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Preface

Although it is positioned at the start, the Preface
is—at least in this book---the last section to be writ-
ten, and therefore this seems an appropriate place to
take stock of the history, and the process, that has
brought us to this point. On reflection, this book
has had several different beginnings, of which the
mostimmediate was the moment when we decided,
in the late 19905, that the year 2001 should be the
one when we would draw together various major
strands of our sharcd involvement with wild canids.
We scheduled, for September of that year, the Canid
Biology and Conservation Conference—held under
the auspices of the IUCN/SSC Canid Specialist
Group and hosted by Oxford University's Wildlite
Conservation Research Unit (WildCRU). The inten-
tion was that this conference would serve three dif-
ferent goals—first, it would be a stimulating
meeting of the world's specialists in wild canids,
second, it would be a forum for the brain-storming
that was to initiale the final stages of our work to
edit the Second Canid Action Plan (the first had
been published by Ginsherg & Macdonald in 1990),
and third, it was to stimulate what we intended to
become the most compendious work yet published
on wild canids, their biology and conservation—
this book is the result of that third goal. As it hap-
pens, the conference, with its 240 delegates from 38
countries was also a marvellous celebration—not
only of the wondrous biology of the canids, but of
the dedication and skill of the marvellous people
who study them. It also happened to fall for one of
us not only on the 20th anniversary of Chairmanship
of the Canid Specialist Group, but also on a fiftieth
birthday—so it was quite a party!

The concept of this book grew from the belief that
to understand any group of animals—and certainly
the family Canidac—one needs to slice the cake trom
two angles. The first slice takes a broad view of diver-
sity and trends; for this reason, half the hook is
devoted to reviews. Each review is by threc authors,
each of them from a different institution and often a
different. continent, and cach trio encompassing
unsurpassable expertise in its field. The second essen-
tial slice takes a deep view of detail and intricacy; and

that is why the other half of the book is devoted to
case histories, some of which have continued over
many years—and indeed thereby have outlived the
miserable phasc of biological fashion that deemed
long-term field studies as no more than an excuse for
“maore of the same’. Little did the advocates of that lat-
ter view appreciate that long-term data sets would
emerge as amongst the richest veins sustaining mod-
ern ecology, as is amply demonstrated in the pages
that follow.

In planning the book we obviously faced many
considerations, and two deserve mention. First,
after much discussion, we opted to amit chapters on
domestic dogs. This decision was difficull, and
might well have gone the other way; part of the rea-
son was space—the wealth of matcrial on wild
canids already caused our text to grow ceplete until
its cavers (and the publishers) groaned, while to do
justice to the fascination of domestic dogs could
have expanded our scope by several chapters more.
Anyway, our priority has been wild canids, and the
science that underpins their conservation, which
brings us o the sccond consideration, namely how’
thiis book relates to the Canid Action Plan, on which
we have worked simultancously (Sillero-Zubii et al.
in press). The answer is that while the two ventures
have been separate, and have different motivations,
there are synergics between them. First, in many
cases the same experts have been involved. Second,
while the Action Plan is intended to be a purcly
practical document, whereas this book s a scholarly
one, ourintention is that the science in this volume
should underpin the practice advocated by the
other. The two come together in our post script,
Chapter 23.

Although the formal beginning of this trio of
canid projects—the conference, the Action Planand
this book—was in the late 1990, other roots run
deeper. We are both members of the Wildlife
Conservation Rescarch Unit, and the arigins of that
Unit lay in the work of a maverick band of canid
researchers known in the late 19705 as the Oxford
Foxlot. It s a particular pleasure to us to note how
many of our collcagues from this kennel have
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of age were captured with padded leg-hold traps with
attached tranquilizer tabs, weighed, sexed, ear-tagged
and Tadio-collared, and the vestigial first premolar of
the lower jaw was extracted for ageing (Linhart and
Knowlton 1967). Pups (8-12 weeks old) were captured
at the den, ear-tagged, and surgically implantod with
an intraperitoneal transmitter. We classificd coyotes by
age as pups (<12 months old), ycarlings (12-24
months old), or adults (>24 months of age). Coyotes
were also classified as residents or tansients based
upon their social interactions and affinity for one area
(Bowen 1981; Gese et al. 1988). Members of a resident
pack were further classified into different social classes,
including alphas (dominant breeding adults), betas
(adulls and yearlings subordinate 1o the alphas but
dominant aver pups), or pups (voung of the year
subordinate to both alphas and betas), based upon the
separate taale and female dominance hierarchies
observed in the pick (sec Gse et al. 1996a—c for details
on methodology).

Coyotes were observed with a 10-45x spotting
scope from vantage points located throughout the
valley during OctoberJuly; high grass (>1 m) pre-
duded observation In August and September. We
collected nocturnal observations using an 11X
night-vision scope. Behavioural observations fol-
lowed Gese et al. (1996a,b) in which we randomly
sampled packs, and stratificd individuals within
cach pack to allow for similar sampling of each sex
and social class. We used focal-animal sampling
(Lehner 1979; Martin and Bateson 1993), recording
allbehaviours for a single individual using a program
on a notehook computer, or on a tape recorder and
transcribed later. Whenever possible, we recorded
the location at which behaviours (e.g. bed sites,
dens, howling, scent-marking, predation, carcasses)
occurred to the nearest 10-m grid intersection using
the Universal Transverse Mercator (U/1M) grid system
on a 1:24,000 US Geological Survey topographic
map. Snow depth, hardness, and laycring were
recorded every 1-2 days by excavation of a snow pit
Additional climate information was recorded at a
permanent weather station within the study arca
Available ungulate carcass biomass in the valley was
estimated weekly (sce Gese et al. 1996a). The sam-
pling unit for all statistical tests was the individual
coyote (Machlis et al. 1985). Statistical analyscs of
behaviours are described in Gese et al. (1996a-c)
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and used the software program SYSTAT (Wilkinson
et al. 1992) follawing the recommendations in Steel
and Touie (1980), Sokal and Rohlf (1981), and
Zar (1996).

Environmental conditions

The first winter (1990-91) of hehavioural observa-
tions in YNP was mild, with littlc carcass biomass
available to the coyotes in the valley (Fig. 17.2().
Maximum snow depth was 30 cm and the amount of
known carcass biomass was <170 kg/wk. Coyotes
were dependent upon small mammals, mostly voles,
as their major food item during that winter. The sec-
ond winter (1991-92) was characterized by decper
snow cover and higher carcass biomass (ig. 17.2(b)).
That winter had an early suowfall followed by a thaw,
which re-froze into an ice layer on the ground and
subsequently led to an early initiation of winter dic-
off of ungulates. Maximum snow depth was 46 cm,
and known carcass hiomass exceeded 200 kg/wk for
10 weeks. The third winter (1992-93) was similar
to the second winter, with deep snow cover and
high carcass biomass (Fig. 17.2(C)). Maximum snow
depth was 63 cm, and for 6 weeks known carcass
biomass was >200 kg/wk.

Social organization and dominance

Trom January 1991 o june 1993, we observed 49
cesident coyotes from 3 packs for 2456 h and § tran-
sients for §1 h; 8 animals identified as disporsers were
observed for 53 h. Of the 54 coyotes observed, 29
were males, 23 were females, and 2 unmarked coyotes
were of unknown sex. We collared or implanted 31
coyotes with and 23 were
unmarked but recognizable from physical characteris-
tics. The coyotes in the Lamar River Valiey were orga-
nized into relatively large packs (up to 10 individuals)
with distinct territories (Fig. 17.3). These resident
packs remained spatially stable, cxceptin the last win-
ter (1992-93) when the Soda Butte pack usurped a part
of the Norris pack territory (Fig. 17.3(c); see Gese 1998
for details). Transicnl home ranges overlapped the
resident territories. Territorial houndarics of resident
packs were scent-marked and actively defended;

radio-transmittcrs,
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around Harare in 1979-82 and 1990-95 (Foggin
1988; Bingham 1995).

Rabics and the natural history of jackals

At peak intensity, epidemics of jackal rabics in
Zimbabwe may move up to 20 km/month (Foggin
1988) with peaks at intervals of 5-8 years (WHO
1992), within which scasonal highs in incidence
correspond with seasonal peaks in jackal home range
size, inter-temitorial social interaction, and home
range overlap during the mating season. A trough
in rabies incidence corresponds to decreased con-
tact hetween groups dusing the whelping season
(Fig. 169, Loveridge and Macdonald 2001). At
Hwange, but not in the Highveld, the home ranges
of both sidc-striped and black-hacked jackals expand
in the mating season (Junc/July) from their minima
during whelping (Scptember-November) when the
whole group's activity is focused at the den and,
despite an increase in infra-group interactions, inter-
group contact decreases. Births bolster the population
of susceptible individuals, but pups have little conlact
with neighbours for the first 3 months of life.

At Hwange, we recorded 50 incidents of tres-
passing adult jackals, of which 21 were chased by
territory holders; 10 {47.6%) of these chases resulted
in physical contact and biting. Although this contact
would have promoted rabies transmission, dispersal
was localized, and scemed unlikely to lead to rapid
spread of rabies. Dispersal is likely to be more
common where vacancies are more available
(e.g. Emlen 1991; Mumme and Koenig 1991), and
hence where mortality is higher. This perturbation
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cffect (luyttens and Macdonald  2000) may
contribute to the rarity of rabies in undisturbed
wildlife arcas (Cumming 1982), and to its prevalence
in the Highveld where jackals are frequently killed
on commercial farmtand,

Control

Our simulations suggest that if interactions with
dogs ceased, the incidence of rabies in jackals could
decline to zero. In contrast, if dogs continue Lo
increase, and their vaccination does not improve
(c.15 25% in the 1990s) jackal rabies is likely lo
increase, as s risk to livestock and humans.
Historically, the control of juckal rabics in Zimbabwe
has been based on killing jackals (Foggin 1988). Our
results suggest instead a focused control and vacci-
nation of dogs might be a more effective strategy.
This might be complimented by an oral vaccination
scheme to procct jackals living along the communal
land-commercial farmland boundarics, targeting
particularly the mating season (April-June) and
petiod of pup recruitment (October January).

Our study raises the possibility that realistic
pattems of animal movement can be incorporated
into spatial models of disease spread (Macdonald
1980c; Ball 1985; Smith and Harris 1991; Rhodes
et al. 1998). The sprinkling of outbreaks of jackal
(and fox) rabics ahead of main fronts, which is
so characteristic of the disease, could conceivably be
dueto the virus ‘freeing’ the infected animal to make
longer tracks across country. Iiven if infected, duc to
the power law nature of the step-lengths, extremely
Tong steps are still less likely than shorter ones, and

Black backed jackals scavenging
from an ungulate carcass.
©M.G. L. Mills.
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this may explain why the majority of rabid dogs, for
example, do not make such journeys (Haig 1977).
turthermore, the consequences of Levy-ranging
behaviour extend to animal management and
conservation. 1f Lévy foraging is a response to
temporally and spatially unpredictable resourccs,
then human activities that increase the proportion
of such landscapes within an animal's temitoey could
have dramatic effects on its movements,
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CHAPTER 17

Coyotes

Coyotes in Yellowstone National Park: the influence
of dominance on foraging, territoriality, and fitness

Eric M. Gese

Studies on the hehavioural ecology of cayates (Canis
latrans) are inherently difficult due to theirnocturnal
and sccretive hahits. In Yellowstone National Park
(YNP), Wyoming, the coyote population has not
been subject to human persecution for several
decades, allowing for direct observation of their

A coyote Canis fatrans pauses during its
travels in Yellowstons National Park
©E.M. Gese.

behaviour, interactions among pack members, and
how they deal with changes in their environment.
From January 1991 to June 1993, over 2500 h of
direct observation were collected on members of
five resident packs, five transient individuals, and
cight dispersing animals, in the Lamar River Valiey
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of YNP. The presence of a dominance hierarchy
within the resident packs greatly influenced access
to food resoutces, individual fitness (i.e. mating
opportunities, survival, and dispersal), and regula-
tion of pack size. Alpha animals had the greatest
access to ungulate carcasses in winter, diligently
defended their territory against intruders, and conse-
quently achieved « high degree of fitness in terms of
acquiring all mating opportunities and reproduclive
success. Subordinate individuals (betas and pups) in
the pack had less access to resources (mates and
food), lower survival, higher dispersal rates, and
thus reduced fitness as compared to alpha animls.
Non-territorial coyotes (transients and dispersers)
had even lower survival (mainly dispersing animals),
o mating opportunities, and little access 1o ungu-
late carcasses during winter when resources were
scarce. Being dominant and territorial was advanta-
geous in coyote society by insuring access to mates,
faod, and space.

Introduction

The coyote, is an opportunistic, gencralist predator
that has expanded its distribution to most of North
America and is probably one of the most widely
researched canids. Yet, its typically nocturnal, secre-
tive behaviour mean there have been only two
studies—both in Grand ‘Feton National Park,
Wyoming—based on dircet obscrvation of wild cay-
oles (Camenzind 1978h; Bekoff and Wells 1986).

The coyote popnlation in YNP has not been perse-
cuted for several decades, and thus is tolerant of
humans to an cxfent that has facilitated our studies
of haw coyotes deal with fluctuations in tempera-
ture, snow depth, snow-pack hardness, and food
availability (e.g. Gese et al. 1996a-c). This chapter
synthesizes the findings of over 2500 h of observ.
tion on coyotes in the Lamar Kiver Valley, YNI,
Wyoming (Gese et al. 1996a-¢; Gese and Ruff 1997,
1998; Gese 2001b).

Study area

‘The study was conducted in a 70-km? area in the
Lamar River Valley, YNF, Wyoming (Fig. 17.1;

Vellowstane National Park

Figure 17.1 Yellowstone National Park, Wyoming where the.
study was conducted.

44°52'N, 110°11E), about 2000 m above sea level.
Long, cold winters and short, coof summers charac-
terize the dlimate in the valley (Dirks and Martner
1982; Llouston 1982). Mean annual temperature
and precipitation is 1.8°C and 31.7 cm, respectively,
with most of the annual precipitation falling
as snow (Dirks and Martner 1982; Houston 1982)
Habitats included forest, m
meadow, riparian, grassland, sage-grassland, and road
(see Gese etal. 1996a for habitat descriptions).

Predominantungulate species included elk {Cenvis
elaphus), mule deer (Odocoileus hemionus), bison,
(Bison bison), and bighomn sheep (Ovis canadensis).
A few moose (Alces alces) and white-tailed deer
(Odocoilens virginianus) inhabited the valley, and
pronghom antelope (Antilocapra americana) were
present during summer. A major food source for
coyotes during winter was elk carrion (Murie 1940;
Houston 1978; Gese et al. 1996a). Small mammal
species included microtines (Microtus spp.), mice
(Peromyscus spp.), pocket gophers (homomys
talpoides), and Uinta ground squirels (Spermiophilus
annatus).

ic meadow, mesic shrub-

General methodology

The sampling design and methodologics for record-
ing behavioural observations of coyotes were
described in Gese et al. (1996a-c), Gese and Ruff (1997,
1998),and Gese (2001). In general, coyotes >S months
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Table 16.2 Percentage ocourrenice (% occ), grams of biomass ingested (g), and % biomass ingested (%) by
€. mesomelas and C. adustus over three seasons of the year, the wet season (December-May). the cold
dry season (June-August), and the hot dry season (September-November)

Spinghare  Arthvopad
Wet scason
adustus. % oec 74 40.7
(n = 15) 4 49 136
% 168 466
mesomelas %o 222 506
(n =51) 8 28 122
% 555 294
Coid dry season
agustus % oce. 214 290
(n=64) e 148 48
% 42 136
mesomelas %ooc 390 425
(n = 168) (4 401 88
% 66.6 148
Hot dry season
adustus %oc 168 229
(n = 107) 3 253 197
% 55.0 43
mesomelas % acc 371 346
(n — 178) e 287 25
% 69.7 6.06
Seasonal varience C.adustus 510 35
‘Seasonal varianice C. mesomelss 84.6 64

Smallvertebrate  Fruit Unguiate  Refuse B
37 11 74 296 356
<01 02 69 35
03 06 236 120 31
98 99 62 12 3m
06 02 55 <01
14 053 02 241
90 131 48 29 518
10.4 25 23 04
295 74 65 11 338
81 08 73 23 286
56 002 75 03
58 003 125 05 203
31 54 20 240 454
31 01 100 55
67 02 28 120 269
213 19 94 05 372
31 <01 67 <0.1
75 02 163 02 1.90
10.56 160 45 129
515 247 27 083

Notes: Tre pust s penod (Aprl-May) 5 17 uded 1 Lhes vt season as these monhs e affected by the rains in previnis mantns. Werghts f biowiass

1ngestent zre der ved from volume o ihe dig

tary cornponent 1n scats multipled by 2 correction factor o give grans ol Inod ngested. B s tag nien oreadth

calculaed for 2ath Species far e2ch 52500 USINgHhe SIrpson index, Seasonal vanance in the ucgarreioe of ¢ach ditary item (standard deviation sea:

sonal ocourrence)? in the diet of each species s given n the final two rows.

From: Loveridge and Macdonald (2003)

percentage  occurrence;  sidestriped  jackals
B = 4.63-13.5, black-backed jackals B = 1.46-3.67,
calculated from percentage biomass ingested).

Estimates of dietary overlap (based on Pianka’s
index), using data for percentage oceurrence and
biomass ingested, were 0.84 and 0.76, respectively,
which is high compared with other sympatric carni-
vores. Nonetheless, hlack-backs ate more spring-
hares than did side-stripes, which in turn ate more
safari camp refuse. Possibly the additional nichie
breadth created by human activity contributed to
the coexistence of the two jackal species.

side-striped jackals had the greatest
niche breadth in all seasons, perhaps reflecting a
reliance on a greater divesity of food items. Scasonal
variations in diet were most marked for springhares
and insects (Tablc 16.2). Black-backed jackals had
a lower niche breadth, especially during the cold
dry season (B = 1.46), when the majority of biomass
ingested was made up of springhare. Springharcs
formed the highest biomass ingested of any food
item in both jackal species at all times of the year. For
side-stripes, springhares made up the highest bio-
mass during the hot diy season, and for black-backs
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during the cold dry season. Percentage occurrence of
arthropod remains and average biomass ingested
swere highest in the wet scason and lowest in the hot
dry season in both species.

Cooperative hunting
Although both black-hacked and golden jackals have
been widely reported to hunt cooperatively (Wyman
1967; Lamprecht 1978a; Terguson 1980; McKenze
1990, evidence suggests Lhat this increased success iv
equivocal (Macdonald et al. Chapier 4, this volume),
Within social groups at Hwange, noo-breeding adults
generally do not associate with other adults (Loveridge
1999), 50 it is the breeding pair that has the oppor-
tunity to hunt cooperatively. We observed seven
pair-hunting attempts for springhares, of which three
were successful. In contrast, single black-backs were
unsuccessful in all five hunts obscrved—a sample too
small to be statistically relevant. Morc convincingly,
the proportion of lime for which members of
pair were in close proximity varied scasonally, being
highest during the breeding season (June-July) and
lowest when the female was preoccupied at the
den (November-December), This pattern correlated
with the percentage frequency of occurrence of spring-
hares in the scats (Fig. 16.9).

8
g
£
:
*
5]
20 e
B 4 S0 e 70 8

% of sightings of mated pairs together

Figure 18.9 Percentage of time (sightings) that jackal
pairs spent together (within 50 rm of one another) and the
percentage ocourtence of springhare remains in scats
Peaks in percentage of sightings together in June and
July cortespond to the jackal breeding season. (From
loveridge 1999.)

Springhares are scemingly uniformly available
throughout the year, 50 we suggest that their occur-
sence in the diet peaks when the jackals’ breeding
cycle enables mesmbers of a pair to hunt in company,
whereas they are eaten least when insects are most
abundant. An analogous situation occurs when
coyotes exclusively exploit scasonal super-abundance
of cicadas, while during the rest of the year rodents,
leporids, and deer are their primary food (Cypher
1993; Cypher et ai. 1994). Following the principle
of least effort (Zipf 1949), black-backed jackals, and
doubtless other canids, favour plentiful insect prey or
fruit aver elusive vertebrates.

Interspecific interactions and character

displacement

Despite their smaller size, and contrary to expecta-
tion (c. Johnson ct al. 1996), black-backed jackals at
Hwange almost always aggressively displaced side-
striped jackals, and side-stripes avoided direct
confrontation with them (Loveridge and Macdonald
2002). Althaugh' this rclationship contradicts the
generalily of larger canids harassing smaller ones, it
does resonate with Kingdon's (1997) remark that
black-backed jackals ate *. . . gencrally more aggres-
sive than other jackal specics’. This trait, which
could be characterized as ‘asscrtivencss’, may be
associaled with the greater tendency of black-backed
jackals 1o risk fecding alongside lion (Panthera ieo)
and spolted hyaena (Crocuta crocuta) (Estes 1967,
1991; Kingdon 1977; Mills 1990). We conclude that
habitat partilioning at Hwange was medialed by
aggressive exclusion of side-steiped jackals from
grassland by black-backed jackals,

Considering the evidence of interspecific antago-
nism and competition, one might have expected
character displacement between these two similar
specics of jackal (¢.g. Dayan et al. 1989). However,
a comprehensive analysis (Van Valkenburgh and
Wayne 1994) of cranial, dental, and mandibular
traits of jackal species throughout Africa indicated,
it anything, a tendency for sympatric jackals in ast
Africa to converge in size. The authors suggested
that the lacge diversity of carnivores in East Aftica
limited the opportunity for character displacement.
Consequently, East African black-backed jackals
occupicd a compressed niche and were less variable
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Table 16.3 Residuals from GLM for C. mesomefas, for parametors showing significant interaction when testing the

variation in sexual dimorphism between sympatry and allopatry (sex*locatian) ML = Mandible length, CBI

basal fength, SKU — Skull length.

Candylo

Sympatric Alopatric
Variable Male. Female Difference in residual Male Female Difference in residual
ML 069 ~1.06 1.75 367 2.65 632
cBL 248 —0.79 327 437 —aa7 854
Sk 036 -256 292 5.49 -362 911

in size and more sexually dimorphic than elsewhere
in their range

Prompled by this analysis, we measured 5 dimen-
sions of a sample of 143 black-backs and 204 side-
stripe skulls from southern Africa (Loveridge 1999)
We found no evidence, for eitber species, offatitudinal
coroliaries of size or, amongst side-stripes, any degrec
of sexual dimorphism. We also found no evidence for
character displacement in the size of either side-
striped or black-backed jackals between arcas of sym-
patry or allopatry in any of the paramelcrs measured
except a tentative indication that the widths of their
zygomatic arches converged when sympatric. While
we could discern no coherent patlern in the size
ratios between male and female side-stripes between
regions, the degree of sexual dimorpiiism in lincar size
and width of black-backed jackal skulls did differ
(Table 16.3) between sympatricand allopatric popula-
tions. This mirrors Van Valkenburgh and Wayne's
(1994) finding of an interaction between sexual
dimorphism in Condylo-basal length and Mandibular
length and locality for this species. In our sample,
black-backed jackals appeared to be more dimorphic
swhere allpatric (in Lowveld Zimbabwe, the Kalahari,
and Tastem Cape) but less so when sympatric
(Highveld Zimbabwe). The only anomaly is the
Okavango Delta, where black-backs occur sympatri-
cally with side-stripes but are nevertheless somewhat
(although not significantly) dimorphic. In addition ©
any ecological or latitudinal explanation, this might
be due to panmixia with the large and adjacent
allopatric population in the Kalahari.

The increased sexual dimorphism in allopatric
black-backed jackals was primarily due to increasing
‘male and decreasing female size of skull parameters
in comparison with populations that coexisted with

Table 16.4 Weights of jackals from the Highveld and
Hwange study sites

Weignt (kg 0 Weightrange (ke)
Highveld
C. adustus
9 745069 8 6580
e} 956+085 9 80105
Iwange
C. adystus
Q 962040 6 90100
(e} 101060 4  93-105
Hwange
C. mesomelas
Q 66%058 8 5575
o 76+080 6 6890

side-striped jackals. Overall, the Jargest males and
smallest females occursed in the allopatric Eastern
Cape population, while the smallest males and
Jargest females occurred where sympatric with side-
striped jackals in the Zimbabye Highveld.

The adaptive significance of these changes proba-
bly lies in trophic adaptations rather than issues of
bulk per se because the differences in dimorphism
lie in skuil morphology rather than overall size
(table 16.4). Van Valkenburgh and Wayne (1994)
suggest that sympatry with golden jackals in Rast
Africa cxplains the reduced sexual dimorphism in
black-backs there (1.04) compared with South Africa
(1.07). Dimorphism in our sample from the Eastern
Cape (1.08) is close to theirs for South Africa as a
whole, bul where they are allopatric with side-
striped jackals in Zimbabwe, we found black-backs to
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Figure 16.10 Mean monthly rabies incidence in jackals in
Zimbabwe between 1950 and 1986 (modified from Foggin
1988). Peak rabies incidence coincides with the jackal
mating season (usually around July in Zimbabwe), a marked
decreasa in rabies is experienced in the whelping season
(around September) and whife youni pups are present at
dens (during the hot dry season). (From Loveridge and
Macdonald 2001.)

be barely dimorphic (1.01). Evidence for the differ-
ence in degree of dimorphism between areas of sym-
patry and allopatry within southem Africa is as
compelling as that for the similar difference between
East Africa and southem Aftica, but cannot be
explained with reference to golden jackals, which are
absent from southern Africa. Notwithstanding some
as yet unidentified factor at work in bath arcas where
hlack-backs are sympatric with other jackals, a possi-
blc conclusion is that competition with side-striped
jackals is as intense in southern Africa as is compe-
tition with other jackal species in East Africa, The
relative contributions of side-striped and golden
jackals, separately or together, to this impact on
Dlackehacks remains Lo be elucidated.

Rabies

Both side-striped and Dlack-backed jackals arc
significant vectors of rabies in Zimbabwe, making up
almost 25% of confirmed cases since 1950 (Fig. 16.10;
Bingham et al. 1995). Jackals are the main vector
responsible for transmission of the discasc o domes-
lic stock (Foggin 1988), and there is a significant
association between the disease in jackals and cattle

throughout southem Africa (Bingham and Foggin
1993; Swanepoel et al. 1993). The loss of livestock
and the expense of vaccination make rabies econom-
ically significant in southem Africa. An important
aim of our research was to contribute to the
understanding and control of rabies,

Vector ccology and behaviour is an important
aspect of rabics (Macdonald 1979), and their adapta-
tions predispose all camivores to being effective
rabies vectors (Macdonald and Voigt 1985).
Infection usually occurs though the injection of
infected saliva through a bite wound, although
mutual grooming can play a role. Jackals are
extremely susceptible to rabies, succumbing to the
disease after an incubation period of between 15 and
17 days when cxperimentally challenged (loggin
1988; Bingham et al. 1995). The virus is present in
saliva ¢.§ days before symptoms are patent, The rate
of transmission is dependent on the rate at which
individuals come info contact with one another and
henceis linked to population density and behaviour.

Rabies has been continually present in Zimbabwe's
dramatically expanding dog population for the Jast
40 years. However, there are also sporadic and spa-
tially localized outbreaks of rabics in other species,
including jackals. Side-striped jackals arc commonly
found on commercial farmland in Zimbabwe, as
illustrated by our Highveld area, and the assumed
continual contact between dogs and jackals along
the communal land/commercial farmland bound-
aries is probably the primary route by which rabies
enters the jackal population. This has led to the local
supposition that wildlife was a reservoir for rabies
However, our field data, used in models developed
from Anderson et al. (1981), suggest that jackals in
Zimbabwe do not consistently occur at a sufficient
density to support rabies endemically (Rhodes et .
1998), a conclusion paralleled by rescarch in the
Serengeti (Cleaveland 1995; Cleaveland and Dye
1995). Nonetheless, jackal density in our Ilighveld
area (c.1 per km?) was close to the estimate of
1.4 jackals per km? required for disease maintenance,
and Rhodes et al. (1998) suggest that rabies in a jackal
community may persist for some time, thereby
placing agricultural stock animals at risk. Where
jackals cxist at population densities of up to 2/km?,
they could maintain the discase and possibly initiate
front-like rabies epidemics, as have been obscrved
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Table 16.1 Choice order of food types by captive C. adustus

Mouse  Spinghare  Gerbil  Hare

Mouse.
Springharc -
Gerbil =
Hare = =
Chocolate berry  +
Catle cake +
Mabola plum +
Cape fig +

+

+

6

Waterberry
Unripe fig,

Total wins

R S
5 eh

Undpe

Chorolate  Catfe  Mobola  Cape
bery. cake  pum  fig  Watebery  fig
!
= o v
+ + B -
+ + + - =
3 2 2 2 0 0

Potes: A"+ signifies a signiicant preference for column ovet row listed food types:
nclude termires and ripe figs in the reference order.
From Atkinson et . (20020).

BRThan Tas BRI s sheiies
EEssEEEcS=3%: 8¢
=0 === 5" L4002
Mobola plum € Wildfig = Scrub hare

m Chocolate berry = Waterberry & Small mammals.

Figure 16.8 Seasonaliy in the overall abundance
{percentage fresh-weight biomass) of the six mst important
100ds in the dist of the wild jackals: small marmals, hares,
mobola plum, waterberry, wild fig, and chocolate berry.
Abundance is at its lowest during the drier monts

(From Atkinson et af. 2002a.)

January and February, but were replaced by wild fig
during Match and April, followed by chocalate berry
from May to July and mobola plum from August to
November. In December, watcrberries again began to

jianihis N0 signioant praference. There were msuifiient dotz 1o

dominatc. Important fruit are most abundant during
the wetter months, and mammals atc eaten least
during this time, further supporting the interpreta-
tion that the quest for fruit is the overwhelming
determinant of foraging strategy for side-stripes in
the Fighveld

Small mammals and scrub hares, in contrast, were
taken throughout the year and formed a relatively
constant proportion of the fresh-weight biomass of
the jackals’ diet, regardiess of seasonal changes in
their abundance.

Seasonality and dietary overlap in Hwange

Diet of the two jackal species in Hwange varied
seasonally, with the widest diversity of food items
caten in the wet season (December-May) when
resource abundance was high, and lowest in the hot
dry season (September-November) when food avait-
ability (especially invertebrates) was at its lowest.
Conrespondingly dictary verlap between the species
was grealest in the hot dry season and least during
the wel season (Loveridge and Macdonald 2003). In
general, sidestriped jackals relied on a broader
spectrum of food types than did black-backed jackals,
leading to a greater index of dietary diversity (Levin's
index: side-striped jackals B = 3.56-5.15, black-backed
jackals B = 2.86-2.72, as calculated from relative
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food shortages can increase mortality tates, especially
among juvenile coyotes as they disperse jnto unfamil-
iar arcas (Knowlton el ul. 1999).

Territorial maintenance and defence

The territory of an animal has been defined as the
area that an animal will defend against indjviduals
of the same specics (Burt 1943; Mech 1970).
Territoriality allows animals to exclude potential
competitors from access to mates, food, space, and
cover, Tailure to defend the territory may have far-
reaching conscquences for the resident pack (€8,
Gese 1998). Canids use both direct and indirect
mechanisms o maintain tersitorial boundaries,
including scent-marking (Peters and Mech 1975
Camenzind 1978; Rothman and Mech 1979; Barrette
and Messier 1980; Bowen and Cowan 1980; Wells
and Bekoff 1981), howling (Hlarrington and Mech
1978a,b, 1979), and direct confrontation of intrud-
ers (Camenzind 1978; Bekoff and Wells 1986; Mech

1993, 1994). During this study, the imporlance of
the presence of the dominance hierarchy in the resi-
dent packs was exemplified in the role pack members
played in territory maintenance. Observations of the
cayotes revealed that they defended their territorial
borders both directly through confrontation of
intruding animals, and indircctly via scent-marking
and howling (Gese and Ruff 1997, 1998; Gese 2001).
We found that the alpha pair of the pack was princi-
pally responsible for maintaining and defending the
territory, with peak defence occurring during the
breeding season.

Scent-marking

During obscrvations of scent-marking behaviour,
we recorded 3042 urinations, 451 defecations, 446
ground scratches, and 743 double-marks (Gese and
Ruff 1997). Rates of urination, double-marking, and
ground-scratching varied seasonally and among
social classes (Fig. 17.9). Overall, alpha, beta, and pup
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Figure 17.9. The ratc of (s) urinations, {b) defecations, (c) double-marks and {d) gruund scratches for alpha, beta and pup

‘coyotes trom October 1o July, YNR Wyoming, 1991-9'
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coyates scent-marked at a rate of 5.1, 1.7, and 1.4
marks/h active, respectively. Double-marks were
performed an average of 1.3, 0.1, and 0 marks/h active
for alpha, beta, and pup coyotes, respectively. Scent-
marking peaked during the brecding season (Fig.
17.9). We found that the alpha pair scent-marked the
boundarics, using urinations, double-marking, and
ground scratching, at a higher rate (6.0 marks/h) and
frequency than in the core (2.7 marks/h) of their lerri-
tory (¢ = ~3.039, df = 82, P = 0.003). Beta coyotes
participated to some degree in scent-marking, but not
at the level of the alpha paic (Fig. 17.9; Gese and
Ruff 1997). Pups seemed not to participate in scenl-
marking dutics, Defecation rate was relatively con-
stant all year (Fig. 17.9) and among social classes
(0.5, 0.5, and 0.8 dcfccations/h for alphas, betas, and
pups, respectively), and appeared to he relatively
unimportant as a scent-marking signal (Gese and Ruft
1997). Asa et al. (1985) speculated that urine may be a
better compound for scent-marking because facces
may not be as readily available for deposition as urine.
Studies on the scent-marking of wolves (Peters and
Mech 1975) and coyotes (Wells and Bekoff 1981) have
reported similar results with territorial canids scent-
marking more along the boundaries of their territory
and dominant members scent-marking at higher
rates than subordinates (see also Sillero-Zubiri and
Macdonald 1998). Scent-marking increased during
the breeding season when pair bonds are strength-
ened and breeding synchrony was initiated (Bekoff
and Diamond 1976; Kennelly 1978). Scent-marking
in dominant wolves changed seasonally and was cor-
selated with changes in testosteronc (Asa et al. 1990).
Scent-marking by canids appears to influcnce demar-
cation of temritorial boundaries and also provides
intemal information to members of the resident pack
(Macdonald 1979a, 1985; Wells and Bekoff 1981)
Scent-marks do not prevent animals from crossing
territorial boundaries, but may serve as subtle repe
lents uiciting avoidance by potential inteuders

Howling

Another indirect means of territary maintenance that
followed the same pattern as scent-marking was howl-
ing or longrange vocalizations. We recorded 517
fowling cvents during the 2507 hi of behavioural
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Figure 17.10 Howling rate for alpha, beta, and pup coyotes
during the biological seasons, YNE Wyoming 1991-93.

abscrvations. Rates of howling varied seasonally and
among the social classes (Fig. 17.10). The alpha pair
spent more time howling (0.59%) and howled at a
higher rate (0.33 howls/h) than both beta (0.15% and
0.10 howls/n) and pup (0.14% and 0.11 howls/h) coy-
otes (Gese and Ruff 1998). These alpha animals also
howled at a greater frequency when near temitorial
boundaries (56% of hawls) and howling rates peaked
before and during the breeding season, then declined
in the pup-rearing season (Fig. 17.10). In contrast,
transicat animals did not howl and appeared to main-
tain a ‘low profile’ and did not advertise their presence
either ihrough howling or scent-marking. Howling
appeared Lo serve as a territorial spacing function that
was mainly performed by the alpha pair. Research on
howling among wolves and coyotes have found
similar results with howling rates peaking during the
breeding scason, alpha members howling more fre-
quently than subordinate individuals, and howling
playing an important role in territory maintenance
(arrington and Mech 1978ab, 1979, 1983; Walsh
and Tnglis 1989). Seasonal changes in howling rates
among alpha animals may be related to increascd pair-
bond behaviour, hormonal changes, and territorial
waintenance during the breeding season, with the
decline possibly related to a reduced need to advertise
their presence outside of the breeding season (Zimen
1976; Harrington and Mech 1978a; Gese and Ruff
1998).

Direct defence

When intruding animals ignore indirect mechanisms
of tenitory defence, canids must employ direct
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confrontation of intruders to reinforce territory
boundaries (Camenzind 1978; Bekoff and Wells
1986; Mech 1993, 1994). Defence of a territory is
usually a task undertaken by the dominant alpha pair
(Mech 1970, 1993). We observed 112 instances of
territorial defence by resident coyotes evicting tres-
passing animals (Gese 2001). These chases averaged
2,87 min in duration (range 0.3-26.8 min). Similar to
the findings on howling and scent-marking ratcs, the
alpha pair (mainly the alpha maie) was most likely to
be involved in territorial defence (87% of evictions).
Beta coyotes were less likely to be involved (48% of
the chases), while pups participated littlc in territorial
defence (7% of the evictions). Pursuits of intruding
coyotes terminated at the territary boundary and
were followed by a robust session of howling and
scent-marking at the border by the resident
animal(s). Physical contact between the resident
animals and intruders was observed, but consisted of
situalized displays of dominance and submission,
with few serious injuries occurring, In contrast o Lthe
figh mortality among wolves associated with a terri-
torial trespass (. Van Ballenberghc and Erickson
1973; Mech 1994), no intruding coyotcs were killed
during encounters with a resident pack. Intruders
generally retreated from the resident territory quickly
and often without any physical contact occurring
between he residents and intruder(s). The group of
coyotes pursuing an intruder or group of intruders
usually had a numerical advantage over the group
being chased (Gese 2001). Howling seems to serve as

a lang-distance waming to inteuders, scent-marking
as the visual and olfactory signal used at shorter dis-
tances, and dircet confrontation if intruders ignored
all the other territorial signals (Gese and Ruff 1997,
1998; Gese 2001).

Individual fitness

‘When we examined the benefits of a dominance hier-
archy within the resident packs in terms of reproduc-
tive success and survival (i.c. fitness; Davies 1978),
several key findings became evident. While the alpha
coyotes have the risk of injury when confronting
intruders or attacking large prey, they benefit greatly
in terms of survival and reproduction (Gese 2001)
We found that the alpha coyotes are the ones provid-
ing all of the reproductive output into the population
with 93.7% of the alphas observed brecding and
66.1% of their pups being recruited into the popula-
tion (Table 17.3). Even though one bela female pro-
duced alitter of pups, those pups did not survive to be
recruited into the population (i.e. they all perished in
<3 months). In addition, pup coyotes and dispersing
coyotes had the lowest survival rates (0.64 and 0.13
annual survival rates for pups and dispersers, respec-
tively). Most dispersing coyotes moved outside the
park into areas where human persecution was more
prevalent. Beta (0.96 annual survival) and alpha
coyotes (0.91) had equal survival, but betas did not
contribute to the reproductive effort (but may benefit

Table 17.3 Comparison of various reproductive, demographic, and loraging parameters between territorial

and non-territorial coyotes, YN, Wyoming, 1991-93

% pups. Annual
%animals  sunviving survival
breeding w5months  rate

Teritorial
Alphas (16) 93.7 86.1 091
Betas (31) 62 0 096
Pups (43) 0 - 0.64
Nonteritoria)
Transients (5) 0 - 1.00

Dispersers (8} 0 013

Note: Numbers n parentheses are saimple size for tat cohort.

