for disease
transmission. Although coyotes compete with and even
kill kit foxes, they also may provide a benefit to kit foxes by
limiting the abundance of red foxes (Cypher et al. 2001).

Mortality and pathogens

Natural sources of mortality Predation, mainly by
coyotes, usually is the main source of mortality for kit
foxes and commonly accounts for over 75% of deaths
(Ralls and White 1995; Spiegel 1996; Cypher and Spencer
1998). Other predatorsinclude bobcats, red foxes, badgers,
feral dogs, and large raptors (O’Farrell 1987).

Persecution In Mexico, kit foxes sometimes are shot
opportunistically, but they are not actively persecuted. In
the USA, large numbers of kit foxes were killed during
predator control programmes that targeted other species,
particularly coyotes and wolves (Canis lupus). However,
such programmes have been discontinued or are more
species-specific.

Hunting and trapping for fur Kit fox fur has relatively
low value, and kit foxes are usually caught incidentally in
traps set for other furbearers. About 1,200 were harvested
in the United States between 1994 and 1995 (International
Association of Fish and Wildlife Agencies unpubl.).

Road kills Vehicles are an important source of mortality
and are the primary mortality factor in some areas (Cotera
1996; B. Cypher unpubl.).

Pathogens and parasites Kit foxes frequently carry
antibodies to a variety of viral and bacterial diseases
indicating exposure. However, disease does not appear to
be a significant source of mortality, although rabies could
have contributed to a decline in one population of the San
Joaquin kit fox (White ez al. 2000). A variety of
ectoparasites (e.g., fleas, ticks, lice) and endoparasites
(e.g., cestodes and nematodes) have also been found in kit
foxes, but no morbidity or mortality associated with these
parasites has been reported.

Longevity Kit foxes on two sites in California were known
to reach at least seven years of age (B. Cypher unpubl.).

Historical perspective

Because of their small size and nocturnal habits, kit foxes
arerelatively inconspicuous. Thus, they are not particularly
important for native or modern cultures, and are not well
represented in arts and crafts or traditional uses.

Conservation status
Threats The main threat to the long-term survival of the
kit fox is habitat conversion, mainly to agriculture but
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also to urban and industrial development. In both western
and eastern Mexico, prairie dog towns which support
important populations of kit foxes are being converted to
agricultural fields, and in eastern Mexico the road network
isexpanding, producing a concomitant increase in the risk
of vehicle mortality. In the San Joaquin Valley of
California, habitat conversion for agriculture is slowing,
but habitat loss, fragmentation, and degradation
associated with industrial and urban development are still
occurring at a rapid pace.

Commercial use In Mexico, kit foxes are occasionally
sold illegally in the pet market. Kit foxes are harvested for
fur in some states in the USA, but otherwise are not used
commercially.

Occurrence in protected areas

— InMexico, kit foxes are found in the Biosphere Reserves
of El Vizcaino, Mapimi and El Pinacate, in the Area of
Special Protection of Cuatro Ciénegas, and are
probably found in another eight protected areas
throughout their range.

— Inthe United States, they occur in numerous protected
areas throughout their range. The ‘endangered’
subspecies V. m. mutica occurs in the Carrizo Plain
National Monument and various other federal, state,
and private conservation lands.

Protection status CITES — not listed (considered a
subspecies of V. velox).

Thekit fox is considered ‘vulnerable’ in Mexico (SEDESOL
1994). In the United States, the San Joaquin kit fox (V. m.
mutica) is federally classified as ‘endangered’, and as
‘threatened’ by the state of California (USFWS 1998). In
Oregon, kit foxes are classified as ‘endangered’.

Current legal protection Harvests are not permitted in
Idaho, Oregon, or California, and the kit fox is a protected
furbearer species (i.e., regulated harvests) in Utah,
Colorado, Arizona, New Mexico, and Texas.

Conservation measures taken In Mexico, the
‘vulnerable’ status of the kit fox grants conservation
measures for the species, but these are not enforced. In the
United States, state and federal protections for kit foxes
are being enforced.

Efforts are underway to protect the prairie dog towns
of both eastern (Pronatura Noreste) and western Mexico
(Institute of Ecology from the National University of
Mexico), which are known to be strongholds for the kit
fox, but no specific actions focused on the kit fox are being
undertaken in Mexico. In the United States, a recovery
plan has been completed (USFWS 1998) and is being
implemented for the San Joaquin kit fox. Recovery
actions include protection of essential habitat, and



demographic and ecological research in both natural and
anthropogenically modified landscapes.

Occurrence in captivity

No captive breeding efforts are currently being conducted
for kit foxes. Facilities such as the Arizona-Sonora Desert
Museum in Tucson, Arizona, California Living Museum
in Bakersfield, California, and several zoos keep live kit
foxes for display and educational purposes. Also,
Humboldt State University in Arcata, California maintains
a small number of kit foxes for research and education.

Current or planned research projects

R. List (Institute of Ecology, National University of
Mexico) is currently assessing the abundance of kit foxes
in the prairie dog towns of north-western Chihuahua to
compare the densities to those in 1994 to 1996. He is also
planning to map the current distribution in Mexico using
GIS.

B. Cypher, D. Williams, and P. Kelly (California State
University-Stanislaus, Endangered Species Recovery
Program — ESRP) are conducting a number of
investigations on the San Joaquin kit fox, includingecology
and demography in agricultural lands and urban
environments, use of artificial dens, kit fox-red fox
interactions, highway impacts, pesticide effects, and
restoration of retired agricultural lands.

K. Ralls and colleagues (Smithsonian Institution,
Washington D.C., USA), in collaboration with the ESRP,
are conducting range-wide genetic analyses for the San
Joaquin kit fox and investigating the use of tracker dogs
(to find scats) in gathering information on kit fox presence
and ecology.

Two working groups of the National Center for
Ecological Analysis and Synthesis (University of
California, Santa Barbara, USA) are conducting
population modelling studies and investigating
conservation strategies for the San Joaquin kit fox.

The California State University, San Luis Obispo and
the California Army National Guard are investigating the
effects of military activities on the San Joaquin kit fox and
monitoring kit fox abundance on military lands in
California.

R. Harrison (University of New Mexico, Albuquerque)
is investigating kit fox ecology in New Mexico.

The U.S. Army is sponsoring an investigation of
military effects and kit fox ecology on the Dugway Proving
Grounds in Utah.

Gaps in knowledge

In general, demographic and ecological data are needed
throughout the range of the kit fox so that population
trends and demographic patterns can be assessed. In
Mexico, information available on the kit fox is scarce. The
most important gaps in our knowledge of the species are
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the present distribution of the species and population
estimates throughout its range. General biological
information is needed from more localities in the Mexican
range of the kit fox. In the United States, information is
required on the San Joaquin kit fox including assessing
the effects of roads and pesticides on kit foxes,
investigating dispersal patterns and corridors, determining
metapopulation dynamics and conducting viability
analyses, developing conservation strategies in
anthropogenically altered landscapes, assessing threats
from non-native red foxes, and range-wide population
monitoring.

Core literature
Cypher et al. 2000; Egoscue 1962, 1975; McGrew 1979;
O’Farrell 1987; Spiegel 1996.

Reviewers: Mauricio Cotera, Patrick Kelly, Ellen Bean.
Editors: Claudio Sillero-Zubiri, Michael Hoffmann,
Deborah Randall.

4.6 Swift fox
Vulpes velox (Say, 1823)
Least Concern (2004)

A. Moehrenschlager and M. Sovada

Other names
French: renard véloce; German: flinkfuchs; Indigenous
names: senopah (Blackfeet Tribe, Canada and USA).

Taxonomy

Canis velox Say, 1823. James, Account of an Exped. from
Pittsburgh to the Rocky Mtns, 1:487. Typelocality: “camp
on the river Platte, at the fording place of the Pawnee
Indians, twenty-seven miles below the confluence of the
North and South, or Paduca Forks.”

The swift fox is phenotypically and ecologically similar
to the kit fox (Vulpes macrotis) and interbreeding occurs
between them in a small hybrid zone in west Texas and
eastern New Mexico (Rohwer and Kilgore 1973; Mercure
et al. 1993; Rodrick 1999). Some morphometric
comparisons and protein-electrophoresis have suggested
that these foxes constitute the same species (Ewer 1973;
Clutton-Brock et al. 1976; Hall 1981; Dragoo et al. 1990;
Wozencraft 1993). Conversely, other multivariate
morphometric approaches (Stromberg and Boyce 1986),
aswellasmitochondrial DNA restriction-site and sequence
analyses (Mercure et al. 1993; Rodrick 1999) have
concluded that they are separate species. Swift and kit
foxes are most closely related to Arctic foxes (Alopex
lagopus), and this genetic association is the closest among
the Vulpes-like canids (Wayne and O’Brien 1987), although
Arctic foxes are classified in a different genus.



Description

The swift fox is one of the smallest canids, with an average
weight of 2.4kg (Table 4.6.1). The winter pelage is dark
greyish across the back and sides extending to yellow-tan
across the lower sides, legs, and the ventral surface of the
tail. The ventral fur is white with some buff on the chest.
In summer, the fur is shorter and more rufous. Swift foxes
can be distinguished from other North American canids,
except the closely related kit fox, by black patches on each
side of the muzzle, a black tail tip, and their small body
size. Dental formula: 3/3-1/1-4/4-2/3=42.

Subspecies Stromberg and Boyce (1986) concluded that
significant geographic variation exists among swift foxes,
but Merriam’s (1902) classification of swift foxes into
northern (V. velox hebes) and southern (V. v. velox)
subspecies is likely unjustified (Stromberg and Boyce
1986; Mercure et al. 1993).