Annual % time. Small mammal  Capture
dispersal  feeding capture rate sustess
rate oncacass  (#/h) (%)
0.03 27 o 382
014 32 25 ar2
030 06 a2 206
017 03 20 323

8 0.4 0.6 220






OEBPS/page-0299.jpg
through inclusive fitness by helping related off-
spring; Hamilton 1964). Transient coyotes also had
high survival, but again, produced no offspring
(Table 17.3). In terms of dispersal rates, alpha coyoles
rarely dispersed, while dispersal was much more com-
mon among betas, pups, and transients (Iable 17.3).
Alphas and betas had the greatest access to ungulate
carcasses during winter, while pups, transients, and
dispersers had little access to carcasses (Table 17.3).
All cohorts of coyates (alphas, betas, pups, and
transicnts) were cqually adept at capturing small
mammals, while dispersing coyotes had the lowest
success hunting small mammals (Table 17.3; Gese
et al. 1996¢). By defending a territory, the alpha pair
benefited the most in terms of food resources,
mating, space, and survival, when compared to other
resident pack members (betas and pups) and non-
territorial coyotes (transients and dispersers; Gese
2001). Essentially, within the coyote social system,
the fitness of the alpha animals far exceeded all the
other cohorts even when the risk of injury from
territorial defence is considered (although the risk
to the alphas seems almost non-cxistent)

In summary, in YNF, coyotes adapted to changes
in prey abundance, availability, and vulnerability
throughout the year, as well as changes in snow depth
and temperature by modifying their behaviour, for-
aging strategies, and activity budgets. Differences in
prey density within certain habitats were exploited by
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all coyotes as they spent more time hunting small
mammals in habitats containing the highest reward.
The presenceof a dominance hierarchy in the iesident
pack, in conjunction with territoriality, allowed resi-
dent animals (particularly the alpha pair) more access
to foad, mates, and space and appeared to be evolu-
tionary advantageous in coyote society.
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Figure 17.5 Amount of time coyoles were observed to spend resting, travelling, hunting small mammals, and feeding on
carcasses each week during the three winters (1991-93) combined, YNE Wyomning.

Foraging ecology

Coyotes hunted elk calvesin early summer, while the
calves were vulnerable during the first few weeks of
life. Coyates also hunted ground squirrels duting
summer when the squirrels emerged from hiberna-
tion. Voles were the principal small mamumal food
and constituted most of prey biomass ingested by
coyotes year round, Even though large coyote packs
existed, small mammals were always hunted by coy-
otes alone (Gese ef al. 1996b). During the 2507 h of
abservation, we recorded 6433 prey detections of
small manmals, 4439 attempts to capture prey, and
1545 captures of small mammals by coyotes. Many
extrinsic and infrinsic factors influcnced predation
tates and capturc success of small mammals by coy-
otes (Gese et al. 1996b). Habitat was a major factor
influencing predation rates by cootes on small
mammals. Defection ratcs, attempt rates, and cap-
ture rates of small mammals by coyotes significantly
varied among the varions habitats (deteclion
Tate: F = 30.82, df — 6, 1668, P < 0.001; attempl rate:
F=31305, df =6, 1668, P < 0.001; capture rate:
F = 1484, df = 6, 1668, P < 0.001) with detection,
attempt, and capture rates of small mammals being

Table 17.1 Infiuence of habitat type on detection,
attempt, and capture rates (# prey/hour spent active)
of small mammals by coyotes in the Lamar River Valiey,
YNB Wyoming, 1991-93

Habitat type Detection Attempt Capture
Shrub-meadow 80 5.4 18
Mesic meadow 73 52 16
Sage-grassland 46 31 10
Grassfand a4 31 11
Riparian 22 43 05
Forest 14 10 04
Road 07 05 00

highest among mesic habitats (lable 17.1). Most
Microtus species are associated with mesic habilals
(Getz 1988). Dense vegetation also provides mechan-
ical support for snow cover influencing the amount
of subnivean space available at the ground surface for
micratine passages (Spencer 1984). Coyotes readily
exploited these habitats containing the highest prey
densities and spent most of their time hunting small
mammals in these habitats (Gese et al. 1996b).
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Table 17.2 Influence of snow depth on detection,
attempt, and capture rates (i prey/hour spent activc)
of small mammals by coyotes in the Lamar River Valley,
YNF, Wyoming, 1991-93

Attempt

Snow depth Detection Capture
None. 58 35 17
Low (5-15 cm) 84 59 19
Moderate (16-25 cm) 5.0 S 10
Deep (26-40 cm) 37 26 09
Very deep

40 om) 34 24 05

Another important factor influencing predation
on small mammals by coyotes was snow depth
(Fig. 17.6). Snow depth was classed into none, low
(5-15 cm), moderate (16-25 cm), deep (26 40 cm),
and very deep (>40 cm). Detection rates, attempt
rates, and capture rates of smafl mammals by coyotes
varied among the different snow depth classes (detec-
tion rate: F = 28.38, df = 4, 1670, P < 0.001; attempt
rate: F=24.35, df = 4, 1670, P<D.001; capture
rate: F = 15.26, df — 4, 1670, P < 0.001) (Iable 17.2;
Fig. 17.6). Low snow cover actuaily increased prey
detection rales, predation attempt rates, and capture
rates of rodents by coyotes compared with bare
ground. As snow depth increased, detection rates,
attempt rates, and capture rates of small mammals by
coyotes declined (Fig. 17.6).

Age and experience of the coyote was also a major
factor influencing predation on small mammmals, We
tound that even under the same environmental con-
ditions (snow depth, habitat, snow-pack hardness,
and wind speed), pups detected or showed that they
detected more prey per hour than did older coyotes
(Fig. 17.6). We believe that this higher detection rate
by pups may have been due to increased tesponsive-
ness o an auditory cue (whether prey or not). It
appeared that older coyotes may filter out irrelevant
sounds from the environment and were more selec-
tive towards cues associated with prey (Gese et al.
1996b). Older coyotes also reduced the proportion of
proy they attacked during adverse conditions, while
pups continued to attack a high proportion of prey
that they detected (possibly duc Lo lack of experi
ence). Alternatively, and more plausible, is that
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Figure 17.6 Rates (# prey/hour spent active) of small
mammal (a) detection, (b) attempt, and (c) capture, for
alpha, beta, and pup coyoles across varying snow depth
classes in mesic-meadow habitat, YNR Wyoming, 1991-93.
‘Snow depth classcs were: N (10 snow), L (fow, 5-15 cm),
M (maderate, 16-25 om), D (deep, 26-40 cm), and V (very
deep, >A0 o),

reduced aceess lo ungulate carcasses (Gese et al.
1996a) may have forced pups to hunt small mam-
mals under adverse conditions in order to survive
and remain in the pack (Gese et al. 1996¢).

During winter, the presence of a dominance hier-
archy in the coyole packs dictated the level of
resources acquired by individual members of the
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pack (Gese et al. 1996a). During winter as snow depth
increased, access to small mammals (encounter,
attempt, and capture rates) declined (Fig. 17.6; Gese
et al. 1996b). However, as this snow cover limited
access 1o the small mammal prey base by coyotes, it
made foraging for plant material more difficult for
ungulates (mainly cIk). As winter progressed and the
elk became nutritionally sfressed, animals died due
to malnutrition (Craighead et al. 1973; Ilouston
1978), or were weakened and killed by coyotes (Gese
and Grothe 1995). Surprisingly, only 2-3 coyotes
were needed to kill even an adult elk, but these elk
were in extremely poor nutritional condition. Gese
and Grothe (1995) reported several instances of
coyote predation an elk and found that predation
attempts on ungulares almost always involved the
alpha pait (the alpha male was the main attacker)
and the remainder of the pack did not participate in
the attack, but were often observed to be watching
the attack.

Once a kill had been made or an ungulate suc-
cumbed to winter stress, the resident pack would
begin feeding on this resource. However, not all
pack members fed equally (Gese et al. 1996a).
Apparently, pups were restricted from feeding on
the carcass by the older members of the pack
. 17.7). The carcass was monopolized by the
alpha pair first, then the higher ranking beta
animals, then the lower ranking individuals, and
lastly the pups (Fig. 17.7; Gese el al. 1996a). kven
though these pups were the offspring of the alpha
pair and usually related to the older betas in the
pack, this restriction of aceess to the
ated that the pups had to fend for themselves.
Parent—offspring conflict (Trivers 1972, 1974), was
apparent within these coyote packs as food resources
bocame restricted during winter, In response Lo this
resource partitioning, pups adopted a different
foraging strategy and spent more time hunting
small mammals cven when conditions were poor
(Fig. 17.7; Gesc et al, 1996a,b; Fig. 17.8).

Evidence of resonrce partitioning in relation to
social dominance has heen found in other social car-
nivorcs. In the Namib Desert, spotted hyaenas
(Crocuta crocuta) showed a lincar dominance hierar-
chy when fecding on a carcass, in which subordinate
animals eventually gained access to large carcasscs,
but not small carcasses (Tilson and Hamilton 1984).

carcass indic-
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il [ Betes
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Figure 17.7 Amount of time alpha, beta, and pup coyotes
were observed to spend (a) feeding on a carcass and

(b) hunting small mamnals, on the day (day 0) and the.
proceeding 7 days after an elk died or was kiled by coyotes,
YNR Wyoming, 1991-95.

A corrclation between sacial rank and feeding typi-
fied female spotted hyenas in the Masai Mara
National Reserve in Kenya (Frank 1986, brown hye-
s (Hyaena brunnea) (Owens and Owens 1978), and
wolves (Zimen 1976), amongst others.

Influence of food availability on
regulation of pack size

During our study, winter severity (mainly snow
depth) determined ungulate carcass biomass, which
in turn influenced coyote pack size as mediated by
social dominance within the resident pack. Access Lo
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food resources during the winter bottleneck not only
influenced coyote pack size, but also appeared to
influence reproduction the subscquent  spring.
During the first winter, carcass biomass was low due
1o low snowfall. With limited food resources, compe-
tition for ungulate carcasses was high with access to
those few carcasses determined by social rank within
the pack (i.e. resource partitioning; Gese et al.
1996a). Subordinate individuals (i.e. low-ranking
betas and pups) with limited access to ungulate
carcasses attempted to compensate for this shortfall
by hunting small mammals (Gese et al. 1996b)
Those that could capture and subsist on small mam-
mals often remained in the pack, but others that
were less successful hunters of small prey dispersed
(Gese et al. 1996¢). With low prey biomass in the
salley, coyote packs through the winter of 1990-91
remained small (X = 4.6 coyotes/pack in January) as
pups from the previous year dispersed early (Gese
et al. 1996a,). Litter size (at den emergence) that
spring (1991) averaged 5.0 pups/pack (Gese et al.
1996a). During the second winter (1991-92),
increased snowfall resulted in an increase in ava
able ungulate biomass in the form of winter kill
With more ungulae carcass biomass available, more
of the pack had access to these resources and sub-
sequently fewer individuals were forced to disperse
(Gese et al. 1996¢) and seek resources elsewhere,
dispersal occurred later in winter, and pack size
increased correspondingly (£ = 5.8 coyotes/pack in
January). Litter size increased to 7.8 pups/pack with
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Figure 17.8 Cojote Canis fatians
pouncing through the snow to
capture 2 vole undemeatl

©E. M. Gese.

ane pack producing 2 litters (only the litter whelped
Dy the alpha female survived beyond 4 months of
age). During the final winter (1992-93), with simifar
high ungulate biomass in the valley, some coyotes
did not disperse until late winter and pack size
increased Lo 6.6 coyotes/pack (in January); litter size
was nol accurately determined that spring (Gese
etal. 19960).

‘The relationship between food abundance and reg-
ulation of canid populations has been documented
(.8, Zimen 1976; Keith 1983; Knowlton and Stoddart
1983; Fuller 1989; Fuller and Sievert 2001). Food
abundance regulates coyote numbers by influencing
reproduction, survival, dispersal, space-use patterns,
and territory density (Todd et af. 1981; Todd and
Keith 1983; Mills and Knowlton 1991; Knowlton
et al. 1999). Coyote populations will increase and
decrease with changes in food availability, particu-
larly in arcas with cyclic lagomorph populations. In
areas where hares comprise a significant portion of
the coyote diet, coyote numbers will rise and fall as
snowshoc hare (Lepus americanus) ot black-tailed
jackrabbit (Lepus californicus) numbers  change
(Clark 1972; Todd etal. 1981; Knowlton and Stoddart
1992; O'Donoghue ef al. 1997), The mechanisms for
these responses are changes in ovulation rates and
Jlitter sizes, and changes in the percentage of adult
and yearling coyotes thal bred (Todd et al. 1981;
Todd and Keith 1983). Food abundance also influ-
ences coyote numbers through its affect on dispersal
of pups in winter (Gese ef al. 1996¢). In addition,
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Figure 17.2 Mean snow depth and carcass biomass for each week during the wintess of (a) 1990-91. (b) 1991-92, and

(€) 1992-93 in the Lamar Valley, YNR Wyorming. Arows indicate the

tansient home ranges were not scent-marked or
defended (Gese and Ruff 1997; Gese 2001). Each resi-
dent pack was comprised of an alpha pair and associ-
ated pack members, usually related offspring (Ilatier
1995; Gese et al. 19960). Associate animals that
remained in the pack over winter usually helped feed
and care for the offspring whelped by the alpha pair
the subsequent spring (Hatier 1995). Dominance
'matrices for each pack demonstrated the presence of a
social order or dominance hierarchy among both
females and males (Gese et al. 19966), similar 10 that

time span of data collection for ach winter.

described in a wolf pack (Canis lupus; Mech 1970). The
presence of a dominance hierarchy in these packs
played a major role on pack dynamics, foraging ecolo-
gy, territorial maintenance, and ulfimately individual
fitness. ‘The Jarge packs we observed were probably
a consequence of the combination of abundant prey
biomass (Bekoff and Wells 1981; Geffen et al. 1996)
and the lack of exploitation in the study area
(Knowlton et al. 1999; Frank and Woodroffe 2001).
For details on individuals observed and pack histori
see Gese et al, (1996a—) (Fig. 17.4).
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Figure 17.3 Spatial distribution and territorial boundaries
of the five resident coyote packs occupying the Lamar River
Valley in the winters of (a) 1990-91, (b) 199192, and

{c) 1992-93, YNR Wyoming

Behavioural activity budgets

The behavioural activity budgets of the coyotes
in the Lamar River Valley changed throughout the
year (Fig. 17.5). In the fal, coyotes spent muchaf theic
time travelling (60%) and hunting small mammals
{13%). During winter, as snow depth increased and
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Figure 17.4. ihe alpha male of the Soda Butte pack
dominates the beta male (his 2-yr ofd son) at an elk call
(Cervus elaphus) the alpha pair just killed © €. M. Gese.

ungulate carcasses became available, coyotes travelled
fcss (24%), buated small mammals less (2%), and
fed morc on ungulate carcasses (2%6) and rested (66%).
During spring, the coyotes retumned to travelling
and hunting small mammals, with a corresponding
decreasein the amount of time spent resting and feed-
ing on ungulate carcasses. The ungulare carcasses that
coyotes fed on during summer were mostly elk calves
they killed, plus scavenging the remains of old car-
casses from the previous winter. Transient coyotes
showed similar propartions of activity as resident
animals except for the amount of time spent feeding
on carcasses. Members of resident coyote packs spent
an average of 2% of their time fecding on carcasses,
while transients spent only 0.3% feeding on carcasses
(t= 1927, P = 0.056). ransients, which were soli-
tary animals, were at a disadvantage when attempting
to obtain, feed on, or defend a carcass (Gese et al.
1996a). Bekoff and Wells (1981, 1982, 1986) reported
similac changes in behavioural activity budgets of
coyotes in Grand Feton Nationu Park, Wyoming, in
selation to social organization, and changes in snow
depth and carcass availability.
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African wild dogs tend to select less fit prey (Pale
eLal. 2003) and although even a single wild dog can
kill a large prey, Fanshawe and Fitzgibbon (1993)
(Fig. 4.5) provided the first hard cvidence that the
hunting success of African wild dogs increascd
with pack sizc, at least up to four adults (NB. all
the pairs which killed wildebeest (Connochactes
taurinus) actualy killed calves). The hint of a decline
in success with larger packs s, interestingly, more
marked when they hunted gazelle. Again the ten-
dency of larger packs to hunt larger prey (Fig. 4.5¢)
raises interesting questions about cause and effect
(sce also Fuller and Kat 1990).

Crecl (1997) shifted the focus from the bulk of prey
caten 10 the profit and loss account of catching them.
Specifically, he demonstrated that while the slightly
U-shaped relationship of pack size against kJ killed/
dog/day (or per hunt) might suggest that at least

N=15

(a) 80+

% Hunting success
8 & 8

°

(b} 100
80
60

% Hunting success

6

initially cooperative hunting is disadvantageous,
this conclusion is changed (Fig. 4.6) when taking
account of the facts that larger packs travel shorter
distances—and have higher success—per attempted
hunt. Clearly, it is necessary to lake account
ot merely of the benefits of hunting (or doing
anything clse) in a pack of given size, but also of the
costs. Various currencies (summarised in Creel and
Creel 2002), each give different answers for one
population of dogs. Measuring kg killed/dog/hunt
gives a slightly U-shaped relationship with group
size, ky killed/dog/km travelled is essentially linear,
whereas kg killed/dog/km of fast chase gives an
inverted U-shaped (suggesting an intermediate hunt-
ing pack size is oplimum). By considering net
Kj/obtained/dog/day Creel (1997) produced a mea-
sure of net benefit rather than of efficiency, and net
benefit increased sigoificantly with group size (see
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Figure 4.5 Hunting success of wild dogs
chasing (a) gazelles, (b) widcheest, and

B (c) larger packs hunting larger prey.
(From Fanshawe and Fitzgibbon 1993.)
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with high chital density Venkataraman and
Natendra Babu 20013, Chital herds preier open
meadows located within these savannat woodlands
(Sharath Chandra and Gadgil 1975) and live at low
densities within closed forest, in contrast to sambar,
which tend to remain in closed forests (Varma and

Sukumar 1995). This results in a patchy distribution
of chital herds as seen in the home range of a pack
within Mudumalai (Fig. 21.5), where four patches
can be discerned. The pack had a tendency to visit
patches in a pre-determined sequence in one direc-
tion and, on reaching the last patch in the sequence,

! Kargudi i

- ToMysore

Abfidgaranyam

[ %

Figure 21.5 Map showin the major resource patehes of the Kargudi pack. Each resource patch consists of ehital herds (m) and

resting sites of the dhofe pack (3( ). The home range of the Pa

K (~———), s determined by the mininum comvex polygon

method, i also shown. Visits by the pack to the nothem part of the home range were relalively rare.
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also Courchamp et al. 2002, Fig. 4.62). Encrgetically,
packs should be as large as possible, and certainly big-
ger than the modal pack size of 10 observed
However, very large hunting parties nieed more Kills
to meet the requirements of eacit unter, so hunting,
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Figure 3.6 (a) Energetically, for African wild dogs foraging
siuceess increases with pack size (Courchamp et af. 2002),
(b) there are trades-off between the pack size, frequency of
hunts, and number of pups raised, and (¢} the optimai pack
size may differ between measures of foraging and breeding
success (Creel and Creel 1995).
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success per dog may deciease above a certain group
size (Creel and Creel 2002). Thus, hunting in large
groups (but not too large) will provide the optimal
ratio of benefit to cost (Fanshawe and Fitzgibbon
1993; Creel and Creel 1995; Creel 1997). Vucetich et
al. (2003) report a similarly clegant approach to wolf
pack hunting success (see Fig. 4.4), which teveals that
in the absence of scavengers, members of larger packs
secure reduced foraging returns and would do best by
hunting in pairs.

Iunting is only one of the, often mutually exclu-
sive, demands on a canid's time. In the context of
pup rearing, Courchamp et al. (2002) describe how,
regardless of the use of a pup guard, smaller packs
will theoretically have to increase the number of
hunts (and the associated costs and risks) Lo raise the
same number of pups as da larger packs (Fig. 4.6b).
A pait would have to undertake an additional five
hunts a day if they attempl to guard the babies also.

Group protection of kills

Intraspecific

Interference competilion at kills can be considerable
and the outcome of such competition generally
appears 1o be affected by group size (Creel and
Macdonald 1995) and habitat type (carcass theft
being a greater risk in open habitat). Irrespective of
the contribution of collaboration to making a kill,
Bekoff and Wells (1980, 1982) describe how larger
groups of coyotes are more successtul at defending,
or indeed stealing, carcasses from their neighbours.
Simitarly, in [sracl, a large pack of golden jackals
habitually stole food from a smaller pack (Macdonald
1979¢), and Mochlman (1989) wrote ‘cooperative
groups of jackals are more successful in defending
and fecding on carcasses’.

Interspecific

Interspecific interference competition is a major
component of canid ecology. In the Serengeli, black-
backed jackals and African wild dogs, respeclively,
lose up to 304 and 86% of Thomson's gazelle (Gazella
thompsoni) Kills o spotted hyaenas (Lamprecht
1978; Fanshawe and Fitzgibbon 1993). Iowever,
exchanges of ownership are not straightforward to
interpret as carcasses often change hands after they
have been abandoned (Mills 1989a,b); furthermore,
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Figure 21.6 Mean proportion of chital individuals vigilant
for time lapse levels 1-4. Each level represents a lapse of
{1) <21, (2) 2 24 h, (3) 24-48 h, and (4) =48 h aftera
dhole pack visited and successfully or unsuccessfully hunted
the fherd under observation. Bars indicate standard errors.

returned 10 the starting patch, while other patches
were visited in a random fashion. Residency time did
not differ between patches and ranged from 1 to 7
days. Changes in the proportion of individuals vigil-
ant in chital herds were monitored following hunts
by dholes in a given patch, and revealed that the
proportion of individuals vigilant was highest after
a hunt (whether or not successtul), and tapered off
during the next two days (Fig. 21.6) (Venkataraman
and Rao unpublished data). The enhanced vigilance
of chital may thus cause a drop in dhole pack
hunting success following a hunt and therefore
packs may shifl to fresh patches where vigilance
is at base ‘background’ levels and hunting success is
greater (Venkataraman ef al, 1995).

Social organization

Over the period 1989-93, 1he number of adults in
packs within Mudumalai varicd from 4 to15 and the
number of pups varicd from 010 10 (mean = s.d. for
twa packs, 4+ 3.4 and 7.3 * 1.9) (Venkataraman
e al. 1995). In Sandipur, the mumber of adults
and pups within a single pack varied from § to 11
(mean = 8.3) and 6 ta 9, respectively (Johnsingh
1982). This pack was consistently malc biased
(Johnsingh 1982). A pack in Mudumalai was also
male biased during most study years (Venkataraman
et al. 1995). The male-biased sex ratio was caused by
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analmost 2-fold higher dispersal rate of females over
males. The fate of dispersing females was unknown,
Immigrations into packs were observed in two
instances. In one case, three males joined a pack in
Mudumalai (Venkataraman 1998) and in another
instance, a female with two pups joined a pack
within Randipur (Johnsingh 1982).

Data were sufficient to assign dominance ranks
for males, but not for the females, in a pack in
Mudumalai. Using triad comparisons of rates of
dominance and submission and rates of receiving
both dominance znd submissive acts (Tomback et al,
1989), ranking of five males indicated a linear domin-
ance hicrarchy. There was no correlation between
dominance ranks and frequency of reproductive
behaviour (sniffing anal region and mounting with
and without penetration) displayed towards mature
females (Venkataraman 1998). It must, however, he
noted that actual copulation does involve a copu-
latory tie (Davidar 1973; Paulraj et al. 1992) and
therefore mounting of females by males does not
necessarily imply successful copulation.

Breeding biology

Only one female bred annually in each of the three
packs studied in Bondipur and Mudumalai
(Johnsingh 1982; Venkataraman 1998). However, for
the two packs in Mudumalai, in 7 years when pack
compasition was definitively ascertained  during
the fittering season, there were o other adult
femalesin § of the years, and 4 and 1in the remaining
two years (Venkataraman 1998). Once, a sub-adult
female (close to adulthood at 2 years) leit the pack
during the mating scason but rejoined, not detectably
pregnant, before the littering scason commenced
(Venkataraman 1998). Within dhole packs, in addi-
tion to the dominant pait, other adults and sub-adults
were scen guarding, playing with, and regurgitating
foad to pups Johnsingh 1982; Venkataraman 1998).
Generally, there were no significant differences
amongst pack members in the frequencies of seven
behaviours dispiayed towards pups (playing with
pups, accosting pups, being followed by pups, and
repurgitating food) and at dens (entering dens, leay-
ing dens, being at dens). However a single adult male,
the putative ‘uncle’ of the dominant male, did display
higher frequencies of pup care behaviours than
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species differ in their abilities to consume a carcass: a
fackal may leave a bone untouched, which will be
split by a wild dog for its marrow and completely
digested by a spotted hyaena (Creel and Macdonald
1995). [t is not clear what function of aggregate body
weight and numbers of sefs of tecth determines the
algehra of victory, but it is clear that strength of num.
bers is important: Schaller (1967) reports that packs
of dholes are capable of driving a tiger (Parithera
tigris), 10 times their size, from kills. African wild
dogs can defend a carcass from spatted hyacnas pro-
vided they outnumber the challenging hyacnas
although each dog is about a third toa quarter of the
body weight of a hyaena (Estes and Goddard 1967;
Malcoim 1979; Reich 1981; Fanshawe and Fitzgibbon
1993). Larger packs of wild dogs are able to repel
marauding hyacnas for longer, capitaliziog meun-
while on the greater speed at which they can di
member the carcass and bolt it down (Malcolm and
Marten, 1982; Fuller and Kat, 1990; McNutt 1996a);
in contrast, up to 19 defending dogs failed to prevent
the 7 instances of theft by between 1 and 8 lions
(P, lea) witnessed by McNutt (19963). Interspecific
clashes over kills is one facet of a broader hostility
within guilds of sympatsic canids (Macdonald and
Sillero-Zubiri, Chapter 1 this volume).

Scavenging can be a vital part of canid ecology,
cither as the perpetrators (¢.g. Roth (2003) reveals that
arctic fox productivity can be determined by aceess to
scals killed by polar bears) or as its victims. In the latter
case, Peterson and Ciucci (2003) report 10 red foxes
simultancously scavenging from anc wolf kill, and
another instance when 135 ravens did so. They pre-
sent data by C. Promberger to show that a lone wolf
might lose two-thirds of a moose kill to scavengers, a
pair of wolves, half of their kitl, but a pack of 10 would
lose only 10%. Modelling these results, Vucetich et al.
(2003) show that the greater food-sharing costs in
larger packs of wolves are mare than affsct by the
smaller losses 1o scavengers and increased rates of prey
acquisition.

Group size and territorial defence

Strength of numbers may be important in territorial
defence, Bekoffand Wells (1982) (fablc 4.2) found that
their study pack of cogotes responded pragmatically
to intruders, invariably attacking small groups but
generally avoiding confrontation with larger ones.

Table 4.2 Relationship between the numbers of
intruders and the percentage of occasions on which
resident coyotes retaliated. (Bekoff and Wells 1982.)

Frequency of retaliation (%) N

No. of intruers

13 100 7
4 67

5 59 17
9 29

Members of a larger geoup of red foxes (Vislpes vulpes)
observed in Istael generally chased off members of a
smaller group (Macdonald 1984). On Mednyi Island
in the Bering Sea, the cubs of Arctic foxes (lopex
lagopus) may be attended at the den by various num-
bee of adults and the more of these guards present at
a den, the more likely one of them is to launch an
atlack on a passing intruder (mobbing occusred in
42.6% of the 54 cases where only one animal was
presentat the den, but in 87.9% of the 66 cases where
two or more animals were presont (Frommaolt et ol
2003; Krulchenkova et al. submitted). Tn Ethiopian
wolves (Canis simensis) and bat-cared foxes (Otocyon
megalotis), territorial clashes almost always result in
retreat of the smaller pack (see Sillero-Zubiri et ul.
Chapter 20 and Maas and Macdonald Chapter 14,
this volume), and Creel and Creel (1998 report 10
clashes between packs of wild dogs and in cvery case
the larger routed the smaller

“Territorial clashes amangsl Minnesotan wolves,
accounted for almost all natural adult mortality
(Mech 1977b). Similacly, in Selous, 7 wild dogs
(4 adults and 3 pups) were killed during inter-pack
fights (16% 0f 45 known-cause deaths; a further 53%
of deaths were infanticide—also caused intraspecifi-
cally, but within the packs through infanticide)
(Crecl and Creel, 1998). Intriguingly, despite large
samples, observations of Ethiopian wolves have not
revealed such ferocity of encounters (Sillero-Zubiri
etal. Chapter 20, this volume).

Linked (0 territorial defence is communication in
canids, as reviewed briefly by Macdonald and Sillero-
Zubiri (Chapter 1, this volume). Macdonald (1980b,
1985) proposed that larger gromps could collectively
generate more faeces, and thus might have open to
them forms of temitorial signalling (e.g. border
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latrines) less available to singletons, in the same way
that many voices add impact to @ wolf pack’s howl
(Harrington and Asa 2003).

Anti-predator behaviour

The advanlages of grouping in the context of preda-
tion include the selfish herd, dilution, vigilance, and
group defence

Predation, particularly as an expression of
intraguild competition, is an enormaus force in
canid ecology. Amongst swift foxes (Vadpes velox)
raptors are an important theeat, as are coyotes
(Moehrenschlager et al. 2003). Although we are
unaware of data from canids to support the intuition
that more pairs of eycs, ears, or nostrils increase the
likelihood of detecting predatory danger, wild dogs
will aggressively mob potential predators if these
threaten the pups (e.g. Kihme 1965; Estes and
Goddard 1967), and bat-cared foxes form larger
groups to mob hyacnas (Fig 4.7) than they do when
mobbing jackals (Maas and Macdonald Chapter 14,
this volume)—they will even mob leapards (Panthera
pardus) (Mills personal observation). The ferocity and
organization of wild dog pack action can drive off
spotted hyacnas, jackals, leopards, or cven lions
(Malcolm and Marten 1982; Creel and Creel 1995;
McNutt 19964), and is more effective for larger packs.
Wild dogs tend o avoid lions (Creel and Cxeel 2002),
which are responsible far 43% of their natural mor-
tality in Kruger (Mills and Gorman 1997). Heavy pre-
dation by lions (Mills and Gorman 1997; Woodroffe
and Ginsberg 1997a; Vucetich and Creel 1999) and
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Figure 4.7 A family of eight
bat-eared foxes Olocyon megalotis
harrass a spoted hyaena

©B. Maas.

Kleptoparasitism by hyaenas (Carbone ef al. 1997;
Gorman ef al. 1998) are important factors to which
large packs of wild dogs seem likely to be adaptated,
but this awaits quantitative test. Carbone et al. (1997)
concluded that hunting pack sizes of four or five wild
dogs maximize prey profitability in the presence of
Kleptoparasitic hyaenas. As Macdonald and Sillero-
Zubiri (Chapter 1, this volume) steess, intra-guild
hostility between canids is a major force in their
distributions and demography, and can affect their
sociology too. For exauplé, Arjo and Pletscher (1999)
report that in northwestern Montana, before wolf re-
colonisation in 1980, most coyotes travelled alone
(629) or in paits (29%). However, by 1997, and after
walf re-colonisation, they more commonly travelled
in pairs (4806) or larger groups (33%). This may reflect
the need for vigilance and defence. In a similar vein,
coyate graup sizes have changed in Yellowstone
National Park following the reintroduction of wolves
(Phillips et al. Chapter 19, this volume).

Cooperative breeding

Helpers
Canid pups have a prolonged period of dependency
on adults and are commonly tended by both parents
(Kleiman and Eisenherg 1973). Canids (although not
vulpine ones) ate the only camivoran family to regur-
gitate (Macdonald and Sillero-Zubiri, Chapter 1, this
volume), and males and females also provision preg-
nant and laclating mates or tellow group members.
Since the 19705, an accumulation of studies has sug-
gested that collaborative care of young may be a more
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(see Part A in Table 21.1). Biomass of cach species
consumed was extrapolated using  differential
digestibility corrections derived for the wolf (Hoyd
etal. 1978). The afore-mentioned prefercnces applied
in terms of both number and biomass of prey con-
sumed. The latter pack also ate cattle, which were uti-
lized less than expecied from their availability
(Part A, Table 21.1). In contrast to the former pack,
entirely contained within the protected area, this
pack’s home range included fringe zones of the pro-
tected arcas, and a fow areas autside, where cattle
were abundant. Over 80% of chital killed by the for-
‘mer pack were less than a year old, while chilal less

than a year old constituted 61% of chital preyed
upon by the latter pack (Part B, Table 21.1).
Johnsingh (1983) also reported that chital fawns
comprised a high proportion of chital killed. Among
adult chital, Mudumalai packs preferred males over
females in the ratio 2.6 : 1 (Venkataraman et al. 1995).
Johnsingh (1983) used the population sex ratio
(84 100) as obtained during the peak rutting season
and coneluded that predation on malcs was not sig-
nificantly different from expected. Tatel (1993), how-
ever, used the average sex ratio obtained by Johnsingh
throughout the study (68 : 100) and found predation
on males was significantly greater than expecied

Table 21.1 Prey preferences and preferences for age classes for two packs in the Mudumalai

Sanctuary
Remaiss in Biomass Density individuats/
e =L ey (o S
(age class) Pack A PackB PackA Pack B PackA Pack 8 PackA Pack B
. Prey preferences®
Chital 704 10 611 334 160 = 3.4 18.4 L 52 841 1082
Sambar LT 233 324 36.1 79+ 16 18+ 09 1206 281
Cattle. 43 152 5.8 258 31 50.0 543 8750

B Preferences for age classes of chital and sambar®

Infviduals in No. of individuals
population (%) inKills (%)
PackA
Chital (<1 yn) 141 81
Chital (=1 yr) 859 19
Sambar (<1 y) 135 7%
Sambar (=1 1) 865 24
Pack B
Chital (<1 y7) 119 61
Chital (1 yr) 851 a9
Sambar (<1 y1) 158 67
Sambar (1 yr) 842

Hotes:

3

£ Expated values vere obtained from the density and blomass of the three prey species and observed values were compared with

these ma chi-square goodress of fittest.

.
Exqecied vluss were obtained from the proporton of each species’ age classes i the population (Varman and Sukumar 1993,

unpublished data) ang observed values were compaced with these in

achi-square goodness o fittest.
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Figure 4.2 Large canids eat much larger prey. From Carbone
etal. (7000).

a rate determined by their size). To balance its ener-
getic haoks, an individual needs a certain minimum
hunting time (Th) over the 24 h of the day. Solving
this equation reveals that there are not enough hours
in the day to gather sufficient small prey to sustain
carnivores bigger than 21.5 kg—a value close to the
discontinuity observed in nature.

Canids for whom their average prey size is <2 kg
(often very much less) can, and therefare do, capital-
izc o the easy living provided by small prey (Fig. 4.2).
Getting bigger requires a quantum change in life-
style, tackling prey much closer to their own body
size, and in this particular data sel, the five species
that have crossed this divide are Lhe grey (Canis
Iupus) and red wolves (C. rufiss), the African wild dog
(Iycaon pictus), the dhole (Cuon alpinus), and the
coyote (C. latrans). Intriguingly, the maned walf and
African wild dog both hover on the bady weight
divide but have opposite lifestyles.

By using doubly labelled water to measure the
energy consumption of Kruger's wild dogs, Gorman
ctal. (1998) solved the net rate equation directly and
thus demonstrated that, according to their body
weight, while they are resting—which they do for
about 21.5 h daily—wild dogs are expected to con-
sume 0.11 MJ/h. The field data revealed a Daily
Energy Expenditure (DFE) of 15.3 M —equivalent to
roughly 3.5 kg of ungulate meat daily. For the equa-
tion Lo balance, the dogs must be using 3.14 M)/h
during the 3.5 b of hunting, and to pay these fuel
bills they must secure 4.43 MJ/b of hunting, In short,
hunting is so expensive that a deterioration in the
measured hunting success would lead 0 an expon-
cntial increase in the time needed to hreak even
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energetically. If that deterioration were, for example,
aloss of 25% of their kills to spotted hyenas (Crowta
ctowta), this would push up the daily hunting time
from 3.5 to 12 h per day. Terhaps that is why wild
dogs are scarce where hyaenas thrive, especially in
‘open habitats where detection of wild dogs feeding is
high, (Creel and Creel 1996; Mills and Gorman 1997)
andinarid areas where the food supply is ephemeral.

“Thus, as a background to this review: (1) energetic
constraints may shape canid behaviour, (2) intraguild
competition may be a major force in canid commu-
nities, and (3) conservation of one species may raise
awkward ethical questions regarding the manage-
ment of another (Macdonald and Sillero-Zubiri
Chapter 1, this volume).

But what of hame range size, at least partly the
product of body size and feeding ecology? Where
resources are randomly distributed, animals are
expected to partition space into approximately exclu-
sive home ranges. Thus, all else being equal, an
increase in group metabolic needs demands pro rata
an increase in range size to maintain per capita
intake. Marnmalian home ranges scaic allometrically
with body mass (or with the combined metabolic
needs of the group, at approximately M®75) (Ilarestad
and Bunnell 1979; Gitleman and Harvey 1982).
However, in reality, resources ae often not randomly
distributed, and thercfore there are circumstances
under which home range size is not predictable from
the scaling of metabolic needs alone. Johnson et al.
(submitted a) cxplore whether departures from the
predicted allometry reveal relationships between
spatial organization and resource availability. They
argue that points, like those for wolves, wild dogs, or
raccoon dogs, that deviate from the familiar allom-
try do so becausc of non-random resource dispersion.
With one exception, the canids revealed on Fig. 4.2 10
cat unusually large prey all have positive residuals,
whereas sevcral ather canids, and many other cart
vores have negative tesiduals. Furthermore, as group
size increases, there is a tendency for home range
sizes to become smaller relative to those predicted by
metabolic needs, an effect statistically attributable
entirely Lo specics with smaller than expected ranges

(Fig. 4.3). From this starting point, we will now
review canid hehavioural ecology before attempting
a unifying explanation of why amongst canids the
ranges of some social species are smaller than expected
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Dholes killed more sambar males than expected and
preference for adult chital males could be a possible
effect of heavy antlers serving as handicaps during
escapes ( Johnsingh 1983). Both packs in Mudumalai
preferred sambar that were less than a year in age
{Venkataraman ef ai. 1995) (Part B, Table 21.1). In the
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Nagarahole National Pack, Karnataka, southern India
(Fig. 21.3), dholes preferred medium-sized prey, such
as chital (Karanth and Sunquist 1995).

1t therctore appears that dhole packs prefer the
young of medium-sized prey such as chital. In the
thiee protected areas mentioned above, chital offer an

Wis s

Figure 21.3 The study areas. BandipurTiger Rescrve and Mudumalei Widife Sanctuary aré located in the Mysare Plateau (foothills of
Nilgiris), southern India. 1he contiguous Nagaraholc National Park, wiiere Some research has been cartied out on dhioles, is also

shown,
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Figure 4.3 Departures from the allometry between iome:
range size and group metabolic needs (dotted line corrected
for phylogeny). (From Johnson et al. submittcd).

for their body size, whereas others—notably those
cating large prey—have laiger ranges than expected.

Why do some canids live in groups?

Creel and Macdonald (1995) describe five general
‘mechanisms or conditions that may sciect for social-
ity in camivores. Two conditions reduce the costs of
tolerating conspecifics: (1) abundant prey (or other
resources), tich or variable prey patches, or rapid
prey renewal, Tead Lo Tow costs of tolerating con-
specifics, in terms of foraging success; (2) constraints
on dispersal opportunitics such as lack of suitable
habitat, low availability of males, or intraspecific
compelilion may favour the retention of oung past
the age of maturity. Thee general mechanisms iden-
tify the benefits of tolerating conspecifics: (3) groups
‘may use strength of numbers in the acquisition and
retention of resouces, for example, hunting in
groups may increase foraging success, where prey arc
large or difficult to kill, groups may also farc betfer in
ferritorial defence and intra- and interspecific com-
petition for food, especially at large kills; (4) groups
may be less vulnerable to intra- and interspecific pre-
dation; and (5) groups may help to meel the costs of
reproduction through alloparental carc.

Iwo general predictions are that: first, group size s
Sikely to be less where dispersal opportunities are
greaterand, second, cub survival to weaning is likely

to increasc in the presence of alloparents. Amongst
carnivores, and canidsin particular, groups generally
form by the delayed dispersal of kin of either sex.
With this in mind, the first proposition is based on
the assumption that an individual’s decision of
whether to remain in its natal group reflects the likely
costs and benefits of biding versus dispersing;  if
the opportunitics for establishing new territorics
increase, the sk of dispersal is lowered and therefore.
the incentive for philopatry diminished, leading to a
reduction in group size (Macdonald and Carr 1989).
“Ihe second proposition is based on the assumption
that individuals are likely to behave in ways that
benefit their kin (Hamilton 1967), and the intuition
that behaviour as seemingly helpful as provisioning
food is likely to be beneficial (but see below).

Behavioural selective pressures
for group living

Group formation and group size are governed by a
sel of costs and benefits that have received copious
attention by behavioural ecologists (Bertram 1978;
Krebs and Davies 1993; Wilson 2000). Each potential
benefit carries potential costs: for example, animals
living together may catch cach other’s parasites
(Hoogland 1979), and may cantrol them by mutual
grooming (as in the case of badgers; Macdonald et al.
2000, Stewarl et al. 2003). Those hunting together
have to share their spoils (analysed in detail for
African wild dogs by Creel and Creel 2002), and
thase sharing a mate may also face sharing his sup-
port (as for male red foxes provisioning the litters of
two vixens (Zabel aud Taggart 1989)).

Strength of numbers

Benefits of hunting in groups

The nofion that canids hunt together in order more
elfectively to overwhelm prey too chatlenging to be
hunted alone is 50 intuitively plausible that, as an
explanation for pack living, it became dogma long
before researchers discovered just how difficult it
would be to support empiricatly. An influential, but
unsubstantiated, article by Wyman in 1967 stated
that black-backed jackals (Caris mesomelas) in the
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abundant and predictable source of food (sec below].
Turthermore, chital do not defend themsetves or their
young from attacks by dholes as the sambar da by
setting into the waterhole (Johnsingh 1983). Indeed
the lack of any direct anti-predator bebaviour (apart
from group vigilance and olher benefits of herding) is
striking., The above factors probably make chital,
swhere available, a favoured prey species. This is true
Sor only the foothills of the Nilgiris and the dricr
forests of Central [ndia where chital are abundant—
they arc absent from the wetter forests of northeast
India or the high altitude forests of Western Ghats.

Cooperative hunting

Members in dhole: packs hunt cooperatively, particu-
larly while hunting larger prey such as adult chital or
sambar. However, in 92Y% of 48 occasions, the chase
ended within 500 m of its starting point, and flush-
ingout of small prey such as chital and sambar fawns
from bushes was abserved (Johnsingh 1983). While
chasing prey for long distances, pack members are
often abscrved to ‘cut comers’ reducing the distance
between prey and the pack (Venkataraman et al
1995). Relationships between pack size and hunting
success or energetics have yet to be determined.
Therc was na correlation between bady weight of
prey killed and pack size for packs in either Bandipur
or Mudumalai (Venkataraman et al. 1995), but
Bandipur kill data (Johnsingh 1983) indicated a neg-
ative correlation between per capita food consamp-
tion and pack sice (Venkataaman et al. 1995),

Kills involving two dholes pulling down a chital
fawn shared by all pack members were scen in
Mudumalai (Venkataraman efal. 1995). In Bandipur,
even three dholes were successful in Killing a sambar
fawn and two chital does (Johnsingh 1982). A signit-
icant proportion (20.4%) of the dict of a pack in
Mudumalai comprised black-naped hare (Lepus nigri-
coftis), an animal that can be captured by a single
dhole (Venkataraman et al. 1995).

Home range

Dhole packs’ home ranges are likely to vary as a
function of prey density, composition, and distribu-
tion, all of which arc influenced by habitat types.
Estimates for dhole home ranges exist for the

deciduous forests of Nagarhole, Mudumalai, and
Bandipur. In Nagarhole, the home range for a single
pack was estimated at 27.5 (adaptive kernel estima-
ton), 234 (minimum convex polygon cstimator),
and 27.4 km? {harmonic mean estimator) (number of
locations = 138) (Karanth and Sunquist 2000}. In
Mudumalai, the home range areas for packs were
estimated at 83.3 and 54.2 km?, respectively, using
the minimum convex polygon method (numbcr of
locations — 276,103) (Venkataraman et al. 1995)
Fig. 21.3). In Bandipur, the home range was estimated
at 40 km? (Johnsingh 1982)

Venkataraman et al. (1995) analysed changes in
home range areas actoss scasons, pack sizes, and
years of study. For one pack, home range did not vary
as a function of pack size, which varied between
4and 10 over 5 study years. Furthermore, the home
range arca for the same pack remained constant
throughout the study, although the dry season range
was, on average, less than the wet season range
(Venkataraman ef al. 1995} (Fig. 21.3). The dry sea-
son coincided with the period when pups werc fess
than 3 months of age, but even when a pack did not
litter, the range was smaller in the dry season than in
the wet season. Perhaps water scarcity confined the
pack and its prey to areas with perennial water
sources (Venkataraman et al. 1995).

Principal prey composition, distribution, and
densities were similar for all three areas (and an
additional area in Central India). Each had similar
habitat, comprising dry deciduous forests inter-
spersed with teak (Tectona grandis) or sal (Shored robus-
ta) plantations, and grassy meadows ideal for grazing
herbivores (Neginhal 1974; Karanth and Sunquist
1992; Suresh ctal. 1996) (see Table 21.2). There s littie
information on dhole home range or habitat utiliza-
tion in other habitats (with other prey) such as the
sub-tropical montane forests of the Nilgiri Hills,
southern India and the wet evergreen fosests of the
Western Ghats and northeast India (Fig. 21.4).

Habitat utilization

In Mudum

lai and Bandipur, there is evidence that
dholes intensively use dry deciduous forests and
savannah woodlands interspersed with meadows
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Serengeti were more successful in killing gazelle fawns
(Gazell spp.) when they coaperated in deflecting the
mother’s defences. Lamprecht’s (19784) attempt to
vetify this claim, yielded scarcely more than a hint
that cooperation pays for golden jackals (C. anres),
and no evidence at all that it benefits black-backs (tak-
ing only cases where 1-2 adult gazelles defended the
fawn, Table 4.1). In Zimbabiwe, the improvement in
the suceess of pairs, in comparison to singletons, of
black-hacks hunting for springhares was just signifi-
cant (Macdonald ef al. Chapter 16, this volume) and
the correlation between the occurrence of springhaes
in the diet and periods when mated pairs of jackals
operated together could be evidence that cooperation
facilitated capture  of these nimble  rodents
Conclusions are similarly hazy regarding coyotes;
there is a correspondence between places where they.
prey on elk (Cervus elaphus) and mule deer (Odocoiles
hemionis) and those where coyotes occur in large
groups (Bekoff and Wells 1980, 1982), highlighting
the need to separate cause and effect because of the
interesting possibility that only where prey are large
can packs be large (see below); furthermore, althaugh
Bowen (1981) wrote that ‘Cooperation is generally
necessary’ for capture of large prey, Camenzind
(1978a,h) concluded that ‘the apparent major advan-
tage of the coyote pack . . . lies in its ability to main-
tain ownership of the carrion food source and nof in
actual depredation of that anial'. Similar uncertainty
surrounds the advantages of cooperative hunting by
dholes (Chapter 21, this volume), whereas the picture
for grey wolves almost invariably emphasizes the
downside of cooperative hunting: Thurber and
Peterson (1993) graph the declining intake of food per
wolf per day with larger pack sizes on Isle Royale
(Fig. 4.4), and Schmidt and Mech (1997) repeat this
result from a synthesis of many studies.

Table 4.1 Numbers of hunts by jackals hunting alone
orin groups, and the numbers of kills made (Lamprecht
1978a)

Golden jackal Ujaok-backed jackal
Group size tunts Kills Hunts Kills
1 4 0 5 2
2/3 4 4 5 4

Saciety 89

@ 2 %
F 16 .
3 g,
° 8
G e
g 3 S s o
H #%5s ° o
=3 1

15 18

ke/walt/day)

Pack size

Figure 4.4 Relationship between wolf pack size, on Isle
Royale, and (a) distance travelled per day, (b) number of kil
per day, () distance avelled between kills, and (d)
relationship between pack size and mean daily per capita
rate of energy acquisition (dashed line is the net rate of the
combinations of values explored in a sensitivity analysis;
open circles are the combination wilh the greatest values and
steepest slope; the closed symbuls had the lowest values and
the shallowest slope). {From Vucetich et af. 2003.)
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Table 21.2 Dhole and principat prey densities for important dhole habitats in india

Chital Sanibar
density (km?} density (km?) Dhote Habitat
Area Region (SE or %(CV)) (SE or %(CV}) density (ki) type
Mudumalai Nilgir 207 (5.7) 71(13) 014 Dry and
widlife foothlls, moist
Sanctuary souther deciduous,
India thora forests
Bandipus Nilgir 484 (40%) 12.5(24%) 009 Dry
National Park foothills, deciduous,
and southern thorn forests
Tiger India
Reserve
Nagarole Nilgir 38.1(3.72) 15(054) Not Dry and
National Park footills, avallable moist
southem deciduous
India
Pench Chotta 51.3(3.02) 9.66(0.76) 03 Dry
Tiger Nagpur deciduaus,
Reserve Plateau, thorn forests
central
Ingia

‘Source: Py densiies for Mudumalal were fom Arivchagan and Sukuntat (unpublished data), or Bandtipur Varma et al. (unpub-
lished data), for Pench and Nagarahale (Karanth and Nichols 2000). Dioe densites for Mudumalai and Bandipur werc flom
Verikataraiman and Narendra abu (2001) and for Pench Johnsingh and Bhaskar (unpublished data)

Figure 21.4 Dhole Cuon alpinus
after a dip in a puddie
©A LT Johnsingh.
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communities actoss a number of ccosystems, the
ahole is of scientitic importance due 1o the coopera-
tive behaviour involyed in its hunting and breediog
(making ita challenging model for the evolution and
maintenance of cooperative behaviour).

Status, distribution, and threats

The dhole is a medium-sized social canid, inhabit-
ing forested tracts in south and southeast Asia. The
dhole’s global distribution once encompassed conti-
nental Asia (roughly east of 70°E), but it is now
extinet in Russia (D. Miquelle personal communica-
tion). Dholes occur on the islands of Java and
Sumatra but are absent in Japan, Sri Lanka, or
Bomeo (Pocack 1936). The status of the dhole
remains vague within southcast Asia. Viable popula-
tions may exist in northern Myanmar (C. Wemmer
personal communication) where, despite sufficient
vegetation cover, prey densitics tend to be very low.
Viable populations exist in Java and Sumatra (5.
Tledges personal communication).

Presently the largest populations probably oceur
in southern India, and in Central Indian Highlands
(Johnsingh 1985). Possibly the best of the papula-
tions occur within the predominantly dry deciduous
forests of the Lower Nilgiri Platean or Mysorc Plateau
(Johnsingh 1985). This accords with the general
belief that dhole densities are positively correlated
with prey densities, which tend to be high in the
drier savannah woodlands and moist and dry decid-
wous forests (Venkataraman and Narcadra Babu
2001).

Dholes were once found in the terai region in the
Himalayan foothills, but, despite its suitable habitat
and high prey densities, sightings there are now
only sporadic (Johnsingh 1985). Dhole populations
here may not have recovered from past carnivore
control programmes, initiated by the British and
pursued 10 a lesser degiee after the independence of
India till the impiementation of the Indian Wildlite
Actin 1972 (Rangarajan 1998). However, ancedotal
information from maturalists and hunters (Singh
1998) suggest that dholes have always lived at very
low densities in the Corbett and Dudhwa National
Parks, in the ferai egion. Probably, discase or Lhe
high densitics of tigers were responsible for the low

densities of dholes in these habitats (Johnsingh
1985).

In the past, single or pairs of dholes have been seen
in protected arcas in Eastern Rajasthan, western In
formerly connected with the Central Highlands.
These dholes may have been stragglers moving,
through cultivated land into the protected arcas.
Therc is no evidence of the formation of viable popu-
lations or packs within both Rajasthan and the terai
region (Johnsingh 1985).

‘Ihe status of dholes in the wetter forests of north-
cast India and Bangladesh is unknown though the
species is thought o be very rare or extinet in most
northeast Indian states (except for Meghalaya and
Arunachal Pradesh) and the Chittagong hill tracts of
Bangladesh (Johnsingh 1985). Itis believed that prey
depletion caused by rampant hunting (often due to
the collapse of law and order through insurgency,
e.g. Manas Tiger Reserve in Assam) and large-scale
habitat loss through shifting cultivation and Jarge
scale illegal fclling arising as a result of increasing
incidents of cncroachments may have further
endangered the specics in all seven states of northeast
India. For instance, in Arunachal Pradesh, the strong
tradition of hunting, lack of enforcement of wildlife
laws within the proteced arca network, and carmi-
vore-human conflict, have led fo active persecution
of dholes and other camivore species (Narendra
Babu and Venkataraman 2001). This is in contrast to
other arcas in India, where direct hunting of dholes
is rare. The arcas mentioned above are indicated in
lig. 210,

An overview of research on dholes

Accounts of dhole behaviour have sporadically
appeared in the Journal of the Bombay Natural History
Society since 1895 (Hood 1895), most of them based
on observations in India, made by government
officers out on hunting expeditions (c.g. sce Burton
1925, 1940; Connell 1944).

‘T carliest scientific findings on dholes, published
by Davidar {1973, 1975) provided the first accounts
of the mating and brecding behaviour of the species
and was followed by a review paper on dhole biology
by Cohea (1977). A 3-month field study conducted
by Fox and Johnsingh (1975) described the specics’
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high levels of differentiation from mainland popula-
tians. A similar pattern is evident when habitats have
been subdivided and populations isolated by human
aclivities. For example, Scandinavian and Italian
wolves have low levels of variation within popula-
tions but high levels of differentiation reflecting a
recent histoty of isolation and population bottle-
necks (Randi et al. 2000; Vili et al. 2003b). The most
endangered canid, the Ethiopian wolf, has the lowest
levels of variation of any studied canid. In contrast,
Aftican wild dog genetic pallerns appear dominated
by ancient vicarious events such as Pleistocene isola-
tion of south and eastern populations followed
by intermixing. However, populations in Kruger
National Park and Kenya may have recently lost
genetic varation due to population bottlenceks,
Linally, interspecific hybridization may oceur in dis-
Lurbed populations, especially if one species is rare
and the other abundant and the rate of encounters is
high due to the presence of concentrated resources
such as refuse dumps. Hybridization with domestic
dogs threatens to obscure the unique genetic charac-
teristics of onc of the largest remaining populations
af the endangered Ethiopian wolf but does not
appear as a consequential threat to grey wolves.
Molecular genctic analysis supports specics dis-
tinction for Darwin’s fox, kit and swift foxes, and the
island fox. Analysis of populations within species
have uncovered important genetic and phenotypic

units including each of the island populations of
island fox, the San Joaquin and Mexican kit fox, the
Mexican woll and Algonquin wolf, West and South
African wild dogs, and New and Old World wolves.
These distinct conscrvation units warrant separate
breeding and in situ management. Interbreeding
should be avoided in the absence of evidence for
inbreeding depression (¢.g Hedrick and Katinowski
2000). The next phase in genetic research on canids
should focus on the study of bath neutral and fitness
related genes so that both history and population
adaptation can be assessed. This information will be
valnable to conservation programs (Crandall et al.
2000).
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feeding and hunting hehaviour. The first extensive
field study was carried out by Johnsingh (1982, 1983,
1992) an a single pack of dholes in the Bandipur Tiger
Reserve, Mysore Plateau, southern India (Fig. 21.1) in
1976-78. The study provided detailed data on social
and reproductive behaviour and feeding ccology. In
the years 1990 95, field studies in the Mudumalai
Wildlife Sanctuary, Mysorc Plateau, souther India
(Fig. 21.1), (VenKataraman et al. 1995; VenKataraman
1998) gave further insights into the foraging ecalogy
and sacial biology of the species. Unless otherwise
stated, the following account is based on these two

studies.

Taxonomy and morphology

Systematic position

According o Thenius (1954), the genus Cuon is post-
Pleistocene In origin, and related more closely to the
extant jackals than to wolves. Earlier, Simpson (1945)
had placed the dhole in the subfamily Simocyaninae
of the family Canidae, together with the African wild
dog and the bush dog (Speothos venaticus) of South
America on the basis of shared anatomical features,
mostnotably the reduction of theole of the crushing
post-camassial molats. Lycaon retains 42 tceth nor-
mally present in Canis, though thesc tecth are not
very large, while in the other two members of this
putative subfamily, these teeth arc not merely small
but some are absent (Cuon 40—1{l molar absent;
Speothos 38) (Ewer 1973). Many have questioned
Simpson’s classification. Thenius (1954) noted that
structural features of the vertebral column and the
limb bones were quite different within the subfamily
Simocyoninae, and suggested that similarities in den-
tition could be due to parallel or convergent evolution
along phylogenetically distinct lines. Ewer (1973)
argued that the characteristics of dhole dentition sug-
sestahighly predatory habit, with diminished impor-
tance of vegetal matter in the diet and concluded that
the features of dentition could have evolved indepen-
dently in the three genera,

Chutton-Brock et al. (1976) provided further sup-
port for Thenius’s view. They numerically analysed
90 morphological, ecological, and behavioural
characteristics in 37 canid species. Thelr tesults

indicated that when all of these characteristics were
considered, Con was more similar to Canis,
Dusicyon, and even Alopex, than to Speathos o1
Lycaon. When only skull and dental characters were
considered, Cuon resembled Speothos and Lycaon
most. According to Kleiman (1972) and Lorenz
(1975), Cuon, Lycaon, and Speothos appear more
closely related 1o other canid genera than to cach
other.

Simpson’s (1945) association has also been ques-
tioned on behavioural grounds, Cuon and Lycaon
shating similar behavioural traits, but Speothos being
quite distinct (Kleiman 1972). Further evidence of
taxonomic distinctions between Speothos, Cuon, and
Lycaon were provided by analysis of sequences from
mitochondrial genes (cytochrome b, cytochrome ¢
oxidase I, and eytochrome ¢ oxidase 11 (Wayne et al.
1997). Here both Lycaon and Cuon were classified
Canis tike canids and Speothos within a clade consist-
ing of another South American canid, the mancd
wolf (Chrysocyon brachyrus)

Earlier, two species of Cuon, the southern dhole
(Cuon javanicus) and the nosthem dhole (C. alpinus),
weze distinguished by Mivart (1890) on the bases
of body size and the secand upper and lower molars.
Ellerman and Morrison-Scott (1951), however, recog-
nized 10 subspecics, later revised to 9 (Ellerman
and Morrison-Scott 1966} or 11 according to Ginsbers,
and Macdonald (1990). Three subspecies recorded
in India (Ellerman and Morrison-Scott 1966) include:
C. a. dukhunensis, found south of the Ganga River;
G. a. primacvus, seen in Kumaon, Nepal, Sikkim, and
Bhutan; and C. a. laniger (Pocock 1936), oceurring in
Kashmir and Ladakh. C. . adustus, a subspecies found
in Myanmar, may range into adjacent parts of India.
C. a. infuscus is the other subspecics found in
Myanmar (Johnsingh 1985).

General description

On average, an adult male dhole weighs 18 kg,
stands around 50 cm at the shoulder and is 130 cm
long (including the 4045 cm long tail). Females arc
slightly lighter in build. Sexual dimorphism is not
very distinet with no known quantitative anatom-
ical differences, and sexing them from a distance in
the field s difficult.
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Afican wild dog Lycaan pictus © D.W. Macdonald.

Canids in context

Canids are wonderfully diverse, and a review of their
behavioural ecology could take many directions. We.
have chosen to dwell on why some canids tive in
groups, while others do not, and o ask what shapes.
their societics? (Fig. 4.1) As a preamble we explore
two comparative analyses for the Carnivores as a
whole. These ask how body size, and thus metabolic
nceds, link with prey size and home range size?
Larger catnivores, even corsecting for phylogeny,
Lend to cat larger prey, and this applies to canids too
(Fig. 4.2) (Carbone et al. 1999). Intriguingly, the
order divides into two groupings, smaller carnivores
cating principally small prey, and big ones cating
larger prey, with a jump between them at about 20 kg
(over 90% of the 139 species fall clearly into one or

ather of these categories); there are some canids in
cach category, and for them this prey mass disconti-
nuity is very marked. Since there is no scaling reason
why small canids should not take larger prey, this
discontinuity requises explanation. Small prey, tend
to be abundant and easy to catch, but they are small
and, in the case of invertcbrates, their availability
can be heavily weather-dependent. Do tiny prey
placc a limit on the energy available to carnivores,
and henee to their body size? To estimate a max-
imum carnivore mass thal could be sustained on
invertchrates, Carbone ef al. (1999) used Gorman
et al.’s (1998) net rate modcl, which assumes that
carnivores divide their time between resting (Tr) and
hunting (Th). While they are resting, species spend
energy at a rate (L) determined largely by their body
size, and while hunting they spend it faster (again at
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The genus Cuon is distinguished from Canis by:

(1) more rounded ca
muzzle;

(2) the line of the face viewed sideways being stightly
convex, that of Canis being straight or concave;

(3) having only two true molars on cach side of the
lower jaw, instead of the three typical of the
genus Caris;

s and proportionately shorter

Foraging ecology
Prey

‘The prey of dholes varics from place to place. In
Central India, where Brander (1927) worked, prey
Species were sambar (Cervus wnicolon, chital (Axis
axis), swamp deer (Cervuis duuvauceld, nilgai (Bosclaphus
tragocamelus), gaur (Bos gaurus), blackbuck (Antilopus
cervicapra), and wild pig (Sus scrofa). Other animals
occasionally hunted by dholes are Nilgiri langur
(Semnopithecus jolmif) (from scats—Adams 1949),
Nilgiri tahr (Hemitragus ylocrius) (Williams 197 1; Rice
1986), and cattle calves. Some ground-dwelling bicds
such as grey jungle fowl (Gailus sonneratii) may also be
taken opportunistically (Davidar 1975).
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Figure 21.2 Dholes Cuon alpinis
in Bandipur Tiger Reserve tying to
smell aut the author in a tree

© AT Johnsingh.

Dholes are also known to feed on smaller prey,
including rodents, and even on longicom beetles
(Dorysthenes rostratus). Scats consisting almost enti-
rely of fresh grass blades and minimal animal remains
have also indicated that dholes, like most other car-
nivores, consume grass (Johnsingh 1983). A dhole
was once observed eating tender leaves of Lantana
camara. Vegetal matter may serve as an anti-irritant,
protecting the alimentary tract from bone fragments
and may scour parasitic wormns. (The possibility that
dholes may eat grass and other vegetal matter with
the intention of compensating for the lack of mine-
rals in an all-meat diet appears dim, since the vegetal
‘matter is defecated with little apparent change.)

Prey preference and cooperative hunting

Prey preference

Scat analysis from two packs inhabiting Mudumalai
showed that ane pack preferred chital over other
prey species while the other favoured both chital and
sambar. Preferences were assessed in a chi-square
goodness of i test, comparing the observed fre-
quencies of occurrence of hair of each prey species in
faeces, and biomass consumed, with that expected
from its density and biomass within the study arca
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oplion. However, philopatry brings with it the risk of
inbreeding, which may be why breeding females sur-
reptitiously seck liaisons with neighbouring males.
Within groups, females effectively accept mating
with only the dominant malc, but during cross-
border liaisons, they mate indiscriminately (Sillero-
Zubiri et al. 1996a). This must blur the genetic
discontinuities boiwcen neighbours, as  does
the behaviour of crab-cating foxes reported by
Macdonald and Courtenay (1996). These crab-eaters
lived in groups of 2-5 individuals. Some dispersers
Settled in territories at the borders of the natal range,
and (seemingly not accompanied by their new mate)
returned intermittently to their original territory in
amiczble company with their parents (one male
Lending the next generation of his siblings during his
return visits). Of four dispersing males, two subse-
quently returned to their natal group following the
deaths of their mates at least 3-13 months after their
initial dispersal, in one case after breeding clsewhere.
In short, a superficially straightforward tenitorial
system actually involves neighbourhood  seitle-
ment, intermitlent returns home, and, occasionaily,
the ultimate return of a disperser. These family
ties alffected the tenor of encounters
those between unrelated neighbours tended to be at
borders and to be hostile, whereas those between

social
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Figure 4.1 Bush dog Speotios
venaticus © C. and T. Stuart

related neighbours tended to accur during incur-
sions and 1o be amiable.

Lxamples of both phenomena, neighbourhood
relatedness and return from dispersal, are mounting
amongst canids and may be widespread (¢.g. wolves
Lehman ef al. 1992; wild dogs: Girman et af, 1997;
bat-cared foxes: Maas and Macdonald, Chapter 14,
this volume). Inbreeding may also occur locally
between related pack founders derived from neigh-
bouring packs (¢.g. Mech 1987; Wayne et al. 1991b)
circumstantial evidence suggests it is the norm
amongst bat-cared foxes in the Serengeti where,
through natal philopatry, 7 out of 54 females were
mounted by their father, and one by their brother
(Maas and Macdonald, Chapter 14, this volume).

Ihe ethology of dispersal is poorly understood.
Fven the trigger for dispersal Temains obscure
Although a general assumption was that the subordi-
nate youngsters of a gencration were the most likely
to disperse (and Uhere is some evidence for this in red
foxes, Macdonald 1987), Bekoff (1978b) argued for
the interesting possibility that amongst coyotes it
was the most robust individuals that dispersed. The
first outcome of food shortage amongst both wolves
and African wild dogs scems to be not that young
helpers disperse but that pups starve (Malcotm and
Marten 1982; Harringlon et al. 1983)—cxplicable
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Figure 22.2 Age-specific annual survival rates for female wild

dogs in (a) Kruger, (b) Northem Botswana, and (C) Selous.
Error bars show 95% exact binomial confidence fimits.

other two populations. Mean annual survival for
2-year-old to 4-year-old females was 0.77 (N = 145),
while mean annual survival of dogs five o oider was
significantly lower (mean = 0.50, N = 74, P = 0,02,
Fisher’s exact test).

Examining the survivorship curves (Figs 22.2 and
22.3), survival to adulthood was much better in
Sclous (63%) than in Botswana (35%), which was in
turn much better than in Kruger (16%). Diffcrences
among populations in adult survival were less

African wild dogs 343
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Figure 22.3 Survivorship curves for female wild Gogs in
Kruger, Northern Botswana, and Selous.

pronounced. Survival was best for adults in Kruger
and for young adults (24 years) in Selous, interme-
diate for adults in Batswana, and low for old adults
(5+ years) in Selous.

Reproduction and age-specific
fecundity

In all three populations, we knew when pups were
born in most packs, through observations of mating,
gestation, and pup size. The mass of a wild dog litter
constitutes a geeater proportion of the female’s body
‘mass than in any other canid, and this makes pregnant
females very conspicuous (¢.g, fig. 9.2 in Creel and
Creel 2002). By identifying pregrant females, we could
assign the mother’s age to most littcrs, 1o determine
age-specific fecundity. Knowing when litters were
born, we counted them as soon as possible after
emergence from the den. Wild dog pups remain
underground for most of the fist few weeks oflife, so it
islikely thal one or more pups occasionalty died before
we made a count. However, the constraints on count-
ing pups were the same for all three studies, so the data
can be directly compared, though we cannot rule out
the possibility that pre-count mortality varied among
pupulations, Mean litter size differed substantially
among the three populations (lig, 22.4: Fy s = 491,
P = 0.009). Selous females had the smallest litters,
with a mean of 7.5 + 0.56 pups (SE, N — 38). Litter
sizes were larger in Botswana (10.1 = 0.37 pups,
N = 57)and Kruger (9.4 = 0,70 pups, N = 57),
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Figure 4.12 Sociality amongst adlt red foxes (Wipes wilpes). (2) adult sister group mates mutually groom (o) subordinate
vixen greets her mother (c) a squabble between two female group members and () play hetween adult females.

© D. W. Macdonald.

perhaps in terms of parents investing where they are
likely to sccure the greatest returns. Furthermore,
despite the general assumption that parents aggres-
sively drive the young away, there is rather little evi-
dence of this and Hareis and White (1992) emphasize
instead a decline in affiliative behaviour by the
breeding pair in red foxes. In black-backed jackals,
agonistic behaviours are only observed between
same-sex helpers (Moehlman 1983),

Some sense of the generally unknown saciological
mysteries of canid dispersal is given by the tantali
ing case historics detailed by Mech (1970) for grey
wolves, For them the time between emigrating and
scttling varies hetween 1 week and 12 months, but
averages less than a month for females and more
than 4 months for males; furthermore, when older
individuals dispersc, they may generally cross fewer
territories than da younjger dispersers before settling
(Gese and Mech 1991). Mech (1987) documents
the behaviour of 300 radio-tagged wolves from

25 contiguous packs in Minnesota, including one
female who had travelled some 4117 km? hefore set-
tling, and whose descendents illustrate every variant
of dispersal: one female dispersed, paired, lost her lit-
ter, and returned to her natal territory permanently,
another did the same but dispersed again a few weeks
Iater; some had a period of days separated from the
pack but within the natal teritory before departing,
one femalc lived this way for months; one male
returned home intermitlently for a year while court-
ing a neighbouring female; some moved to adjoin-
ing tertitorics, some moved far. From studies such as
this, some generalizations emerge. Most canids, Tike
most carnivores, disperse from their natal home
range at sexual matutity (reviewed by Waser 1996);
for cxample, wolves generally disperse at 2 years of
age (Fitts and Mech 1981; Fuller 1989), whereas
most foxes do 0 in their first winter, Storm ef al’s
(1976) monumental tagging study was the first of
several to reveal that amongst yearling red foxes, a
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greater proportion of males dispersed, and dispersed
further, than did females (Englund 1970; Lloyd
1980). However, Macdonald and Bacon (1982)
noticed that the becline distances of dispersing red
foxes, while varying greatly between populations,
tended to cross a rather constant number of territory
diameters. [n contrast to male bias in red foxes, tag-
gingstudics found no sex bias in dispersal distance or
tendency amangst grey wolves (Mech 1987; Gese
and Mech 1991), although genetic evidence suggests
that either males engage in more long-range disper-
sal ot males suffer greater mortality en route, than do.
females (Lehman et al. 1992). At the other end of the
spectrum lie African wild dogs and Cthiopian wolves,
amongst which dispersal predominates amongst
females (Frame et al, 1979; Fuller et al. 1992; Sillero-
Zubiri et al. 19963; Creel and Creel 2002) although,
mindul as ever of intraspecific variation, note that
MeNutt (1996b) describes a population of African
wild dogs in which males dispersed later, in larger
groups and fusther than did females, and Girmen
etal. (1997) found no genetic evidence for sex-biased
dispersal. (Creel et al. Chapter 22, this volume).
Dispersal is generally thought to be expensive, but
what if the property market is full of vacancies?
Formetly, on Mednyi Island, Arctic foxes occupied
cifectively contiguous coastal tersitories. However,
in the aftermath of a mange outbreak in the 19705,
90% of former territories—including several rich
ones—were unoccupied (Kruchenkova ef al. 1996).
Considering that non-breeding helpers appeared to
gain noindirect fitness benefit and communal breed-
ers end up, per capita, with smaller litters than
females breeding alone (see Table 4.3), Goltsman et
(submitted b) predicted that secondary members
would opt for what appeared to be cost-free dispersal,
and that male-biased dispersal would explain the
femalc-biased group composition. On the contrary,
despite the predicted scx bias in dispersal (€90% of
males versus <40% fomales dispersed), females
rarly emigrated from large groups despite the avail-
ability of vacant rich ranges. There was no ditference
in the sex ratio of dispersers from poor or rich natal
territories, but there was asignificant preponderance
(2.25 ¢ 1) of female cubs at weaning on rich territo-
rics. In short, groups of this long-isolated subspecies
appear to get larger on richer territories nut because
of changesin the proportion of daughters dispersing,
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but rather because of changes in the proportion of
daughters in emerging litters. Why supcr-numery
female group members do not disperse to vacant
territories is a matter of speculation (but the phe-
nomenon s broadly in accord with predictions made
by Julliard (2000}). An intriguing parallel is that
amongst bat-cared foxes, the sex ratio of cubs at
emergence swung significantly from 52% female dur-
ingaycat when the breeding population was entirely
comprised of paits, to 67% during the following years
when most tersitories were occupied by groups (Maas
and Macdonald, Chapter 14, this volume).

Comparative trends
Allometries

Mochlman (1986, 1989) reported that female body
‘mass was positively corrclaled with gestation, neonate
mass, litter sizc, and litter mass, and that from these
corollaries of size flow generalizations about inter-
specifc differences in adult sex ratio, dispersal, mat-
ing, and neonale rearing systems. As introduced in
pter 1 (Macdonald and Sillero-Zubii, this vol-
une), Mochlman (1986, 1989) argued that female
body weight was the driver of a cascade of effects:
females of Jarge canids have large litters of rclatively
small, dependant neonates, with prolonged depen-
dency thercfore requiring more male postpartum
investment, competition among females for males s
helperstherefore drives the system towards potyandry.
Small canids, she argued, produce smaller litiers of
mare precocial neonates that require Jess parental
investment; the lesser demand for patemal invest-
ment enables males to invest in additional females
(polygyny) (developments of this idea by Moehlman
andHlofer (1997) are mentioned on p.9 Chapter 1, this
volume).

However, a review by Geffen et al. (1996 see also
Geffen et al. 1992} did not support the body
wass/allometry hypotheses and suggested, instead,
thal much of the inter- and intraspecific variation in
canid social strueture can be better explained by
environmental variation in resource availability.
Their phylogenetic analysis of canid life histories
confirmed that neonate weight and litter weight
are positively correlated with female weight, but
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Anotheris that the survival of a given litter may be the
wrong measure—rather by lightening the load of pup
care, helpers may increase the life-time reproductive
success of mothers rather than the survival of off-
spring. A different, and yet more speculative, possi-
bility is that there are circumstances—perhaps
those of communally nursing Mednyi Arctic foxes
or Ethiopian wolves—where the trait is maladaptive;
a genctic blucprint for ‘helping’ may have been fixed
carly in canid evolution and occasionally manifest
under circumstances where it is not advantageous.

Repreductive suppression

Canid society is typified by reproductive suppression
exerted by dominant females on their subordinates
(reviews in Macdonald 1978; Macdonald and
Moehiman 1982; Moehlman 1986, 1989; Creel and
Macdonald 1995). This has been reported for grey
wolves (Packard ct al. 1983, 1985), African wild dogs
(Malcolm and Marten 1982; van Heerden and Kuhn
1985; Creel et al. 1997), Ethiopian wolves (Sillero-
Zubiri etal. 1998, Chapter 20, this volume), and most
small canids. Indeed, reproductive suppression was
recorded in at least 44% of 25 species for which there
was information (Mochlman and Hofer 1997), and is
thus conspicuous by its absence in bat-cared foxes
(Maas and Macdonald, Chapter 14, this volume)
For example, female wolves can breed as yeadlings
but rarcly do so in the wild before the age of 3.
Subordinate female wolves rarely have offspring
(Van Ballenherghe 1985; Peterson et al. 1984; Ballard
et al. 1987) and generally lose those they do have
(Peterson et al. 1984).

The degree of suppression, however, varies both
among and within species (Creel and Waser 1991,
1994), and subordinates of wolves, African wild
dogs and red foxes do reproduce, albeit at lower rates
than do dominants (Malcolm 1979; keich 1981;
Packard et al. 1983; Macdonald 1987; Fuller and
Kat 1990; Creel et al. 1997). At 40% of 25 dens in
the Kruger National Park, more than one female
produced pups, yet only about 9% of all pups genet-
ically examincd were offspring of the subordinates
(Gitman ef al. 1997). In the Masai Mara Reserve,
several females bred in 38% of packs (Fuller et al.
1992). In high density red fox populations where
interactions with the dominant vixen are high,
subordinate females do not usually breed, although
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they may breed more successfully in other popula-
tions (Macdonald 1980, 1987)

{tisimportant to distinguish between suppression
of endocrine cycles and suppression of reproductive
behaviour. In grey wolves, age at first ovulation
varies between 10 and 22 months and can be delayed
by both sacial and environmental factors. Ilowever,
oncea female has cyeled, anoestrus s rare, and repro-
ductive failure is generally attributable to lack of
copulation. Indocrine suppression amongst female
canids usvally affects the pre-ovulatory stages (wolves:
Packard ct al. 1983, 1985; African wild dogs:
van Ileerden and Kuhn 1983, Creel et al. 1997).

Behavioural suppression appears ta be more
common in males: dominant males may directly
prevent subordinates from mating (wolves: Packard
et al. 1983; African wild dogs: Malcolm 1979; Reich
1981; red foxes: Macdonald 1979, 1980). Nanethe-
less, multiple paternity has been reported in
Lthiopian wolves (Gottelli et af. 1994) and wild dogs
(Girman et al. 1997). Creel and Macdonald (1995)
suggest that such complications in mating systerms
may be wilespread: territorial male red foxes make
frequent excursions beyond their ferritories during
the mating season, during which itincrant males
also make incursions into territories. (Macdonald
1987). In contrast, the habit of travelling as a pair
may make philandering much lessening for bat-
cared foxes (Wright 2004, Maas and Macdonald,
Chapter 14, this volumc). Although the mating sys-
tem of Ethiopian wolves is similar to that found in
grey wolves (dominant pair and its offspring), female
Ethiopian wolves have been observed to copulate
with males from neighbouring packs more often
than with the alpha malc in their own pack (Sillero-
Zubiri and Gottelli 1991; Gottelli et al. 1994)
Turthermore, while dominant female Ethiopian
wolves appear to matc only with the dominant male
within their own group, they will mate with males of
any status from neighbouring groups (Sillero-Zubiri
etal. Chapter 20, this volume).

Female versus male helpers

“‘Ihe benefits provided by the helper may vary accord-
ing to the sex of the heiper. For instance, only females
have the potential to allosuckle whereas one early
study suggested that malcs provide more solid food
to pups per capita than do females in African wild
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Wild dog population densities are invariably lower
than the densities of sympatric large carnivores,
typically by 1-2 orders of magnitude (Creel and Crecl
1996). This basic pattern suggests that wild dogs
differ from sympatric large carnivores in some fun-
damental aspect of their ecology. Data from sevetal
studies show that interspecific competition with
spotted hyaenas and lions has strong effects on the
density and distribution of wild dogs, both within
and among ecosystems (Kruuk 1972; Frame and
Frame 1981; Creel and Creel 1996; Mills and Gorman
1997; Gorman et al. 1998; Vucetich and Creel 1999;
Creel et al. 2001). The impacts of competition
on wild dogs are manifest through direct killing,
interference competition at kills, loss of tood, and
exclusion from arcas of high prey density. Although
wild dogs do not aftain high densitics anywhere,
their densities are lowest where spotted hyenas and
lions are most common (Creel and Creel 1996; Mills
and Gorman 1997; Creel ef al. 2001). By holding
wild dogs to low densitics, interspecific competition
plays a central role in making them vulnerable to
extinction. Competition interacts with habitat frag-
mentation (Creel 2001). In the past, local numbers
probably crashed when ecological conditions were
unfavourable (just as they do now) but when condi-
tions improved, recovery through recolonization or
“demographic rescue’ was likely. Now, with increas-
ing fragmentation and isolation, it is less likely that
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an area will quickly be recolonized when conditions
are favourable (Fig 22.1).

Tofectious discases have also affected wild dog
dynamics in several ecosystems, ‘The literature on
wild dogs often states that they are ‘particularly
sensitive to disease’ (Fanshawe et al. 1991), or that
infectious discases have played ‘a main role in the
numerical and distributional decline of African wild
dogs’ (Kat et al. 1995). This idea is based mainly
o data from the Serengeti ecosystem. There, wild
dogs declined 1o 1ocal extinction while experiencing
cecurrent outbreaks of rabies and possibly canine
distemper (Schaller 1972; Malcolm 1979; Gascoyne
ef al. 1993; Alexander and Appel 1994). The data
from Serengeti clearly show that viral discases can
cavse substantial mortality in wild dogs, and can con-
tribute to a lacal extinction. However, the Serengeti
population was probably vulnerable to extinction for
other reasons. Fitst, the population was small cnough
(Iess than 30 dogs) 10 be vuncrable 1o a knock-out
blow, regardless of the cause (Ginsberg et al. 1995).
Second, Serengeti dogs faced intense competi-
tion from larger camivores (Erame 1986). kinally,
Serengeti held a diverse suite of camivores, many.
at high densities, that were known to carry rabics
virus and/or canine distemper viras (CDV) (Maas
1993b; Alexander and Appel 1994; Alexander et al.
1994, 1995; Roclke-Parker et al. 1996). Under these
conditions, it is expected that spillover transmission

Figure 22.1 Intra-guild hostilty:
lion (Panthera feo) kills African
wild dog pup (Lycaon pictus)
©M.G. L Mills.
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dogs (Malcolm and Marten 1982) as they do in grey
wolves (Fentress and Ryon 1982).