Table 4.6.1 Body measurements for the swift fox
from specimens at least nine months old in north-
eastern New Mexico (Harrison 2003).

HB male 523mm (500-545) n=11

HB female 503mm (475-540) n=10

T male 286mm (250-340) n=11

T female 278mm (250-302) n=10

HF male 121mm (115-127) n=11

HF female 116mm (109-126) n=10

E male 64mm (59-68) n=10

E female 62mm (57-68) n=10

WT male 2.24kg (2.0-2.5) n=18

WT female 1.97kg (1.6-2.3) n=9

Similar species Kit foxes (V. macrotis) have longer, less
rounded ears that are set closer to the midline of the skull,
a narrower snout, and a proportionately longer tail to
their body length than swift foxes.

Distribution

Historical distribution The swift fox is native to short-
grass and mixed-grass prairies of the Great Plains in
North America (Egoscue 1979). On the northern limit of
itsrange, swift foxes were present in the Canadian provinces
of Alberta, Saskatchewan, and Manitoba. The southern
species boundary was New Mexico and Texas in the
United States. Historical records also exist for areas in
Montana, Wyoming, North Dakota, South Dakota,
Nebraska, Kansas, Colorado, and Oklahoma. Some
historical range descriptions mention swift foxes in
Minnesota and Iowa; however, there are no verified records
of occurrence in either state (Sovada and Scheick 1999).
Towa has one fossil record and several unconfirmed
accounts. Minnesota has no records and no account of
any merit.

Currentdistribution Following swift fox extirpation from
Canada by 1938 (Soper 1964), reintroduction releases
since 1983 have established a small swift fox population in
Alberta, Saskatchewan, and Montana which now
constitutes the northern extent of the species’ range
(Moehrenschlager and Moehrenschlager 2001) (Figure
4.6.1). The southern periphery of the range is still central
New Mexico and north-western Texas, and, in terms of
historic distribution, swift foxes are currently not found in
Manitoba or North Dakota. Current estimates for the
United States suggest that swift foxes are located in 39—

Juvenile swift fox,
approximately 2.5 to 3 months
old, sex unknown. Near Shirley
Basin, Wyoming, USA, 1998.

Travis Olson
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42% of their historic range depending on conservative
versus liberal estimates of historic range and the time span
of records that are considered (Sovada and Scheick 1999).
As such, the conservative estimate, based on the relative
presence or absence of swift foxes in counties throughout
individual states, is that swift foxes are distributed across
505,149km? while the liberal estimate is 607,767km?
(Sovada and Scheick 1999). Butin much of the distribution
populations are fragmented.

Range countries Canada, USA (Sovada and Scheick
1999).

Relative abundance

Historically, the swift fox was considered an abundant
predator of the prairies, but their numbers were severely
depleted by the late 1880s and early 1900s. In Canada, the
last recorded specimen was collected in 1928 (Carbyn
1998) and a single sighting was made in 1938 (Soper 1964).
Zumbaugh and Choate (1985) provided evidence that, in
Kansas, swift foxes were extremely abundant in the mid-
1800s, but became less abundant by the turn of the 20th
century. The species was probably extirpated from Kansas
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by the 1940s (Black 1937; Cockrum 1952; Hall 1955;
Sovada and Scheick 1999). There are similar reports of
population declines from other states (see Sovada and
Scheick 1999).

Swift fox populations began to recover over portions
of their former range beginning in the 1950s (Martin and
Sternberg 1955; Glass 1956; Anderson and Nelson 1958;
Andersen and Fleharty 1964; Kilgore 1969; Sharps 1977,
Egoscue 1979; Hines 1980). In the core of their distribution,
in Kansas, Colorado, the Oklahoma panhandle, and New
Mexico, populations are considered stable whereas
populations in Texas and Wyoming are fragmented and
more susceptible to decline. Swift foxes are rare in
Nebraska, South Dakota, and Montana, and extirpated
from North Dakota (Allardyce and Sovada 2003).

Estimated populations/relative abundance and
population trends Following approximately 50 years of
extirpation, a swift fox reintroduction programme was
initiated in Canada in 1983. By 1997, 942 foxes had been
released, primarily utilising captive breeding but also
through the use of translocations (Moehrenschlager and
Macdonald 2003). Usinglive trapping, a 1996/1997 census



estimated the Canadian population to consist of 289
individuals in two isolated subpopulations. A second
census that re-sampled these sites during the same season
in 2000/2001 also expanded the survey area into Montana
(Mochrenschlager and Moehrenschlager 2001;
Moechrenschlager ef al. 2004). The results showed that
swift fox population size in Canada had increased three-
fold since 1996/1997, the total known distribution including
Montana spanned at least 17,500km?, the combined
population size was approximately 877 individuals, and
that 98.6% of the population is now wild-born. This
population is considerably isolated from the contiguous
swift fox range in the United States and needs to be
considered separately in terms of population viability.

In the United States, swift fox populations are believed
to be stable in Texas, New Mexico, Oklahoma, Colorado,
and Kansas. The population in Wyoming is relatively
stable but fragmented. Lessis known about the population
in Nebraska, but there appear to be four disjunct
populations of unknown status. In South Dakota,
populations are small and fragmented; some are considered
stable. Swift foxes are extinct in North Dakota.
Reintroductions of swift foxes are being implemented at
twositesin South Dakota. The Turner Endangered Species
Fund began reintroducing foxes in 2002 in the Bad River
Ranch south-west of Pierre. Reintroduction to the
Badlands National Park began in 2003. The Defenders of
Wildlife are currently supporting (1998-present) a swift
fox reintroduction in northern Montana’s Blackfeet
Reservation.

Habitat

The swift fox is predominately found on short-grass and
mixed-grass prairies in gently rolling or level terrain
(Kilgore 1969; Hillman and Sharps 1978; Hines 1980). In
Kansas, swift foxes have been found to den and forage in
fallow cropland fields such as wheat (Jackson and Choate
2000; Sovada et al. 2003). Survival rates (and reproductive
rates, although sample sizes were small; Sovada et al.
2003) between foxes in grassland and cropland sites were
not significantly different suggesting that swift foxes may
be able to adapt to such habitat in some cases (Sovada et
al. 1998). Notably, the distribution and density of dens are
considered important components of swift fox habitat
requirements (Herrero et al. 1991), particularly in terms of
evading coyote predation or red fox competition
(Tannerfeldt ez al. 2003).

Food and foraging behaviour

Food Swift foxes are opportunistic foragers which feed on
a variety of mammals, but also birds, insects, plants, and
carrion (Kilgore 1969; Hines 1980; Cameron 1984; Uresk
and Sharps 1986; Hines and Case 1991; Zimmerman 1998;
Kitchen et al. 1999; Mochrenschlager 2000; Sovada et al.
2001b). Leporids have been reported as a primary prey
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item in several studies (Kilgore 1969 [winter]; Cameron
1984; Zumbaugh et al. 1985). In South Dakota, mammals
accounted for 49% of prey occurrences with prairie dogs
(Cynomys ludovicianus) as the primary prey item (Uresk
and Sharps 1986). Sovada et al. (2001b) in Kansas, and
Hines and Case (1991) in Nebraska, found that murid
rodents were the most frequently occurring prey in swift
fox diets. Several studies have reported a high frequency
of insects, but insects likely constituted a small portion of
biomass (Kilgore 1969). Birds and bird eggs have been
identified as a food of swift foxes (Kilgore 1969; Uresk and
Sharps 1986; Sovada ez al. 2001a). Swift fox studies typically
havereported a relatively high frequency of plant materials
found in samples, but most often in relatively smallamounts
per sample. However, several studies identified prickly
pear cactus fruit, wild plums, and sunflower seeds as a
food resource (Kilgore 1969; Hines and Case 1991; Sovada
et al. 2001D).

Foraging behaviour Swift foxes are mostly solitary
hunters, foraging throughout the night. They also exhibit
some crepuscular activity and will hunt diurnal species
such as birds and ground squirrels during the summer.
Caching of food by swift foxes has been observed (Sovada
et al. 2001b).

Damage to livestock and game There is no evidence
that swift foxes significantly impact game or livestock
populations.

Adaptations

Swift foxes can run at speeds of up to 60km/hr, which
helps to elude predators, and facilitates the hunting of fast
prey such asjackrabbits. Predominantly nocturnal activity
and diurnal use of dens reduces water loss.

Social behaviour

The typical social group consists of a mated pair with
pups. Occasionally, the social group is a trio or group of
two males and two or three females, with one breeding
female and non-breeding helpers (Kilgore 1969; Covell
1992; Sovada et al. 2003; Tannerfeldt et al. 2003). Pups
remain with the parents until dispersal, which commences
in August or September in Oklahoma (Kilgore 1969),
September/October in Colorado and Kansas (Covell 1992;
Sovada et al. 2003) and August in Canada (Pruss 1994).
Moehrenschlager (2000) reported that only 33% (n=12) of
juveniles had left natal home ranges at 9.5 months of age
while all recaptured individuals aged 18 months or older
had dispersed (n=7).