Behavioural factors summary

Membership of larger groups may being canids
advantages due to combinations of improved forag-
ing cficiency, breeding success, and survivorship. In
some cases, and it has been argucd for African wild
dogs, this may be reflected as an Allee effect: a posi-
tive feedback [oop of poor reproduction and low sut-
vival culminating in failure of the whale pack
(Courchamp and Macdonald 2001; Courchamp et al.
2002). This would lead to a dome-shaped distribu-
tion of pack size, with populations subject to inverse
density dependence at low density and direct densi-
ty dependence at high density, exactly as observed
by Creel (1997) for African wild dog packs.

Ecological selective pressures
for group formation

While hehavioural benefits may be amongst the
selective pressures favouring sociality in wild canids,
ecological factors create the framework within
which these pressures operate, and dictate the bal
ance of costs and benefits between group member-
ship and dispersal. Alexander (1974) was the first to
suggest that groups of genetic relatives, and helping
within such groups, are a secondary consequence of
group living that is initially favoured by some other
cealogical reason, of which a crucial component is
resource dispersion (Macdonald 1983).

Resource dispersion

Inrespective of the current functional advantages to.a
species of group living, ecological factors such as the
dispersion of resoutces, including food, waler, or
shelter, affect the costs of grouping and may render
them negligible. ‘The idea that certain patterns in
resource availability might facilitate group forma-
tion by making coexistence feasible (cven in the
absence of any sociological benefit to grouping) with-
out competition, grew especially out of abservations

on badgers (Kruuk 1978), and was formalized as
the Resource Dispersion Hypothesis (RDH) by
Macdonald (1983) and Carr and Macdonald (1986)
The RDH is that groups may develop where resources
are dispersed such that the smallest economically
defensible territory for a pais (or whatever is the min-
imum social unit) can also sustain additional ani
mals (Macdonald 1983).

“The idea has been widely reviewed (e.g. Kruuk and
Macdonald 1985; Macdonald and Carr 1989;
Woodroffe and Macdonald 1993; Johnson et al.
2002), refined (Bacon et al. 1991; Bacon and
Blackwell 1993), and criticized (von Schantz 1984;
Revilla 2003, but sc Johnson efal. 2003 and ohnson
and Macdonald 2003). Ttis casity visualized in a land
scape where resources are dispersed in discrete patches
and where pairs (or whatever is the minimum
Dreeding unit) establish the smallest territories nec-
essary Lo ensure sufficient resources (usually food)
cven in seasonal lows. If this territorial collection of
food patches is sharable (perhaps because individ-
ual patches are rich, or because of the dispersed
nature of smaller patches), then this can allow a
group of animals (o use the same territory at no extra
cost to the primary occupants. If the availability of
resources is patchy in space and time, then a large
number of potential food patches must be included
in the territory to guarantee some ‘critical’ probabil-
ity (Cp,) of encountering enough usable food patches
ina feeding perind. Assuming a certain frequency dis-
tribution of availability across all patches, one can
calculate the proportion of feeding periods on which
the total amount of resaurces available will exceed
Cp, (Carr and Macdonald 1986). It is this excess that
permits secondary individuals (willing to live with
marginally lower food security) into the territory at
little or no cost to the primary pair (Fig. 4.8). Thus,
the spatial distribution of resources in time and space
will determine tertitory configuration and - size,
which will generally be independent of group size.
The overall degree of variability of resources in the
environment, however, will determine group size
(Fig. 4.8). This principle applics equally 1o the more
realistic situation of confours of richness, rather than
patches.

“Ihe RDII thus offers an explanation of variance in
group size regardicss of whether individuals gain
from each other's presence or not. Not only may it
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from high density specics will endanger species living
at lower density (Grenfell and Dobson 1995)

For these reasons, it might not be justificd to gener-
alize the conclusion that wild dogs arc unusually
villnerable to diseases. Little is known ahout the
regulatory role of discases in other wild dog popu-
lations, but current data suggest that discase is not
a major factor for all populations. Scveral dogs
have died of infection with the bactetium Bacillus
anthracis, in the Luangwa valley, Kruger National
Park and Selous (Turabull etal. 1991; Creel etat. 199
van [eerden et al. 1995). In northern Botswana, 10
dogsina pack of 12 died during an oulbreak of canine
distermper, which was confirmed as the cause of death
forone wild dog (Alexander etal. 1996). Several packs
disappearcd at this time, but the population recov-
ered quickly, much like the dynamics of Serengeti
tions during an outbreak of CDV (Raclke-Parker et al.
1996). (n Kruger and Selous there have not been
detectable disease-related population declines over
periods of 22 and 6 years, respectively (Reich 1981;
van Heerden et al. 1995; Creel efal, 1997). Combining
demography, serology, post-mortems, and veterinary
examinations, van Heerden et af. (1995, p. 18) con-
cluded that ‘disease could not e incriminated as an
important cause of death in Kruger. In summary, cur-
rent data are compatible with a wide range of views
on the role of infectious discase in wild dog popula-
tion dynamics. We suggest that the impact of viral
discascs on wild dogs is similar to their impacts on
other large camnivores, in which similar disease-dri-
ven declines are observed (Foggin 1988; Mills 1991,
1993; Maas 1993; Roelke-Parker et al. 1996). Local
extinction triggered by discase has been described
only for a wild dog population that was already pre-
cariously small—the fundamental problem rests with
the ecological factors that keep population densities
s0low.

Study populations and methods

The three study areas share a few common features.
Allof the sites are relatively large, and all are situated
in very large protectcd areas that are primarily wood-
land and woded grassland. However, there are also
clear differences among the populations (.8, the
prey base), and details for cach area follow,

Northern Botswana

The data for Botswana come from an ongoing study.
that began in 1989. The 2600 km? (approx.) study.
arca is situated at the northeastern corner of the
Okavango Delta, a 14,000 km? freshwater alluvial fan
with rich swamp vegetation at its centre and seasonal
floodplains at its distal end. The study arca lies at the
end of the northem distributary of the delta, with
habitats including recent and dormant scasonal
floodplains, savannah woodlands, and shrublands.
Floodplain habitats are a mosaic of small sinuatc
floodplains broken by wooded ‘islands’ ranging in
size from a few square metres to several thousand
hectares with Acacia nigrescens, Croton megolobatrys,
and Lonchocarpus capassa, the predominant tree
species. Woodlands are predominantly mopane and
mopane shrub (Colophospermum mopare), Acacia
(Thornveld) (Acacia erioloba), and Kalahari Bushveld
(Terminalia spp., Combretum spp., Acacia spp.). The
study area includes the northeastern section of the
Moremi Wildiifc Rescrve and adjacent Wildlife
Management Arcas. Pastoralists are resident on
portions of the study arca.

The study population has ranged between 6 and 13
neighbouring wild dog packs per year and demo-
graphic characteristics of the sample arc considered to
be representative of the northem Bofswana popula-
tion, currently estimated at 700-850 individuals. Pack
sizeaveraged 10.4 adults and yearlings (range = 2-30,
N = 88 breeding packs). Density estimates for wild
dogs in northern Bolswana range from a high of 35
per 1000 km? in the areas associated with northern
Botswana’s wetlands (the Okavango Delta including
the study area and the Kwando-Linyanti River system
in the north) to a low of 5 per 1000 ki in the drier
habilats across most of northern Botswana. All indi-
viduals in the study population are identified using
unique pelage markings and (excepting some immi-
grants) are known from birth. Reproduction in
the population is seasonal (May-August), Population
characteristics (age and sex of surviving adults) are
summarizcd annually for all packs in June, the modal
birth month. Age in years of individuals is based on
the population’s modal birth month. Whelping dates
were kniown (o be within a period of 2 3 wecks based
on timing of observed mating and/or estimated by
den altendance and growth/size of pups.
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Figure 4.8 The RDH {from Carr and Macdonald 1986). If
resource patches have a certain probabilty of availabilty,
then several must be simultaneously Gefended to guarantee:
some probability of finding enough food for a primary pair
{2Ra) on 3 glven night. A frequency distribution of availability
across all patches (here, arbilrarily, N = 1-14) indicates the
proportion of nights on which the total amount of resouroes
available will exceed 2Ro. A secondary can join the territory
when their own resource needs are met on top of those of the
primaries (2R + RB). The integals of the distiibution
illustrate critcal probabiltes. the proportion of times that
such conditions ocaur. Obviously, changirg the shape of the
distribution wil not alter R and R, but it wil alter the
criical probabiliies associated with them, leading to a
different prediction for group sice.

apply to current socicties, whether or not they
display caoperation, but it may describe the condi-
tions that favoured the evolution of sociality. It pro-
vides an explanation as to why (1} group size may
generally be independent of territary size. Instead, it
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predicts (2) territory size is detenmined by the dispes-
sion of resaurce patches, while (3) group size is inde-
pendently determined by (a) the heterogeneity and
(b) the richness of those resource patches. Where
heterogeneity in the environment is greater, group
sizes are larger, because it extends the distribution
such that Cp, is a smaller percentage of the total
resources available over time (Fig. 4.8).

While RDII can only be tested by manipulative
experiment  (Von Schantz 1984; Kruk and
Macdonald 1985), several ficld studics have revealed
generally a posteriori, that its corrclative predictions
accord  with obscrvations  (mostly  assuming
that habitat types are synonymons with resource
patches). Although the RDH has heen applied to Laxa
varying from birds (Davics et al. 1995) to radents
(Herrera and Macdonald 1987), it has been most
influential in studies of Carnivora. While the
resources i question may be water (e.g. coats,
Valen/mala and Macdonald 2002) or dens (e.g. bad-
gers, Doncaster and Woadroffe 1993, Macdonald
eal.in press), they are generally food, A food patch
may include any laige prey (e.g. a large carcass for a
brown hyacna (Mills 1982), or groups of small prey
(g a school of fish for an otter (Kruuk and
Moorhouse 1991), a tree of fruit for a kinkajou (Kays
and Gittleman 1995), a mound of termites for an
aardwolf (Richardson 1987), or cluster of worms for
a badger (Kiuuk and Parish 1982)). Canid examples
that have invoked the hypothesis are red foxes
(Macdonald 1981), Arctic foxes (Hersteinsson
and Macdonald 1982), Blanford’s foxes (Geffen
et al. 1992¢), crab-eating 7orros (Cerdocyon thous)
(Macdonald and Courtenay 1996), and bat-cared
foxes (Maas and Macdonald, Chapter 14, this vol-
ume). The most interesting evidence against the
hypothesis comes from Baker and Harris's (Chapter
12, this volume) study of urban red foxes.

The same principle applies to temporal variation
even in homogenously dispersed resources; for
example, red foxes depending on a cyclic vole popu-
fation might configure their territorics 10 sustain
them through trough years, and accommodate extra
group members in peak years (Lindstrom 1993;
von Schant7 1984), and Machiman (1989) invoked a
similar argnment to explain variation in group size
within constant territory sizes in golden jackals, and
a similar temporal emphasis of RDET might apply to
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Ihe primary prey species for wild dogs in Lhe
study arca is impala, constituting 85% of their diet.
Addilional prey species includc in order of frequency,
kudu, red lechwe (Kobus leche), reedbuck (Redinca
anmdinum), steenbok (Raphicenss campesiris), com-
mon duiker (Sybvicapra grinumia), and warthog, Calves
of larger ungulate species are also occasionally and
opportunistically preyed upon by Botswana’s wild
dogs including, wildebeest, Lsesscbe (Damaliscus
lunatus), and buffalo (Syncerus caffer).

The Selous game reserve

InSelous, the data come from a study conducted from
199110 1997 on a 26(X) km? site in the Northern Sector
of the 43,600 km? Sclous Game Reserve, which lies at
the core of the 78,650 km? Selous ecosystem. Like
most of southem Tanzania, Selous is dominated by
miombo woudland, shich is defined by two thorn-
less deciduous trees, Brachystegia and Julbernardia.
In Selous, miombo grades into chippya woodland,
a lower and more open-canopied woodland that is
dominated by Combretiun, Terminalia, and Prerocapus.
Northern Selous also has substantial arcas of thorn
woodland, dominated by Terminalia spinosa and
Acacia drepanolobium, and seasonaily flooded plains
dominated by grasses growing 1o more than 2m
(Sporobolus pyramidalis, Seturia sphacelata, Andropogon
gayanus). Small areas of alkaline hardpan soil support
short grass year round, usually with scattered palms.
Most of the study area is moderate to dense woodland
or long grass (though long grass arcas arc little used
by wild dogs: Creel and Creel 2007). Approximately
80% of the study area is used for low-volume safari
hunting, with the remainder used for low-volume
photo-taurism.

Seven packs typically occupied the study site
Fxcluding pups less than a ycar old, the density of
known individuals on the study site ranged from
35 adults and yearlings per 1000 km? to 46 adults and
yearlings per 1000 km?, averaging 38 per 1000 km?.
Including pups, mean density was 57 dogs pet
1000 km? In other areas of the rescrve, we used
photographs and sightings to estimate densitics from
16 to 24 adults and yearlings per 1000 km? Exciuding
pups and yearlings, pack size averaged 8.9 adults
(range = 2-24). Including dogs of all ages, pack size
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averaged 18,9 (range 2-52). Methods of recording
demographic data were almost identical 10 those
described abave for Botswana and helow for Kruger,
yiclding 1068 annual records on the survival and
reproduction of 365 individuals, with cach dog con-
tributing a mean of 2.9 annual records to the data set.
(see Creel and Creel 2002 for details). Demographic
data were tatlied on Junc 15 each year, at the begin-
ning of the brecding scason (June-September, except-
ing two litters). Most dogs were of known age because
they were first identified as pups or yeatlings. For dogs
identified as adults when we located a new pack, we
estimated age on the basis of toothwear and pelage.
Our analyses were not affected by the exclusion of
dogs whose ages were estimated., For all three popu-
lations, ourestimates of age-specific fecundity are lim-
itedto females, so data on survival were also restricted
to females. Limited genctic data show that subord-
inate males sometimes father offspring (Gitman ¢f al.
1997; Creel and Creel 2002), so that patemity could
ot be assigned to the alpha male wilh complete
confidence.

In systematic hunting data collected between 1991
and 1994 (N = 404 kills, 905 hunts), 17 species were
hunted and 10 were killed (Creel and Creel 1995;
Creel 2001). Wildebeest and impala were most com-
monly hunted (36% and 40% of hunts, respectively)
and killed (4% and 29% of kills, respectively). Packs
smaller than the median size preferred impala, while
packs larger than the median preferred wildebeest
(Creel and Creel 2002). In terms of mass killed, wilde-
heest was the most important prey, followed by
impala: these two species formed the great bulk of the
diet, with all other prey combined accounting for less
than 10% of the mass killed

Kruger National Park

I'he Kruger data were collected from 1989 until the
present from an ongoing study in the 4280 km”
Southern District. Six major habitats have been
described (Mills and Gorman 1997); lowland sour
bushveld, an open trec savannah dominated by
Terminalia sericea and Dichrostachys cineria with
a dense and tall grass layer, Malelane mountain
bushveld, broken country with a heterogencous
vegetation, but where Combretum apiculatum is
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kit foxes or bat-eared foxes adapting their texritorics
10 periods of drought (Egoscue 1975; White ef al.
1996; Maas and Macdonald, Chapter 14, this votume)
or crab-cating foxes adapting theirs o periods of
flouding (Macdonald and Courtenay 1996) (Tig. 4.9).

The Arctic foxes on Mednyi Island might be inter-
preted as an extreme case of RDH based on a single,
indivisible but variously tich patches (Goltsman
¢t al. submitted). Their groups comprise 2-6 adults,
feed largely around seabird colonies, which are bigh-
ly clumped around the coastline. Classifying the
coastling into 500 m stretches, some are poor, with
almost no verlebrate prey, and few fox groups hold
territorics on these; others contain up to 3000
brecding scabirds (generally in a clump extending
over 0.5-2.5 km), and are the focus of fox breeding
territories. The number of adult foxes, lactating
females, and helpers were alt significantly correlated
with the richness of the single, rich, shareable, but

Figure 4.9 Crab-eating fox Cerdocyan thous © A, Gambarin
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seemingly indivisible food patch in each fersitory
(kig. 4.10).

None of these examples touch on pack-hunting
canids, such as bush dogs (Fig. 4.11), dholes, African
wild dogs, and wolves, but we will offer below a
synthesis to explain how the RDH concept provides
a framework for explaining their social organiza-
Lions too.

Dispersal

Dispersal is poorly understood in canids, yet it is a
crucial topic hoth to conservation {Macdonald and
Johnson 2001) and to understanding life-history
processes (Waser 1996) and, specifically, group living.
Under RDH, the dispersion of resources may facilitate
group formation, but the benefits of group living and
the costs of dispersal will determine whether indi-
viduals opt for philopatry or dispersal. As Macdonald
and Carr (1989) model, the balance of advantage will
shift with circumstances; thus the fact that female
wolves in Alaska aré least likely to emigrate in hunted
populations may be because this higher mortality
improves their chances of attaining breeding status
in their natal group (Ballard et al. 1987). Amongst
cayotes, while larger groups may enjoy fitness bene-
fits in the efficiency of securing and retaining prey
(Bowen 1978, 1981), Messier and Barrette (1982) con-
clude that the major selective force for larger social
aroups is delayed dispersal in saturated habitats. One
extreme of this continuum of dispersal costs is illus-
trated by Ethiopian wolves in the Bale Mountains,
which are effectively restricted to ‘islands’ of afro-
alpine meadow, making dispersal an unpromising

Figure 4.10 (a) Group sizes of
resident Arctic foxes in rich versus
poor temitories on Mednyi Island.
Numbers of aduit fokes, lactating,
foxes, and helpers vorsus habitat
richness (Krutchenkova et al.
submitted). (b) Arcic fox Alopex
Iagopus © D, W. Macdonald.
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omnipresent, varying from moderate to dense bush
savannah, Combretum/Terminalia bushveld, a relat-
ively densc bush savannah with a moderate to
dense short grass layer, Acacia thickets, dense woody
vegetation particularly along the two perennial
sivers, Sclerocarya birrea/Acacia nigrescens savannah,
open tree savannah plains with a modcrate shrub
and dense grass layer, and the undulating Lebombo
Hills, another heterogeneous dense to moderate
bushveld area with north/south running ridges and
bottomlands

Demographic statistics are given for 1 January
each year, the midpoint in the annual breeding
cyele, and include all age groups. Eight to twelve
packs inhabited the study area at varying densities of
19-39 dogs per 1000 km? in diffcrent years, The
Southern District had a higher density of wild dogs
than the Central and Narthern Districts, where den-
sities fluctuated between 4.4-18.6 and 2.8-22.5 dogs
per 1000 km?, respectively. Mcan pack size was 10.4
(range 2-36, N — 91 packs). All individuals in the
study population were identificd by coat patterns
and most were known from birth or s large pups.

Impala were the dominant prey species for wild
dogs whether expiessed as the percentage of kills
(73.2%) or as the percentage of biomass in the dict
(819%), wilh greater kudu as the secondarily import-
ant species (5.4% of kills and 8.1% of biomass),
followed by common duiker (8.9% of kills and
4.4% of biomass), stecnbok (8.9% of kills and 2.5% of
biomass), bushbuck and reedbuck (each 1.8% of kills
and 2.5% of biomass). Kruger has a more developed
infrastructure and human presence than the other
two study areas, and is used for photo-tourism, with
active management of some animal populations.

Age-specific survival

Torall tiree populations, we calculated rates of appar-
ent survival restricted to females) by determining
whether an ual remained in the population
from one breeding season to the next (exact dates give
above). Our monitoring was sufficiently intense that
we rarely encountered unknown wild dogs, and these
appearances generally occurred under circumstances
suggesting that the new dogs were immigrants (single-
sex groups, moving widely: see McNutt 1996b; Creel

and Creel 2002). When essentially all of the individu-
alsin an area are resighted frequently, rates of apparent
survival will be good cstimates of true survival. To
account for dogs that dispersed off the study site but
survived, we modificd the raw survival rates by assuin-
ing that the number of unknown immigrants of a
given estimated age was equal to the number of unde-
tected emigrants of that age. We also assumed that any
dominant dog that disappeared was dead, because 0.
alphas were ever known to disperse. The effect of these
modifications on estimated survival rates was minor.

Pattems of survival differed strikingly among the
three populations. In Kruger, survival was vety poor
for the first 2 years of a dog’s life (Fig 22.2). Annual
survival for pups was 0.35 (exact binomial Cl:
0.29-0.42), and yearling survival was 0.45 (CL
0.34-0.57). Altogether, only 16% of newborns sur-
vived to adulthood at 2 years of age. After reaching
adulthood, annual survival was good, remaining
above 0.72 for all ages except S-year-olds, for which
the sample size was not large (N = 16). There was na
evidence for senescence in the Kruger survival rates.
The survivorship curve for Kruger females falls below
that of Batswana and Selous, and i far more concave
than the curve for Selous (Fig. 22.3).

In Botswana, only half of all newborns survived
their first year (mean annual pup survival = 0.48,
CI = 0.42-0.54), though the survival rate for pups
was 379% better than in Kruger. Botswana yearlings
survived well (mean = 0.74, CI = 0.62-0.79), and
actually had a higher probability of survival than
any adull age class in the Botswana population
(Fig. 22.2). The rate of survival from bicth to adult-
hood was 35%, more than double the rate in Kruger,
but 80% lower than in Selous (see below). Adult
survival in Botswana ranged from 0.40 to 0.67
(0.50-0.67 if we exclude age 7, for which N = 5), less
than the survival rate of adults in Kruger, with little
or no evidence of senescence (Fig. 22.3).

Survival in Selous was better than in the other
populations, particularly for young dogs. Pups sur-
vived at arate of 0.75 (Cl: 0.66-0.84), which exceeds
the rates in Botswana and Kruger by 1.56 % and
233 x, espectively. Selous vearlings also fared well,
with an annual survival rate of 0.84 (CI = 0.73-0.91),
which exceeds yearling survival in Botswana by
L.14 > and in Kruger by 1.87 X, Adult survival in
Selous showed evidence of senescence unlike The
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titter sizes in a befl-shaped rclationship: as females get
older, theirlitter sizes diminish (Venkataraman 1998).

At this stage, there is no distinct evidence indicating
that packs live in groups to accrue benefits from coop-
crative breeding (Venkataraman et al. 1998).

A likely consequence of the social system as
described ahove is that there is scope for occasional
matings by subordinate individuals, and thus of con-
fused (Derix and Hoof 1995) or multiple paternity in
litters, with associated consequences for communal
care, infanticide risk, and kinship (Burke et al. 1989).

Cooperative hunting

The data currently available arc sufficient to con-
clude only that even a small number of dholes are
capable of killing prey, and that per capita consump-
tion of meat may decline with increasing pack size.
Much more data will be necessary to clucidate the
foraging economics of cooperative hunting, and to
test the proposal that a minimum of seven animals
may be needed to optimize the efficiency of hunting
for prey (Schoener 1971) and to feed a nursing bitch
with a litter of 8-9 pups (Johnsingh 1982)

Defending prey against kieptoparitisitism

In elght separate interactions between dholes and
large cats in the Bandipur and Mudumalai Sanctuary
(Johnsingh 1982a; Venkataraman 1995), there was
no cvidence that interactions were initiated through
dhole kills being parasitized by other large carni-
vores, though once, wild pigs (Sus soofa) chased
away dholcs from a kill and scavenged (Johnsingh
1978a). The converse was, however, true. Fight dholes.
were once seon stealing the kill of aleopard (Panthera
pardus). Tn other instances, packs of between § and
11 dholes spent considerable time (between 20 and
50 min) and cffort chasing leopards from shared
hunting areas (Venkataraman 1995). In a single
instance when a pack of 10 dholes interacted with a
tiger (Panthera tigris), mutual avoidance was observed
(Venkataraman 1995). There was considerable over-
lap in the diets of all three large carnivores; competi-
tion with tigers may have been reduced by spatial
and temporal partitioning of habitat and prey sex
and size (Johnsingh 1983; Venkataraman 1995).
Leopards and dholes, however, preyed on animals of
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the same weight class (ohnsingh 1983). Further-
more, leopards occasionally prey on dholes (Karanth
and Sunquist 1995) and the dholes’ tendency to
chase leopards may be akin to mobbing—reducing
the risk of unexpected attacks, especially on individ-
uals scparated from the main pack while hunting
(Venkatararnan 1995). Even though the minimum
number of dholes needed to intimidate a leopard is
unknown, as little as five dholes were seen engaging
quite successfully in this behaviour,

Why do dholes live in packs?

In summary, of the possible explanations for group
living in dholes, the conscquences of their foraging
for large, patchily dispersed ungulate prey would
seem to be the most compelling on current evidence.
In Mudumalai and Bandipur, although data arc very
scarce, it seems likely that dispersal is dangerous and
constrained, perhaps tipping the trade-off between
pack membership and emigration in favour of natal
philopatry. Within the framework of pack-living set
by resources, we have evidence that dholes cooperate
in hunting, in the cace of young, in attacking leop-
ards, and these cooperative behaviour strengthen
the advantage of pack living sct by resources.
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fundamental (and certainly more ubiquitous) feature:
of vanid socicty than the historically much vaunted
cooperative hunting. For example, non-breeding
female red foxes guard and play with cubs, may even
split them between scveral dens, and sometimes fecd
them at least as diligently as does their mother
(Macdonald 1979). The original list of species for
swhich non-brecding ‘helpers’ fed and tended the
young—African wild dogs, jackals, red and Arctic
foxes, grey and Ethiopian wolves (Kifne 1965;
Macdonald 1979; Mochlman 1979; Fentress and Ryon
1982; Hensteinsson and Macdonald 1982; Malcolm
and Martcn 1982; Sillero-Zubiri ct al. Chapter 20, this
volume)—has expanded almost in direct proportion
w0 the number of species studied, revealing allo-
parcntal care by non-breeding adults as a widespread
trail of the family. Bat-eared foxes are a partial excep
tion in that all adult females in a group may produce
youngand suckle communally (Maas and Macdonald,
Chapter 14, this volume). Provisioning the mother
during pregnancy and lactation allows her to guard
her young more continuously while also directing
‘more energy into gestation and lactation (Oftedal and
Gittleman 1989) (this is a contribution which bat-
cared fox fathers are uniquely unable to make since
their exclusively insect prey is not portable, Maas and
Macdonald, Chapter 14, this volume). Mochlman
(1983) found that food provisianing increased with
oneand two non-breeder helpers in black-backed jack-
als, but natin golden jackals. Alloparental care appears
self-evidently helpful, and the classic demonstration
that this is 0 is Moehlman's (1979) that pup survival
to weaning increased with numbers of helpers
amongst black-backed jackais. Similar, if less conclu-
sive, evidence exists for red foxes, inciuding a case
where a helper reared the cubs of an ailing mother
(Macdanald 1979, 1978a,b), and for coyotes where
Bekoff and Wells (1982) found a non-significant rela.
tionship between the number of adults attending the
den and the number of the pups surviving 1o 5-6
months (bul a significant relationship with the per-
centage of pups surviving), and African wild dogs
(Malcolm and Marten, 1982). However, sometimes the
demonstration that helping, however assiduous it
may appear, translales into improved reproductive
success has proven difficult,

Indeed, proof that alloparental hehaviour benefits
the recipients amongst mammalian  socicties

remains rare (Jennions and Macdonald 1994) and
that proof has remained elusive even for some of the
most conspicuously helpful carnivores (c.g. Doolan
and Macdonald 1999). Thus, although the relation-
ship between pup survival and number of helpers
was significant for black-backed jackals by the time
of Muchlman’s 1979 publication (and by the time
Mochlman (1983) linked to an increased rate of pro-
visioning with one and two non-breeding helpers),
comparable data gathered simultancously on ailo-
patric groups of golden jackals did not yicld a
detectable bencfit from helpers until a further 20 years
of tescarch had passed (Mochlman and Hofer
1997), Amongst red foxes, Zabel and Taggarl (1989)
found cub survival was the same for polygynous
versus monogamous females on Round Island. Total
litter size was also not affected in Arctic foxes in the
north Pacific Commander Islands (either at emer-
gence or on weaning) by either group size or the pres-
ence of non-breeding females (whether they were
seen to be involved as helpers or not) (Table 4.3)
(Krutchenkova et al. submitted). Amongst grey
wolves, helpers appear to increase the survival of the
young only when food is abundant (Waser et al
1996). When foud is scarce, offspring in large wolf
groups actually survive less well (Harrington et al.
1983; see also larrington and Mech 1982; Peterson
ctal. 1984). The Ethiopian wolf is a typical coopera-
tive breeder; groups of up to 13 adults collaborate in
scent marking and defending their territory (Sillero-
Zubiri and Gottelli 1995a; Sillero-Zubiri and
Macdonald, 1998), and in feeding, grooming, play-
ing with and defending the young. The young of
only ane female arc reared in each pack annually.
Young male wolves remain in their natal territorics
beyond physiological maturily and never disperse
(Sillero-Zubiri et al. 1996a). Most pack members
brought solid food to the pups, but breeders con-
tributed  significantly more food than did non-
breeders, and females more than males. Although
the breeding females and putative father spent more
time at the den on average than did other wolves, the
proportion of time for which pups were lefl unat-
tended was inversely correlated to the number of
non-breeding helpers in the pack. Nom-breeding
females were particularly attentive to the pups, Pack
size may, thus, improve anti-predator behaviour,
since babysitters were active deterring and chasing
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potential avian and mammalian predators, such as
eagles and spotted hyacnas. Guarding may also
protect the pups from visiting wolves from other
packs. While increased nunbers of helpers amongst
Ethiopian wolves led o a decline in the work rate
of mothers provisioning pups, there was no detect-
able increase in pup survival (Silleco-Zubiri et al.
Chapter 20, this volume).

The contribution of non-breeding pack members
amongst African. wild dogs can take the form of
babysitting or provisioning. Thanks to babysitters,
mothers—often, by their status, experienced
hunters—can return to the chase 3 weeks after partu-
rition, but 8 weeks before pups can follow the pack.
‘The babysitter chases predators away, ensures that
the pups do not stray, and warns them to go down
the den if there is threat of danger (Kuhme 1965;
Malcolm and Marten 1982). Pups are entirely depen-
dent upon adults for providing them with meat until
about 12 months old (McNutt 1996a), so the survival
of litters depends on helping (Fuller et al. 1992b,).
Although the generality seems indeed ta be that pup
survival is correlated with pack size (Vucetich and
Creel 1999), successive analyses of the impact of
pack size on pup survival amongst wild dogs in the
Serengti illustrate some complexities. Using data up
to 1980, Malcolm and Martin (1982) found a posi-
tive, although not significant, correlation between
pup survival to 1 year and pack-size excluding year-
lingsin the Serengeti; when Burrows (1995) analysed
similar data for subsequent years (1985-91), this
relationship was significant only if yearlings were
included. Although yearlings are not yet expetienced
hunters, their presence contributes to foraging effi-
ciency. It is gencrally the alpha male or the alpha
female which Jeads Ihe hunt, but yearlings nonethe-
less contribute to several aspects of cooperative
hunting, including the diminution of Kleptopara-
sitism, by decreasing the carcass access time
(increased cleaning efficiency) and increasing the
ratio of dogs/hyacnas (see Fanshawe and Fitzgibbon
1993; Carbone ct al. 1997), and regurgitating meat to
the begging pups back at the den (Fstes and Goddard
1967; Malcom and Marten 1982) (i.c. Lransport more
food back to the den: Kiihme 1965). For these rea-
sons, the pack may chose to use an adult pup guard
when the cost of doing 5o is offset by the prescence of
yearlings to increase the hunting pasty. In the Sclons,
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the Creels’ data suggest that you can have too much
of a gaod thing: while the number of yearlings suc-
cessfully raiscd increases with pack size, the relation-
ship is dome shaped (Fig. 4.6).

Tackling the question of whether small packs can
afford babysitters, Courchamp etal. (2002) re-analysed
Malcolm and Marten’s (1982) data from the Seren-
geti to reveal a nonlinear selationship between the
number of pup guarding occurrences and the ratio of
adults to pups. There seemed to be a threshold set at
two pups per adult below which pup guarding
becomes much less Tikely, If one takes 1031 as the
average litter size (calculated over 163 litters from
Fuller et al. 1992; Burraws et al. 1994; Maddock and
Mills 1994), then this threshold isat 5. 16 adults. This
suggests that there is a cost to pup guarding when
fewer adults are in charge of more pups (Fig. 4.6)
To test this empirically, Courchamp ef al. (2002)
analysed 246 hunts in Zimbabwe; 33% were under-
taken by the whoie pack, but in all of the remaining
167 hunts, one pack member remained with the pups
as a guard. Hunts that took place during the night
(swhen the risk of pup predation is high) invariably
involved a guard remaining with the pups, whereas
during 39% of diurna hunts pups were left alone.
Furthermore, pup guarding was significantly more
likely in larger packs (1he cight packs of less than five
individuals left a guard with the pups in 34.7 + 0.1%
of theit hunts, whilc the five packs of more than five
lefta guard in 88.5 + 0.1% of their hunts)

Related phenomena may be invalid care and adop-
tion. Macdonald (1987) records adult foxes fecding an
injured adult group member, and amongst wild dogs
incapacitated and older members of the pack are tol-
eraled at kills (Fsics and Goddard 1967), and may be
fed by reguigitation (Rasmussen unpublished data).
A possibly related phenomenon may be adoption of
unrelated pups, of which all four cases documented
by McNutt (1996a) involved ‘smaller-than-average
groups’. Adoption has also been recorded in red foxes
(Macdonald 1979; von Schantz 1984a) and African
wild dogs (Estes and Goddard 1967)

Aflostickling

Perhaps the most extreme form of alloparental
behaviour is allosuckling, which has been seen in
red, Bengal (Vidpes bengalensis), bat-eared, and Arctic
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African wild dogs

Demography and population dynamics of African wild
dogs in three critical populations

Scott Creel, Michael G. L. Mills, and J. Weldon McNutt

African wild dogs (ycaon pictus) are always found
at low population densitics, when compared to
sympatric large camivorcs. Consequently, most
populations of wild dogs aze small, and only a hand-
ful exceeds 500 individuals. Thrce of the largest
remaining wild dog papulations arc found in
KrugerNational Park (South Africa), the Sclous Game
Reserve (Tanzania), and Northern Botswana. With a
total of 1900-2500 individuals, these areas protect
about one-third of the African wild dogs alive today,
and the future of wild dog conservation rests in large
part on these ecosystems.

Afiican wild dog Lyoaon picus
© D. W. Mucdonald,

Each of these populations has been studied in
sufficient detail to provide good demographic data,
I this chapter, we compare pattems of age-specific
repraduction and survival among populations, and
use Leslic matrices to investigate how wild dog
gemography affects population dynamics. These
analyses arc of interest for two basic reasons, First,
the conscrvation of wild dogs is tightly linked
to their fate in these populations, which creates
immediate, practical interest in assessments of their
demographic stability. Second, the long-term data
sets compiled here reveal the demographic processes
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foxes, as well as grey and Ethiopian wolves, chillas
(Pscudolopex griseus), coyotes, and African wild dogs.
Vatious mechanisms may lead an allosuckling
female to be lactating. For example, as an aspect of
repraductive suppression (see below), a subordinate
female may lose her pups through the dominant's
infanticide (e.g. wild dogs: van Lawick 1974; Irame et
al. 1979; Malcolm and Marten 1982; dingos: Corbett
1988). For example, a subordinate female Ethiopian
wolf that attempled to split the pack and breed inde-
pendently recruited the assistance of two subadults
she had previously helped to rear, but failed after the
dominant females intervention and death of the
pups. The subordinate and her helpers then returned
to assist at the dominant’s den (Sillero-Zubiri ef al.
Chapter 20, this votume).

Alternatively, a female may lose her own cubs duc
1o incompetence attributable either to inexperience
or induced by social repression. Macdonald (1980,
1987) describes how a formerly successful breeding
female red fox, having lost her dominance, so over-
anxiously tended a subsequent litter that it conse-
quently succumbed, whereupon she calmly and
conscientiously nursed the cubs of the new
dominant. Similarly, the death of a subordinate’s litter
amongst bush dogs (Speothos venaticus) (Macdonald
1996b), appeared to be due to over-anxious mother-
ing. Per capita litter sizes of communally nursing
bat-cared foxes were lower than those of neighbour-
ing females without allo-nurses (Maas and
Macdonald, Chapter 14, this volume). These exam-
phesraise the possibility that in addition to infanticide
by dominant females, a second mechanism leading to
litter reduction in communally breeding canids is
wis-mothering akin to a ‘tug-of-love'over the cubs.

A third possible route to allosuckling is that two
females may both rear litters within a group and may
nurse them communally (e.g. red foxes: Macdonald
1979, 1984; 7abel and Taggart 1989; wild dogs:
Malcolm and Marten 1982; Mills unpublished data).
The only canid for which this is generally the case is
the bat-cared fox (Maas and Macdonald, Chapter 14,
this volume). A fourth and more remarkable route is
when females appear to lactate spontancously (e.
Ethiopian wolves, Sillero-Zubiri ¢t al. Chapter 20,
this volume). This may follow an aborted pregnancy
or pseudo-pregnancy, the latter being widely
reported in domestic dogs, and Macdonald (1980)
suggested that this might be an adaptive function of

pseudo-pregnancy (scc also Creel et al. 1991).
Although the mechanism remains uncertain (Packer
et al. 1992), five of eight allosuckling Ethiopian
wolves had shown no visible signs of pregnancy
(Sillero-/ubiri et al. Chapter 20, this volumc).

Measuring the benefit, o otherwise, of having two
suckling females in a group of canids has been con-
founded by the fact that benefits of the extra milk
supply may be offset by behavioural tension
between the mothers, insofar as such instances may
generally be ‘failures’ of reproductive suppression.
Nonetheless, Malcolm and Martin (1982) suggest
that amongst wild dogs, communal suckiing allows
alternaterest periods Lo the two mothers (which may
thus participate in hunts sooner) and might increase
survival of the two litters by atlowing the transfer of
more maternal antibodies to both the litters (Roulin
and Heeb 1999). Towever, the evidence that allo-
suckling is helpful is far from conclusive. Amongst
Ethiopian wolf packs, Sillero-Zubiri et al. (Chapter 20,
this volume) found that the survival to weaning of
pups nursed by two females was significantly worse
than those nursed by only one (although there
may have been longer term reward). Similarly,
amongst Mednyi island Arctic foxes, the number of
cubs weaned per lactating female was significantly
higher in groups with one, as opposed to two, lactat-
ing females (Krutchenkova etal. submitted, Table 4.3).
Tinally, the number of cubs reared by each commu-
nally nursing bat-eared fox was significantly less
that reared by one female (Maas and Macdonald,
Chapter 14, this volume).

What evolutionary explanation lics behind helping
in those instances where it appears to be unhelpful?
One possibility is that the conscquences of helpers
may become apparent only in the long teem, and may
be conditional upon circumstances (Emlen 1991).

Table 4.3 Numbers of cubs weaned per lactating
female by pairs of Mednyi Island Arctic foxes without
helpers, with non-breeding helpers and in groups with
more than ane communalty lactating female
(Krutchenkova et al. submitted)

Pairs with Nohelper  Helpers  >1 lactating

Mean ¢« SDeubs 41 & 1.7
weaned
N pairs 42 10 28

42+ 15 209+ 09
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that drive the population dyamics of wild dogs.
As Caswell (2001) noted, ‘to know the survival
probabilities and fertilitics of every age class under a
particular set of conditions is to possess a great deal
of biological information ahout thosc circumstances.
This information is most valuable when coupled with
a comparative approach, in which the vital rates are
measured under (wo or more different conditions’,
Few studies have compared the demography of
a large carnivore across several populations, simply
because the data demands are so great ithe data
summatized here required 30 years of ficld work).
Through quantitative comparisons, similarities and
differences among populations can be identified, and
thiese can be used to guide conservation actions.

In this chapter, we move between prospective
and retrospective approaches to  demography.
Retrospective analyses identify the demographic vari-
ables that have, in the past, contributed most
to observed variation among populations in the
growth rate (). Prospective analysis identifies the
vital xates that would make the strongest contribution
to variation in population growth, if all variables were
free to change. By combining the two approaches, we
identify the demographic variables that have a strong
impact on growth, and vary substantially among pop-
ulations. From the perspective of identifying conser-
vation prioritics and evaluating management actions,
these arc the variables of greatest interest (Milis et al.
1999; de Kroon eral. 2000; Caswell 2001).

African wild dog ecology

African wild dogs are medium sized (18-28 kg) canids
that live in highly cohesive packs holding from 2 ta
28 adults, with a mean adult pack size of 4.8-8.9
across § ecosystems (Creel and Creel 2002). Wild dogs
prey mainly on ungulates, focusing on wildebeest
(Conmuchaetes taurinus), impala (Aepyceros melampus),
Kudu (Steepsiceros trageluphus), gazelles (Gazella
thomsonii and grantii), and warthogs (Phacochaerus
aethiopicus) (Pienaar 1969; Fanshawe and Fitzgibbon
1993; Creel and Crecl 1995; Fuiler efal. 1995; McNutt
1995; Creel 2001). Differcnces in dict among ecosys-
tems are stromly affected by the sclative ahundance
of these specics.

For wild dogs, cooperative breeding is nearly oblig-
ate.Most packs hold a single brecding female, though

subordinates of both sexes sometimes produce
offspring that arc raised, particularly in large packs
(Creel etal. 1997a; Girman etal. 1997; Creel and Creel
2002). Reproductive success is positively corelated
with pack size, and few packs with less than four
adults raise pups to independence (see below). The
association between pack size and reproduction is dri-
ven by several factors. lizst, adults of both sexes pro-
vide alloparental care by guarding and feeding pups
(Malcolm and Marten 1982). Second, hunting is more
successiul and energetically less costly in larger groups
(Fanshawe and Fitzgibbon 1993; Creel 2001). Third,
large packs are more successful at defending kills from
scavengers, in ecosystems where loss of carcasses is
common (Fanshawe and Fitzgibbon 1993; Creel and
Creel 1996). Finally, large packs generally win aggres-
sive clashes with other packs in the overlap zones of
their home ranges (Creel and Creel 2002).

Factors affecting density and dynamics

Studics in several ecosystems have examined the
factors thal limit wild dog populations, and there are
several recent reviews of this information (McNutt
and Boggs 1997; Woodroffe et al. 1997; Creel and
Creel 1998, 2002), which we summarize briefly
Like most large carnivores, wild dogs have disap-
peared from much of their historical range as human
populations have expanded, and the dogs are
now largely confined to protected areas and their
peripherics. Wild dogs were actively destroyed by
wildlife managers in mast arcas until the later part
of the twenticth century, due to a perception that
their method of killing prey was crucl, and that
their cursorial hunting was disruptive for ungulate
populations. Farly in the 1970s, institutionalized
culfing of wild dogs came to an end, and they are
now legaily protected in the seven nations that
hold substantial numbers (Fanshawe et al. 1991).
Snaring and other human-caused deathis remain
a substantial force of mortality in some populations
(Drews 1995; Rasmussen 1996; Woodroffe and
Ginsberg 1998). Hawever, it is not clear that these
problems affect wild dogs with greater force
than they affcct lions (Panthera leo) and spotted
hyacnas (Crocufa crocuta), which generally have
maintained thriving populations where wild dogs
have declined or disappeared (Creel et al. 2001).
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others (Venkataraman 1998). Tollowing a period
shen it was fully integrated within the pack, this
individual paited up with a young female from the
pack dispersing topether (Venkataraman 1998). The
dominant pair, most interestingly, was never seen
guarding the den or provisioning food to the pups

Discussion: the evolution and
maintenance of sociality in dholes

“Ihe prevalence of sociality among pack-living canids
has attracted much attention in the recent past. It has
been hypothesized that the major selective forces
for social carnivores include defence of termitories or
young (Packer efal. 1990), communal reating of young
(Malcom and Marten 1982), cooperative hunting
(Alexander 1974; Bertram 1978h; Packer and Ruttan
1988; Creel and Creel 19954), prey defence against
Kleptoparasitism from other predators (Lamprecht
1978b; Cooper 1991; Creel and Creel 1996), or a com-
bination of these factors within a context in which
resource dispersion is a fundamental ingredient
(Macdonald 1983). Each of these theories is discussed
in relevance Lo results discussed ahove.

Defence of territories or young

The Resource Dispersion Hypothesis (RDH) (Mac-
donald 1983) predicts that group living is facilit-
ated where resources are dispersed such that the
smallest defensible temtory required by a primary
pair (o1 other basic social unit) can also accom-
modate additional group members, conditions that
may apply where food resources are patchily disteib-
uted and their abundance undergoes spalio-lemparal
variation. [n the case of dholes, living on medium-
todarge-sized  deer, the conditions facilitating
group formation might be the size of the prey (each
cascass may provide a meal for several individuals),
or the lang flight distance of the prey ot theic herding
behaviour (the teritary size required to be able
to hunt one deer may contain many deer) (Kruuk
and Macdonald 1985; Carr and Macdonald 1986).
Indeed, within Mudumalai, s dhole pack utilized ehi-
tal herds within its home range, distributed in
resource patches, sizes of which varied spatially and
scasanally. Chital form lasge groups only from late
April ta September, in coincidence with the new flush

of grass after the fire and rutting season. ‘The avail-
ability of young, animals also varied temporally as a
consequence of asynchronous fawning, even though
therc is a rough peak from December to March corre-
sponding to the rutting period from May to August
(lohnsingh 1983). Furthermore, hunting success
within patches varied due to heightened vigilance in
herds subsequent to hunts, forcing the pack to move
onto other patches where vigilance was at back-
ground levels. All these observations indicate that
chital herds within the pack’s home range closely
follow the prey configuration and display the
spatio-temporal variation described by the RDH
(Venkatacaman ef al. 1995). Llowever, as has been the
case in other attempts to test this hypothesis (c.g. Da
Silva et al. 1993), while the theory matches naturalis-
tic observations, it has cluded critical test (Johnson
etal. 2003).

Another prediction of the RDH is that, so long as
patch richness and dispersion are not correlated, min-
imum home range areas and group size will be uncor-
telated. For the anc pack for which we have data, at
Mudumaldi, home range areas remained constant
despite large fluctuations in pack size {Venkataraman
et al. 1995). A third point is that RDH provides an
explanation for why animals might form groups even
the absence of any cooperative benefit from doing
50. In this case we cannot comment on the selective
advantage of helping behaviour, and observe that
the benefit of cooperative hunting is unknown;
we have shawn that dholes prefe to hunt fawns of
both chital and sambar in the Mudumalai Sanctuary
and the Bandipur National Park (ohnsingh 1983;
Venkataraman et al. 1995) and these can clearly be
Killed by a single dog. However, the flushing activities
of alarger pack may nonetheless increase their sucecss
al localing prey of all sizes (Johnsingh 1983)

Communal rearing of young

Among four paramcters obtained from packs at
the time of lilicring (number of adults in packs
(mean = s.d. = 6.5+ 3.2, n— 10), number of sub-
adults (3.7 + 3.4,n — 10), age of the breeding female
(4 =15, n=10), and rainfall in the preceding
breeding season (1015.5 + 269.2, n = 10) thought
tobe highly correlated with chital fawning intensity)
that were campared with litter sizes, only the age of
the brecding female was significantly correlated wilh
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CHAPTER 20

Ethiopian wolves

Afroalpine ecology, solitary foraging, and
intense sociality amongst Ethiopian wolves

Claudio Sillero-Zubiri, Jorgelina Marino, Dada Gottelfi,
and David W. Macdonald

Ethiopian wolf Canis simensis © C. Sillero.

Introduction

At €20 kg, the Fihiopian wolf (Canis simensis) diffcrs
from such Lypical, medium-sized canids as the coyotc
(Canis latruns) in its unusually long legs and a long
‘muzzle (Sillero-Zubiri and Gottelli 1994), Restricted to
rodent-rich Afroalpine habitat within the Ethiopian
highlands, its diunal habits and distinctive coal
render this species conspicuous. A bright tawny rufous
fur, with a characteristic pattern of white marks, @
thick black and white bushy ail, and broad, pointed
cars result in a rather ‘foxy’ appearance. This, and its
reliance upon small prey, mislcd carly Europcan
naturalists to name this species the Simien fox.
Uncertainty over its taxonomy led to an arcay of

alternative vernacular names, including the Simicn
jackal, Abyssinian wolf, and ky kehero (which
translates from Amharic o resd jackal). Phylogenetic
analysis based on mitochondrial DNA (miDNA),
however, have shown that Ethiopian wolves arc
indeed more closely related to grey wolves (Canis
lupuas) and cogotes than 10 any African canid (Gottelli
et al. 1994). This is supported by their many similar-
ities with wolves In biology and behavious, and by the
relative ease with which they hybridize with domestic
dogs (Gottelli et al. 1994; Wayne and Gottelli 1997).
Cnlike other medium- 1o large-sized canids, which
typically are peneralist predators and widely distri-
buted (Ewer 1973; Macdonald 1992b), Ethiopian
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wolves combine  conspicuous  soclability  with
specialized, solitary foraging for a nattow range of
Afroaipine rodents. Today, these wolves are confined
Lo Afroalpine pockets in & handful of Ethiopian
mountains, and total no more than 500 individuals,
distributed in 7 small isolated populations (Fig. 20.1;
Marino 2003). One of at least nincteen specics
of mammals restricted to the Afroalpine grass-
lands and heathlands of Ethiopia (Yalden and Largen
1992), Fthiopian wolves have only persisted
in their fragmented habitat because of the sheer
size of Ethiopia’s mountain massif, which comprises

130
11
5
iz
o
Ethopia st zones
<ao0m

Dega=temperste 7300-3200

Kolla = tropical, 800-1500 m
Woina Dega ~ warm temperate, 1400-2300 m
Wareh = ipine, >3700 m poteriial wolt habtat

§0% of Alrica’s land above 3000 m above sea
level (as)) (Yalden 1983; Malcolm and Ashenafi
1997). The dominant herbivores in these high
altitudes are rodents, adapted to the extreme diur-
nal temperature fluctuations, and these are the
main prey of Ethiopian wolves (Sillero-Zubiri and
Gottelli 1995a; Sillero-Zubiri ef al. 1995a.b). As top
predators of the Afroalpine ecosystem, Ethiopian
wolves attain densities as high as 1.2 animals/km?®
in prime habitats (Sillero-Zubiri and Gottelli 1995b)
and adult wolves have no known predators

except man.

Lo @ |

Figure 20.1 Distibution of extant wolf populations, with altitudinal climatic zones. |he Mroalpine habitats shown in darker grey
broadly correspond with the area of potential suitable habital for woives.
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The species may have originated from a grey
wolf/coyote-like ancestor that invaded Ethiopia
during the Pleistocene. During this period, Furope
and Aftica were connected by land bridges and
alpine habitats formed a continuum that extended
through Fastern Europe, the Middle East and
Northeast Africa (Kingdon 1990). During the last
glacial period (70,000-10,000 years 1) the African
tropics were gencrally cooler and dricr than at
present (Bonacille et al. 1990) and the hypothetical
ancestor may have been pre-adapted to the cold-
temperate Ethiopian highlands. There, the incom-
ing canid specialized on the small mammals,
particularly molerats (Rhyzomidac) and grass rats
(Muridag) that filled the niche of the large grasing
ungulates characteristic of the African plains.

The end of the Pleistocene brought a change in
the climate, and the exiensive Ethiopian Afroalpine
steppes shrunk to their present state, reducing
the habitat available to Ethiopian wolves by an
order of magnitude (Gottelli and Sillero-Zubiri 1992;
Gottelli ef al. in press). Analyses of microsatelite
and mIDNA have suggested that small population
sizes may have chanacterized the cvolution of
Ethiopian wolves. The low number of mtDNA haplo-
types and the low sequence divergence between
them reflect a recent evolution of Ethiopian wolves;
coalescence was estimated at just over 100,000 years
ago (Gottelli ef al. in press). Indeed, the Ethiopian
wolf appears to have the most limited genetic
variability at the papulation level of any extant canid
(Wayne and Gottelli 1997).

An instructive comparison is with the cheetah
(Acinonyx jubatus), whose range may also have
undergone a dramatic contraction al the end of
the Pleistocene. The current chectab population is
cstimated at 15,000 (cf. 500 Ethiopian wolves) and
the control region of their mtDNA includes at least
eight mutations among the must distinct aplotypes
(Freeman et al. 2001) compared with only three
mutations in the control region of the wost distinct
haplotypes of the Ethiopian wolf.

The genetic pattens observed in modern thiopian
wolves seems to be a relict of a late Pleistocene expan-
sion into Afroalpine habitats; fragmentation and
genetic drift over the fast 10,000 years resulted in
local loss of genetic variability, but the species as 4
whole conserved its genetic variahility. Ironically, the
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specialization on Afroalpine rodents that was once
the basis of the species’ success is now the force that
constrains Ethiopian wolves to a fragmented hahitat
(Kingdon 1990; Yalden and Largen 1992), and height-
ens the risk of focal extinctions in the face of stochas-
ticity and anthropogenic factors (Sitlero-Zubiri and
Macdonald 1997).

Our field studies of Ethiopian wolves began in 1988,
with a focus in the Bale Mountains. Conservation
and research activities continue in Bale and recently
expanded to other populations in Ethiopia. In the
following sections we draw on data presented in
Sillero-Zubiri (1994),  Sillero-Zubiri and Gottelli
(199541, Sillero-Zubiri and Macdonald (1998),
Sillera-Zubiri ef al. (1995a,b, 1996a,b, 1998).

Study area

We cstablished thrce study arcas: Web Valiey
(3450 m as.1), Sanetti Plateau (4000 m), and Tullu
Deemlu (3800-4300 m) in the central massif of the
Bale Mountains National Park (BMNP) of southern
Ethiopia (7°S, 42°E). BMNP is the largest realm
of Afroalpine habitat in Africa, spanning over
1000 km” and harbouring over half of the global
Ethiopian wolf population. The first two study
areas represented typical open-grassland Afroalpine
habitat and sustained the highest wolf densities
(c.1.2 wolf/km?). Tullu Deemtu was characterized by
Ielichrysum dwarf-scrub, also a common habitat
type, which sustained a much lower wolf density
(€.0.25 wolf/km?).

The solitary wolf as the top predator

of the Afroalpine rodent community

Diet

The diet of Ethiopian wolves was studicd by scat
analysis (689 droppings) and 946 h of watching focal
animals that yiclded 811 attempts to kill prey,
of which 361 corresponded to successful kills/
feeds (Sillero-Zubiri and Gottelli 1995a), Rodents acc-
ounted for 96% of all prey occurrences in droppings
and 97% by volume of undigested faecal material.
Wolf prey included six rodent species, Starck's hare
(Lepus starki), cattl, birds, insccts, and undigested
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and about 18,000 km? (7031 miles?) that aic legally
designated or de facto wildemss.

A 1994 Congressionally mandated study conclud-
ed that the Colorado could support over 1000 wolves
(Bennett 1994), Three additional studies also con-
clude that the Southern Rockies could support a self-
sustaining population of wolves (Phillips et at. 2000;
Southern Rockies Ecosystem Project 2000; Carroll
et al. 2003). Recovery will require reintroductions as
there is little chance for wolves to do so thraugh nat-
ural recolonization (Catroll ef al. 2003).

Some believe that wolf recovery in the Southern
Rockies could be especially significant when consid-
ered against a continental perspective. Because the
ecoregion is nearly equidistant from the Northern
Rockies and the BRWKA, it is possible thata Southern
Rockies population, through the production and
movement of dispersers, would contribute to the
establishment and maintenance of a wolf popula-
lion that extended from Canada to Mexico, On the
significance of restoring the wolf to the Southern
Rockies, Mech (1999a) wrote: ‘Ultimately, then, this
restoration could conmect the entire North American
wolf population from Minnesola, Wisconsin, and
Michigan through Canada and Alaska, down the
Rocky Mountains into Mexico. It would be difficult
to overestimate the biological and conservation
value of this achicvement’.

Several non-governmental conservation organiza-
tions are advocating the wolf’s return to the Southern
Rockies. Regional public opinion surveys indicate
that there is strong support for the idea (Manfredo
et al. 1994; Pate etal. 1996; Meadows 2001)

Northwestern US

A Congressionally mandated study of the feasibility
of restoring wolves to Olympic National Park,
Washington concluded that an estimated 56 wolves
could sutvive within the Park boundaries (Fig. 19.1)
(Ratti ct al. 1999). The authiors, however, observed a
number of potential problems with restoration and
urged that further consideration proceed cautiously.
Carroll et al. (2001a) determined that there was good
potential for restoring wolves to the Pacific
Notthwest itig, 19.1). They caution that current
development trends may quickly obviate the accur-
acy of theirresults. Because of their proximity to wolf
populations in British Columbia and Alberta,
Washington state’s North ades and Selkirk
Mountains offer some but limited potential for nat-
ural wolf recolonization. Moreover, wolves from
Montana and Idaho will likely recolonize eastern
Oregon and Washington. One radio-collared wolf
from Montana was found dead from unknown
causes in eastern Washington (Fig. 19.3). In carly
1999, a radio-collared female dispersed from Idaho

Figure 19.3 Radio collared grey
wolf Canis lupus © W. Campell,
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to Oregon. She locatized movements before being
recaptured and retumned to Idaho. Two other wolves
from idaho have been found dead in castern Oregon.
It is likely that additional wolves will similarly dis-
perse there since they are capable of travelling gicat
distanices (up to 886 ki (532 miles) straight linc)
(Fritts 1983).

Southwestern US and northern Mexico

In May 2002, Carrall ef al. (2002) began a compre-
hensive assessment of potential habitat, landscape-
level threats, and population viability for Mexican
wolves (and jaguars (Pantiiera onca)) across the south-
westem US and northern Mexico (Fig. 19.1). This
area encompasses the majority of the estimated
historic distribution of the Mexican wolf. Such a
comprehensive conservation assessment has not
been attempted previously due to challenges associ-
ated with gathering consistent habitat data over
such a large region spanning two nations, and lack of
tools tolink population dynamics to mapped habitat
data at this scale. To resolve the latter problem, the
study will use the programme PATCH (Schumaker
1998), which provides a means of building biologi-
cally realistic regional-scale population models
Study results combined with previous work for the
Southern Rockies ecoregion (Carroll et ai, 2003) will
be useful for developing a regional-scale strategy for
recovering the wolf in the southwestern US and
Mexico.

Proposed recovery future for the grey wolf

By the end of 2002, wolf numbers and distribution in
the contiguous US were greater than during the pre-
vious several decades. At this time, >3700 wolves
occupied about 4% of the species’ historic range in
the 48 contiguous states (Fig. 19.1). The wolf popula-
tions in the Great Lakes States and the Northern
Rocky Mountains had exceeded delisting criteria
since 1999 and 2002, respectively. The Mexican wolf
reintroduction project in the BRWRA was showing
signs of becoming firmly established.

In response to the species’ improved conservation
status and continued public interest in wolf restora
tion, the Service finalized a reclassification rule or
national recovery strategy (Refsnider 2003) that
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established three distinet population  segments
(DPSs) for the grey woll Gi.c. arcas supporting wolf
populations that are somewhat separated from one
another, aresignificant to the overall canscrvation of
the specics, and are considered separately under the
ESA). The highlight of the stiategy was the determi-
nation that the grey wolf would be delisted in the
US, except for the southwestern portion of the coun-
try (Atizona, New Mexico, southern half of Utah and
Colarado, and the western half of Oklahoma and
Texas), based on the recovered populations in the
Great lakes States and the Northern Rocky
Mountains. In the southwest, the wolf temains
endangered, and the Service is required to develop
recavery efforts that result in establishment of popu-
lations adequate for delisting.

The Service's strategy was comprehensive, com-
plex, and controversial. It did not satisfy everyone,
and litigation has resulted. Since about 95% of the
species’ historic range in the 48 states is unoccupied,
wolf advacates argue that it is inappropriate for the
strategy to not require the Service to restore more
wwolves to more places. Since wolf populations have
significantly increased throughout select regions of
the contiguous US, wolf opponents argue that it is
appropriate for the strategy to not require the Service
to restore more wolves to more placy

Disagreements over the specifics of the Service's
strategy are to be expected and pivot on the federal
government’s responsibilitics under the  ESA.
Unfortunately, the Act docs not define the term
tecovery. On this matter the Scrvice policy states:
“The goal of this process (recovery} is to restore listed
species 10 point where they are secure, self-sustaining.
components of their ecasystem and, thus, to allow
Aclisting’ (US Fish and Wildlife Service 1996h, p. 2).
Some helieve that recovery should be the cstablish-
ment of functional densities of the species over a
significant portion of suitable habitat within the
specics’ historic range (Rohlf 1991; Tear et al. 1993;
Shaffer and Stein 2000; Ninth Circuit Court of
Appeal 2001). The ESA also includes the phrase ‘sig-
nificant portion of range’ in the definitions for both
an endangered species (any species which is in dan-
ger of extinetion throughout all of a significant por-
tion of its range) and threatened species (any species
which is likely to become an endangered species
within the foresecable future throughout all ar
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asignificant portion of its range). Currently therc is
1o accepted biological ar legal standard for defining

a“significant portion of range’.

Problems of grey wolf recovery

As wolves become more common, conflicts with
fumans can increase in frequency, complexity, and
scriousness. ‘This s s because wolves prey on wild
ungulates and sometimes on livestock, all of which
are important resources for state wildlife managers,
special interest groups, landowners, and private
citizens.

Grey wolves and wild ungulates

To date, few conflicts have arisen over interactions
between wolves and native, wild ungulales (cervids).
In the western Great Lake states, where white-tailed
deer arc the primary prey, wolf predation will not
asually negatively affect hunter harvest (Michigan
Department of Natural Resources 1997; Wisconsin
Department of Natural Resources 1999; Mech and
Nelson 2000; Minnesota Department of Natural
Kesources 2001).

Figure 19.4 Grey wolf Canis iupus in Minnesota
@ D.W. Macdonald.

I the Northern Rockies, where elk and mule deer
are also important prey and recovery has occurred in
areas that support cougars (Puma_ concolor), bears
(Ursus spp), and coyotes, wolf predation, as one of
many mortality factors affecting cervid survival, may
negatively affect hunter harvests (Kunkel and
Pletscher 1999). This issue was a central concern to the
public regarding wolf recovery in the region. The EIS
predicted that in the GYA (Greater Yellowstone Area)
wolf predation may reduce elk and deer populations
in some herds by 5-30% and 3-19%, respectively (US
Fish and Wildlife Service 1994). Such reductions
might prompt a reduction in the number of permits
issued to hunters. To date, however, wolves in the GYA
have apparently not cifected a reduction in elk um-
bers (Smith et al. 2003a). However, wolves have most
extensively preyed upon clk that inhabit YNK north-
ern range. By winter 2002-03 Lhis herd was estimated
1o include 12,000 animals which is 13% less than the
25-year average (1976-2001) of 13,890 (Smith et al
2003a). We caution that the cffects of wolf predation
on elk cannot be fully understood atter only a few
years of study. Nonetheless, we belicve that it is
reasonable to expect lower cervid papulations that
remain low for extended periods where wolves, bears,
cougars, coyotes, and humans vie for Lhe same prey
(Kunkel and Pletscher 1999) and where winter weath-
er can greatly affect ungulate population dynamics
(Mech etal. 2001).

The relationship between Mexican wolves and
wild ungulates in the arid southwest is unclear.
Clarity would require intensive monitoring of ungu-
lates and reintroduced wolves and their wild-born
offspring aver an extended period.

Grey wolves and fivestock

Conflicts between wolves and livestock or pets have
occurred and they have been controversial and com-
plex (Mech 1995, 1996, 1999a, 2001b; Clark et al.
1996; Mech et al. 1996, 2000; Phillips and Smith
1998). Even though wolf depredations arc relatively
uncomuon, the public demands immediate and cer-
tain action when problems arise. For example, as the
Minnesota wolf poputation increased during the last
three decades, the number of wolves killed to resolve
conflicts with livestack increased from 21 animals in
1980 to 216 in 2000 (Paul 2001). During those
21 years, 1875 wolves were killed. From 1987 thraugh
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July 2002, almost 125 wolves have heen kilied in
controlactions in the Northern Rockies. Interactions
between wolves and livestock or pets have been a
problem for the nascent population of Mexican
wolves in the BRWRA. At a minimum, over half of
the free-ranging Mexican wolves have been involved
in such interactions (Paquet et af. 2001). Resolution
of these conflicts is a common reason for Mexican
wolves to be recaptured for re-release or permanent
placement in captivity.

The frequency of wolf control belies the actual
magnitude of Lhe woli-livestock problem. For exam-
ple, only about 19 of farms in wolf range in
Minnesola verified  wolf  depredations
(W. J. Paul, unpublished report, 1998 as cited by
Mech et al. 2000). Similarly, in the Northern Rockics,
verage annual confirmed losses have been slight: 4
cattle and 28 sheep (and 4 dogs) in the GYA and 9
cattle and 29 sheep (and 2 dogs) in Idaho, These rates
are one-third to one-half of the rates predicted in the
EIS (US Fish and Wildlife Service 1994), Since 1987,
in northwestern Montana, wolf depredations aver-
aged six cattle and five sheep (and less than onc dog)
annually. In contrasl, livestock producers in
Montana annually reported losing annually an aver-
age of 142,000 sheep and 86,000 cattle to all causes
between 1986 and 1991 (Bangs et al. 1995). While it
is certain that far more livestack are lost to wolves
than are verified (Roy and Dorrance 1976; Fritts
1982; Bangs etal. 2001), itis equally certain that wolf
depredations have little effect on the economics of
the livestock industcy. Nonetheless, if nol addressed
quickly, wolf depredations can cause significant loss-
es for individual producers and create great animosi-
ty towards walf recovery. Many livestock producers
have cooperated with recovery because they belicve

suffer

that wolf-induced problems will be resolved cqui-
tably. Monetary compensation for livestock tosses
has proven useful in this regard and for mintmizing
animosity towards wolves (Fischer 1989; Fischer
ctal. 1994)
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‘The tension between promoting wolf survival and
population expansion and killing wolves to resolve
conflicts with humans has complicated wolf tecov-
ery. With the cxception of lethal control, most
approaches for resolving conflicts seem to be ineffec-
tive, cost-prohibitive, and/or logistically unwicldy
when applied over a large scale (Cluff and Murtay
1995; Mech et af. 1996). This reality prompted Mech
(1995, p. 276) to observe that: ‘Because wol-taking
by landowners or the public is the least expensive
and most acceptable to people who do not regard the
wolf as special, there will be greater local acceptance
for wolf recovery in arcas where such control is
allowed. Thus, if wolf advocates could accept effec-
tive control, wolves could live in far more places’

Conclusions

The conservation statuses of the red wolf and grey
wolf have greatly improved since the 19505 when
three centuries of intense persecution began to end
as both species approached extinction in the contigu-
ous US. This improvement is a direct result of science-
based planning and implementation of recovery
activities under the authority of and impetus pro-
vided by the ESA.

Progress notwithstanding, habitat loss continues
to accelerate, further reducing the suitability of most
arcas to support wolves (Carroll et al. 2001, 2003;
Paquet ef al. 2001b). Moreover, coyoles are now firmly
established throughout the US causing additional
challenges to red wolf recovery and probably grey
wolf recovery in the northeastern US. Nonetheless,
significant creditis due to citizens, non-governmental
conservation organizations, clected and appointed
officials, state and tribal governments, livestock pro-
ducers, and the federal government for recognizing
the importance of recovering the red wolf and grey
wolf, controversial but vitally imporiant compon-
ents of North America’s natural heritage.
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Plan (US Fish and Wildlife Service 1980). Revisions to
the plan (US Fish and Wildlife Service 1987b, 2002)
focused recovery on northwestern Wyoming, west-
e Montana, and central Idaho. Thesc areas are char-
acterized by large tracts of public land, healthy
populations of native ungulates, and relatively few
livestock. The plan indieated that about 300 wolves
would inhabit the region at the time of recovery
(Table 19.1), The Plan promoted natural recovery for
Montana and Idaho, unless two packs had not
become established in Idaho by 1992, at which time
reintroduction would be considered. The Plan recog-
nized that the most certain way 1o restore Wolves
10 the Greater Yellowstone Ecosystem was by reintro-
ducing animals to Yellowstone National Park (YNP).

Ry the 19705, dispersing wolves from Canada were
travelling through northwestern Montana, and by
1982 a pack used Glacier National Park (Ream and
Mattson 1982). In 1986, the first litler of pups in over
50 years was born there (Ream ef al. 1985, 1989). By
January 2003, about 108 wolves inhabit northwestern
Montana (US Fish and Wildlife Scrvice t al. 2003).

In November 1991, the Scrvice was directed by
Congress to preparc an Knvironmental Impact
Statement (EIS) on wolf reintroduction to YN and
central Idaho. The final IS was published in Apri)
1994 and recommended reintroducing  about
15 wolves from Canada to cach area every year for
3-5 years (US Fish and wildlife Service 1994). The
final EIS also recommended that released wolves and
their offspring be designated as members of experi-
mental-nonessential populations (Bangs 1994). By
July 1994, the Secretary's of Interior and Agriculture
‘had signed a ‘Record of Decision” effecting the final
EIS as the federal government's official policy.

By the end of 1994, several lawsuits had been filed
by wolf proponents and opponents that questioned
the application of the experimental-nonessential
designation. In December 1997, a Wyoming federal
judge determined that the designation had been lle-
gally applied and ordered the Service to remove the
reintroduced wolves and their offspring (US District
Court, Court of Wyoming, Civil No. 94-CV-286-D
(lead case), Civil No. 95-CV-027-T), Civil No. 95-CV-
1015-D (consolidated)). Given the ramifications
of his determination, the order was stayed on its exe-
cution pending appeal. The appeal was settled in
January 2000 as the 10th Citcuit Court of Appeals

(Denver, Colorado) reversed the Wyoming court
order (US Court of Appeals, Tenth Circuit, Nos.
97.8127, 988000, 98-8007, 98-5008, 98-8009,
98-8011),

In January 1995, 15 wolves from Alberta, Canada
were relcased in idaho, In January 1996, 20 wolves
from British Columbia, Canada were released in
Idaho (Bangs and Fritts 1996; fritts et al. 1997). These
animals spawned a population that by January 2003
included about 284 wolves (US Fish and Wildlife
Service et al. 2003). Duting March 1995, 14 wolves
from Alberta were relcased in YNP. In January 1996,
17 wolves from British Columbia were released in
YNP (Phillips and Smith 1996). Furthermore, due to
a wolf control action in northwestern Montana,
10 pups were placed in an acclimation pen in the Park
in late 1996, These pups and three adults from an
lierreintroduction were released in the spring of 1997,
By January 2003, this population included about
271 wolves (US Fish and Wildlife Service ef al. 2003).

The reintroduced wolves adapled better than pre-
dicted. Only 2 years of reintroductions were required
to ensurc population establishment rather than
3-5 years of reintroductions as predicted (Fritts et al.
1997). Compared to predictions in the EIS, the wolves
have produced more pups, survived at a higher rate,
and caused fewer conflicts with humans (Phillips and
Smith 1996; Bangs etal. 1998; Smith et al. 1999; Fritts
et al. 2001). Additionally, over 100,000 visitors to
YNP have observed wolves (YNP unpublished data)
and public interest in recovery remains high.

Recovery of the Mexican grey wolf in the
southwestern United States

Between 1977 and 1980, five wolves were captured in
the Mexican states of Durango and Chihuahua
These four males and one pregnant female were
transported to the Arizona-Sonora Desert Museum
ta establish a captive breeding programme. Shorily
thercatter it was widely accepted that the Mexican
wolf was extinct in the wild. In 1979, the Scrvice
formed a Mexican Wolf Recovery Team that finalized
a binational recovery plan with Mexico by 1982 (US
Tish and Wildlife Service 1982). While the plan con-
tains no downlisting or delisting critcria (Table 19.1),
anew plan will
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Given the absence of wild Mexican wolves, captive
breeding is of central importance to recovery. By
December 2002, the captive breeding programme
included 230 animals maintained at 43 facilities in
the US (30) and Mexico (13).

By 1997, the Service had completed a plan for rein-
troducing about 15 wolves every year for up to five
consecutive years in the Blue Range Wolf Recovery
Area (BRWRA) (US Fish and Wildlife Service 1996a)
The plan called for designating reintroduced wolves
and their offspring as members of an experimental-
nonessential population  (Parsons  1998). The
BRWRA encompasses 17,752 km? (6854 miles?) of
the Gila National Forest in New Mexico and the
Apache National Forest in New Mexico and Arizona.
The ceintroduction aims (o restore aboul 100 wolves.

The Service began reintzoductions by releasing
11 wolves in March 1998, from then until July 2002,
the Service released another 63 wolves on 83 acca-
sions. A comprehensive review of the reintroduction
project was completed in June 2001 and recom-
mended continuation of {he project with modi-
fication (Paquet et al. 2001a). Reintroductions and
management actions though April 2003 have result-
ed in the cstablishment of 4 population of Mexican
wolves comprised of eight known packs, including
two that formed naturally, of 22-37 individuals.
Many of these packs are now producing pups every
spring, and the Service has documnented the produc-
tion of one litter of second generation wild-born
Mexican wolves.

Recovery of the grey wolf elsewhere

Other regions in the US possess suitable habitat for
grey wolves. Recovery planning, however, has not
been developed for these areas.

Northeastern United States

Recent studies show that suitable habitat and suffi-
cient prey exist for wolves in the northeastern US
from New York 10 Maine (Kig. 19.1) (flarrison and
Chapin 1998; Mladenoff and Sickley 1998). These
studies indicate that 1000 or more wolves could
inhabit the region. However, Paquet ef al. (2001b)
conclude that while Adirondack State Park in
New York contains sufficient habitat to support
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a small population of wolves, regional landscape
conditions and development trends are not ideal for
sustaining wolves aver a fong period. Mech (2001a)
countered this conclusion by arguing that active
management could resolve the shortcomings cited
by Paquet et al. (2001b). While there is a remote pos-
sibility that wolves from Canada might recolonize
the northeastern US, recovery will probably require
reintroductions (Wydeven et al. 1998).

Recent genetic work suggests that the eastern
timber wolf may be a separate species from the grey
wolf and more closely related to the red wolf
(Wilson et al. 2000). Interestingly, Nowak's (2002)
teported that the red wolf’s historic range extended
into Maine. Verification of this wilf create new legal,
policy, and management questions regarding
recovery (Fascione ef al. 2001). Moreover, there is
concem that the eastern timber wolf, like the red
wolf, readily hybridizes with coyotes thus compli-
cating recovery efforts (Theberge and Theberge
1998, pp. 233-234, 250-262). Nonctheless, several
non-governmental conservation organizations are
advocating the wolf’s return to the northeast. Public
opinion surveys indicate strong support for the idea
(Responsive Management 1996; Downs and Smith
1998).

Southern Rockies ecoregion

This ecoregion extends from southcentral Wyomirig
through westem Colorado into north central New
Mexico and contains 100,000 km? (39,000 miles?) of
public land that supports healthy populations of
native ungulates (Jig. 19.1) (Shinneman et al. 2000).
‘Jhe ecoregion contains almost 1.5-18 times more
public land than is available (o wolves in the
Yellowstone area (64,000 km? or 25,000 miles?) and
central Idaho (53,200 km?® or 20,781 miles?), and
6 times the amount of public land available to
Mexican wolves in the BRWRA (.. 17,752 km? or
6854 miles?). Moreover, the Southern Rockies con-
tain 1.7-25 times more habitat than do other sites
that have been considered for wolf recovery (Ferris
¢t al, 1999). Extensive tracts of public land in the
ccoregion are managed in a fashion that could facili-
tate wolf recovery (Shinneman et al. 2000; Carroll
et al. 2003). For example, the ecoregion contains
about 36,000 km? (14,000 miles?) that arc roadless
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Figure 20.6 Rate of feeding pups (contribution of solid
fo0ds per hour) by the dominant pait in elation 1o the
number of nor-breeder helpers.

contributed by non-breeding helpers did do so. Food
contributions by non-breeders were accompanied by
reduced parental input in pup rearing —reducing food
contributions by the dominant male (. = —0.63,
n = 7, P>005) and female (.= —085, n = 7,
P<0.05)—and hence a reduction in energy expen-
diture by the breeding pair (Fig. 20.6). The hypothesis
that the number of non-breeding helpers enhances
the reproductive output of the group was also not
supported. The survival of pups at emergence was
not correlated with the number of non-breeding
helpers (r, = ~0.26, 11 =20, P > 0.05), nor was
survival at whelping (, = ~0.28, n = 20, P>005).
Similarly, there was no significant carrelation with
survival at 6 months, 1 or 2 yeas and the number
of non-breeding helpers. The litters observed, there-
fore, provide little evidence that helpers' feeding con-
tributions per se influence the indirect fitness of
helpers.

Allosuckling

The most extrenc manifestation of cooperative care.
by Ethiopian wolves involved nursing the offspring
of the dominant female, or allosuckling (Sillero-
Zubiri 1994). Of the 20 successful breeding attempts
observed, § dens had a subordinate female acting as
allosuckler. Allosucklers were 2 years old or older,
and often were closely related to the breeder (daughter
oryoungersibling). At least two allosucklers showed
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signs of pregnancy (or pseudo-pregnancy), but both
cither lost or deserted their own offspring before
suckling the dominant female’s. In at least two cases
where an allosuckler was present, two females were
seemingly pregnant. One might therefore have
expected double the average litter size of pups from
single females (5.1 + 125D, n = 12, range — 2-6) to
emerge. In contrast, significantly fewer pups than
expected emerged (1 = 4.88; df — 16; P = 0.0002),
indeed, barely half the litter expected of a single
female 26+ 1.1 SD, n = 8, range — 1-4). Our
evidence was that these few pups were invariably
the offspring of the dominant female. The presence
of an allosuckler was associated with distinet social
uneasc in the pack and evident tension hetween the
dominant and subordinate females. Female aggres-
sion inside the den may have an influcace on
pup mortality prior to emergence. In one case where
litter size at parturition was known a posteriori from
placental scars as five, only two pups had emerged
from the den (Sillero-Zubiri 1994)

Allosuckling obviously has the potential to
confer benefits to infants, and reduce the mother’s
energetic costs (Oftedal and Gittleran 1989). Meau
suckling bout rate between weeks 4 and 13 was
0.26 + 0.03 (SE) bouts per hour at dens with asingle
nursing female (n = 9). Assisted mothers suckled at
a similar frequency (1 = 7), but pups with access
to two lactating females were suckled significantly
more often, at 0.43 = 0.05 bouts per hour (£ = 2.78,
df = 60, P = 0.007). Suckling was undertaken by
only one female at  time. The suckling bouts of
unassisted females were not only longer, but also
involved more pups per event. Pups that nursed
from two females may receive relatively more milk
than those in larger litters with a single female,
insofar as the sharc of female nursing time is a
micasure of milk flow. For those dens in which pups
were producced, reproductive success at whelping
(12 weeks) was variable but typically high. Mcan
whelping success at 4 months was 3.55 + 0.47 (SE)
pups for 20 litters, but drapped to 2.8 = 0.45 (SF) at
independence (6 months), and 2.0 + 0.37 at 1 year
of age (n - 14). Of 10 litters whose survival was
monitored for at least 2 years, 7 produced an adult,
at an average of 1.0 + 0.25 per litter. Most den
mortality and pre-whelping mortality was due to
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the mother's death (2= 5). Pre-independence
mortality was mostly due to disease and starvation
(Sillero-Zubiri 1994), while there was no evidence
of Tosses Lo predation. Considering all packs hat
bred successfully (1 = 20), the number of pups
emerging from the den was not significantly
correlated with the number of adults and subadults
at the den (r, = ~0.26). Subsequent to emergence,
pups whose mother was assisted by an atlosuckier
received a higher energelic input per capita until
weaning (weeks 4-18) and enjoyed better survival
than did those nursed by their mother alone.