Published estimates of swift fox home ranges are quite
variable and difficult to compare because different
techniques and criteria have been used to estimate home-
range size (Tannerfeldt ef al. 2003). Hines and Case (1991)
reported an average home range size of 32.3km? (range=



7.7-79.3km?) for seven swift foxes in Nebraska using the
minimum convex polygon method, but four animals were
followed for fewer than five nights in winter or very early
spring. Andersen et al. (2003) reported a similar average
MCP home-range size of 29.0km? (range=12.8-34.3km?)
on the Pinon Canyon Manecuver Site in south-eastern
Colorado (1986 to 1987) for five swift foxes with >34
locations over a minimum period of seven months. A
slightly smaller estimate (MCP) of average home range,
25.1km? (SE=1.9, range=8.7-43.0km?), was determined
for 22 swift foxes with >60 locations in western Kansas
(Sovada et al. 2003). Zimmerman et al. (2003) estimated
average MCP home-range size of 10.4km? (range=7.3—
16.9km?) for five swift foxes in Montana. Using the 95%
adaptive kernel method, Kitchen ef al. (1999) reported
average home-range size of 7.6km? for foxes (with >60
locations per season) on the Pinon Canyon Maneuver Site
during 1997 to 1998. In western Kansas, Sovada et al.
(2003) reported a mean ADK estimate of 19.5km? for 22
foxes (SE=1.4). Pechacek et al. (2000) estimated mean 95%
ADK homerangesizes of 11.7km?and 100% MCP estimates
of 7.7km?for 10 swift foxes in south-eastern Wyoming.

Early studies suggested that swift foxes were not
territorial (Hines 1980; Cameron 1984), although more
recent data have provided evidence of territoriality.
Andersen et al. (2003) reported nearly total exclusion of an
individual swift fox’s core activity area to other same-sex
individuals. Pechacek et al. (2000) and Sovada et al. (2003)
found areas used by mated pairs had minimal overlap with
areas used by adjacent pairs, and core areas were exclusive.
In Canada, Moechrenschlager (2000) reported swift fox
home ranges overlapped by 77.1% amongmates and 21.4%
between neighbours.

Avery (1989) described the vocal repertoire of the swift
fox from recordings made of captive foxes. He identified
eight different vocalisations: courting/territorial call,
agonistic chatter, submissive whine, submissive chatter,
precopulatory call, growls, excited yip/bark, and social

yips.

Reproduction and denning behaviour

Swift foxes are primarily monogamous (Kilgore 1969)
although additional females that act as helpers in raising
pups are occasionally observed at den sites (Kilgore 1969;
Covell 1992; Olson et al. 1997; Sovada et al. 2003;
Tannerfeldt ef al. 2003). Also, a male has been seen with
litters of two different adult females on the same day
(Moehrenschlager 2000). Swift foxes are monoestrus and
the timing of breeding is dependent upon latitude (Asa
and Valdespino 2003). Breeding occurs from December to
January in Oklahoma (Kilgore 1969), from January to
February in Colorado (Scott-Brown et al. 1987; Covell
1992), from February to early March in Nebraska (Hines
1980) and in March among wild and captive Canadian
foxes (Pruss 1994; Moechrenschlager 2000). The mean
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gestation period is 51 days (Schroeder 1985). Average
litter sizes of 2.4-5.7 have been reported based on counts
of pups at natal dens (Kilgore 1969; Hillman and Sharps
1978; Covell 1992; Carbyn et al. 1994; Schauster et al.
2002b; Andersen ez al. 2003). In Colorado, litter sizes were
greater for mated pairs with helpers than for those without
(Covell 1992). Pups open their eyes at 10-15 days, emerge
from the natal den after approximately one month, and
are weaned at 6-7 weeks of age (Kilgore 1969; Hines
1980). Bothmembers of the pair provide for the youngand
young foxes remain with the adults for 4-6 months (Covell
1992), which is longer than other North American canids.
Swift foxes are among the most burrow-dependent
canids and, unlike most others, depend on dens throughout
the year (Kilgore 1969; Egoscue 1979; Hines 1980;
Tannerfeldt ez al. 2003). Swift foxes will excavate their own
dens and modify the burrows of other species. Dens serve
several functions, such as providing escape cover from
predators, protection from extreme climate conditions in
both summer and winter, and shelter for raising young.

Competition

Predation by and interspecific competition with coyotes
(Canis latrans) and expansion of red fox (Vulpes vulpes)
populations may be the two most serious limiting factors
to swift fox recolonisation of suitable habitat identified
within the species’ historic range (Moehrenschlager et al.
2004). Coyote killing of swift foxes significantly affected
the reintroduction efforts of swift foxes in Canada (Scott-
Brown et al. 1987; Carbyn et al. 1994). Since coyotes
frequently do not consume swift foxes, their killing may
primarily be a form of interference competition (Sovada et
al. 1998). Since red foxes and swift foxes have greater
dietary overlap than swift foxes and coyotes in sympatric
arcas of Canada (A. Moechrenschlager unpubl.), the
potential for exploitative competition is highest between
the two fox species. Moreover, contrasted to coyotes, red
foxes tend to be found in higher densities, with smaller
home ranges, and they move as individuals rather than as
pairs or groups. Therefore, in sympatric populations there
is greater chance of red fox-swift fox encounters than
coyote-swift fox encounters. Preliminary results from an
experimental study examining the swift fox-red fox
relationship suggest that red foxes can be a barrier
preventing swift fox populations from expanding into
unoccupied, but suitable areas (M. A. Sovada unpubl.). In
Canada, red fox dens were significantly closer to human
habitation than coyote dens while swift fox dens were
found at all distances (Moehrenschlager 2000). As coyotes
avoid high human activity areas, red foxes may utilise
these sites to begin their invasion of swift fox home ranges.
While coyotes reduce swift fox numbers through direct,
density-dependent killing within the swift fox range, red
foxes could potentially exclude swift foxes through a
combination of interference and exploitative competition.



Mortality and pathogens

Reported annual mortality rates range from 0.47 to 0.63
(Covell 1992; Sovada et al. 1998; Moehrenschlager 2000;
Schauster ez al. 2002b; Andersen et al. 2003), and those of
translocated foxes have been similar to those of wild
residents in Canada (Moehrenschlager and Macdonald
2003).

Natural sources of mortality Coyotes have been identified
as the principal cause of swift fox mortality (Covell 1992;
Carbyn et al. 1994; Sovada et al. 1998; Kitchen et al. 1999;
Moechrenschlager 2000; Andersen ef al. 2003). Other
predators of swift foxes that have been identified include
golden eagles (Aquila chrysaetos) and American badgers
(Taxidea taxus) (Carbyn et al. 1994; Moechrenschlager
2000; Andersen et al. 2003).

Persecution Mortality factors associated with human
activities include poisoning, shooting, and trapping
(Kilgore 1969; Carbyn et al. 1994; Sovada et al. 1998).

Hunting and trapping for fur Swift foxes formed an
important part of the North American fur trade. Records
of the American Fur Company’s Upper Missouri Outfit
(near the confluence of the Big Sioux and Missouri Rivers)
from 1835to 1838 included 10,427 swift fox pelts compared
to 1,051 red fox pelts and 13 gray fox (Urocyon
cinereoargenteus) pelts received during the same period
(Johnson 1969). Alexander Henry’s journals noted the
take of 117 “kit” foxes from 1800 to 1806 in north-eastern
North Dakota with an additional 120 “kit” foxes received
from the Hudson’s Bay Company at Pembina in 1905-
1906 (Reid and Gannon 1928).

Currently, swift foxes are legally protected under State
lawsinall 10 statesand are protected from harvest through
laws or regulations in seven of these. Colorado, Montana,
North Dakota, and Oklahoma list swift fox as furbearers
but the harvest season is closed all year. Nebraska lists
swift fox as “endangered,” and in South Dakota they are
“threatened.” Wyoming lists swift fox in their non-game
regulations, and only incidental harvest is allowed to
provide additional distribution data. States that do provide
harvest opportunities, Kansas, New Mexico, and Texas,
regulate harvest by season length and monitor harvest
numbers annually. Harvest is minimal (e.g., 181 foxes
harvested in Kansas in 1994-2001), and largely incidental
captures by coyote trappers. In Canada, where swift
foxesare federally listed as ‘endangered’, swift foxes cannot
be legally harvested; however, incidental injuries or
mortalities occur in traps or snares set for other species
(Moehrenschlager 2000).

Road kills Collisions with automobiles are a significant
mortality factor for young animals in some landscapes
(Sovada et al. 1998).
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Pathogens and parasites No significant disease
outbreaks have been documented in swift fox populations
to date; however, Olson (2000) reported deaths of two
swift foxes to canine distemper. Swift foxes host a variety
of internal and external parasites (Kilgore 1969; Pybus
and Williams 2003). Fleas (Opisocrostos hirsutus and Pulex
spp.) are the most common and abundant ectoparasite.
Kilgore (1969) suggested that the large numbers of fleas
found in swift fox dens might be a reason for the frequent
changes in dens used by foxes. Other parasites include
hookworms (Ancylostoma caninum, Uncinaria sp.) and
whipworms (7richuris vulpis), as well as miscellaneous
protozoans and ectoparasites (Pybus and Williams 2003).

Longevity Captive-born and translocated swift foxes in
Canada that were marked at the time of release have been
recaptured as late as eight years old, with extremely worn
teeth (A. Mochrenschlager unpubl.).

Historical perspective

Swift foxes were of cultural importance to many Plains
Indian Nations. The Kit (Swift) Fox Society of the
Blackfeet Tribe of south-western Alberta and northern
Montana ranked high in status and performed sacred
functions. Remains of swift foxes have been found in
archaeological sites dating back several thousand years.

Conservation status

Threats Since swift foxes are primarily prairie specialists,
ongoing conversion of grassland to cropland threatens to
reduce population sizes and further fragment populations.
The conversion of native grassland prairies has been
implicated as one of the most important factors for the
contraction of the swift fox range (Hillman and Sharps
1978). We believe that alteration of the landscape likely
influences local and seasonal prey availability, increases
risk of predation for swift foxes, and leads to interspecific
competition with other predators such as the coyote and
red fox. Moreover, an increasing trend towards irrigation
of crops from the dry-land farming practices of fallow
cropland every other year could exclude swift foxes that
have adapted to den and forage successfully under the
dryland farming rotational practices. The planting of tall,
dense vegetation asa part of the United States Conservation
Reserve Program, may also negatively impact swift foxes
because they avoid these densely vegetated habitats. In
Canada, the oiland gasindustryisexpanding dramatically
and previously isolated prairie areas are now targeted for
exploration. Associated road developments will potentially
decrease the habitat carryingcapacity and increase vehicle-
caused swift fox mortalities. Greater urbanisation coupled
with coyote control may facilitate red fox expansion,
which could lead to the competitive exclusion of swift
foxesin established prairie areas. In the United States, the
1972 presidential ban on predator toxicant use (e.g.,



strychnine, compound 1080) on Federal lands may have
contributed to swift fox recovery. However, 1080 is
currently being legalised in prairie arcas of Saskatchewan,
Canada, which will likely limit reintroduced swift fox
populations. Moreover, landowners that are attempting
to protect their livestock from coyote depredation use
poisons illegally and swift foxes readily consume such
baits (Moehrenschlager 2000).

Commercial use None.

Occurrence in protected areas In Canada, swift foxes
are found mainly on unprotected lands, but approximately
one-sixth of the population falls within the boundaries of
Grasslands National Park. In the United States, there are
24 National Park Service Units (Parks, Monuments,
Historic Sites) located in the historic range of swift foxes.
Although there are no records of swift foxesin any of these
units, 14 have potential for swift fox presence. One unit,
Badlands National Park in South Dakota, began a
reintroduction in 2003.

Protection status CITES — not listed.

The swift fox has been down-listed from ‘extirpated’ to
‘endangered’ in Canada as a result of the swift fox
reintroduction programme.

Current legal protection In the United States, the swift
fox was petitioned for listing under the Endangered Species
Act.In2001 the U.S. Fish and Wildlife Service determined
listing to be unwarranted.

Conservation measures taken

— In Canada, the National Swift Fox Recovery Team is
currently revising its national swift fox recovery
strategy, which will be implemented through national
and provincial action plans as of 2003. The Canadian
federal government has just passed the country’s first
‘Species at Risk Act’, which will provide greater legal
protection of swift foxes and promote landowner
stewardship programmes facilitating local conservation
efforts.

In the United States, the Swift Fox Conservation
Team operates under a Swift Fox Conservation
Strategy Plan with identified goals up to the year 2005.
The team continues to monitor populations, assess
critical habitat conditions, review the potential for
reintroductions, and provide research support for
ongoing projects.

Occurrence in captivity

In Canada, swift foxes are present in the Calgary Zoo,
Cochrane Ecological Institute, Kamloops Wildlife Park,
and Saskatoon Zoo. In the United States, swift foxes are
represented in the Bismarck Zoo, Bramble Park Zoo,
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Houston Zoo, Lee Richardson Zoo, Living Desert,
Minnesota Zoo, Philadelphia Zoo, Pueblo Zoo, Sunset
Z00, Tulsa Zoo, and Wild Canid Center. The Fort Worth
Zoo has put forward a petition to manage a swift fox
Species Survival Plan on behalf of the American Zoo
Association. On behalf of the Canid Taxon Advisory
Group, the St. Louis Zoo is currently devising
recommendations for swift fox space allocations in the
North American programme.

Current or planned research projects

M. Sovada (Northern Prairie Wildlife Research Centre,
U.S. Geological Survey, Jamestown, North Dakota, USA)
is working in the state of Kansas, where she is developing
methodology for long-term monitoring of swift foxes on a
landscape scale with spatial smoothing. Preliminary
assessments have been conducted for western Kansas and
the final model will provide the basis for determining
future expansion or retraction of swift fox range.

The Swift Fox Conservation Team, M. Sovada
(Northern Prairie Wildlife Research Centre, U.S.
Geological Survey, Jamestown, North Dakota, USA) and
others are examining swift fox habitat requisites at a
range-wide scale. They intend to use location and remote-
sensing habitat data, multivariate statistical techniques,
and GIS to model swift fox habitat range wide.

R. Harrison and Jerry Dragoo (University of New
Mexico, Albuquerque, New Mexico, USA)in conjunction
with the New Mexico Department of Game and Fish, are
developinga monitoring plan for tracking swift fox relative
to population density, range-wide in New Mexico. They
are testing scat collection followed by species verification
with mitochondrial DNA analysis.

R. Harrison, M.J. Patrick (Pennsylvania State
University, Altoona, Pennsylvania, USA) and C. G.
Schmitt (New Mexico Department of Game and Fish,
Santa Fe, New Mexico, USA) are also identifying and
creating voucher specimens of fleas from four fox species
in New Mexico (swift, kit, grey, and red foxes).

E. Gese (National Wildlife Research Center, Utah
State University, Utah, USA) is continuing a long-term
study on swift foxes on the U.S. Army Pinon Canyon
Maneuver Site in south-eastern Colorado. Entering the
sixth year of this study, over 200 swift foxes have been
radio-collared and tracked. Currently, a Ph.D. student is
examining the influence of land-use patterns on plant
composition and productivity, the small mammal
community, and swift fox demographics. An M.Sc. student
will be investigating helper behaviour and swift fox pup
survival from den emergence to independence.

A. Mochrenschlager (Calgary Zoo and University of
Calgary, Calgary, Alberta, Canada), P. Fargey (Grasslands
National Park, Parks Canada, Saskatchewan, Canada),
andS. Alexander (University of Calgary, Calgary, Alberta,
Canada) aredeveloping a predictive GIS habitat suitability



model for the reintroduced Canadian/Montana swift fox
population.

A. Mochrenschlager (Calgary Zoo and University of
Calgary, Calgary, Alberta, Canada) and C. Strobeck
(University of Alberta, Edmonton, Alberta, Canada) are
testing gene flow and connectivity in the reintroduced
Canada/Montana swift fox population using hair samples
collected from 1995 to 2001.

A. Mochrenschlager (Calgary Zoo and University of
Calgary, Calgary, Alberta, Canada) and A. Aguirre
(Wildlife Trust, Palisades, New York, USA) have tested
swift fox serology in Canada and will create a serological
profile for all sympatric prairie canids (swift fox, red fox,
coyote and domestic dog).

Gaps in knowledge

In Canada and the United States assessments of historical
distribution and the identification of critical swift fox
habitats for legal protection are hampered by the fact that
swift fox habitat useis not well understood. Future studies
should assess to what degree swift foxes can utilise differing
types of habitats, including habitats considered atypical,
such as those dominated by cropland. Information is
needed to identify why swift foxes are unable to move into
areas of apparently suitable habitat. Identification of
barriers, both physical and ecological (e.g., competitive
exclusion with other canids), to dispersal would improve
the ability to manage and ultimately conserve this species.
Future investigations should focus on parameters that
might affect the range-wide, long-term viability of the
populations.
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The primary stochastic factor influencing small canid
populations around the world is disease (Woodroffe et al.
1997; Laurenson et al. 1998; Woodroffe and Ginsberg
1999a), and such risks are enhanced when animals are
transferred between populations (Woodford and Rossiter
1994). Although the Canadian population was partly
established through translocation, swift fox exposure to
canid diseases has not been assessed in Canada. The
prevalence of disease exposure in different age classes and
regions should be assessed in both countries and the
likelihood of disease transfer between swift foxes and
sympatric coyotes, red foxes, and domestic dogs should be
evaluated. In addition, genetic analyses should be
conducted to examine bottlenecks, genetic variability,
connectivity, and dispersal distances in Canada and within
isolated population fragments of the United States. Finally,
data on swift fox demography, disease prevalence, genetics,
habitat use, and population trends should be incorporated
into population viability models to guide conservation
planning on a provincial/state or federal basis.

Core literature

Egoscue 1979; Hines and Case 1991; Jackson and Choate
2000; Kilgore 1969; Kitchen et al. 1999; Moehrenschlager
2000; Mochrenschlager and Macdonald 2003; Schauster
et al. 2002a,b; Sovada and Carbyn 2003; Sovada et al.
1998, 2001b, 2003.
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Chapter 5

Europe and North and Central Asia (Palearctic)

5.1 Arctic fox
Alopex lagopus (Linnaeus, 1758)
Least Concern (2004)

A. Angerbjorn, P. Hersteinsson and M. Tannerfeldt

Other names

English: polar fox; Finnish: naali; French: renard polaire,
isatis; German: polarfuchs; Icelandic: tofa; Russian: [Tecer;
Swedish: fjallriv; Indigenous names: Saami: njalla, svala
(Norway, Sweden, Finland, Russia).

Taxonomy

Canis lagopus Linnaeus, 1758. Syst. Nat., 10th ed., 1: 40.
Type locality: “alpibus Lapponicis, Sibiria,” restricted to
“Sweden (Lapland)”.

The Arctic fox is sometimes placed in a subgenus of
Vulpes and sometimes in Canis. However, the species is still
most often placed in Alopex (e.g., Corbet and Hill 1991).
The most closely related species are swift fox (Vulpes velox)
and kit fox (V. macrotis), neither of which occurs in the
tundra. Viable hybrids between Arctic fox and red fox
(Vulpes vulpes) are routinely produced by artificial
insemination in fur farms, but both sexes appear to be
infertile (Nes ez al. 1988). Only one case of such hybridisation
has been recorded in the wild, the progeny of a silver fox
vixen that had escaped from captivity in Iceland and a
native Arctic fox male (Gudmundsson 1945).