Dominant females apparcntly benefited from
allosuckling by sharing the costs of lactation, and
thus lowering their per capita suckling frequency,
without affecting a reduction in the pups’ overall
milk intake.

The foregoing results raise several interesting
puzzles, which we hope the continuing research
of our team will resolve. First, to the extent that
the allosucklers do indeed make a long-term cont
bution to pup survival, this is initially disguised by
the counter-intuitive earlier effect of litter reduction
Although the helpers in general, and allosucklers in
particular, appeared to work assiduously for the well-
being of the pups, and notwithstanding the rather
Targe size of our data set, demonstrating any survival
hencfit was at best difficult. Perhaps such benefts
are conditional upon circumstances. One intriguing
speculation is that males nursed by two femalcs do
well: one such male geew up o acquire the dominant
male position in his pack, another became dominant
male in a pack with six adult males, and three
survived a rabies epizootic in which nearly all other
pack members perished (Sillero-Zubiti et al. 1996h).
Additionally, the benefit of the presence of an
atlosuckler in a pack of Ethiopian wolves might he
contingent on the availability of prey. In a good year,
unassisted females may not need help, but allo-
suckler assistanice might be important in harsh years.
In a scenario whete the chances of successful disper-
sal ase very low, concentrating resources in fewer,
fitter, individuals might raise their prospects of secur-
ing a dominant position, and eventually breeding
status.

The cost of specialization,
a conservation challenge

I'he apparently sterile Afroalpine steppes of Ethiopia
support a rodent biomass, which is spatially and
temporally predictable, and higher than all other
figures quoted for Africa, which may explain why
the Ethiopian wolf is the only canid to specializc so
completely on rodents (Sillero-/ubiri and Gottelli
1995a). Moreover, the rodents’ distribution and diur-
nal activity concur with Ethiopian wolves’ diurnal
and solitary foraging habits, and their confinement
to Afroalpine habitats over 3000 m.

Global warming during the last 10,000 years
progressively confined the Afroalpine ecosystem to
the highest mountains, and 60% of all Ethiopian
land above 3000 m has been converted to farmland.
Two small populations recently became cxtinct
when suitable wolf range shrunk below 20 km?
(Marino 2003). Still, seven wolf subpopulations
survive—occupying nearly every Afroalpine range in
the country (e.g. 50 km® of habitat remaining in
Mount Guna harbour no more than 10-15 wolves).

Ethiopian wolves face threats that arise from their
isolation, small size, and the increasing contact with
‘humans and their domestic dogs. Wolf killings seem
Lo have decreased recently (Marino 2003), whereas
transmission of rabies remains the main threat with
serious consequences for small populations (Haydon
etal. 2002). Protective measures require the consoli-
dation of the management of protected ateas and
active efforts to monitor and protect alf remaining
populations, backed up by the establishment of a
population management programme (Sillero-Zubiri
and Macdonald 1997). Low genetic diversity, and
the lack of evidence that phylogeographic pattens
represent adaptive variation, remove  hesitation
about translocating across subpopulations (Gottelli
et al. in press). On the face of it, their small, frag-
mented populations are a poor omen for Ethiopian
wolves, but their concentration in a few clearly
defined sites, their charisma and, we hope, a fair
understanding of their biology, lend hope that with
unwavering commitment to @ well-founded man-
agement plan they may survive.
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CHAPTER 21

Dholes

The behavioural ecology of dholes in India

Arun B. Venkataraman and A. J. T. Johnsingh

Dhole Cuon alpinus © A. J.T. Johnsingh.

Introduction

Past research on large social canids has focused
particularly on the grey wolf (Canis lupus) and the
African hunting dog (Lycaon pictus), and has pro-
duced important information to underpin signifi-
cant adyarices in the conservation and management
of the two specics. In contrast, research on the dhole
or Asiatic wild dog (Cuon alpinus), though steadily
increasing, has been less intense and has largely
occurred in southern and Central India that
comprise only a small portion of its distribution.

Research has mainly focused on the ccology and
behaviour of the species and for the present, apart
from promoting public awareness of the species, has
contributed little towards its conscrvation and man-
agement. Vor example, the status and distribution of
the species in its range countries are still poorly
undexstood, greatly constraining conservation and
management. This is critical, as recent evidence indi-
cates that the specis may be endangered in a num-
ber of range countrics and could face extinction if
immediate action is not taken. This is of concern, as
apact from being a key element in prey-predator
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In Bale, Ethiopian wolf packs occur at saturation
density, in a system of highly stable tessellated terri-
tories (Sillero-Zubiri and Gottelli 1995b). Frequent
scent-marking, inter-pack encounters and aversion
to strangers’ marks probably constrain cach pack
10 its territory, while positive feedback keeps each
territory boundary adequately marked. A further
function of scent-marking may be to indicate sexual
and social status. Wolves in Bale are seasonal breeders
and in any given year, mating was synchronized toa
periad of 1-3 weeks in the Jatter part of the rainy
season (August-October), suggesting that a social
mechanism triggered mating (Sillero-Zubiri et al.
1998). Scent-marking might allow females to moni-
tor their reproductive condition reciprocally, and
synchronize their oestrus. On the other hand, neigh-
bouring packs' males may gather information on the
receptivity of females. While border encounters
occurred throughout the year, peak intrusion pres-
sure coincided with the mating season. Fifty out of
169 observed encounters, between wolves of neigh-
bouring packs, consisted of territorial intrusions by
smail groups of neighbouring males, attracted by a
receptive tesident female. Fighly seasonal mating
may be connected to the occurrence of a philande:
ing mating system in Ethiopian wolves (Sillero-
Zubiri 1994; Sillero-Zubiri et al. 1996a).

Philopatry and the risk of inbreeding
Dispersal and philopatry

Lack of suitablc habitat places a tight canstraint on
dispersal in Ethiopian wolves. In Bale, immigration
was rare, births and deaths predominated over
transfers between packs, and all pack members were
potentially close kin. With kin of opposite sex
residing in the same group, natal philopatey provid-
cd the potentizl for inbreeding, in a situation of
severely limited dispersal opportunities (Sillero-
Zubiri 1994).

Although dispersal was rare, that which occurred
was sex biased. In Web and Sanetli, 63% of females
dispersed at, or shortly before, scxual maturity at
2 years, some becoming floaters (Sillero-/ubiri et al.
19962). Males did not disperse and were recruited
into multi-male philopatric packs (pack fission,
however, acts as short-distance male dispersal—see
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below). The population sex-ratio of adults was biased
towards males at 1.9:1 + 0:07 (SE), with the mean
pack sex-ratio of adults at 2.6: 1 + 0.2,

Female breeding slots are the most coveted

Adaptive explanations of single-sex dispersal include
avoidance of reproductive competition—for breeding
status or resources (Dobson 1982)—or of inbreeding
(Harvey and Ralls 1986; Wolff 1992). In Ethiopian
wolves, obscrvalions of same-sex aggression prior
to female dispersal supporl the competition-for-
breeding-status hypothesis. In Balc, only the domi-
nant female in each pack bred, indicating a high level
of reproductive competition. Each breeding female
was dlearly dominant over her daughters. During the
study period 1988-92, in all packs with more than
onesubordinate female, the lowest ranking female left
the group at 18 28 months old. Fourteen subordinate
females emigrated or disappeared from focal packs,
whercas only four entered a different pack and two
retumed to their natal group, suggesting thal approxi-
wately 57% of dispersing females either died or failed
to find residence in the study population. Of the
14 females known prior to dispersal, 10 seltled as
floaters next Lo their natal territory.

No new packs were formed during the 4-year study.
An apparent attempt by a subordinate female to split
apack—suggesting that fission could be a mechanism
for pack formation—ended when the subordinate’s
litter succumbed, probably killed by the dominant
female. During this period, female ascendancy to
breeding status, either by immigration ot inheri-
tance, only occurred after the death of a dominant
and so the chances of a female ever securing a breed-
ing position were low. Five out of len dominant
females retained their breeding position throughout
4 years of observation, whercas the remainder main-
tained that role till they dicd. Breeding apenings
occurred at an average of 012 + 0.09 opportunitics
for a subordinate female per year per pack. During
contests for a breeding position, resident females
appeared to have an advantage over floaters (three
breeding females were replaced by their daughters
after their deaths) (Fig. 20.3).

In late 1991, a rabies epidemic decimated the
population in Bale and resulted in the disintegration
of thee ouL of five packs in Web, causing the sudden
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opening of potential breeding opportunities
(Sillero-Zubiri et al, 1996b). Rather than forming
smaller, new breeding units, the surviving packs
maintained their social cohesion and readjusted
their territorial boundaries to occupy the habitat
available (Marino 2004). Only § years after the die-
off did new packs started to form, in onc case by the
fission of a large pack, and twice by the grouping of
dispersing individuals, mostly from neighbouing
packs. The successful establishment of new groups
may depend not only on the availability of high-
qualily tenritorics—virtually constrained by the
‘expansionism’ of the surviving packs—but also
on the presence of a sufficient number of helpers
to ensure the defence of a new temitory and/or
successful reproduction (Marino 2004). Despite the
potential breeding vacancies opened to subordinate
females afier the population reduction, social fac-
torsinvolved in the formation of new breeding units
led to inverse density dependent population growth
atlow densitics (Marino 2004).

Extra pack copulations and multiple
paternity

During the short mating season, the dominant
Jemale exercised choice in accepting when and with
which miale she mated. Of 30 observed instances of
mating that involved copulation, only 9 (309%) took.

Figure 20.3 Domnant and
subordinate females with pups
© . Sillero

Copulations (n=30) |
o Rejects (1= 46)

Percentage of obsenvations

0 o
Apha get

e other
Intra-pack males

Extra-piick males

Figure 20.4 Frequency with which Ethiopian wolf femalcs.
were observed in sexual encaunters with males from their
packs o neighbouring packs

place with males from the female’s pack, whercas the
other 21 (70%) involved males from other packs
(Fig. 20.4). Within packs, females copulated only
with the dominant male, and rejected all mating
attempts by lower ranking males. In contrast, mate
choice with regard to male status was not apparent
when a female courted and mated with outside
males. Microsatellite DNA analysis confirmed the
occurrence of multiplepaternily in iwo litters
(Gottelti et al. 1994). Multiple paternity and male
excursions into neighbouring territories during the
mating season suggest that this is an important tactic
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for male wolves. Cuckoldry and multiple paternity
may rival male philopatey and female-biased disper-
sal in importance as an out-breeding mechanism in
asituation where habitat constraints impede disper-
sal. An allemalive, but non-exclusive, explanation
may be the preventian of infanticide from neighbours
who, in this competitive milicu, could benefit by
killing the offspring of neighbousing packs (Sillero-
Zubiri 1994; Wolff and Macdonald 2004).

Cooperative breeding
Role of helpers at the den

All wolves that stayed in the natal pack helped to
rear the litter of the dominant female, guarding the
den, chasing potential predators, and regurgitating
or carrying rodent prey to feed the pups (Sillero-
Zubiri 1994). Given the high degree of relatedness
among group members, subordinate wolves may
increase the indirect component of their inclusive
fitness by acting as helpers (Creel and Waser 1991)
or, if competition within the group is intense, sub-
ordinates may be induced to help as a payment for
remaining in the territory. Ethiopian wolf males
helped throughout their lives and never dispersed;
the dominant male at least shared paternity whereas
subordinate males appeared generally to have 0o
probability of fathering the pups, nevertheless
they still helped. Subordinate females helped morc
intensely than did males for 1 or 2 years before
dispersing or inheriting the breeding position. The
Ualance of costs and benefits to all participants in
4 cooperative breeding system have been widely
debated (e.g Macdonald and Carr 1989; Emlen 1991;
Solomon and French 1997). One aspect of the debate
is whether groups containing many helpers deliver
more food and care to the young than do smaller
groups

Ihe development of the young was divisible into
three broad stages (Sillero-Zubiri 1994). First, early
denning (birth to 4 wecks), when the pups are
confined to the den and are entirely dependent
on milk. Sccond, mixed nutritional dependency
(week S 1o week 11), when milk is supplemented
by solid faods such as rodents provisioned by all
pack members until pups are completely weaned.
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Third, postweaning dependency (week 12 lo
6 manths), when the pups subsist almost enlirely
on solid foods supplied by breeders and non-
breeding helpers. Juveniles were considered indepen-
dent afier 6 months, when they ceased receiving
appreciable quantities of food from adults. A juvenile
hecame subadult and was recruited at 1 year of age (Fig,
20.5)

Alihough the mother and putative father spent
morc time at the den on average than did other
wolves, some non-breeders spent more time at the
den than did the breeders themselves. The propor-
tion of time pups were left unattended declined sig-
sificantly as the number of helpers in the pack
increased. Pack size may thus influence anti-predator
behaviour, because babysitters were active in deterr-
ing and chasing potential predators. Unattended
young might be taken by spotted hyaenas (Crocuta
crocuta), domestic dogs, honey badgers (Melivora
capensis) and eagles (Aquilla verreatixi, Aquilia rapax).
However, there was no evidence that increases in
pack size resulted in measurable increases in number
of pups at any age.

Figure 20.5 Tiree month old pups © ). Marino.
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Observations were made of nine Ethiopian wolf
packs during the breeding season to quantify the
amount of solid food provisioned to pups. Non-
matemnal food provisioning for 17 litters constituted
478 of 713 feedings (679%) observed other than
nursing. Independent of the number of donors, there
were significant differences in the rate of fool provi-
sioning (contributions per hour) by individuals of
different brecding status, sex or age (Fs 10 = 9.08,
P < 0.0001; Table 20.2). Breeders contributed sig-
nificantly more food than did non-breedcrs,
and females more than males. The contributions
by brecding females were greater than those by
any other wolves (up to 0.3 contributions per
hour). Dominant males made the second largest
contribution, and non-breeding males contributed

on average the least food. When the net contribution
rate was considered (e, faod items contributed
minus items caten by the individual helper), breeding
females were still the most gerierous individuals,
followed by subadult females, which contributed
more than any other non-breeder. Subadult males on
the other hand, did not always provision the packs’
offspring.

‘The prediction of a positive correlation between
the total amount of food delivered to the pups,
and the number of non-breeding helpers present was
not supported, since the presence of helpers did not
increase feeding frequency at the den (= 0.18,
n = 7, P>003). However, while the total food-
provisioning rate did not increase significantly with
the number of contributors to the den, the share

Table 20.2 Individual contributions of Ethiopian wolves to cooperative pup-care in relation to reproductive slatus,

sex. and age during 2115 h of den observations

Breeders {Mean + SD)

Behaviour/age Male

Babysitting

Visits per hour
Adufts
Subadults

Percentage of time
Adutts
Subadults

Grooming rate
Adults
Subadults

19+ 06

173 £86

0.02 % 0.05

Food provisioning

Hourly total food contibution
Adults
Subadults

Hourly net foor contribution
Adus
Subaduts

006 * 0.05

0.05 + 0.04

Non-breeders (Mean = SD}

Female Males Females
26107 11+07 13+12
13+07 16+1
236 L 11.4 114 £ 9.5 114495
86+ 84 111 188
0.06 L 0.08 002 1 0.03 0.04 = 0.08
0.03 £ 0.04 0.03 + 0.05
0.12 + 0.09 0.03 + 0.03 0.04 = 0.06
0.03 +0.03 0.06 = 0.07
0.10 + 0.08 0.02 + 0.03 0.04 £ 0.04
0.02 + 0,04 0.06 + 0.04

Aote: Sample size was, 17 brovdg mate

18 breeging females, 4% non-dreeriing acul males, 11 non brecding adult females, 16 subadull malis. s

12 subagiltfemales. Babysitng measured s tho poroen(ag of ObseaLor: U in e idduak of a gen cotegory were oresertwathin 200 m
‘ofthe den. Feeding measured in number of sofic food items {1.e. wholz fodents or regurgitations) conibuted per hour.
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sedge leaves, Carex monostachya. Giant molerat
(Tachyoryctes macrocephalus—mean weight 618 g)
was the main component in the overall dict (36%
of total prey occurrences) and was present in 69% of
all faccal samples, whereas diurnal rats Arvicanthis
Blicki, Lophuromys melanonyx, and. Ofomys  typus
(tespective mean weight 126, 94, and 100 g) together
accounted for 59% of occurrences and appeared
in 78% of the samples. These four species together
accounted for 86% of prey occurrences and no
significant differences were found for these main
four prey items between months or between dry and
wet seasons.

Direct observations indicated a higher incidence
of large prey (hare, rock hyrax Pracavia capensis
capittosa, birds, lambs, and antelopes) than suggested
by scal analysis. Of all fecding instances observed,
69% were grass rats while giant molerat kills
accounted for 22% of all successful attempls. Giant
molerats formed the bulk of the prey by weight
(40%), while diurnal rats were second (23%),
although taken more often. Carrion, harcs, hyraxes,
and birds contributed the remaining 36.5% of the
total prey weight, of which 12% was scavenged from
Tivestock carcasses.

[he diet was broadly similar at the three sites, with
giant molerat as the single most important food
item. In areas where this species is absent or rare, it is
often replaced by the common molerat (fachyoryctes
splendens). For inslance, in Bale’s northern montane
grasslands, common molerats constituted 32% of all
animals eaten (Malcolm 1997), and in Menz, central
Ethiopia, 31% of occurrences—17% by volume—in
the wolf dict (Ashenafi 2001). Recent analysis of

faeces from all other wolf populations Tevealed a diet
amply dominated by rodents, even where molerats.
were absent (Marino 2004). This study found live-
stock remains at very low frequency in the northern
highlands, where livestock abundance was high and
rodent abundance low.

Foraging behaviour

During 946h of focal observation away trom
dens, wolves spent 43% of their time foraging. They
foraged solitarily throughout the day, travelling
widely at a walk or trot, covering large arcas of
their home range. Peaks of foraging activity were
synchronized with the activity of diurnal rodents
above the ground. The wolves used various hunting
strategies: molerats were commonly stalked, while
zigrag and hole-checks were aimed at grass Tats.
Although foraging wolves were mostly observed
alone, their daily hunling ranges overlapped consid-
erably. Of 35 occasions in which more than one wolf
was present during kills involving rats, only 23%
were within 10 m. In the remaining observations,
wolves shared the same foraging area, but did not
appear to interfere with cach other’s foraging
attempts or prey captures. Occasionally small packs
hunted hares, antelope calves, and sheep. In 12 of
20attempts to catch hares, 2-4 wolves hunted simul-
taneously. In the northern grasslands, wolves have
been observed in packs of 34 animals hunting
reedbuck Redunca redunca (n = 3) and a mountain
nyala calf Tragelaphus bustoni (Sillero-Zubisi personal
abservation) (Fig. 20.2).

Figure 20.2_ Ethiopian wolves with
pups © G. Sillero.
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Rodents as predictors of Ethiopian
wolf distribution

‘The role of the Afroalpine rodent community in
limiting the distribution of Ethiopian wolves was
studicd in Bale by looking at the relationship between
wolf abundance, and the species composition,
relative abundance, and activity pattern of the todent
community in various habitats (Sillero-Zubiri et al.
1995a,b). Combined biomass of all diurnal rodents
and bares in the Afroalpine grassland habitats was esti-
‘matedat 24 kg/hain Sanetti and 26 kg/ha in Web, with
giant molerats contributing about half of this biomass
(we assumed that an average molerat weighed 618 g
(1 — 11), and occurred at a biomass of 10-25 kg/ha,
with patches of upto 55 kg/ha); hares averaged 2250 g
(n = 4), giving a projected biomass of 0.4-0.7 kg/ha.
Although hares were more conspicuous on the ground
than were rodents, they accounted for only a small
fraction of the total potential prey biomass.

Indices of giant molerat biomass for Helichrysun
dwarf-scrub and ericaceous belt were only 1/5 and
1/150, respectively, of those in Afroalpine grass-
lands. Positive correlations between wolf density
and molerat abundance in four arcas (1ullu Deemtu,
Sanciti, Web, and the ericaceous belt) suggested that
moicrals were a vital determinant of wolf presence

Ethiopian wolves 315

(Sillero-Zubisi et al. 1995b). Because they arc roughly
six times the weight of any other rodent, hunting
T. macrocephalusis likely to be considerably more effi-
cient than hunting a smaller species. Nonetheless,
the positive correlation between wolf abundance
and an index of biomass of smaller rodents showed
that the giant molerat was not the only determinant
of wolf distribution. The biomass index for grass
rats (in kilograms per 100 transect snap-trap nights)
was highest on Sanetti Iateau, followed, in order, by
Wb Valley, montane grasslands, the ericaceous helt,
and Tully Deemtu (Table 20.1). Arvicanthis blicki
and L melanonyx were the most numerous species
in Afroalpine grasslands. Ethiopian wolf densily,
measured both trom abservation and road counts,
correlated positively with the total biomass index
and the biomass index for diurnal species, but not
for noctumal species. Also a positive correlation
was detected between rodent burrows and wolf signs
(droppings or diggings) along habitat assessment
transects. A similar correlation was found between
wolf signs and the average index of fresh giant
molerat signs (Sillero-Zubiri et al. 19954,b).

Large mammal densities in the Afroalpine
grasslands are low and, anyway, they might be large-
Iy unavailable to the wolves. Rodents were the most
abundant, conveniently sized prey, and easiest to

Table 20.1 Ethiopian wolf density (individuals/km?) and biomass index. weighted for sub-habitat area, for diumal

and nocturnal snap-trapped rodent prey

Web Valley

Saneti Plateau

Biomass index

Diumal rats 27 2.9

Noctumal rats 18 21

Total 44 50
Ethiopian wolf density.

Road counts. 10 12

Observation i 12
Pack home ranges 65 %21 5511.3
Group sizes 67 +0.7 49+ 03

Montane Grassland Tully Deemty Ercaceous elt
16 04 04

12 14 17

28 18 21

a1 02 0.1

03 02 01

74 134+ 20 -

45+ 03

26+ 04 -

ote:Tie biomass ndex repiesens Ihe biomass (kg cortnbated per 100 tap gl ising dasa fom all months. Mean weighis used s fallows: Arvicantnis

bicki: 126 g Lophucomis melanomyx: 94 g: L. fiavepunctats: 19

Stenocephatemys gnseicauds: 101.5 g S. albocoudala: 129.5 & Olomys

typus: 100 g, Home ranges (k? & SD)wero 2stimated as average 100% miunum conwes pofygons of woll p2cs In Ba-¢ octween §988 and 1991.Groun

size i5 the average number of adul 2nd subadults (mean = SE) ina pack
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catch. Their availability was more predictable,
insofar as their abundance was closcly associated ta
ditferent habitat types. The predictability of the
rodent prey may be one sclective pressure fayouring
pack territoriality (Sitlero-Zubiri 1994)

Wolf packs carve out the precious
suitable habitat available

Pack home ranges and rodent biomass

While the Aftoalpine rodent fauna constitutes a very
rich and predictable souree of food, the availability
of Afraalpine habitats is fimited by its geographical
distribution. In Bale, all arcas supporting a substan-
tial rodent biomass were occupied by resident wolf
packs.

Wolves wete organized inlo discrete groups, and
their composition was spatially and temporally stable.
Groups were compased of 2-13 adults and subadults
(>1 year old). Average group size for all 14 known
packs in Web and Sanctti hetween 1988 and 1992 was
5.9+ 0.5 (mean L SF), with Web packs significantly
larger than Sanetti’s (Table 20.1). Tullu Deemtu packs
were notably smaller and averaged 2.6 + 0.4,

Home ranges of resident wolves overlapped almost
completely with other pack members and entirely
contained the home ranges of pups and juveniles
(81-87% intragroup annual howme range overlap
Detween aduit- adult and adult-subadull dyads, 1 =
4 packs). Home ranges of individual residents ranged
between 2.0 and 15.0 km? (i = 92) and most of this
variability wasattributed to habital type (Table 20.1).
Torinstance, combined home ranges (i.e. pack bome
ranges estimated as minimum convex polygons) in
Afroalpine grasslands averaged 6.5 km? + 2.1 and
5.5km? + 1.3 (Web and Sanctti, respectively, n = 7
packs), while in Helichrysum dwarf-scrub, home
ranges where twice as large and cxplained by the
different density of prey specics (Table 20.1). On the
other hand, the home ranges of three non-resident
floater females (sensu Sillero-/ubiri et al. 1996a) in Web
averlapped widely with other packs and ranged from
8.5 lo 18.7 ki, theis mean tange being significantly
Targer than those of resident dominant femalcs.

Small ranges, particularly those recorded in the
grasslands and herbaceous communities of Web and.
Sanelli, are a reflection of the great density of the

food resources available in some Afroalpine habitats.
I'he ranges obscrved are among the smallest, and
density among the highest reported for all eight
Cais species (reviewed in Ginsberg and Macdonald
1990). Established celationships between meta-
bolic rate, body weight, and size of home range in
mammals (McNab 1963; Harestad and Bunnell 1979)
would predict home ranges of 42 km?, nearly cight
times the mean valucs observed in Web and Sanetti.
Home range size was correlated with group size in
the Afroalpine grasslands of Bale, and territories were
enlarged whenever a reduction in group size in a
neighbouring pack allowed it, which is indicative of
an expansionist strategy (Kruuk and Macdonald
1985; Macdonald et al. Chapter 4, this volume).
Under intense competition for todentrich. grass-
lands, pack group size determine the outcome of
territorial boundary clashes and the maintenance ofa
high quality range may be the greatest advantage of
group-living (Sillero-Zubiri and Macdonald 1998).

Marking and territoriality

Studics of scentmarking behaviour and inter-
pack aggression in_ Ethiopian wolf packs provided
detailed evidence of territoriality (Sillero-Zubiri and
Macdonald 1998). Movements and activity at the
periphery of ranges was characterized by ‘border
patrols’ during which groups of pack members of both
sexes trot and walk along the territory boundary. In
167 km of border patrols totalling 68 h, 1208 scent
marks were deposited at an overall rate of 7.2/km.
Raised-leg urinations were the most frequently
deposited scent mark (4.7/km), followed by ground
scratching (2.3/km). Defecations and squat urinations
during border patrols were rare (0.2:3/km and 0.04/km,
respectively). Scent-marking rates were highest along
or near temitory boundaries (mean number of scent-
marks deposited per kilometre significantly greater
(Fa i — 640, P~ 0.012) during patrols than at other
times), where wolves vigorously over-marked neigh-
bours’ scent-marks. Most direct cncounters between
neighbouring wolves al teritory borders were aggres-
sive and involved repeated chases (102 out of 119
encounters) and the larger group was most fikely to
win (the lasger group won in 77% of cases, whereas
victorious and defeated groups were the same size in
150 of encounters).
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Table 6.2 Natural infections of L. infantum in selected canids in endemic regions

Number of parasite positive/N  Number of

(seropasitive/N) symptomatics/N positivesRegion/cauntry

Craby-eating fox C. thaus

11/26 (13/25) 0/11 (0/13)
837" (29/37) 0/8 (0/29)
3/23 03

/33 3/4

/11 01

73 07

Red fox V. vufpes

/5 (4/5) 0/4 (0/4)
9/50(18) 0/9

471 (14/61) 0/4 (0/14)
3/64 /3

2/99 1/2

2/150 172
=1/68 01

0/169 (0/22) -
0/24(0/7)

—11/16) ~(0/11)
—@/5)

0/67° -

2/19 072

1/36 0/1

1/10 o/1
1/10(2/10) 0/1{072)
~(1/70) -

Golden jackal C. aureus

—(4/53) =

1/20 /1

4/161 (6/48) 1/4(1/6)
2/30/(5/30) 072 (0/5)
=6/nd =

—(3/48) ={(0/3)

Marajo, Paré, Brazil

Marajg, Pard, Brazit
Belém, Pard, Brazil

Sobral, Ceard, Brazil

Corumba, Mato Grosso, Brazil
Ceard, Brazi

Setubal region, Portugal
Imperia, Liguria tegion, ltaly
Setubal region, Portugal
Alnama, Spain

Cevennes, France
Cevennes, France

Grosetto, Tuscany, Haly
Alcager do Sal, Portugal
Lisbon region, Portugat
Priorat, Taragona, Spain
Alto-Douro, Arcabida, Spain
Guadalajar, Spain

C.Asia

C.Asia

Iran

Iran

Isracl

Israel
fran
iran
tran
C.Asia

Israel

Source®

Silveira et ai. (1982); Lainson et al. (1990)
Courtenay et . (1994)

Countenay et al. (2002b)

Lainson et al. (1969, 1987)

Iainson and Shaw (1971)

Deane and Deane (19543, 1955)

Deane (1956)

Mello et /. (1988)

Alengar (1959, 1961)

Santos et al. (1996}

Mancianti et af. (1994)
Abranches ot al. (1982, 1983, 1984)
Marin lniesta et al. (1982)

Rioux et al. (1968)

Lanotte (1975)

Bettini et al. (1980); Pozio et al. (1981h)
Abranches ef ak. (1982, 1983, 1984)
Abranches el at. (1982, 1983)
Saladriges (1992)

Semiao et al, (1996)

Criado-Fomelio et al. (2000)
Maruashvili & Bardzhadze (1966)
Maruashvii & Bardzhadze (1966)
Nadim et at. (19/8)

Frissian et al. (1993)

Raneth ef al. (1998)

Banet et al (1998)

Nadim et al. (1978)

Hamidi et al. (1982)

Edrissian et af. (1993)

Latyshev et al. (1961); Lubova (1973)
Dursunava et a/. (1965)

Shamir et ai. (7001)

2 Sources before 1998 are fully cited in Courtenay ot o1, 1998).

© Molecular diagnosis by PCIt and/ o culture.
 Molecular diagnosis by FCR
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prevent them contracting or communicating infec-
tion. The prioritics would therefore seem to be for
ingenious, and probably non-lethal, methods of
control and for the development of vaccination
strategics. Both are categorics of work that are likely
10 repay large-scale, carefully controlled field trials.
Planning these, and eracking other conservation
problems, will doubtless be aided by research into
diverse aspects of canid biology, including their
spatial requirements and population processcs.
Finally, a prominent calegory of project proposed
by contributors to the Canid Action Plan was for basic
field studies of little known specics. While the value
of fundamental research for the sake of scholarship is
something, as mentioned in our opening paragraph,
that we would not contest, in the context of conser-
vation funding is it nolt an indulgence to pursue basic
rescarch on species for which there is no more than
an unspecificd suspicion of threat? Perhaps counter-
intuitively, there may he a strong conservation case
for such research, but making that case comes with
a ferociously strong caveat. First, it is arguable that
one of the greatest contributions biological research
has made to conservation is through its influence
on the priorities of a wide public. In the developed
world at least, discoveries of the intricacies of animal
hehaviour, revealed through enthralling films, pho-
tographs, and hooks have captivated and informed
an ever wider public, radically changing their values,
opinions and, ultimately, their politics. Conservalion
has to be paid for one way or another, and willing-
ness o pay will be directly influenced by public

understanding and appreciation of the value of
hiodiversity. Different arguments may have force in
the developing world, where the best hope for con-
servation may lie in convincing people of the value of
canids as part of the process that enables the ecosys:
tem on which their livelihoods depend to function.
Furthermore, few people make a grealer impact in
practice on the local protection of a species than does
ahighly mativaled and fascinating field researcher—
sothe function of a scientist as a vatue-added warden-
ambassador should not be ignored. Second, there is
a tendency, perhaps on 1he increase, for bluster in
conservation biology. All too often one reads that
studying some aspect af a species’ biology is ‘crucial’
for their conservation, without any plausible case
being advanced as 1o why this is so. Worst of all, the
non-existent case thal conservation necessitated
the study may then be used to justify any tawdriness
in the resulting science. Conservation science will
be blighted by such bluster, and by half-baked theory
masquerading as a stepping-stone Lo practice. Far
better to admit that while a carcfully crafted study
of an intriguing and unknown creature may have
only tangential bearing on its conservation, it may
produce results that help secure the commitment
to conservation of a generation of decision-makers
and tax-payers. Only the very best science is likely
to enthral a wide public and therefore, perhaps
paradoxically, if this genre of background investiga-
tions of canid private lives is truly to be erucial to
consurvation, the rigor demanded of it should be
relentlessly high.

Red fox, Wrlpes vuipes © D. W. Macdonald.
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1= 1469 female L. longipalpis—the vector). Despite
the fact thal §1% of the foxes were currently or
recently infccted, and flies fed on foxes to full
engorgement, these trials proved that crab-eating
foxes were rarely infectious: a conservative estimate
of the proportion of sandflics infected were < 1% for
seropositive, PCR, or culture-pasitive foxes. [n strik-
ing contrast, longitudinal xcnodiagnosis of the sym-
patric infected domestic dog population during the
same time period showed 43% of them Lo be infec-
tious to a median 119 of sandilies. Applying these
estimatesin a deterministi host model of ZVL,
Courtenay et al. (2002b) calculated that the maxi-
mum contribution of infected foxes Lo overall trans-
mission in nature was only 9% compared Lo 91% by
domestic dogs. Moreover, the basic reproduction
number Ro, for foxes was lower (R < 1) than the
expected threshold for parasite persistence. Thus,
despite high infection rates, the incapacity of foxes to
infect a large fraction of biting vectars suggests that
the species represents a parasite ‘sink’, rather than
‘source’, host. Their poor ‘reservoisial capacity’ to
transmit Leishmania infantum is probably attributed
to the asymptomatic nature of fox infection since
asymptomatic infected dogs similarly contribute
<1% to all transmission events compared to >99%
by symptomatic dogs (Courtenay et al. 2002a).

Contral: (re)-introduction of infection into
Teishmania-fice populations

The epidemiological significance of foxes to ZVL
transmission will depend on their ability to maintain
the parasite in the population independent of inf-
cetious dogs (i.e. in a self-sustaining sylvatic cycle),
such that successful elimination of the parasite
in the dog population will not be short lived due
to the (rej-introduction of infection into clean dog
and sandfly populations by infectious foxes, Indeed,
the evidence above suggests that there is no such
sylvatic cydle, supported by additional observations
showing that;

1. Leishmania isolates from crab-eating foxes arc indis-
tinguishable from isolates obtained from local dogs
and Lutzomyia longipalpis (Mauricio et al. 1999, 2001).
Al isolates arc considered to be L. infanfim MON-1,
whichis respansible for the human and canine disease
throughout the geographical distribution of ZVL.

Infectious disease 131

2. Vector infection prevalences arc typicaily <1%;
thus successful transmission requires a large number
of contacts to receive an infectious bite: sylvatic vector
populations in Marajo fox territories appear to he rare
(Lainson et al. 1990), and the foxes live at low densitics
(0.55 animals per km?, SE: 0.071, range: 0.273-0.769,
=7 temitorial groups (Macdonald and Courtenay
1996; Courtenay 1998), suggesting that fox contact
with sylvatic flies is low, particularly in habitats
that foxes frequent most (Macdonzid and Courtenay
1993, 1996).

3. In contrast, foxes have substantial contact with
peridomestic habitats where Lu. longipalpis popula-
tions are large. These collective data thus strongly
suggest that ZVL ‘spills over' into the fox populations
from dog-infected sandfly populations in the perido-
mestic setting. In the event ZVL is climinated in dog
populations, it is therefore unlikely that foxes could
(re)-introduce the parasite.

The geographical range of the crab-eating fox
extends from Venezuela to Argentina (Courtenay
and Matfei, in press), and while it is possible that
there is geographical variation in ZVL susceptibility,
few wild canids have been examined outside
Amazon Brazil. Proposed wildlife hosts of ZVL in
Mediterranean Eutope, and middle Asia countrics
include the red fox and golden jackal, though
nothingis known of their capacitics toinfect sandtly
vectors. The general absence of the discase in wild
canids complies with the idca of a non-pathogenic
parasite-host relationship in an indigenous wildlife
reservair, as proposed for the crab-cating fox in
South America (Lainson ef al. 1987). The altemative
view s that the greater diversity of L. infantu strains
in the Old World compared to the New World sug-
gests that L. infantum was initially introduced into
the Americas from the Old World (Momen et al.
1993), possibly via an infected domestic dog in post-
“olombian times (Killick-Kendrick 1985), or earlier
via a wild canid host presumably during the radia-
tions of the Canidae in the late Miacene to early
Pleistocene (Berta 1987; Martin 1989).

Implications for ZVL cantrol

Strategics Lo prevent (asopposed to treat) human ZVL
disease in many endemic countries include vector
control (house spraying with residual insecticides)
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and/or reservoir control (culling infected  dogs).
There is no cffective anti-Leishmania human o1
canine vaccine, and 70% of dog infections relapse
following canine chemotherapy. Althaugh depopt-
lation of wild canids has not been part of any ZV1
public/veterinary health policy, current information,
Logether with lessons learnt from the unsuccessful
culling progiamme of domestic dogs in Brazl (Dye
1996; Courtenay ef al. 20024) suggest that culling
wild canids would not be an efficacious ZVL control
option, irtespective of whether infection is con-
tealled in domestic dogs. By contrast, we anticipate
that successfiul control of infection (and infectious-
ness) in dog populations e.g. by protecting dogs
against sandly bites, will result in L. infantum elimi-
nation in foxes.

Disease as an extinction threat
to wild canids
Infectious disease is an important and intractable

extinetion risk to many canid species. Disease has
caused dramatic die-offs and local extinctions of sev-

eral canid populations (Table 6.3). Both theoretical
predictions and empirical obscrvations indicate that
highly pathogenic infections cannot persist in small,
isolated populations (Lyles and Dobson 1993). As
described above, epidemics can spread only when
cach infected host transmits infection o one or more.
susceptible hosts; in small populations epidemics
tend to ‘bum out’ as the majority of hosts either
dic or hecome immune. It is not surprising, there-
fore, that most discase outbreaks in small, isolated
populations of threatened hosts tend to involve
generalist pathogens that ‘spill over’ from other,
more common, host specics (Table 6.3). For example,
asabies outbreak in 4 newly reintroduced population
of African wild dogs in South Africa was linked
to a simultancous outbreak in sympatric jackals
(C. mesamelas; Hofmeyr et al. 2000).

Infectious disease may also suppress the viability
of canid populations in less dramatic ways. In
particular, infections that increase pup mortality
may cause slower declines, or reduce populations’
ability to recover from perturbations. For example,
cub deaths from otodectic mange depressed the only
population of the Mednyi Arctic fox (Alopex lagopus

Table 6.3 Local extinctions and crashes of canid populations known to have been caused by infectious disease

Population size

Before Arer
Host species owbreak  outbeak  Pathogen  Source of infection  Refs
Affican wild dog 50-70 0 Rabies® Domesic dogs Cascoyne et al. (1993), Kat et al. (1995)
4 0 Rabies Jackal Scheepers and Venzke (1995)
12 & Rabies Jackal Hofmeyr et a/. (2000)
10packs®  5packs’  Rabies Jackal LW MeNutt (personal communication)
12 o Disternper  Domestic dogs? Atexander et al. (1996)
Fhiopian wolf 53 12 Rabies Domestic dogs Sillero Zubir et a1, (1996)
23 1 Rabies® Domesti dogs Sillero Zubit et 3, (1996)
Island fox 1340° 150" Distemper Domestic dogs Timm et al. (2000)
Blanford's fox 4 1 Rables Red fox Macdonald (1993
Red fox 6° 0 Mangs Unknown Haris and Baker (2001)
Hotes

¢ Cause of deaths infared from confirmed diagnoses in contiguous population.

® Survved when captured, solated and vaccinated.
© Study population within 2 larger contiguous population.

 Approximate figures. Most ofthe remaining population protected from exposure by a physical bartier o disease spread.
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semenovi; Goltsman et af. 1996). 1ikewise, the annual
seroprevalence of parvovirus—a virus that mainly
Kills pups—was negatively corelated with  the
recruitment ot wolf (C. Jupus) pups in Minnesota
(Mech and Goyal 1995).