Variable chromosome numbers of 2n=48-50, due to
Robertsonian translocation (Makinen 1985), and 2n=52
(Wipfand Shackelford 1949) have been recorded. Relative
frequencies of karyotypes in nature are not known but in
Finnish fur farms, foxes with the 2n=49 chromosome
constitution are less fertile than females with 2n=48 or
2n=50. Furthermore, in these foxes the segregation of the
karyotypes within litters of biparental 2n=49 matingsis in
favour of the 2n=48 karyotype such that its frequency
may be increasing in captivity (Mékinen 1985).

Description

The Arctic fox is a small fox with rather short legs and a
long fluffy tail (Table 5.1.1). Males are slightly larger than
females. The Arctic fox has very thick and soft winter fur
with dense underfur and long guard hairs. The species
occurs in two distinct colour morphs, “blue” and “white”.
Each morph also changes seasonally: “blue” moults from
chocolate brown in summer to lighter brown tinged with
blue sheen in winter. In winter, the “white” morph is
almost pure white with a few dark hairs at the tip of the tail
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and along the spine, while in summer, it is brown dorsally
and light grey to white on its underside. Colour morphs
are determined genetically at a single locus, “white” being
recessive (Adalsteinsson et al. 1987). The “blue” morph
comprises less than 1% of the population throughout most
of its continental range, but comprises 25-30% in
Fennoscandia (Norway, Sweden and Finland) and 65—
70%1in Iceland (Adalsteinsson et al. 1987). The proportion
of blue morphs also increases in coastal areas and on
islands, where it can reach up to 100% (e.g., Mednyi
Island, Russia; St. Paul Island, Alaska). Within each
morph, there is considerable variation in appearance,
which seems to be independent of the locus for colour
morph (Hersteinsson 1984). In Sweden, there occasionally
are sand-coloured foxes in summer, but they appear to be
of the white morph without brown pigment, while in

Table 5.1.1 Body measurements for the Arctic fox
in Iceland (P. Hersteinsson unpubl.).

HB male 578mm + 31 n=89

HB female 548mm + 33 n=85

T male 271mm = 20 n=65

T female 262mm + 23 n=55

WT male June-July: 3.58kg + 0.45 n=478
November-February: 4.23kg + 0.60 n=338

WT female June-July: 3.14kg + 0.38 n=514

November-February: 3.69kg + 0.55 n=245

Adult male Arctic fox. Harjedalen, Sweden, 2000.

Magnus Tannerfeldt



Iceland, cinnamon coloured foxes of both the white and
blue colour morph occur (Adalsteinsson et al. 1987,
unpubl.). The dental formula is 3/3-1/1-4/4-2/3=42.

Subspecies Audet et al. (2002) recognise eight subspecies,

but we list only four:

— A. L lagopus (most of the range).

— A. I semenovi (Mednyi Island, Commander Islands,
Russia).

— A. L beringensis (Bering Island, Commander Islands,
Russia).

— A.L pribilofensis (Pribilof Islands, Alaska).

Similar species The Arctic fox cannot be mistaken for
any other tundra-livinganimal. The red fox (Vulpes vulpes),
which is the only other small canid in tundra areas, is
larger, with relatively longer tail and ears, as well as a
slightly longer and narrower muzzle and distinctly red fur,
although the black (silver) and cross phenotypes are
common in the far north.

Distribution
Current distribution The Arctic fox has a circumpolar
distribution in all Arctic tundra habitats. It breeds north

of and above the tree line on the Arctic tundra in North
America and Eurasia and on the alpine tundra in
Fennoscandia, ranging from northern Greenland at 88°N
to the southern tip of Hudson Bay, Canada, 53°N. The
southern edge of the species’ distribution range may have
moved somewhat north during the 20th century resulting
in a smaller total range (Hersteinsson and Macdonald
1992). The species inhabits most Arctic islands but only
some islands in the Bering Strait.

The Arctic fox was also introduced to previously
isolated islands in the Aleutian chain at the end of the 19th
century by fur industry (Bailey 1992). It has also been
observed on the sea ice up to the North Pole.

Historical distribution During the last glaciation, the
Arctic fox had a distribution along the ice edge, and Arctic
fox remains have been found in a number of Pleistocene
deposits over most of Europe and large parts of Siberia
(Chesemore 1975).

Range countries Canada, Denmark (Greenland),
Finland, Iceland, Norway, Russia, Sweden, USA (Alaska)
(Hall and Kelson 1959; Vibe 1967; Nasimovic and Isakov
1985; Mitchell-Jones et al. 1999).

" Current range

1000 Km
I

Figure 5.1.1. Current
distribution of the
Arctic fox.
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Relative abundance

The world population of Arctic foxes is in the order of
several hundred thousand animals (Table 5.1.2). Most
populations fluctuate widely in numbers between years in
response to varying lemming numbers. Only a few
populations have been studied directly, so the following
population figures must be treated with caution. In most
areas, however, population status is believed to be good.
The species is common in the tundra areas of Russia,
Canada, coastal Alaska, Greenland and Iceland.
Exceptions are Fennoscandia, Mednyi Island (Russia)
and Pribilof Islands, where populations are at critically
low levels. On the Pribilof Islands, fox populations are
now low and appear to be declining further. Vagrant
Arctic foxes are common over the northern sea-ice where
they follow polar bears as scavengers.

Estimated populations/relative abundance and
population trends The density of occupied natal Arctic
fox dens varies from 1-3/100km?in the whole tundra zone
of Siberia and North America (Boitzov 1937; Macpherson
1969), to about 4/100km? in coastal Alaska, Svalbard and
Fennoscandia (Eberhardt er al. 1982; Prestrud 1992c;
Dalerum et al.2002), 7/100km? on Herschel Island, Yukon
(Smits and Slough 1993) and up to 8/100km? in protected
areas in Iceland (Hersteinsson et al. 2000).

In North America, there are no published population
estimates for Canada or the USA. If North America’s fur
harvest until the 1980s is compared with production figures
from Russia, the total Canadian Arctic fox population
should be in the order of 100,000 animals and the Alaskan
population around 10,000 individuals. Historically
numbering thousands of individuals, Pribilof fox
populations have declined to only a few hundred (White
1992).

The total Russian population size is unknown but
could be in the order of 200,000-800,000 animals;
Nasimovic and Isakov (1985) reported the number of live
animals on the Taymyr Peninsula alone to be 52,000
during a low period and up to 433,000 animals in a peak
year (1970 to 1971). A decline during the 1960s to 1980s
was reported from many Siberian areas (Nasimovic and
Isakov 1985), but lower fur prices and a breakdown of the
Soviet trading system have probably relieved the pressure
onthespecies. Theendangered population of the subspecies
A. [ semenovi on Mednyi Island comprises around 100
animals (Goltsman et al. 1996). The population on the
neighbouring Bering Island (4. [ beringensis) is reported
as stable at around 800-1,000 animals; the same review
reports the Kola Peninsula population to number 1,000—
2,000 animals (Potansky 1993). However, adjacent areas
in Finland harbour less than 20 Arctic foxes, so this figure
appears to be an overestimate.

In Fennoscandia, the population decreased
dramatically due to over-harvest at the beginning of the
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Table 5.1.2. The status of Arctic fox in various
range countries (Population: C=common, R=rare;
Trend: S=stable, |= increasing, D= declining).
Population/ Approx
Country (area) abundance number Trend
Canada C 100,000 ? S?
USA (coastal Alaska) C 10,000 ? S?
Greenland C > 10,000 ? S?
Russia (mainland) C 2-800,000 ? S/ ?
Russia (Mednyi Island) R 100 ?
Russia (Bering Island) C 800-1,000 S
Iceland C > 6,000 |
Finland R 20 D
Norway (mainland) R 50 D
Norway (Svalbard) C 2-3000 S
Sweden R 50 D

20th century. Local populations have been driven to near
extinction by hunting; for example, on mainland
Fennoscandia. Furthermore, the situation deteriorated
during the 1980s and 1990s because of an absence of
lemming peaks. Recent population estimates total 120
adults, around 50 of which are found in Sweden
(Angerbjorn et al. 1995; Lofgren and Angerbjorn 1998),
50 in Norway (Frafjord and Rofstad 1998), and less than
20 in Finland (Kaikusalo ef al. 2000). On the island
Svalbard (Norway), the Arctic fox is common, with a
population density of 1-1.5 animals per 10km? and an
approximate total autumn population of 2,000-3,000
individuals (P. Prestrud pers. comm.). In Iceland, the
population has gone through long-term population
fluctuations with a low in the 1970s of around 1,300
individuals in autumn to a high of over 6,000 individuals
in 1999 and apparently stillincreasing (Hersteinsson 2001).
Little information is available on fox population density
in Greenland, but it is common in coastal areas.

Habitat

Arctic and alpine tundra on the continents of Eurasia,
North America and the Canadian archipelago, Siberian
islands, Greenland, inland Iceland and Svalbard. Subarctic
maritime habitat in the Aleutian island chain, Bering Sea
Islands, Commander Islands and coastal Iceland.

Food and foraging behaviour

Food The Arctic fox is an opportunistic predator and
scavenger but in most inland areas, the species is heavily
dependent on fluctuating rodent populations. The species’
main prey items include lemmings, both Lemmus spp. and
Dicrostonyx spp. (Macpherson 1969; Angerbjorn et al.
1999). In Fennoscandia, Lemmus lemmus was the main
prey in summer (85% frequency of occurrence in faeces)
followed by birds (Passeriformes, Galliformes and
Caridriiformes, 34%) and reindeer (Rangifer tarandus)
(21%; Elmhagen et al. 2000). In winter, ptarmigan and



grouse (Lagopus spp.) are common prey in addition to
rodents and reindeer (Kaikusalo and Angerbjorn 1995).
Changes in fox populations have been observed to follow
those of their main prey in three- to five-year cycles
(Macpherson 1969; Angerbjorn et al. 1999).

Foxes living near ice-free coasts have access to both
inland prey and sea birds, seal carcasses, fish and
invertebrates connected to the marine environment, leading
to relatively stable food availability and a more generalist
strategy (Hersteinsson and Macdonald 1996). Inlate winter
and summer, foxes found in coastal Iceland feed on seabirds
(Uria aalge, U. lomvia), seal carcasses and marine
invertebrates. Inland foxes rely more on ptarmigan in
winter, and migrant birds, such as geese and waders, in
summer (Hersteinsson and Macdonald 1996). In certain
areas, foxes rely on colonies of Arctic geese, which can
dominate their diet locally (Samelius and Lee 1998).

Foraging behaviour Arctic foxes forage singly,
presumably the most efficient foraging technique in view
of the species’ main prey base of rodents and birds. When
food is abundant, Arctic fox cache food for later use.
Caches can be cither of single prey items or large items,
with varying contents that may include lemmings or goose
eggs (Chesemore 1975).

Damage to livestock and game In Iceland, lamb
carcasses frequently are found among prey remains at
dens resulting in the species being considered a pest.
Although individual foxes may indeed prey on lambs, it is
more likely that a large proportion of the lambs have been
scavenged (Hersteinsson 1996). Arctic foxes are known to
prey on wildfowl (Sovada ef al. 2001a) and occasionally
kill reindeer calves (Prestrud 1992a).

Adaptations

The Arctic fox has many physical adaptations to the
Arctic environment. Arctic fox fur has the best insulative
properties among all mammals, and individuals do not,
under any naturally occurring temperatures, need to
increase metabolic rate to maintain homoeothermy
(Prestrud 1991). Arctic foxes change between summer and
winter pelage, thereby adjusting their insulating capabilities
and enhancing their camouflaging potential. Arctic foxes
further conserve body heat by having fur on the soles of
their feet (Linnaeus thus named it lagopus, literally hare-
foot), small ears, short noses, and the ability to reduce
blood flow to peripheral regions of their bodies. In autumn,
their weight may increase by more than 50% as fat is
deposited for insulation and reserved energy (Prestrud
1991).

The species demonstrates a number of other
physiological adaptations for energy conservation in
winter. Resting metabolic rate, body-core temperature
and food intake is lower in winter (Fuglei 2000). When
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travelling longdistances, the Arctic fox fallsinto an energy-
effective short gallop, similar to that of wolverines.
Surprisingly, for Arctic foxes, the energetic cost of running
is lower in winter than in summer, and is also lower during
starvation than when feeding ad lib (Fuglei 2000).

Social behaviour

The basic social unit of the Arctic fox is the breeding pair.
Both parents take an active part in rearing the cubs. For
the first three weeks after birth, while the cubs are mostly
dependent on milk, the female rarely leaves the den for any
length of time and the male brings most of the food on
which the female feeds during thisenergetically demanding
period. As meat increasingly forms a larger constituent of
the cubs’ diet, the roles of the parents become more similar
and the female takes an active part in hunting and
provisioning the cubs. Non-breeding helpers, usually
yearlings from the previous litter, may occur.
Supernumerary females generally emigrate before pups
attainindependence of the den at 8—10 weeks (Hersteinsson
and Macdonald 1982). However, on Mednyi Island, there
are permanent Arctic fox groups comprising up to six
adults (Frafjord and Kruchenkova 1995). Complicated
social systems have also been observed on other islands
(e.g., Iceland: Hersteinsson 1984; St Paul Island, Alaska:
White 1992; Wrangel Island, Russia: Ovsyanikov 1993).
Temporary groups of non-breeding individuals are also
sometimes formed (Ovsyanikov 1993).

Arctic foxes normally are strongly territorial when
breeding, with natal dens generally used by only one
family group. Pairs may remain together in the same
territory and use the same den for up to five years
(Ovsyanikov 1993; A. Angerbjorn unpubl.). Insome cases,
individuals may maintain territories that include more
than a single breeding pair. Furthermore, there are cases
when breeding pairs have shared a den. However, this
phenomenon seems to be restricted to close relatives (A.
Angerbjorn and M. Tannerfeldt unpubl.).

Home ranges in inland areas vary with lemming
abundance (15-36km?; Angerbjorn et al. 1997), but
generally are smaller in coastal habitats (Iceland, 9-19km?:
Hersteinsson and Macdonald 1982; Greenland, 10-14km?:
Birks and Penford 1990; Alaska 5-21km?: Eberhardt et al.
1982) and vary widely on Svalbard (10-125km?; Frafjord
and Prestrud 1992). Home ranges of group members
generally overlap widely with each other, and very little
with those of neighbouring groups. Combined group
ranges contribute to territories from which occupants
rarely stray (Hersteinsson and Macdonald 1982). Scent
marking of territories with urine is common, while faeces
appear to have little or no significance with regard to
territory marking (Hersteinsson 1984). Vocalisations and
postures aimed to attract the attention of conspecifics,
such as an erect tail, are common during territory disputes
(Hersteinsson 1984).



In Alaska, seasonal migrations are reported when
individuals leave breeding grounds in autumn, travel to
the coast, and return in late winter or early spring
(Eberhardt et al. 1983). Large-scale emigrations have
beenrecorded in Canada, Fennoscandia and Russia. These
may result from drastic reductions in food supplies, such
as a population crash in lemmings. The longest recorded
movement was by a male who was recovered 2,300km
from the point of tagging (Garrott and Eberhardt 1987).

Reproduction and denning behaviour

Mating occurs between February and May and births
take place from April to July. Gestation lasts 51-54 days.
Pup weight at birth is 80-85g in Iceland (P. Hersteinsson
unpubl.) but may be less in areas with larger litter sizes.
Captive foxes in Sweden had a birth weight of 73g for
femalesand 77gfor males (E. Derefeldt and A. Angerbjorn
unpubl.). Litter size varies with food availability, being
smaller in areas without rodents and larger in areas with
rodents (Tannerfeldt and Angerbjorn 1998). Mean litter
sizes at weaning were 2.4 on St. Paul Island (White 1992),
4.2inIceland (Hersteinsson 1993), 5.3 in Svalbard (Prestrud
and Nilssen 1995), 6.7 in Canada (Macpherson 1969), 7.1
in Russia (Chirkova et al. 1959), and 6.3 in Fennoscandia
(Tannerfeldt and Angerbjérn 1998). On Wrangel Island, in
years with high lemming abundance, up to 19 pups per
litter have been observed (Ovsyanikov 1993).

The ability of Arctic foxes to produce large litters is
facilitated by their access to large and relatively safe dens.
The primary function of breeding dens seems to be to
provide shelter and protection against predators. Den sites
are large with complex burrow systems, and the largest
dens are preferred for breeding (Dalerum et al. 2002).
These may have up to 150 entrances and are usually
situated on elevated mounds, pingoes, tops of eskers, river
banks or ridges, although dens located in bedrock and
screes are more common in Svalbard (Prestrud 1992b) and
Iceland (A. Angerbjorn pers. obs.). Good denning sites lie
above the permafrost layer, accumulate comparatively
little winter snow and are sun-exposed, often facing south.
The average lifespan of dens in the Canadian tundra has
been estimated at 330 years (Macpherson 1969). Some are
used repeatedly, year after year, others infrequently.

Pup rearing is confined to the snow-free period from
Juneto September, after which the young gradually become
independent. Lactation generally lasts 8-10 weeks. In
Sweden, growth rate from weaning in early July to late
August wasabout 30g/day (C. Bergman and A. Angerbjorn
unpubl.), and in Svalbard growth rate was 34g/day
(Frafjord 1994). Foxesreach sexual maturity at 10 months.

Competition

The red fox is an especially dominant competitor and
severe predator on juvenile Arctic foxes (Frafjord et al.
1989). The red fox is also known to have a similar diet and
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to take over Arctic fox breeding dens (Tannerfeldt et al.
2002). Anorthward spread of the red fox has been recorded
in Canada (Hersteinsson and Macdonald 1992) and an
increasing range above the tree-line in Scandinavia, where
the red fox has the potential to restrict the range of the
Arctic fox (Tannerfeldt e al. 2002). Other species feeding
in the same small rodent guild are rough-legged buzzard
(Buteo lagopus), snowy owl (Nyctea scandiaca) and skuas
(Stercorarius longicaudus, S. pomarinus, S. parasiticus),
but the degree of competition between these species is not
known.

Mortality and pathogens

Natural sources of mortality The Arctic fox is a victim of
predation, mainly from the red fox, wolverine (Gulo gulo)
and golden eagle (Aquila chrysaétos), while the brown
bear (Ursus arctos) and wolf (Canis lupus) are also known
to dig out dens. For Arctic foxes dependent on cyclic
lemmings, starvation is an important cause of mortality
during some years, particularly for juveniles (Garrott and
Eberhardt 1982, Tannerfeldt ez al. 1994). Cubs are known
to eat their siblings, but there is no evidence of siblicide
(ArvidSon and Angerbjorn 1996).