Population viability analyses indicate that discase
represents an important extinction risk for some
canid populations (Ginsberg and Woodroffe 1997;
Vucetich and Creel 1999; Roemer et al. 20000;
Haydon et al. 2002). In general, highly pathogenic
infection such as rabies threatens the persistence of
small- and medium-sized populations, with less
pathogenic infections threatening only smalier
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populations (such as relict populations and those in
the process of recovery thiough reintroduction;
Woadroffe 1999; Haydon ef al. 2002). This creates a
need for management tools to protect threatencd
canid populations—especiaily those that are small
and isolated from the potentially deleterious
cffects of pathogenic infections. Since the diseases
that cepresent the most serious threats to wild canid
populations (primarily rabics and canine distemper)
tend to be maintained in other host species, conser-
vation interventions may include direct vaccination
or treatment of threatened hosts themsclves,
management of reservoir hosts in attempts to

Table 6.4 Management options for disease control for wild canids (modified frem Laurenson et al. 1997)

Option Advantages

Do nothing Cheap, casy, evades controversy

Reduce disease in

resenvoir species.
Vaceination No intervention with target
Cullng Effective vaceines available

Limit reproduction Can be very effective

Treatment Therapy availabiity depends
on pathogen

Reduce disease it

target species

Vagcination Direct protection

Teatment
Prevent contact between
target and reservoir
Fencing/ physical barrier
Resiraining domestic
animal resenvoir

No intervention

Tanslocation of resenvoic
(c.8. limit human activiies
in protected areas)

Likely benefits/chance

Disadvantages of success

Population viabllty not
guaranteed

o guarantee of prtection
in target

Expensive fogistics cost,
wetfare, cultural attitudes

Limited effectveness

Effective methads not yet
available over large areas

Limited effectiveness

Depends on local situation

High

Not sustainable

High in theory, but may not
be practicable

Weak

Effectivencss vaceines not
always available

High over the short term {emergency
pian). but mey be good strategy in
some species/stuations i feasible.
and cost/effective (¢.g small pops
wolves

aten unfeasitlc Last chance In emergency siviation

Often unfeasible

Cultural constraints/conflict
with dog function

Long term

Feasibility

High
Medium on continental situation

Tligh on islands
Medium
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Table 6.1 The proportion of people treated for
presumed rabies exposure in Western Europe In 1995
that had had direct contact with red fores.

Cases attributed (0

Total people  Domestic
Country treated dogs (%) Foxes (%)
Belgium 334 46(14%)  56(17%)
france 6005 4087 (68%)  126(2.1%)
Lurembourg 56 23 (41%) 5(89%)
Netherlatts. 19 0(0%) 8(42%)
Portugal 33 25(76%) 1(3%)
Spain 58 330 (72%) 7(15%)
Total 8905 203 2.9%)

4511 (65%)

‘Source: Data from WHO (1995).

than vice vessa. These authors explored the possibil-
ity that a small number of infectious ‘carrier” animals
might promote persistence within domestic dog
populations, but an alternative explanation is that
occasional reinfection from other host species could
promote persistence of the pathogen. Interactions
between domestic dogs and multiple wild species
could generate even more complex dynamics
(e.8. Loveridge and Macdonald 2001).

Culling
Culling has been widely employed o attempts to
control rabies in wild canid populations, and may
have had regional conservation implications. For
example, during a campaign to control rabies in
Alberta, Canada, 50,000 red foxes, 35,000 coyotes,
and 4200 grey wolves were killed in an 18-month
period (along with 7500 lynx, Lynx canadensis, 1850
bears, Ursts spp., 500 striped skunks, Mephitis mephits,
and 164 cougars, Puma concolor; Ballantyne and
O'Donoghue, 1954). Trapping, shooting, gassing,
and poisoning of foxcs, coyoles, and wolves has been
widely practised in Furasia and North America in
attempts to control rabies (Macdonald 1980).
Culling has successtully eradicated rabies in a
handful of cases {gencrally in restricted areas;
Macdonald 1980). However, this approach is now
considered an ineffective means of protecting people

and domestic animals from wildlife rabies (Blancou
etal. 1991; Funk et al. 2001). Host species such as red
foxes, coyoles, and jackals are socially and physiolog-
jcally flexible animals, forming populations with a
remarkable capacily 1o recover from control, and
to react to it with perverse consequences (Tuyttens
and Macdonald 2000; Frank and Woodroffe 2001)
Immigzation, increased litter sizcs, and improved
survival have all been recorded in canid populations
subject to control (Irank and Woadroffe 2001). Far
from eradicating infection, inducing these sorts of
population responses has the potential ta increase the
supply of susceptible hosts needed to fuct endemic
infection. Indeed, recognition of the way that culling
affccts the sacial behaviour of red foxes and, hence,
the dynamics of rabies infection (e.g. Macdonald and
Bacon 1982; Macdonald 1995), contributed to the
search for an alternative approach to the control of
rabies in Western Europe. This ecological approach to
wildlife disease—previously the preserve of veteri-
narians and health officials—saw carly fruits in the
still-relevant chaplers of Bacon (1985),

Vaccination

Vaccination has been used with great success to
control rabies in Western Burape and North America.
Modelling approach very carly has suggested that
reservoir immunization can be efficient (Anderson
ot al. 1981; Bacon 1985) namely in the context
of fox behavioural ecology (idem). It has the
advantage of not disrupting the natural density-
dependent population dynamics and spatial organi-
zation of the host species; it is also more humanc
(Macdonald 1980). Initial field trials of oral rabics
vaceine, concealed inside baits made from chicken
heads, were cartied out in Switzerland in 1978
(Steck et al. 1982). Follawing these initial promising
results, the programme was spread across much of
Western Furope, with up to 60% of foxes immunized
(Pastorct and Brochicr 1999). Dramatic decreases in
sabies incidence have been recorded where well-
coordinated oral vaccination programmes  have
been implemented, while infection has persisted
in untreated areas (Artois et al. 2001). In Europe,
rabies control in wild canids appears to be fally
achievable where appropriate and well-coordinated
baiting programmes are carricd out, although at
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Figure 23.3 Caind (and other) consenvation problems, and their solitions, can occur anywhere along a continuum of species
tecovery (a progression embodied for rare species in the acronym FRFE), and at each point along this continuum projects might
embracc any o all elements of the Conservation Quartel (Macdonald et a1, 2002a). The emphasis of these elements may shift
from research towards sustainable management, as ime passes and, generally and hopeflully, as a populalion recovers (Strachan
in press). The progression will e different for species for which the problem is their rarty or therr abundance: for the former e
abscissa might normally be recovering population sie, where for pioblematic abundant species it might be tme: in both cases
while the grealest intervention might be during the recovery phase, and the greatest emphasis on rescarch at the outset, both
tesearch and ranagement will have same role thronighout. In paralietto ths progression from cndangerment of nuisance o
sustainable management, there is a linked and teative process flowing from problem to solution. Developmg the notion that
probiems can be partiioned between reducible and irreduible elements (see Biodiversity Impacts Compensation Scheme

in Macdonald 2001), and the balance between iese wil il as curtently intractable elenients are rendered reducible

by new innovaion (itsclt cngendered by the Rescarch component of the quartet). At least from a spetics based perspective, many
consorvation programes can be approachd by a rather small number of paradignis {see Table 23.3), and an cssential element
is to mitigate the reducible problems, thereby minimizing the: current level of conflict. Conflict can be parttioned into that which 15
Dearable (more or less willigly) by the afficted stakeholders, and that which is unieareble. The extend to which these
stakehalders will bear a conservation cost (such as predation) wift depend on their tolerance which, in tum can be heavily affected
y the education element of the quartet. Tolerance is affected by value, which is nol merely fnarcial, and may be atibuted to both
2 species or a process of which it i @ part, Two options are relevant to the unbearable component of current conflict: either to
contol (gererally to ki) the problematic creature, oo compensate the aggfieved stakeholder. Each option raises questions
oxplored i the text, and which can be partly answered by research of the types awtfinect in Table 233, In this diagram there could
be overlap in the actions represented by the ‘mitigation’ and ‘control’ boxcs, but these niight lousely be pariitioned as non-lothat
and lethal intenvenians, respectively (and both, along with compensation, are facets of liplementation in the Quartet). In this
figure the flow is rom Problem Lo Solution—the process is iterative—the prevailing situation ot the end of ane pass through
Becomiy the tarting point for the next pass through; most of the right hand side of the scheme represents operational processes
expladed frorn the Implementation component of the quartet. AS with all such schema, the reality is that every box interacts with
every olher, creating a web of inks (e.g. access to compensation might b contingent on improved animal husbandry a form of
mitigation)—what we have shown vith simplified arrows is the predominant flow that reveals what we regard as the sallent lessons
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considerable cost {Artois et al. 2001). As Macdonald
(1995) emphasized, the crucial lesson from attempts
to control rabies in red foxes is that while approxi-
mately the same proportion of foxcs atc vaccine baits
as had in arlier campaigns caten poisoned baits, the
former controlled the discasc where the latter had
failed to do so. The only plausible difference between
the two approaches is their impact on the contact
rate (Rg) amongst the survivors—the perturbation
effect—vindicating the view (radical only 25 years
ago (Macdonald 1980)) that understanding canid
social behaviour is relevant to controlling their epi-
zootics. Successful rabies control programmes have
also been carried out in North America, involving
oral vaccination of coyotes and racoans (Pracyon lotor;
Fearncyhough et al. 1998; Roscoe et al. 1998;
Mackowiak et al. 1999). Oral rabies vaccines have also
been tested for patential use on jackal rabies in
Southern Africa, although no field trial has yet been
carried out (Bingham et al. 1999). There are some safe-
ty concerns surrounding the use of orally delivered
live rabies vaccines in areas of high biodiversity,
where it is difficult to carry out safety trials on all
species that might consume the baits. For example,
carlier trials showed that a live vaccine strain differ-
ent from that tested in Bingham et al. (1999) was
protective for jackels but induced clinical rabies in
baboons (Papia sp; Bingham et al. 1993). Destruction
of the vaccine when baits were placed in direct
sunlight als created 2 need for hand-placing baits in
shaded areas (rather than distibuting them by
aircrafty, potentially increasing the cost of vaccina-
tion operations, However, it is important to note that
these concerns originate primarily from the use of
live rabies vaccines. The use of a recombinant
rabies vaccine, where only part of the rabies virus
(the surface glycoprotein gene) is incorporated into
a Vaccinia virus carrier (which was used to cradicate
smallpox in humans), avoids such issues as this
vaceine cannot cause rabies (Brochier et al. 1996).
This type of vaccine is also much more thermostable.

Zoonotic visceral leishmaniasis

ZVLis a vector-borne disease of humans and domes-
tic dogs resulting from infection by the pratozoan
Leishmania infantum (also known as L. chagasi),

Infectious disease 127

transmitted by phiebotomine sandflies. It occurs in
70 countries in Latin America, Africa, Lurope, and
Asia, where it is considered a major public health
andjor veternary problem. Throughout the world,
the domestic dog acts as the principal reservoir
(source host), whercas humans are considered
incidental and non-infectious hosts. Typically, 50%
of infected dogs present clinical signs of canine
ZVL Bettini and Gradoni 1986) including alopecia,
dermatitis, chancres, conjunctivitis, onychogry-
phosis (excessive nail growth), lymphadenopathy
(enlarged lymph nodes), and emaciation, usually
followed by death.

Wild canidsalso acquire infection, and the available
data for three species (red foxes, crab-eating foxes, and
golden jackals Canis aureus; Table 6.2) indicate, in
some cases, infection prevalences s high asin endem-
 domestic dog populations. This suggests that wild
canids may be important additional reservoirs for
human  infection. However, the epidemiological
significance of wild canids to peridomestic transmis-
sion will depend not only on infection rates, but on
(1) their ability to transmit infection to sandflics,
(2) their relative contribution to transmission in the
presenicaf infectious dogs, and (3) the likelihood that
they can (re)-introduce the pathogen into uninfected
dog populations (c.g. following VL. control in dogs)
(Fig. 6.1).

Crab-eating foxes

The only wild canid species for which these questions
haveheen fully addressed is the crab-eating fox during
extensive behavioural, ecological, and cpidemiologi-
cal studics of frec-ranging populations in Maraj6, Patd
state, Amazon Brazil, where their role has been com-
pared to that of sympatric domestic dogs (Courtenay.
et al. 1994, 2002a,b; Quinnell etal. 1997).

‘The initial cvidence incriminating South American
foxes came from parasite isolations from the skin,
viscera, or blood of 4/33 animals caught in an
endentic foci in northeast Brazil (Deane and Deane
1954a; Deanc 1956), followed soon atter by isolations
from a fusther 7/173 animals caught in the same
region (Mencar 1959, 1961). These specimens
were originally identified as hoary foxes Pseudalopex
vetulus (= Dusicyon vetulus) though most certainly in
error, since there is recent evidence that they were
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quantitative manncr by questioning, hypothesizing,
and predicting. With this in mind, how should
conservation projects be constructed? Macdonald
et al. (20004) suggest both strategic and operational
answers. Strategically, they propose that complete
projects embrace a Conservation Quartet of four
interdependent ingredients (Fig. 23.3): rescarch
(to crack the problem and identify the solution),
education (to inform society, and influence opin-
ion), community (to involve the stakcholdcrs), and
implementation (to get the job done). Operationally,
projects with all four components could be targeted
atany of the four courses of action that typify (sorme-
times in sequence) species conservation, and which
are memorable in the acronym FREE: standing for
Foster, Record, Enhance, and Enrich. A minimal goal
is almost always to foster that which remains, and
this necessitates recording its status (and monitoring
how this changes). More ambitious than protecting
the status quo is to enhance a species” circumstances,
and perhaps cven to estore creatures back into
faunal communities from which we have removed
them in the past. Against these generalities, are there
peculiarities about canids that make the problem
of conserving them different, and therefore cajl for
aunique type of project? That question was phrased
slightly more broadly by authors in Gittleman et al.
(2001b) and answered specifically and affirmatively
by both Ginsberg (2001) and Macdonald (2001).
They noted that carnivores are distinguished by their
{lofty position in ccological pyramids, and that they
inconvenienced and jrritated people hy cating their
stock and their quarry (indeed, the farger ones may
also attack and even eat people), and by heing particu-
larly involved in zoonotic disease. While peopic are
particularly susceptible to the beauty and fascination
of camivores, they are also universally inflamed to
wrath, even loathing, of them. Indced, Kruuk (2002)
argues that the strong emotions that Lypify human
perceptions of Carnivores have an innate basis.
Although the Canidae is only one of the nine
families comprising the Carnivora, they face the full
spectrum of such problems characteristic of the
Order as a whole—and provide many of the most
extreme examples. In short, the problems posed by
canid conservation are different in kind to thosc
posed by many other orders of mammals, bul no
more so than is gencrally true for carnivores as
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awhole. That said, we can see no reason why projects
in carnivore conservation should be approached
differently to those on any other taxon—all four
components of the Conservation Quartet remain
relevant (and would also do so if the approach were
Process—rather than species-based) and should be
thought out in advance, and the undeniable charis-
ma of the subjects, and urgency of their plight, does
notexempt fieldworkers from the exacting standards
of logic and quantification necessary to sustain an
evidenced-based argument.

What is the relevance of education?

Nohody can deny that many people perceive
themsclves to be in conflict with canids and while
the perception may be exaggerated and the reality
may be teducible, we accept that there may he
a residual real and irreducible contlict. So what
options are open? One s to find new ways to amelio-
rate the contlict, and we return below to the need for
tescarch, The otheris to change people’s perceptions,
enhancing by various means the value they attribute
to the canids in question, and this aim lies behind
the various education projects mentioned above.
Education can alleviate both the reducible and
irreducible components of conflict (Fig. 23.3). Most
abviously, where the perception of damage caused
by canids is exaggerated, and where the actual
damagge is increased through failure to implement
current knowledge, education can disabusc people
of their prcjudices and improve their competence,
Less obviously, education about the rasity of a
species, areven just the fascination of its lifestyle and
the functioning of its ecosystem can radically affect
the tolerance with which peaple view even irre-
ducibile conflict with canids. This may be a reality
that is insufficiently acknowledged by those assign-
iny priority to conservation projects: the possibility
that the marginal impact on canid conservation of
an extra banknote spent on education using existing
knowledge may exceed the jmpact of that money
being spent in the quest for new knowledge requires
close serutiny. We do not mean to be narrow-minded
by proposing that for many conservation problems
we know cnough already: the emphasis can move
towards the implementation segment of the quartet.
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crab-eating foxes (Courtenay et al. 1996). In Amazon
Brazii, 14 of 49 (28.6%) crab-eating foxes were
similarly found to be infected, including 11/26 ani-
mals from Marajé (Lainson et ¢l. 1969, 1987; Lainson
and Shaw 1971; Silveira el al. 1982; Lainson et al.
1990). The ability of this host Lo infect the sandfly
vector Lutzomyia longipalpis was shown for a single
naturally infected animal in advanced slages of the
discase, which infected 10/10 L. tongipalpis that fed
onit(Deancand Deane 1954b). The infectious naturc
of the fox was later confirmed by Lainson et al
(1990), who observed an asymptomatic animal Lo
infect4/54 L. fongipalpis 15 weeks after its cxperimen-
tal inoculation with a local Leislanania infantum fox
strain. Deane and Deane (1955) and later Lainson
et al. (1969) reasonably concluded that foxes were
an important ZVL wildlife reservoir. This acquired
seneral acceptance in the scientific literature.

These studies and anecdotal accounts that foxes
predated domestic fowl from peridomestic animal
huts known to harbour large numbers of L. longi-
palpis (Lainson 1988) —and thus a potential source
for human infection—-prompted studies of these
foxes in nature in Marajo, with the aim to clarify
their role in peridomestic transmission between
domestic dogs, bumans, and sandflics, and in a
putative wildlife transmission cycle between foxes
and sylvatic populations of sandflies independent
of domestic dogs.

Figure 6.1 Crab-eating fox
Cerdocyon thous, host of
Leishmania infantum in Brazil
©0. Caurtenay.

Behavioural ecology, infection, and disease
Behavioural observations to reveal the spatio-temporal
distribution of foxes refative to sandfly populations
were monitored diring >3500 h by radio-telemetry
and direct observation (Macdonald and Courtenay
1996). Ihese data showed (1) adult foxes to maintain
stable territories of 532 ha (range: 48-1042, n = 21),
(2) foxes did not use dens, instead they slept above
ground in thick vegetation often on the cdge of
pineapple and manioc plantations; (3) fox territorics
comprised a monogamous breeding pair and between
1 and 3 adult sized offspring which disperscd when
18 24 months old; (4) foxes had a general habitat
preference for wooded savannah (34%), and scrub.
(319%) depending on territory location, season {wet.
versus dry), and social status. For example, elevated
habitats were favoured in the wet season when low
lying savannah was inundated, and widespread flood-
ing forced social groups to share use of higher ground;
(5) dispersed offspring maintained amicable relations
with parents and often returned to their natal range,
in some cases following the death of their mate.

Our entomological studies (Lainson et al. 1990;
Macdonald and Courtenay 1993) revealed that I.
fongipalpis did not occur in large densities in sylvatic
habitats that foxes frequented: no L. longipalpis were
caught in fox sleeping sites or surrounding areis
of savannah, though smafl numbers did occur in
residual gallery forest where few foxcs had access
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Our proposition that education will improve
tolcrance, by recalibrating the perceived costs
and beacits that give a measure of conflict, implies
that education affects value (a notion only partly
reducible to money). Quantifying the value of
nature, and specifically wild canids, is highly
problematic and in this context is discussed by
Macdonald ¢t al. (2000a) and Macdonald (2001).
Most tangibly, and perhaps least importantly, by
combining biological and cconomical knowledse, it
may be possible to debunk distorted perceptions (€.,
Macdonald et al. 2003 illustrate that a cercal farmer
shooting a red fox in Britain may be costing himself
a cash loss for the corn that will then be eaten by
rabbits that the fox would otherwise have killed).
Similarly, the mountain shepherd who sees an
Ethiopian wolf as the basis of a hard currency tourist
operation Lhat benefits his community (and thus,
crucially, himself) may re-evaluate his judgement of
it as an occasional predator of lambs. Less tangibly,
and perhaps most important, is the value people
attribute to the existence of wild canids and the nat-
ural processes of which they are a part. For nature, as
forart, knowledge is the route to understanding, and
understanding is the basis of appreciation and thus
value. Attaching value to an individual red fox is onc
of several reasons why shaoting the one (mentinned
above) that recently killed 18 of our chickens is
rather low on our list of solutions. There is abundant
evidence, although mote anecdotal than systematic,
that cducation about wild canids radically affects the
value that people (including those in conflict with
them) give them (reviewed in Sillera-Zubiri and
Laurenson 2001). Of caurse, this puts a premium on
the skills of the researcher as communicator, and
raises worries about audience fatigue (cven stunning
natural history films are no longer novel in the
developed world).

What sort of education best fosters conservation?
Obviously, the answer is appropriate education, but
what is appropriate may differ widely between the
developed and developing world.

The facl that people may value the existence of
nature reminds us that both value and natute are
changeable. Many of the problems faced by many
<anid species arisc in versions of nature that are no
longer pristine. indced, almost by definition conscr-
vation problems are man-made, so it is temping to

say that where modem man operales mature is
1o longer wholly natural. Outside protected arcas
peaple have a huge impact on wildlife, and even
inside protected areas the mix of species is often
heavily, if indirectly, influenced by anthropogenic
factors. In short, for a substantial part of the worl
a reversion to wildemess and laissez faire conserva-
tion is not an option. In consequence, the reality,
and it requires a more sophisticated understanding
than is current, is that much of conservation is
directed by fashion. This is a big and provocative
topic, but it has immediate relevance to canid con-
servation, and examples are fegion but unnoticed. In
Britain’s Peak District National Nature Reserve, the
slatutoty nature conscrvation agency subsi
gamekeeper to kill red foxes in association with agri-
environmental schemes to foster ground-nesting
lapwings (Vinelius vanelius). The story is more com-
plicated than we have space to explore but, in
essence, the conservation fashion (and it is self-
evidently ‘right’in the eyes of most stakeholders) is to
value groundenesting birds aver small terrestrial cat-
nivores—yct the fox is just as wild, just as natural and
just as dependent on the man-made landscape as is
the lapwing; the inclination to favour foxes over lap-
wingsis close (o whimsical, as is that to favour the San
Clemente loggerhead shrike over the San Clemente
island fox. Fashions aside, it is inarguable that
humans routincly shape nature to their preferences,
and we need 10 he much less coy about acknowledg-
ing that conservation too, is often an intervention. To
conserve swift foxcs probably necessitates killing coy-
otes, and conserving imperilled populations of Arctic
foxes may involye killing red foxes. If they are 1o with-
stand the scrutiny of ethicists and Jogi
conservation decisions will require much more open-
minded thought than has been customary. Seldom
has this man-made aspect of nature, and the dilem-
mas it causes, been more vividly illustrated than by
the notion of meta-population management as itlus-
trated by African wild dogs in South Africa,

Because no sufficiently large piece of land remains
in South Africa to support a self-sustaining, unman-
aged population of wild dogs, the idea developed of
coordinatiuy the management of a constellation of
smaller, satellite reserves according to current belicfs
on the functioning of natural meta-populations. This
would involve intervening to effect the cmigration

ans, many
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and rarely hunted. In contrast, high densities of
this sandfly are tegularly captured in peridomestic
animal pens in rural settings (Macdonald and
Courtenay 1993; Kelly et al. 1997), where chickens
act as an important blood source. Though parasites
do not biolagically develop in chickens (hence
fowl arc usually considered ‘dead-end’ hosts), chick-
ens and livestock are nevertheless a principal lurc
Tor blood-seeking sandflies to the domestic
envitonment.

Of 24 radio-monitored foxes, 92% entered 1-3
villages per night where they spent approximately
40 min (range: 0-242 min) each night in poten-
tial contact with peridomestic sandfly populations
(Macdonald and Courtenay 1993; Courtenay et al.
2001). Seroprevalence (IFAT) varied hetween fox
social groups, and number of villages visited, however,
we found no statistical association hetween the
probability of a fox or fox group being serapositive
and the habitat type it visited or time spent in
villages. Furthermore, the possibility that sick foxes
behaved differentially and/or avoided detection
was nat supported by our longitudinal observations
of seropositive (potentially sick) foxes: none of
the foxes presented overt clinical signs of ZVL nor
were there significant variations in spatial behaviour
between ccologically matched seropositive verstis.
seroncgative animals (Courtenay et al. 1994;
Macdonald and Courtenay, 1996). Neither did we
detect infection Lo increase the natural mortality rate,
which was 0325 per year (95% CL: 0.180-0.587).
This high mertality ratc we showed to be predomi-
nantly due to human persecution (Courtenay et al.
1994; Macdonald and Courtenay 1996) similar
high mortality rates were recorded amongst Marajo
dogs, but were largely the result of disease (Courtenay
ctal. 1991, 2002a).

Progressive longitudinal studics of this wildiife
population’s infection Tates using a broader array
of diagnostic techniques revealed cumulative preva-
lenes of 78% (29/37) by serology (enzyme linked
immunosorbent assay, ELISA), 23% (8/35) by poly-
merase chain reaction (PCR), and 38% (8/21) hy
parasite culture, with point prevalences of 74%
(serology), 15% (PCR), and 26% (culture); the inci-
dence of patent infection was 0.10-0.12 per month,
which were similar or higher than equivalent esti-
mates in sympatric domestic dogs (Courtenay et al.
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Figure 6.2 The age-prevalence of L infantur infection in
crab-eating foxes. Prevalence was assessed by serology (),
PCR (C1) or in vitro/in vivo culture (O). Values are shown for
mean ages of age-class: 0-6, 7-12, 13-24, 25-84, and
85-114 months. {Redrawn from Courlenay et af. 2002b.)

2002a,b; Quinnell et al. 1997). Fox infection rises
rapidly in the young fox poputation, followed by a
decline in the propartion parasite positive in the
older age classes, suggesting that older foxes success-
fully clear parasites and/or become less susceptible to
infection/re-infection. This is nol accompanied by
Loss of seropositivity or decline in antibody litre with
time (Fig. 6.2) (Courtenay et al. 1994, 2002b). A sim-
ilar pattern of infection is seen in domestic dogs
(Quinnell etal. 1997), however unlike foxes, scropos-
itive dogs often present progressive ZVL disease. The
asymptomatic nature of L. infuntum infection in wild
canids generally is illustrated in Table 6.2,

Infectiousness and contribution to
transmission

A crucial variable in epidemiological models is the
probability that the discase will be transmitted from
host to vector, in this case from the fox to the sandfly.
This can be measured by xenodiagnosis, a technique
thatinvolves exposing potential seservoirs to colony-
1eared (ie. parasile fiee) vectors, which arc then
screencd for the presence of the parasite. In this case,
26 frec-ranging Marajo foxes were caught and
brought into captivity where female sandflies
were given the chance Lo feed on them on 1-3
independent occasions. (1= 44 feeding  trials,
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and immigration of individuals hetween these sub-
populations, and therehy to obviate adverse effects
of crowding and inbreeding (Mills et al. 1998, This
intriguing concept not only brings into stark relief
the degree of human involvement that will be needed
if the distribution of African wild dogs in South Africa
isto be restored, it also offers a challenging conserva-
tion mind-game. Atwhat level of management does a
reserye become a zoo, and how big does an enclosure
have to be before it is ‘natural enough’ to quality
as a satellite within the meta-population? ‘hese
questions are as pertinent to twenty-first century
canid conservation as they are intractable—the relev-
ant factors are widely interdisciplinary, bedevilled
by complex trade-offs between largely incommensur-
able values, and any answers are certain to be
matters of judgement rather than precision. What
should be the criteria for membership of the meta-
population club? It seems likely that the answer
should be o do with having sufficient area and nat-
wral resources (o sustain natural processes in the same:
way as a natuzal component of @ meta-population
might (were that praperly understood). The natural
process in question cannot merely be successful
reproduction—otherwise a couple of wild dogs bre-
eding in a cage might qualify—but perhaps reproduc-
tion based on an unmanaged prey population might
qualify. However, exactly what is an unmanaged prey
population—clearly releasing impala into a paddock
full of wild dogs would not pass muster, but is a
‘natural’ predator-prey system conceivable for more
than a short-timescale in an arca supporting only one
or two, or three packs of wild dogs? In any event, itis
inconceivable that the mix of either prey or predator
specics in any reserve in Africa smaller than, say,
Tanvania’s Selous could be unaffected by manage-
ment intcrventions. It scems clear that four biggish
fenced rescrves should qualify—Hluhluwe Umfolozi,
Madikwe, Pilansberg, and Venctia- but what of
smaller ones? The question is loaded because there is
significant moncy at stake—smaller reserves could
doubtless enhance their ecotourist revenue if they
could boast the presence of wild dogs. 1lowever, what
would these smaller reserves dowith the surplus pups
they hied, and indeed what will cven the larger
reserves do when they eventually fill up with wild
dogs? The whole point is thal there is nowhere efse
big enough to release them—the demand for z00s
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and research might soon be sated, and these options,
together with the likely end point of simply killing
surphus individuals each brings its own debate. By the
way, almost exactly the same point was repeatedly
missed by those who for decades have been advocat-
ing the introduction of grey wolves to the Scotiish
island of Rhum where they could feed on the
abundant red deer, whose numbers are currently
limited by riflemen, It is true that the wolves could
probably fulfil the role of the riflemen, but when the
numbers grew the only alternative to catastrophic
ascillations in predators and prey (and the likely
extinction of the wolves) would be to kill the surpius
wolves. There is therefore a trade-off hetween the
pleasure of retaining wild canids in a man-made
world and the need for management a replace the
natural processes we have usurped—that manage-
mentis likely to involve killing, or at least sterilizing,
some of the creatures we have sought to promote—a
distasteful reality that may not be acceptable to
awide public, at least not unless they arc exposed to
a sophisticated education in ecological processes.
Furthermore, do nat take false comfort in believing
the wild dogs of South Africa are an extreme case—
intensive interventive management (based on meta-
population thinking) is set to become increasingly
necessary at least for big predators—we predict tigers
in India will be a particularly high-profile example.
That said, despite the gloom that attends discussion of
small populations, one might take heartat the survival
of Isle Royale's walves (Chapter 18, this volumc).

Do we know enough?

The enthralling case studies and comprehensive
reviews in this book illustrate the depth of knowl-
cdge about wild canids. The similarity between the
biology of different canids and the types of conser-
vation problems they face make itunlikely that some
unexpected feature of their basic biology will he
revealed that crucially changes the prospects for
their conservation, On the other hand, for species
after species it is clear that their conservation hils
abrickwall—a barsier thal might be moved if we knew
more. The nature of the barrier seems familiar—
in the case of conflict over predation, the need is to
find methods of preventing canids eating certain
prey, and in the casc of disease, the problem is to
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Table 23.3 (Continued)

Project category
Phase Task Survey.

Eniistlocal help

Predatory conflict

Produce management plan, with
attention to: (a) all stakeholders,  plan
(b) interdisciplinarity,

(c) ethics, and (d) finance
Considor non lethal or lethial
control propramme
Implement actons

Quantity changes in predatar

Infectious disease

Cvaluate existing local
approaches to deal with

Identify target groups for outreach, and thelr different preoccupations
|dentify appropriate modalities for reaching each target group (e.g. formal, informal,

Produce educational malerials and implement education campaigns
Evaluate impact of education programme and adapt acoordingly

Produce disease management

Vaccination or lethal control

Implement actions

Quantify prevalence of pathogens.
following intervention

Cycle repeatedly through the process, systematically re-evaluating
the questions posed in the preparatory phase.

moritoring and
enforcing law problem
Fduestion (and Targets
awareness) Methods
oulreach, media)
implemment
Evaluate
Implementation  Stategic  Design
planning  recovery plan/
sustainable
management plan
implement Protected area
support,
enforcement,
restoration
Evaliate  Longtemn
monitoring losses
Review/ Adaptive
adapt management
Disseminate  Disseminate results it suitable media/forum

(always crsuring underpinning science is published in peer-reviewsd journals)

a DBritish suburban garden, a Texan ranch, or
a Zimbabwean mopanc woodland., In each casc, the
action by the canid is opportunistic predation on
domestic stock, and Lhe reaction s for the stock-
owner 1o experience anger and to incur, at least
perceived, material loss. Consequently, as all canids
are opportunistic predators, all canids are to a greater
orlesser extent in conflict with some group of peaple
coneerned with livestock husbandry. Another set of
conflicts differ only in one detail from the foregoing,
and this set arises from competition over wild prey,
generally the quarry of hunters or harvesters. Again
there is the illusion of diversity, the grey wolf killing
moose (Ales alces) in Alaska, the red fox killing grey
partidges (Perdix perdix) on British cereal farms, the
Arctic fox in Iceland killing the elder ducks
(Somateriamolfissim) whose feathers would have
been harvested for quilt-making, or the African wild

dog killing a valuable sable antelope (Hippotragus
niger) on a game ranch, denying the rancher both
breeding stock and a Lrophy fee. Sometimes the prey
is not human quarry, but has perceived resource
value to another group of stakeholders in wildlife,
for example conservationists; the red foxes killing
avocets (Recurvirostra avosetta) or capercaillie (Tetrao
uragaitus) on, respectively, wetland or upland nature
reserves in Britain, the Californian island foxes
killing San Clemente shrikes, the Javan dholes
(known there as ajags) killing rare banteng wild
cattle (Bus javanicus). Al these are examples of just
one category of problem (fully analysed in Chapter 5,
this valume), again the result of opportunistic preda-
tion but this time with the group that perceives the
loss being those concerned with hushanding a wild
prey species. There is one difierence in detail between
these two categories, and it is that the wildness of
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the prey gencrally makes them harder to count and to
‘manage and, because they are part of a natusal ccosys-
tem, the task of measuring the consequences is vastly
greater, as too s the task of mitigating them. However,
the latter are mere differences in practical detail—the
overarching point is that all the diverse examples
giveniin the preceding paragraph actually boil down to
justone problem: predation by canids on prey that are
considered a resource by a group of people who there-
fore believe they enduse material loss due (o canids

We might have feared that with 36 species of wild
canid there would be at least 36xy different canid
problems worldwide (where x is the number of
different species killed by canids that are considered
in some sense as the property of y different groups
of people), but this distils to a less daunting prospect
with the realization that they are all merely variations
of only one problem (perhaps with two facets, if we
allow the rather weak distinction between domestic
versus wild prey). Fusthermore, the reality that there s
realty only one type of problem makes it less surpris-
ing to discover that there is remarkable uniformity in
the trajectorics followed during atlempts to deal with
the many variants of this problem. Indced, this trajec-
tory leads prediciably, in turn, to a rather limited, and
again ubiquitous, set of possible solutions and out-
comes. Ifwe are correct in this, then there will be great
gains to be made in the cfficicncy with which canid
conflict issues are tackled by apprecialing the wider
canvas on which they are all drawn. With this hope in
mind, we will consider sone commion denominators
in a controversy caused by canid predation.

‘The trajectory commonly starts when a group of
conservationists, generally warmly disposed towards
canids (and often seeing themselves as having moral
advantage) encounters a group of people whose
livelihood or recreation hinges on fostering the
numbers of potential canid prey (and often sceing
themselves as aggrieved). This encounter tends to
begin with a strained tenar that owes much to the
probability that these two groups of people (i.e. stake-
holders) may have different traits; while it may be
politically unfashionable to draw attention to their
differences, it is not patronizing to do so: for exam-
ple, the conservationists may be knowledgeable in
biological principics without being experienced ot
adept in practical matters—characteristics associated
with a formal tertiary education of a type generally
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associated with higher saciocconomic class and
urban experiences; Lhe group hostile to canids may
be formally unfamiliar with biological principles
(which is not 1o say they do not grasp them intu-
itively), while nonetheless being knowledgeable nat-
uralists with a high level of relevant practical skills
built on generations of traditional, first hand, and
Jargely rural experience. As a glib short-hand we will
refer to these two groups as the pro- and the anli-
canids, and the foregoing are just two of several
potential caricatures of these prolagonists. Of
course, like all groups of peaple they will have many.
and varied qualities; amongst these, it is likely that
the canids enhance the income and aspirations of
the pro-canids, and detract from those of the anti-
canids. The likely outcome of carly encounters
between these two groups s that the pro-canids will
conelude that the anti-canids exaggerate the prob-
lerns caused by canids, which, the anti-canids will
conclude, are underestimated by the pro-canids.
Both are likely to be proven correct in these conclu-
sions by the next phase. This involves a study to
quantify the match between reality and perception—
the likely outcome is that the damage caused by the
local canid is much less than had been perecived by
the antis, but is more significant than hoped by the
pros. it is also likely that the damage will not b
inflicted uniformly by all individuals of the local
wild canid population, nor that the costs will be
horn equally by all individuals of the local human
community—therchy, for hoth specics, raising awk-
ward distinctions hetween individual and popula-
tional experiences. | hese are complicated issues and
will have provoked a lot of discussion between the
two groups, leading to the refreshing realization
amongst some members of cach group that some
members of the other group are knowledgeable, well-
intentioned, and likable. These elements begin to
work together, increasingly respecting cach other’s
knowledge and sharing, and thus becoming compe-
tent in, each other's worlds. They become cager to
shed their old names of pro and anti, and prefer
instead to be known by names like middle-way
group, or forum or coalition. Having acknowledged
1he (albeit smaller than claimed) reality of canid dan-
age, the next phase is to reduce it. Initially, this will
be by working with the antis to tighten up their
husbandry, and relax their prejudices. Damage, and
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Are canids especially susceptible to
infectious disease?

There are only 36 species of foxes, wolves, jackals
and dog, yet canids appear (requently in reviews of
the impacts of infectious disease on wildlife popula
tions (¢.g. Youny 1994; Funk et al. 2001; Cleaveland
etal. 2002), suggesting that they may be particularly
susceptible to discase outbreaks. There ace several
possible reasons for this. First, canids' ecology may
expose them to infection. Their trophic position
exposes them to infections carried by prey as well as
by conspecifics (e.g. grey wolves, Canis fupus, appar-
ently contract brucellosis from consuming infected
caribou, Rangifer tarandus, Brand et al. 1995; African
wild dogs may contract anthrax from consuming
infected prey, Creel et al. 1995). In addition, intoler-
ance of laiger carnivores for smaller competitors
(which emerges as a general rule, see Chapter 1) may
increase contact among wild canid species, present-
ing another possible route of infection (¢.g. African
wild dogs reinfroduced to Ftosha National Park,
Namibia, died of rabics after killing and consuming
an infected jackal, Canis mesomelas; Scheepers and
Venzke, 1995). Close contact among social group
members (including frequent licking and groom-
ing), as well as scent communication through poten-
tially infectious faeces and urine (e.g. Macdonald
1985) may also increase canids’ exposure to infec-
tions carried by conspecifics.

A further—and undoubtedly important—reason
for canids’ apparent susceptibility to infection
derives from the fact that the domestic dog (Canis
familiaris) is a canid. As members of the Canis genus,
domestic dogs are closely related to some wild canids
and share receptivity to numerous pathogens. Most
dog populations are not regulated by discases, but by
Tumans (Wandeler et al. 1993). Large, high-density
‘"human populations in rural communitics are often
associated with large populations of dogs (Ihe
dog:human ratio most commonly lies between 1:10
and 1:6 but recent investigations often found this
ratio to be considerably underestimated; WHO 1988;
Wandeler et al. 1993; Cleaveland and Dye 1995;
Kitala et al. 2000). These large populations of dogs
may be able to sustain multiple infections and act as
a persistent sowrce of infection for other specics.
Where dogs arc pemitted 1o move around frecly,

contact with wild canids is likely to increase
(Laurenson et al. 1997; Rhodes et al. 1998). Small
canids’ tolerance of human encroachment may bring
them into close contact with domestic dogs—whether
it be red foxes susceptible to rabies, mange, or
hydatids in towns (eg. Macdonald and Newdick
1982; Chapter 12) or crab-eating foxes Cerdocyon thous
susceptible to zoonotic visceral Ieishmaniasis (ZVL)
in Amazonian villages (Courtenay ¢t al. 2001;
Macdonald and Courtenay 1993). Such contact
‘may be exacerbated by wild canids’ ability to increase
in density in response to food resources associ-
ated with human refuse. Larger, more wide-ranging
canids may encounter domestic dogs when they
move beyond the boundarics of protected areas—
hence discasc transmission from domestic dogs may
canstitute an anthopogenic ‘cdge cffect’ influcnc-
ing nominally protected populations (Woodrofte and
Ginsberg 1998).