Persecution In Norway (Svalbard), Greenland, Canada,
Russia, and Alaska, trapping s limited to licensed trappers
operating in a specified trapping season. The enforcement
of these laws appears to be uniformly good. In Iceland, a
law was passed in 1957 stipulating that the state would pay
two-thirds of all costs of an extermination campaign on
the Arctic fox. Thelaw was changed in 1994, but restricted
government-sponsored hunting still continues over most
of the country as the Arctic fox is considered a pest to
sheep farmers and eider down collectors (Hersteinsson et
al. 1989). On St Paul Island persecution has caused a
dramatic decrease in population size in recent years (White
pers. comm.).

Hunting and trapping for fur Hunting for fur has long
been a major mortality factor for the Arctic fox. The total
harvest for North America between 1919 and 1984 was
approximately 40,000-85,000 annually (Garrott and
Eberhardt 1987). Macpherson (1969) stated that the
Canadian production was 10,000-68,000 pelts per year,
and by the 1980s around 20,000 (Garrott and Eberhardt
1987). The yield from Alaska for the period 1925 to 1962
was from 3,900-17,000 pelts per year (Chesemore 1972).
The Alaska harvest later decreased to 1,000-2,000 per
year (Garrott and Eberhardt 1987).

The total fur returns from Siberia reached more than
100,000 animals in some years in the 1970s and 39-59% of
the population could be killed each year (Nasimovic and
Isakov 1985). These populations fluctuate widely and a
large proportion of killed animals are young-of-the-year.
A decline during the last few decades is apparent in many



Siberian areas (Nasimovicand Isakov 1985), but lower fur
prices and a breakdown of the Soviet trading system have
probably relieved the pressure on the species.

In Greenland, in the year 1800, the number of exported
pelts per year was around 2,000. In 1939, the catch had
increased to over 7,000 animals per year (Braestrup 1941).
It later decreased to 2,000-5,000 pelts annually (Vibe
1967), and subsequently has decreased even further. See
also Commercial use.

Road kills No assessment has been made, butitis probably
very infrequent in tundra areas due to low trafficintensity.
However, itisincreasingin St. Paul Island due to increased
vehicular traffic and in Iceland over the last two decades
due to an increasing Arctic fox population and improved
road system, leading to more traffic and higher motoring
speeds (P. White unpubl., P. Hersteinsson unpubl.).

Pathogens and parasites The Arctic fox is a major
victim and vector during outbreaks of Arctic rabies
(Prestrud 1992c). In Iceland, encephalitozoonosis is
suspected of playing a part in population dynamics
(Hersteinsson et al. 1993). As a result of mange caused by
the ear canker mite (Otodectes cynotis) introduced by
dogs, the subspecies A. I semenovi on Mednyi Island was
reduced by some 85-90%in the 1970s to around 90 animals
(Goltsman et al. 1996). The same parasite can be found in
Icelandic Arctic foxes but apparently does not result in
increased mortality there (Gunnarsson et al. 1991). In
Iceland, the diversity and magnitude of intestinal parasite
infestation was much higher among Arctic foxes in coastal
than in inland habitats (Skirnisson et al. 1993). Kapel
(1995) has reviewed the occurrence and prevalence of
helminths in Arctic foxes in Greenland, North America
and Siberia. In a study conducted in Sweden, Arctic fox
cubs were found to have no serious parasitic infestations
(Aguirre et al. 2000). Trichinella infestations of Arctic
foxes seem to be largely associated with feeding from
polar bear (Ursus maritimus) carcasses (Prestrud et al.
1993; Kapel 1995). There is a risk that domestic dogs
transfer diseases to Pribilof Arctic foxes (White unpubl.).

Longevity The average lifespan for animals that reach
adulthood is approximately three years. The oldest
recorded individuals were 11 years of age (P. Hersteinsson
unpubl.).

Historical perspective

The importance of the Arctic fox fur trade has a very long
history. In Jordanes ‘Getica’ (Jordanes 551), Romans are
described wearing dark-blue furs bought from the Suehans
(Swedes), presumably traded from the “Screrefennae”
(=Sami). The economy of the Inuits is closely tied to Arctic
fox abundance (Chesemore 1972). Arctic fox skins were
legal tender along with lamb skins and some other products

in Iceland during the Middle Ages (Hersteinsson 1980).
This may also have been so in other Nordic countries.

Conservation status

Threats Hunting for fur has long been a major mortality
factor for the Arctic fox. With the decline of the fur
huntingindustry, the threat of over-exploitation is lowered
for most Arctic fox populations (see Commercial use). In
some areas gene swamping by farm-bred blue foxes may
threaten native populations (see Occurrence in captivity).
There can also be indirect threats such as diseases and
organochlorine contaminants, or direct persecution (as
on St. Paul Island for example). Misinformation as to the
origin of Arctic foxes on the Pribilofs continues to foster
negative attitudes and the long-term persistence of this
endemic subspecies is in jeopardy.

Commercial use The Arctic fox remains the single most
important terrestrial game species in the Arctic. Indigenous
peoples have always utilised its exceptional fur; and with
the advent of the fur industry, the Arctic fox quickly
became an important source of income. Today, leg-hold
traps and shooting are the main hunting methods. Because
of their large reproductive capacity, Arctic foxes can
maintain population levels under high hunting pressure. In
some areas, up to 50% of the total population has been
harvested on a sustainable basis (Nasimovic and Isakov
1985). However, this does not allow for hunting during
population lows, as shown by the situationin Fennoscandia.
The Arctic fox has nevertheless survived high fur prices
better than most other Arctic mammals. Hunting has
declined considerably in the last decades, as a result of low
fur prices and alternative sources of income. In the Yukon,
for example, the total value of all fur production decreased
from $1.3 million in 1988 to less than $300,000 in 1994.

Occurrence in protected areas Good information is

available only for Sweden and Finland. For Iceland, Arctic

foxes could potentially appear in most protected areas.

— Finland: Malla, Kéasivarren erdmaa, liton palsasuot,
Saanan luonnonsuojelualue, Muotkatunturin erdmaa,
Hanhijanké Pierkivaaran jinka, Pieran Marin jainka,
Kevo, Kaldoaivin erdmaa, Paistunturin erdmaa,
Pulmankijarvi;

— Sweden: The National Parks Sarek, Padjelanta, and
Stora Sjofallet, in the county of Norrbotten; the
Nature Reserves Vindelfjallen, Marsfjillet, and
Gitsfjallet, in the county of Visterbotten; the
Nature Reserves Hamrafjédllet, Henvalen—Aloppan,
Valadalen, Graberget-Hotagsfjédllen, Frostvikenfjillen,
Sosjofjallen and Skackerfjdllen, in the county of
Jamtland.

Protection status CITES — not listed.
The Arctic fox is threatened with extinction in Sweden



(EN), Finland (CR) and mainland Norway (E). In 1983,
following the introduction of mange due to ear canker
mites (Otodectes cynotis) via dogs, the Mednyi Island
foxes were listed in the Russian Red Data Book.

Current legal protection In most of its range, the Arctic
fox is not protected. However, the species and its dens have
had total legal protection in Sweden since 1928, in Norway
since 1930, and in Finland since 1940. In Europe, the Arctic
foxisa priority species under the Actions by the Community
relating to the Environment (ACE). It is therefore to be
given full protection. On St. Paul Island the declining
Arctic fox population has currently no legal protection.

In Norway (Svalbard), Greenland, Canada, Russia,
and Alaska, trapping is limited to licensed trappers
operating in a defined trapping season. The enforcement
of these laws appears to be uniformly good. In Iceland,
bounty hunting takes place over most of the country
outside nature reserves.

Conservation measures taken An action plan has been
developed for Arctic foxes in Sweden (Lofgren and
Angerbjorn 1998) and status reports have been published
for Norway (Frafjord and Rofstad 1998) and Finland
(Kaikusalo et al. 2000). In Sweden and Finland, a
conservation project is under way (SEFALO). In 1993,
Mednyi Island gained protected status asa Nature Reserve.

Occurrence in captivity

The Arctic fox occurs widely in captivity on fur farms and
has been bred for fur production for over 70 years. The
present captive population originates from a number of
wild populations and has been bred for characteristics
different from those found in the wild, including large size.
Escaped “blue” foxes may already be a problem in
Fennoscandia (and to a lesser extent in Iceland) due to
gene swamping (Hersteinsson et al. 1989).

Current or planned research projects
There are a large number of projects currently underway
(or planned initiatives) across the distribution range.

A. Angerbjorn, M. Tannerfeldt, B. Elmhagen, and L.
Dalén (Stockholm University, Sweden) are studying
conservation genetics, predation patterns, and relationships
between red and Arctic foxes in Fennoscandia.

N. Eide (Norwegian Polar Institute Tromse, Norway)
is exploring habitat use and population ecology of Arctic
foxes in Svalbard.

E. Fuglei (Norwegian Polar Institute, Tromsg,
Norway) is investigating the ecophysiology and genetics
of Arctic foxes at Svalbard, as well as the effects of
persistent organic pollutants in the Arctic fox.

P. Prestrud (Norwegian Polar Institute, Tromse)
continues long-term population monitoring of Arctic foxes
in Svalbard.
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K. Frafjord (Tromse University, Norway) is looking
at the ecology of Arctic fox dens and patterns of den use
by Arctic and red foxes in northern Norway.

J. Linnell (Strand Olav, NINA, Norway) is studying
captive breeding and behavioural ecology of Arctic foxes
in Norway.

P. Hersteinsson (University of Iceland) is researching
juvenile dispersal, including timing and mode of dispersal
and dispersal distance in western Iceland.

Multiple researchers, including E. Fuglei (Norwegian
Polar Institute Tromse, Norway), E. Geffen and M. Kam
(University of Tel Aviv, Israel), A. Angerbjorn (Stockholm
University, Sweden) and P. Hersteinsson (University of
Iceland) are investigating the energy costs of parental care
in free-ranging Arctic foxes across the species’ range.

G. Samelius (University of Saskatchewan, Canada) is
studying population ecology, and the relationship of Arctic
foxes to Arctic geese in the Queen Maud Gulf Bird
Sanctuary in Nunavut, Canada.

P. White (Museum of Vertebrate Zoology, University
of California, Berkeley, California, USA) is studying
behavioural ecology, disease, and organochlorine
contaminants of Arctic foxes on St. Paul Island.

R.K.Wayneand C. Vila (University of California, Los
Angeles, California, USA)are undertaking an investigation
into the population genetics of the species.

M. Zakrzewski and B. Sittler (University of Freiburg,
Germany) study population dynamics in North-east
Greenland.

Gaps in knowledge

1. Little is known concerning the impact of diseases
introduced by humans on fox populations. Allied to
this is our lack of knowledge of the epidemiology of
Arctic rabies.

Considering the northward spread of the red fox in
certain areas, studies are necessary to determine the
effects of competition between red foxes and Arctic
foxes on various population parameters and Arctic fox
life-history patterns.

The non-recovery of the Fennoscandian population is
a cause for concern, and requires specific attention,
especially in terms of disease and genetics.

Core literature

Angerbjorn et al. 1995; Audet et al. 2002; Eberhardt et
al.1982, 1983; Frafjord and Prestrud 1992; Garrott and
Eberhardt 1982, 1987; Hersteinsson et al. 1989;
Hersteinsson and Macdonald 1982, 1992; Macpherson
1969; Nasimovic and Isakov (eds). 1985; Tannerfeldt and
Angerbjorn 1998.

Reviewers: Karl Frafjord, Gustaf Samelius, Pal Prestrud,
Paula White. Editors: Deborah Randall, Michael
Hoffmann, Claudio Sillero-Zubiri.



5.2 Grey wolf
Canis lupus Linnaeus, 1758
Least Concern (2004)

L.D. Mech and L. Boitani

Other names

English: timber wolf, tundra wolf, plains wolf, Mexican
wolf, Arctic wolf; Albanian: ujku; Croatian: vuk; Czech:
vlk; Danish and Norwegian: ulv; Dutch: wolf; Estonian:
hunt, susi; Faeroese: ulvur, fjallatvur; Finnish: susi; French:
loup; German: wolf; Hungarian: farkas; Icelandic: ulfur;
Italian: lupo; Latvian: vilks; Lithuanian: vilkas; Maltese:
lupu; Polish: wilk; Portuguese: lobo; Romanian: lup;
Russian: wilk; Slovakian: vlk dravy; Slovenian: volk;
Spanish: lobo; Swedish: varg; Turkish: kurt; Indigenous
names: Arapaho: haqihana; Caddo: tasha; Navaho: mai-
coh; Nunamiut: amaguk (USA).

Taxonomy

Canis lupus Linnaeus, 1758. Syst. Nat., 10th ed., 1:39.
Type locality: “Europa sylvis, etjam frigidioribus”;
restricted by Thomas (1911) to “Sweden”.

Two recent proposals have been made for major
taxonomic changes in the grey wolf in North America:
Nowak (1995) presented data reducing the 24 North
American subspecies to five; and Wilson er al. (2000),
using molecular genetics data, proposed that wolves in
eastern North America had evolved in North America
contrary to wolves elsewhere that evolved in Eurasia and
spread to North America. The authors proposed the name
Canis lycaon for the wolf that they believe evolved in
North America.

Chromosome number: 2n=78 (Wayne 1993).

Note: The Wolf Specialist Group has not taken a position
on whether Canis aureus lupaster is a grey wolf (see
Ferguson 1981), or whether Canis lycaon (Wilson et al.
2000) is valid.

Description

The grey wolf'is the largest wild canid weighing up to 62kg
(Table 5.2.1). General appearance and proportions are not
unlike a large German shepherd dog except legs longer,

Table 5.2.1 Body measurements for the grey wolf.
Wolf body measurements vary greatly. Examples from
Wrangel, Alaska, USA (Young and Goldman 1944:454).

HB+T male 1,650mm
HB+T female 1,585mm
T male 453mm
T female 435mm
HF male 298mm
HF female 279mm
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Adult female Mexican wolf. San Cayetano breeding facility,
Mexico State, Mexico, 1992.

feet larger, ears shorter, eyes slanted, tail curled, and
winter fur longer and bushier, and with chin tufts in
winter. Fur is thick and usually mottled grey, but can vary
from nearly pure white, red, or brown to black. Dental
formula 3/3-1/1-4/4-2/3=42.

Subspecies See Nowak (1995) for maps and measurements
of seven Eurasian and five North American subspecies:
C. [ albus (northern Russia)

C. I arctos (Canadian High Arctic)

C. [ baileyi (Mexico, south-western USA)

C. . communis (central Russia)

C. | cubanensis (east central Asia)

C. I hattai (Hokkaido, Japan)

C. I hodophilax (Honshu, Japan)

C. I lupus (Europe, Asia)

C. I Iycaon(south-eastern Canada, north-castern USA)
C. [ nubilis (central USA, east-central Canada)

C. [ occidentalis (Alaska, north-western Canada)

C. [ pallipes (Middle East, south-western Asia)

Similar species Red wolf (C. rufus): slightly smaller than
C. lupus. Coyote (C. latrans): about one-third to one-half
size of C. lupus. Golden jackal (C. aureus): about one-third
size of C. lupus.

Rurik List



Distribution

Historical distribution Originally, the wolf was the
world’s most widely distributed mammal, living
throughout the northern hemisphere north of 15°N latitude
in North America and 12°Nin India. It has become extinct
in much of Western Europe (Boitani 1995), in Mexico and
much of the USA (Mech 1970).

Current distribution Present distribution is more
restricted; wolves occur primarily in wilderness and
remote areas, especially in Canada, Alaska and northern
USA, Europe, and Asia from about 75°N to 12°N (Figure
5.2.1).

Range countries Afghanistan, Albania, Armenia,
Azerbaijan, Belarus, Bhutan, Bosnia Herzegovina,
Bulgaria, Canada, China, Croatia, Czech Republic,
Denmark (Greenland), Estonia, Finland, France,
Germany, Georgia, Greece, Hungary, India, Iran, Iraq,
Israel, Italy, Jordan, Kazakhstan, Korea, Kyrgyztan,
Latvia, Lebanon, Lithuania, Macedonia, Mexico,
Moldova, Mongolia, Montenegro, Myanmar, Nepal,
Norway, Oman, Pakistan, Poland, Portugal, Romania,
Russia, Saudi Arabia, Slovakia, Slovenia, Spain, Sweden,
Syria, Tajikistan, Turkey, Turkmenistan, Uzbekistan,
Ukraine, United Arab Emirates, United States of America,
Yemen, Yugoslavia (Montenegro, Kosovo and Serbia)
(Mivart 1890; Ognev 1931; Pocock 1935; Young and
Goldman 1944; Mech 1970, 1974; Mech and Boitani
2003).

Relative abundance

Because of the diversity in climate, topography, vegetation,
human settlement and development of wolf range, wolf
populations in various parts of the original range vary
from extinct to relatively pristine. Wolf densities vary
from about 1/12km? to 1/120km?2.

Estimated populations/relative abundance and
population trends Details are provided below on
subspecies present, population status, approximate
numbers, the percentage of former range occupied at
present, main prey (where known), legal status, and cause
of decline. Countries (provinces, states or regions whenever
appropriate) are listed by geographical region and roughly
follow a west to east and north to south order.

North America (Nearctic)

— Alaska (USA): Subspecies: C. I occidentalis. Status:
Fully viable, about 6,000. Former range occupied:
100%. Main prey: Moose, caribou, sheep, deer, beaver,
goat. Legal status: Animals are hunted and trapped in
limited seasons with bag limits. Some control work,
enforcement active.

— British Columbia (Canada): Subspecies: C. I
occidentalis, C. I nubilus. Status: Fully viable, about
8,000. Range occupied: 80%. Main prey: Moose,
caribou, sheep, deer, beaver, goat, elk. Legal status:
Game species, furbearer, no closed season.

— Yukon Territory (Canada): Subspecies: C. I
occidentalis. Status: Fully viable, about 4,500. Range

Figure 5.2.1. Current
distribution of the
grey wolf.
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occupied: 100%. Main prey: Moose, caribou, sheep,
deer, beaver, goat, elk. Legal status: Game species,
furbearer, no closed season.

North-west Territories and Nunavut (Canada):
Subspecies: C. I arctos, C. L. nubilus, C. L. occidentalis.
Status: Fully viable, about 10,000. Range occupied:
100%. Main prey: Moose, caribou, musk oxen, sheep,
beaver, goat. Legal status: Furbearer.

Greenland ( Denmark ): Subspecies: C. I arctos. Status:
Threatened, lingering at 50? Range occupied:
Unknown. Main prey: Musk oxen, lemmings, arctic
hares. Legal status: Unknown. Cause of decline:
Persecution.

Alberta (Canada): Subspecies: C. L. occidentalis. Status:
Fully viable, about 4,000. Range occupied: 80%. Main
prey: Moose, caribou, sheep, deer, beaver, goat, elk,
bison. Legal status: Furbearer.

Saskatchewan ( Canada): Subspeci