The ecology of wildlife disease

Understanding the need—or otherwise—for manag-
ing canid diseases, and evalualing allemative man-
agement strategies, demands an understanding of
disease dynamics in host populations. Pathogens
can persist in host populations only if each infected
host, on average, infects one or more susceptible.
hosts. If the average number of new hosts infected per
case (termed Rg) drops below one, then the pathogen
population will dic out (Anderson and May 1991)
Persistence, then, requires a supply of susceptible
hosts. I£ a virulent pathiogen is introduced to a naive
population of susceptibles, infection may initially
spread rapidly, generating an cpidemic. However, it
hosts that have been infected are no longer available
to the pathogen (either because they arc immune.
for life, or hecause the infection kilis them), then
pathogens are likely o die out (and, hence, the epi-
demic will fade out) as they run out of susceptible
hosts. In large or rapidly breeding populations, births.
may provide a sufficient supply of new susceptible
hosts to allow the pathogen to persist following the
epidemic; however, in smalicr populations, this sup-
ply will often be insufficient to allow persistence. If
immunity is short lived, then hosts can be reinfected.
and persistence is morc likely.
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conflict, are thereby teduced, and may be further
reduced by importation of avant guarde idcas based
on science. Indeed, research projects may be st up to
develop these innovations further in the local con-
text. However, there comes a point at which the con-
flict between wild canid and people is ata temporarily
irceducible minimuin—it can get smaller in only two
ways, oneis to increase the tolerarice of the aggrieved
people, and the other is to make a Lechnical break-
through that reduces their loss (both of which we will
return to below).

Why have we devoted space (o the forcgoing
caricature of the trajectory of a canid predation
issue? On abroader scale, having between us devoted:
50-man years to studics of carnivorcs, and particular-
ly canids, and having watched many hundreds of
projects comeand g0, we conclude that it would save
alotof time, money, and anguish if Ihose setting out
on the next generation of such projects acknow-
cdged the unitary nature of the problem, anticipated
the foregoing trajectory, and planned for cach of the
phases at the outsel. Ala more specific level, and not-
ing that one of us grew up on a farm in Argentina,
while the other curzently runs a small fam in
England (from which a red fox has killed 18 hens in
the last month), we acknowledge the inconvenient
reality thal canids can be a bloody nuisance, and this
is a reality that has some interesting, and politically
awkward consequences that future canid conserva-
tionists might consider.

Having artived at the point where damage caused
by a canid is deemed irreducible, how is society
10 Lreat the people bearing the residual cost? In the
short-term, there seem to be only three options.
First, to allow some canids to be removed (probably
killed), but only insofar as this demonstrably reduces
the problem. Second, to compensate them for the
loss. Third, for them to tolerate the loss.

Another majorissuc in canid conservation is intra-
guild competition. Is this merely another variant of
the predation problem? After all, in essence it
involves a bigger canid killing a smaller one, and this
s problemalic insofar as conservationists may value
the disadvantaged specics, Durthermore, as with the
predation category, different groups of stakcholders
arc likely to hold views on the desired balance of
different canid species and the means of achicving it.
Since theissue boils down to inlervening to influence

the effect of onewild mammal on another, there may
be small conceptual difference between the case
where the issuc is that coyotes kill game birds (or rare
waders) and the case where coyotes Kill swit foxes. In
each case a section of the human community hap-
pens to be suficiently enthusiastic about game birds
(or rare wadcrs) or about swift foxes, that it deems it
legitimate to foster their survival by killing coyotes.
Because, in the case of intra-guild killing, both specics
are members of the same family the potential techni-
cal solutions may be restricted (¢.g. a repellent for one
is likely to repel the other too), and some awkward
cthical issues associated with the influence of fashion
and inconsistency in conservation decision-makiny
may come into unusually clear relief, but logically it
seems that intra-guild competition (culminating in
hyper-predation) is merely a complicated subset of
predation issues.

Disease dilemmas

A distinct canid conservation issue is their involve-
ment with infectious discase (fully explored in
Chapter 6, this volume). Once again, despite the
diversity of canid species and of their pathogeas,
there have been sufficient field studics of canid infec-
tious diseases to reveal that this variety too distils
down to just one or two genres of problem which,
from a wider perspective are remarkably uniform,
differing only between a rare canid paradigm and
an abundant canid paradigm. In the latter case the
trajectory has classically begun with an outbreak of
wonotic disease in domestic or agricultural stock,
and led 1o the assumption by public health officials,
generally veterinarians, that wild canids are the
reservoir source. Consequently, schemes are imple-
mented to kill wild canids (generally raising attend-
ant issues of non-target victims) in the expectation
of thereby reducing contact rate to a level below that
at which the epizootic dics out.

Conservationists generally take either or hath of
two positions: one is to challenge the assumption
that wild canids are the reservoir and second,
whether they are or not, to predict that blankel
Killing is unlikely to work. One outcome has heen
that the resulting debate leads to field data, subse-
quently incorporated into epideminlogical models,
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‘These basic epidemiological concepts have several
important consequences. Disease management
frequently aims to eradicate pathogens from host
populatians. Vaccination is one way o achicve this.
By inducing immunity in hosts that have not been
exposed to natural infection, vaccination reduces
the supply of susceptible hosts available to the
pathogen. Ifvaccination coverage s high enough, Ro
can be forced below one, and the pathogen will die
out. For microparasites, the proportion to be vacei-
nated (po) s calculated as pc = 1 - (1/Rg) (Anderson
and May 1991). Hence, the higher the value of Ro,
the greater the proportion of hosts that must be
vaccinated to achicve cradication. For example,
typical values of R, for endemic urban dog rabies
range hetween 1 and 3 indicating that, on average,
aboul 70% of dogs must be vaccinated to achieve
rabies cradication—this is confirmed by empirical
studics (Colerman and Dye 1996; Kitala et al. 2001).
Culling can also be used to eradicate infection from
wildlife populations, because it, too, can reduce the
density of susceptible hosts below the threshold
needed for pathogen persistence (¢.g. Barlow 1996).

Situations in which canid diseases cause concem,
however, are more complex than these simple
examples, because they almost
transmission between host species. Governments
institute measures to conteol rabies in wild canids not
(usually) because of concerns for the well-being of wild
foxes, jackals, or wolves, but because they wish t0
avoid transmission of this extremely unpleasant infec-
tion to people and domestic animals. Rabies docs not
persist in human populations and human-to-human
transmission has heen documented on only extremely
rare occasions (Fekadu ef al. 1996). People are thus
a “spillaver’ host, contributing litlle or nothing to
the persistence of the pathogen in its primary
host specics. This situation almost exactly parallels
that of threatened canids. Populations of species
such as Ethiopian wolves, island foxes, and African
wild dogs are {00 small and isolated for highly
pathogenic infections to persist inside them. Like
humans, they are ‘spillover’ hosts that become infect-
ed through contact with more abundant ‘reservoir’
host species. These multi-host systems involving
generalist pathogens may lead to complex manage-
ment decisions, and invalve palitical and social issues
that are sometimes in conflict with conservation.

variably involve
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Wild canids as reservoirs of
zoonotic disease

As discussed above, human societies may become
concemed about discascs of wild canids that can be
transmitted to people or their domestic animals. We
chaose to present case studies of two infections,
rabies and ZV1, which illustrate the scale and com-
plexity of the wild canid issuc, and the importance of
understanding infection dyna for reservoir
incrimination

Rabies

Rabics is  serious infection that has a major impact
on human lives, particularly in developing coun-
trics. For example, 30,000 people arc cstimated to
dicannually from rabics in India alonc (WHO 1995).
To put wild canids’ contribution to this problem
into perspective, of 534 human deaths investigated
worldwide in 1995, §8.8% were attributed to
domestic dog biles, with only 46 (8.6%) attributed
to wildlife (ineluding 30 (5.6%) cases attributed to
bats; WHO 1995). In Weslern Burope, where domes-
tic dogs’ movements are well controlled, dogs are
well vaccinated, and red foxes are a confirmed rabies
reservoir (Artois etal. 2001), fewer than 3% of people
given treatment for presumed rabies exposure had
been dircetly exposed to foxes (Table 6.1). Tlowever,
many of the dog rabies cases may have originated in
the fox reservoir, and people’s far closer contact with
domestic dogs (relative to foxes) predisposes them to
infection via this route.

Wild canids may be self-sustaining rabies reser-
Voirs in some arcas (e.g. red foxes in Western Europe;
Blancou et al. 1991). Llowever, in other regions, field
studies and modelling have indicated that wild
populations occur at densities 100 low for rabies to
persist without cross-species infection from other
hosts, For cxample, Rhodes et al. (1998) predicted
that tabics could not persist in wild populations of
side-striped jackals (Canis adustus) alone, and pre-
sented data suggesting that domestic dogs acted as
an altemative host providing constant re-infection.
Cleaveland and Dye (1995) teached similar conclu-
sions, using cross-correlation analyses to show that
jackal rabies cases followed those in dogs, rather
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that suggest the reservoir is more Tikely to have been
peri-domestic than sylvatic; in this case conserva-
tionists conclude that the priority is to tighten up
‘management, surveillance, and vaccination of domes-
tic animals (generally dogs), while government offi-
cials tend to continue plans to kill wild canids on the
basis of it being better to be safe than sorry, Whether or
not the wild canid is demonstrated to be the reservoir,
the contemporary version of this story involves the
conservationists arguing that killing them may prove
counter-productive, through perturbation effects
(Tuyttens and Macdonald 2000), and thus advocating
vaccination schemes as an alternative, This, in turn,
causes the veterinarians to call for research on the effi-
cacy, and non-target effects, of the vaccine. The rare-
canid paradigim is different insofar as the rare canid
may be imperilled by intectious disease in an abun-
dant vector that may be cither a domestic or wild
species. The relative numbers of potential vectors to
victims thus shift the balance of practicalities when it
comes to vaccination (or killing) that can be resolved
only by cost-versus-efficacy studies

Emergent questions

As captured in the aphorism that people may face
problems when unable to see the woud for the trees,
one purpose of this chapter has been to identify from
the plethora of research projects and prioities ithe
trees), some salient features (the woods) of canid
conservation. In summary, almost all of the topics
identified as prioritics by contributors to the Canid
Action Plan can be encompassed in just three
tesearch topics, and can all be tackled within scarcely
more rescarch paradigms. These three priorities rep-
resent a quasi-independent validation of the struc-
ture of this book (in that it was determined before the
Canid Action Plan was begun, far less written): the
two categories of problem—predatory conflict and
disease—are the topics of Chapter § and 6, and the
problem of tracking down elusive canids is likely
to be eased by the novel techniques that are the topic
of Chapter 7. Identification of the three themes
explored in Table 23.2 necessitates some caveats.
First, we do not intend this as a gauntict thrown
down salely to provoke readers 1o think of projects
that fall outside these three—there are many! For
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cxample, over-exploitation might occur without
conflict, and studyiug the spatial requircments of
a species can be vital to conservation planning,
and might become necessary outside the context of
any of the three themes, as might reintroduction
techniques or captive-breeding (although any or all
of the latter might become necessary within projects
driven by conflict). Furthermore, we stress again that
our review has grown out of the action planning
process, which has a species emphasis—very different
project designs might have grown from ecosystem or
process-based approaches (although note that canid
species may be particularly important as flagships in
the latter approaches, and as fagships perhaps we
should consider intense management areas specif-
ically rargeting endangered canids, akin to those for,
say, thinos). Indeed, a different starting point might
have shifted the halance of projects from research ta
implementation (scc the Conservation Quartel,
below). Even were that tric, it might emerge that the
common denominators and shared trajectories of
development-based projects could usefully be identi-
fied much as we have done here from a species-based
perspective—indeed, one recommendation from
this review is that species- and process-based should
be better integrated. Furthermare, devising strategies
for managing the transition from rescarch-based
to action-based projects (see Recovery Paradigm,
Fig. 23.3) is a priofity, as too is making explicit the
essential measures of success for the latter. This
involves such tricky issues as capacity-building and
transfer of ownership. Despite these complications,
three broad issues emerge from the Main Themes
reviewed above, and can be phrased as questions.

First, is canid conservation substantiaily different
from that of any other taxon? Second, what is
the relevance of education? Third, do we know
cnough?

Are the requirements of canid
conservation different?

Decisions that affect conservation are not based sole-
ly an scicnce, but we think that science should
andepin the framework within which they are
madc. That is, conclusions should be based on evid-
ence, and evidence should be tested in a generally
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outside. ‘This may help to explain the unusual
absence of evidence of exposure to CDV and canine
parvovirus among wild dogs inside Kruger National
Park (Van Hcerden et al. 1995). Tlowever, making
these fences impermeable to small carnivores is
very difficult: indeed, wild dogs in Madikwe died of
rabics, which was thought ta have been brought into.
the park by jackals (Hofmeyer et al. 2000).

Attempts to limit Ethiopian wolf contact with
domestic dogs have involved community cducation
programmes encouraging people to tie up their dogs
and to keep them at home. Collars and chains wore
supplied, but the people used them far ather purpascs.
Tying up dogs may conflict with their function as
guards and cleaners. It is probably impossible to
accustom older dogs to accept being ticd up, thus
training would have to start with the next gencra-
tion of pups. Caltural resistance from dog owners,
however, is likely to hinder such cfforts.

In gazetted national patks there is rarcly any need
to tolerate domestic dogs; unaccompanicd dogs
should ‘be captured and humanly cuthanised if not
reclaimed, or shot on sight if na other appropriate
way can be used.’ Indeed, such management s often
practiced—formally or informally—on public and
private lands. If domestic dogs cannot be excluded
entirely, owners should be required to provide evi-
dence that their dogs have up-to-date vaccinations
against rabies (and, where appropriate, other infec-
tions such as distemper and parvovirus; Woodroffe
etal. 1997). Similar measures have been proposed to
protect island foxes from discase on Santa Catalina
Island, California (Timm et ai. 2000).

increasing need for
discasc
management

Disase virulence

Population size

Fig. 6.5 Schematic representation of how the need for
intervention may vary according to host population size and
the virulence of the infection concemed.
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Which approach is best?

Infectious discase is a threat to wild canids that
conservationists are ill equipped to manage. Lack
of information hinders management of this newly
recognized threat—there are no established models to
follow, and some early and unsurprising failures have
attracted damaging controversy (Woodroffe 1999).
“This makesit difficult to assess which approach is most
likely to meet with success. Ifowever, it is important to
revognize that the decision not to intervene is in itself
adecision (and may be a viable management option in
some cases). Table 6.4 provides « comparison of the
costs and benefits of various options. In general, inter-
vention will be most warranted in small, isolated pop-
ulations and for highly pathogenic infections (Fig.
6.5). It may be more appropriate, given ecological and
evolutionary consideralions, not o intervene in larger
populations, and for less virulent infections. Where
intervention is warranted, direcl vaccination of threal-
ened hosts may be an effective approach where safe,
cifective, and practicable vaccination protocols are
available, Vaccination of domestic dogs may be a
promising approach where these are the disease reser-
voir; vaccination of wildlife reservoirs will be more
problematic.

1t is important 1o beas in mind that in many cir-
cumstances, intervention will not be appropriate.
Discase is an important component of natural
ceosysiems, and periodic die-offs—though they may
causc sulffcring for the animals concerned-— represent
an ccological and evolutionary process worthy of
conscrving. Intervention is warranted only when
there is a realistic concern that such die-offs will
eradicale populations of conservation concern, This
threat will be greatest- and intervention most
appropriate—where the expansion of human popu-
Jations has (ragmented natural habitat, making wild
populations both smaller (hence less able (o persist
in the facc of disease outbreaks) and in greater con-
tact with domestic dogs (hence increasing risks of
disease cxposure).

Conclusions

Infectious discase has important impacts on wild
canid populations, both directly (through the effects
of mortality and morbidity on population dynamics
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and persistence) and indirectly (through the impacts
of human attempts to contral zoonotic discascs).
Indeed, even the abundance, dispersion, and com-
munity composition of canids has been much affected
by people, so there is a sense in which people have
affected the pre-disposition of their populations to
be susceptible to catastrophic disease in the first
plece, However you look at it, wildlife disease has
cmerged as highly relevant to conservationists
(Macdonald 1996). Close parallels exist between the
control of canid-horne zoonoses and the protection
of threatencd canid hosts: in both cases, a generalist
‘pathogen (often rabies) persists In large populations
of areservair host, and ‘spills over’ into a secondary
host where it cannot persist. Unfortunately (and
somewhat surprisingly) such multi-host systems
have been neglected by both theoretical and empir-
ical epidemiologists, and there are currently few
control models to follow. The management of
disease outbreaks in threatened canids, in patticular,

has heen hampered by lack of information on which
management tools will be most cffective, and
how they should be implemented. Basic data arc
urgently needed on the ecology and epidemiology of
infections such as rabics and distemper in natural
ccosystems. Disease surveillance will help to identify
(or climinatc) potential discase risks to wild popula-
tions, and testing of vaccination protocols on cap-
tive populations may accelerate responses to future
outbreaks in the wild.
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CHAPTER 7

Tools

Tools for canid conservation

Luigi Boitani, Cheryl S. Asa, and Axel Moehrenschlager
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Introduction

Canids, in their diversity and abundance, have
arguably generated more conflict with humans than
any other family of mammals. This has resulted in
intense persecution of many canids, especially the
larger species whose populations have been drasti-
cally reduced in number and distribution. Of the 35
extant canid species, at least 11 are endangered or
vulnerable and all of the large species are threatened
in parts of their range. Thus, conservation is increas-
ingly the primary purpose for many studies on
canids.

As a family, canids asc faced with numerous prob-
lems and the resull of these problems on individual

species depends on their biology, their distribution,
and their ability to adapt to change. While some
have adapted well, generalist canids have flourished
as human populations have grown around the
planet, many have not. Attempts by humans to fimit
canids are as old as human history, mostly due to
livestock losses and competition with hunters for
prey. In addition to direct persecution, humans often
create problems for canids in more subtle ways. For
example, carnivore introductions and invasions,
sometimes even of canids themselves, have caused
discase transmission, hybridization, or interference
competition that negatively impact endemic canid
populations (Baitani 2001; Macdonald and Thom
2001; Wayne and Brown 2001). The reduction of
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Heerden et al. 1989; Durchield et al. 1990). Inactivated
distemper vaccines are presumably safer in that they
cannot revert to virulence; unfortunately they are far
less immunogenic in wild dogs and other wild canids
Montali et al. 1983; Visce 1996). For example, only
5 of 19 captive wild dogs given three doses of a
inactivated distemper vaccine showed any evidence
of protection. Repeated administration of this vaccine
led to higher levels of seroconversion; however,
an outhreak of wild-type distemper subsequently
Jed {0 the deaths of 49 of the 52 dogs in this colony
{Visce et al. 2001; van de Bildt 2002) indicating that
seropositivity was not evidence of protection in this
case

Given this failure of inactivated distemper vaccine
to provide protection, it is worth considering the
risks associated with administering more immuno-
genic modified live vaccines. Seven wild dogs given
new-generation modified live vaccine showed anti-
body responses with no ill effects (Spencer and
Burroughs 1992). In 2 more recent survey, a ques-
tionnaire sent to 35 zoos holding wild dogs indicat-
cd that 74% had administered distemper vaccines
and, of 13 that gave details of vaccine brands, 12 had
used modified live vaccines (Woodroffe in prepara-
tion). Among 115 wild dog pups traced for 3 months
after being given modified live distemper vaccines
for the fisst time, 2 died (both before 1988) with
symptoms that might have indicated vaccine-
induced distemper (although this diagnosis was not
coufirmed in either case). Assuming (conservatively)
that both pups had in fact died of vaccine-induced
distemper, the risk of causing death through admin-
istering modificd live distemper vaccines can be
estimated as 2/115 = 1.7%, with a 95% chance that
the true risk falls below 6.1% (Woodroffe in prepa-
ration). While it is difficult to calculate an acceptable
level of risk, these figurcs may at least help to inform
decisions about the use of modified live distemper
vaccines in small wild dog populations facing acute
extinction risks, given the fact that distemper has
caused deaths of whole wild dog packs {Alexander
et al. 1996) and 94% mortality across age classes in
acaptive population (van de Bildt 2002).

Neither inactivated nor modified live distemper
vaccines appeat perfect for use in African wild dos.
This places a high priority on testing of new recom-
binant vaccines (see below) on this species.
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Island fox

Being isolated on six small islands, the island fox
has little history of exposure to common canine
pathogens; in particular, in 1992, there was no evi-
dence of past exposure to canine distemper virus,
suggesting that mortality could be high if distcmper
were ever introduced (Garcelon et al. 1992). The very
high mortality associated with a distemper outhreak
on Santa Catalina Island in 1999 demonsirated the
need for a tool to protect recovering populations
from distemper on this and the thiee other islands
that had experienced major declines (Timm et al.
2000) (Fig. 6.4).

As for African wild dogs, there was legitimate
concern about using either inactivated or modified
live distemper vaccines on a critically endangered
species: inactivated because they are not highly
immunogenic for wild canids (Montali et al. 1983),
and madified live because they have induced clinical
distemper and death in several species, including the
closely related gray fox (Urocyon cinerargenteus;
Henke 1997). For this reason, the decision was taken
totriala new recombinant distemper vaccine, vectored
by canary pox virus (1imm et al. 2000). This vaccine
cannot replicate or shed CDV or CPV in mammals.
The vaccine was trialled initially on six wild-caught
foxes held in captivity; all six seroconverted and no
ill-cffects were detected (Timm et af. 2000). Testing
was therefore expanded to the wild fox population
temaining on the western part of Santa Catalina

Figure 6.4 The subspecies of island fox Urocyon littoralis
endemic to Santa Catalina Island was decimated by canine
distemper virus in 1999 © G. Roemer.
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Island not reached by the epidemic (5. Timm personal
cotmmunication).

Island foxes’ traclability as a study animal (they
are easily recaptured for sequential vaccination and
serum sampling) permilted this field festing of vacci-
nation protocols. Whether vaccination (which was
carried out some time after fade-out of the epidemic)
has contributed to the ongoing recavery of the
Santa Catalina island fox population is unknown.
Moreover, in the abscnce of challenge experiments,
itis impossible to be certain that vaccination confers
protection from infection. However, with all six
island fox subspecies at risk of similar outbreaks, and
three critically depressed by other factors (Coonan
2002), the existence of a distemper vaccination
protocol known (o be safe and likely to be effective
for use in free-ranging island foxes is a valuable addi-
tion to the toalkit for conservation of this critically
endangered species.

Epidemiological and evolutionary concerns

about direct vaccination

Direct vaccination of threatened hosts is unlikely to
eradicate infection from an entire system, since
infection usually ‘spills over’ from more abundant
(often domestic) reservair hosts. Threatened hosts
will therefore remain in contact with the pathogen
(although spillover may be a rare event). Since sus-
ceptible animals arc constantly born into the popu-
lation, protection will wanc if vaccination cover is
halted. This creates a need to maintain vaccination
in perpetuity unless disease threats can be alleviated
by other means. Disease control progammes for
threatened species may therefore require long-term
funding.

Concern has been expressed that, by protecting
hosts from natural infection, vaccination may impede
natural selection for heritable resistance to disease
(discussed in Woodroffe 1999). However, if spillover
oucurs rarely, selection for such resistance may be
weak (Laurenson et al. 1997). The evolutionary costs
of vaccination are likely to be extremely low for rabies
(against which little natural immunity appears 1o
exist in wild canids; Baer and Wandcler 1987) but
higher for less viralent infections, Because the net
benefit of vaccination will depend on the virulence of
the pathogen, commercial preparations conlaining
vaccines against several canine pathogens, of varying

virulence, may sometimes be unsuitabic for use in
wild canids.

Management of infection in reservoir hosts

Threatened canid species may also b protected from
infectious disease through management of reservoir
hosts. Simulations of Ethiopian wolf populations
suggest that reducing disease incidence in sympatric
domstic dogs can substantially reduce the risks of
local wolf extinction (Haydon et al. 2002). This
approach to discase control directly parallels the
contial of zoonatic discascs such as rabies and ZVL
in domestic dogs and abundant wild canids; the
successes and failures of past culling and vaccinatian
efforts therefore provide important lessons for the
canservation of rare canids threatened by infectios
di

se.

In evaluating management options, il is essential
to determine which species are involved in maintain-
inginfections that are likely to impact the threatened
population. Domestic dogs are an important reser-
voir host, but wild canids have also been implicated
in a number of cases (Table 3.3). This is an important
distinction, because management options are quite
different for wild and domestic canids

Limiting host density by culling or fertility control

Domestic dog populations arc usually limited by
human decisions (Perry 1993); thus it ought to
be technically (if ofien not practically) possible to
limit domestic dog densities to levels at which
dangerous infections such as rabies cannot persist
(e.g. Cleaveland and Dye 1995). Cultural attitudes
towards dogs vary widcly, but in most developing
countries their uscfuluess is acknowledged, and even
it individual dogs arc perceived as problem animals,
the attitude of the general public is not favourable ta
mass culling. Food and shelter are provided to dogs
from a range of levels of dependence on people from
tiue pets up to almost entirely feral individuals
“The limitation of dog densities to helow the threshold
density capable of supporting infections such as
rabics or distemper is theoretically possible, but as
far as we are aware, it has never been achieved at a
sustainable level. Given humans’ role in limiting dog
populations, dog numbers may be most effectively
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controlled through changing social attitudes to
dogs. However, this will be difficult if dogs fulfil
important tasks (e.g. as guards). Morcover, where
human densities arc high, even comparatively low
dog : human ratios may generate populations large
enough to represent a disease risk to local wildlife.

As discussed above, past attempts to limit rabies
spread to humans by culling wild canids seem to have
mainly met with failure due to inefficient removal
and rapid recovery of the populations subject to
control. There is no reason to suppose that this
approach would be any more successful if imple-
mented to protect threatened species from disease.
Moreover, it would not be appropriate to use poison-
ing—an important technigue used to cull wild canids
in the past- in areas where threatened species might
also consume baits and succumb.

Canid population densities might also be managed
through various forms of fertility control. Modelling
suggests that this approach has the potential to con-
trol infection, although it is expected to reduce dis-
case incidence ruch more slowly than either culling
or vaccination, and would depend on the turnover
rate of the population (Macdonald and Bacon 1982;
Barlow 1996). Female sterilization by surgical means
has been uscd as an adjunct to reduce conflict
between Ethiopian wolves and dogs within wolf range
in the Bale Mountains in Ethiopia. However, this
approach is costly, as well as being culturally and
logistically difficult. Morcover, since human popula-
tions move scasonally in and out of the azea, the dog
population is nol closed and new pups can easily be
obtained. The impact of this programme is currently
being assessed (EWCP unpublished data).

Fertility control would be even more difficult to
achieve among wild canids, although initial investi-
gations of immunacontraceptive vaccines, which
target reproductive prolcins, have shown encourag-
ing rosults for red foxes in France and Australia
Bradley 1994 was working on immunocontraception
etcand modified viruses). Social suppression of repro-
duction—a common featuze of wild canid societies—
can intedfere with fertility control attempts and
reduce (or even reverse) its effectiveness (Caughley et
al. 1992). Tertility control was rejected as a means of
controlling tuberculosis in badgers (Meles meles) for
this reason (Krebs et al. 1996). Oral contraceptives arc
available for use in wildlife (reviewed in Tuyttens and
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Macdonald 1998) but, like poisons, their use in areas
occupied by threatened populations would probably
be inappropriate. Despite these concems, immuno-
contraception—especially if it could be combined
with vaccination—may hold some promise for the
future management of discasc rescrvoirs.

Vaccination

Experience from the control of rabies risks to humans
andlivestock (see above) suggests that vaccination of
both domestic dogs and wild canids may be powerful
tools for the protection of threatened species from
acute disease threats.

Ongoing studies in Ethiopia and Tanzania are eval-
uating the potential of domestic dog vaccination as
a means of protecting Dthiopian wolves and other
large camivores from rabies and distemper. In rural
‘Tanzania, results demonstrate that a simple central-
point vaccination strategy, resulting in vaccination
of 60-65% of dogs adjacent to Screngeti National
Pack, has significantly reduced the incidence of
rabies in dogs and risk of exposure to people, with
apportunities for transmission to wildlife also
decreasing (Cleaveland et al. 2003). In Ethiopia, no
case of rabies or CDV has been reported within wolf
range within Lhe Bale Mountains National Park since
widespread dog vaccination began in 1998, and
rabies cases in dogs and other species have accurred
primarily al the edge of vaccination zones, with the
overall incidence in dogs and humans very much
reduced

Concemn has been expressed that vaccination of
discase reservoirs (Suppu et al. 200)—especially
domestic dogs—could remove an agent of popula-
tion limitation and lead to increased host density
(Moutou 1997). This could be potentially damaging,
especially if vaccine cover were to be halted
(Woodroffe 1999). However, preliminary studics

*1n late 2003, an outbreak of rabies killed over 50 Ethiopian
Waolves i the Bale Mountains National Patk. The ithiopian
authonitics granted permission for inactivated rables va
cine to be administered to free-ranging walves on an expe
imental basis, a move strongly supported by a jont
statement of the IUCN Canid and Veterinary Specialist
Groups. At the time of writing, 60 wolves have been vac
nated without ill-eftects, although it is too early to cvaluate
the effectiveness of the intervenion.
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indicate that, while dog vaccination in northeen
Tanzania has led to a significant decline in mortality
wates, population growth rates have not increascd
(Cleaveland et al. 2002). 1t appears as though the
reduced demand for puppies has lowered cecruit-
ment rates. Studics to examine this issue are also
underway in Bthiopia.

Rabies control programmes intended to protect
people in North America and Europe have achieved
eradication through vaccination campaigns cartied
out across extremely large areas (tens or hundseds
of thousands of km?). Few, if any, conservation pro-
grammes would be able to fund operations of this
scale. However, since rabies control provides wide-
spread benefits to a region, an integrated approach
involving public health, livestock development, and
wildlife conservation agencies may providea feasible
and cost-effective approach to larger scale pro-
grammes. The size of area to be covered depends
upon the population density and ranging behaviour
of both reservoir and threatened host species; for
example, the area to be cavered to protect Gthiopian
wolves (home range 6-11 km? per pack; Sillero-
Zubiri and Macdonald 1997) would be smaller than
that needed to protect African wild dogs (home
range 4001200 km? per pack, Woodroffe et al
1997). Haydon et al. (2002) suggest that domestic
dags would need to be vaccinated in a cordon sanitaire
up to 15 km wide surrounding Ethiopian wolf habi-
tat (about 2500 ki? to protect the 1080 km? of wolf
habitat in the Bale Mountains National Park, with
the total arca to be vaccinated depending on the
shape of habitat patches; Laurenson et al. in press);
both the arca of habitat and the width of the cordon
sanitaire would likely be much greater for wild dogs.
As both Ethiopian woif and wild dog populations
remain surrounded by human-altered landscapes
inhabited by domestic dogs, regional eradication is
near-impossible, and vaccination cover would have
to be maintained in perpetuity,

Large size Canid populations can recover after o
contagious disease outhreak such as fox mange in
Scandinavia (Linstrom and Homfetldt 1994) and fox
rabies inwestern Europe (Chautan efal. 2000). There
is, mevertheless, no simple cxplanation for the
abserved trend of increasing fox populations. In
Scandinavia, where environmental conditions are
sub optimal for foxes, vole availability seems to

remain the regulating factor. In western Europe,
hoth environmental conditions and human influ-
ence could have been conjugated to allow a steady-
increase in fox populations over the second half of
the 19th century: eradication of rabies could have
relased the potential of fox populations o continue
along-term increase than began before the merge of
the epizootic. Nonetheless, the fox population
increase has been associated with complaints from
various categorics of citizens, including hunters for
whom this abundance has the potential to cause
problems, namely, the increase of echinococcosis
infections (Giraudoux et al, 2001). in such a context
ious dis-

of pest control, the temptation to wse infec
ease as a means to limit problem species can be
attractive (Dosbon 1988). It has been suggested that
a species-specific virus has the potential to limit feral
cats on small islands (Courchamo and Sugihara
1999). Iowever, following the controversial results
of the introduction of myxomatosis in European
rabbit populations, this strategy has never really
been considered in the “Old World” (Artois 1997).
Recent studies developed in Australia aim at deliver-
ing baits containing genetically modificd Canine
herpes virus that harhour genes coding for contra-
ceptive proteins: using bait will limit the probability
that the virus can spread among the fox population
(Reubel and Lin 2001).

Managing interactions between host species

In theory, the most effective means of limiting dis-
ease transmission to threatened hosts is to prevent
contact with reservoir hosts. This approach has been
adopted to protect bighorn sheep (Ovis canadensis)
from pneumonia and scahics carried by domestic
sheep (Ovis aries); domestic sheep are simply barred
from buffer zones surrounding bighorn populations
(Jessup et al. 1991). It is comparatively easy to
control the distribution of livestock in this way, but
controlling the behaviour of frec-ranging domestic
dogs is more difficult, and limiting contact hetween
wildlife species is likely to be near-impossibie,

In South Africa, fencing, used to prevent wildlife
Icaving many private and public rescrves and domes-
tic animals cntering, may reduce contact between
wild canids inside and wild or domestic canids
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eradicate infections from entire ccosystems (or at
least to reduce regional disease incidence), and limi-
tation of contact between threatened and reservoir
hosts (Laurenson et al. 1997; Table 6.4). It is worth
mentioning, however, that in theoretical terms, the
simplestand perhaps most sustainable way to reduce
disease risks to small populations is to strive 1o
transform them into larger populations. This will
be impossible where all o most suitable habitat is
occupied, but it may be an aption is some regions,
and should not be dismissed.

Direct vaccination as a conservation tool

Direct vaccination of threatened hosts has been nsed
45 a conservation tool on a number of occasions
(reviewed in Hall and Harwood 1990; Woodroffc
1999). In no case has it been demonstrated that vac-
cination fcads to higher survival—however, this is
hecause most cases have been ‘crisis’ interventions
draling with acute discase risks, when no animals
have heen left as unvaccinated controls, Tn one case,
administering a live vaccine without safcty trials led
to disastious consequences (Carpenter ef al. 1976),
but if vaccines are safe and effective, then their use
has the potential to improve the viability of canid
populations severely threatened by infectious
disease. Population viability modelling suggests that
vaccinating 20-40% of an Ethiopian wolf popula-
tion against rabies could markedly reduce extinction
risks, although in very small populations (23 ani-
mals) higher coverage is required to remove extinc-
tion risk (Haydon et af. 2002). This level of coverage
is quite low in comparison with the vaccination
coverages needed to eradicate rabies in rescrvoir
hosts; the reason it appears effective in conservation
terms is that rabies is not eradicated from the system.
Tnstead, vaccination is used to protect a core of target
“spillover’ hosts, which permits a population fo
persist—despile some mortality
animals—when rabies outbreaks occur. This theoret-
ical finding that cven comparatively low vaccination
coverages can promote the viability of target host
populations offers a promising approach to conscrv-
ing highly cndangered populations with technicatly.
feasible levels of vaccination.

The value of direet vaccination assumes, of couse,
that safe, cifective vaccination protocolsare available.

of unvaccinated

African wild dogs Lycaon pictus interacting © J. Ginsberg,

This is not yet the case for Ethiopian wolves, and
research has been instigated to examine the feasibility
of this approach. Vaccines have, however, been tested
and used inwild populations of two other endangered
canid species, the African wild dog and the island fox;
these are discussed in greater detail below.

African wild dogs

Rabies and, 1o a lesser extent, canine distemper
represent acutc threats to the persistence of small
wild dog populations. However, attempts to protect
wild dogs from these threats by direct vaccination
have met with mixed success.

Rabies

Free-tanging wild dogs have received inactivated
rabies vaccines in four different projects (Table 6.5).
In all cases, a proportion of dogs subsequently dicd,
with rabies confirmed as a cause of death in three
of the four (Table 6.5). Inactivated rabics vaccines
cannot in themselves cause rabies—their viral com-
ponents arc killed and cannot revert to virulence. It
is worth mentioning that all of 68 captive wild dogs
survived 12 months after being given inactivated
tabies vaccine for the first time (Woodroffe in prepa-
fation). The most likely explanation for the deaths—
from rabies—of rabies-vaccinated dogs in the wild is
that the single dose of inactivated rabies vaccine
recommended for domestic dogs does not confer
adequate protection. Although four wild dogs given
asingle dose of Madivak (Hoescht) in Frankfurt Zoo
all seroconverted (Gascoyne et al. 1993b), none of 25
wild dog pups given a single dose of Dohyzab (Solvay
Duphar) in captivity in Tanzania showed evidence
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Fig. 6.3 The proportion of captive African wild dogs found
1 be seropositive for raies (0.5 international units rabies
serum neutglizing antibodies) when firsttested following
administration of inaclivaled rabies vaccine (Doyrab; Schvay
Duphan). Hgures indicate the sample size for each treatment;
note that the same individuals were tested repeatedly in this
study, 50 some dogs appear n all six columns. (Data from
Visee et al. 2001)

af scroconversion when tested 10 weeks later (Visce
1996). Repeated administration of the vaccine lod to
a higher proportion of dogs becoming seropositive,
although at no point were all of the animals treated
found to be seropositive (Fig. 6.3). It is not known to
what extent detectability of rabics serum neutraliz-
ing antibodies reflects immunity to rabics in African
wild dogs. Nevertheless, these results suggest that
wild dogs may mount a poor immune response to a
single dose of inactivated rabies vaccines, which may
explain the vaccines' failure—as administered in the
past-- to prevent wild dogs from contracting rabics
when exposed to it in the wild.

Rabies vaceination of wild dogs in the Serengeti
ecosystem (Serengeti National Park, Tanzania and the
environs of Masai Mara National Reserve, Kenya)
attracted considerable attention when this interven-
tion was blamed for causing the local extinction of
wild dogs (Burrows 1992). It was suggested that vacci-
nation, perhaps in combination with stress imposcd
by capture and some form of social stress, compro-
mised wild dogs’ immune systems leading to the
reactivation of quiescent rabies infections (Burrows
1992; Burtows et al. 1994). Burrows and his co-authors
argued that such reactivation would he followed
by transmission of the virus to pack members that had

not been handled, feading to rapid death of entire
packs. This hypothesis has been discussed at length in
the scientific and popular press, and has influenced
government agencies’ attitudes to handling and
radio-collaring of wild dogs (reviewed in Woodroffe
20013, However, this hypothesis is bascd on the
supposition of a number of occurrences—that wild
dogs had contracted non-fatal rabies infection, that
handling (including vaccination) induced chronic
stress, and that stress could reactivate a quiescent
rabies infection—none of which is supported by
the available data (reviewed in Macdonald et al, 1992;
Creel et al. 1996; Woodroffe 2001a). This indicates
a vanishingly small probability that vaccination—or
any other form of handling—caused the extinction of
the Serengeti wild dog population (Woodraffe 2001).
It is more Jikely that rabies vaccination simply failed
to prevent local extinction, either because of the
limited response to the vaccine described above, or
because another disease, such as canine distemper,
contributed to the die-off (Alexander et al. 1994;
Cleaveland etal. 2000).

African wild dogs are very difficult to capture, espe-
cially when they are not fitted with radio-collars (new
projects typically take around 6 months to capture
their first animals; Woodroffe 2001). This difficulty
limits the uscfuiness of inactivated rabies vaccines,
which need to be administered several times if they
are Lo provide protection. New data suggest that
live rabies vaccines may be more immunogenic than
inactivated ones (Knobel et al. 2002), These vaccines
can be administered orally. Although wild dogs very
rarely scavenge, in preliminary trials both captive
and free-ranging wild dogs took baits and good cov-
erage was achieved (Knobel et al, 2002). It is difficult
Lo conteol which species consume baits, raising issues
of vaccine safety in non-target species (Bingham et al.
1995), although the use of new recombinant rabies
vaccine, and very controlled administration of baits,
may circunvent this concern.

Distemper

We are not aware of distemper vaccines ever having
been administered to frec-tanging wild dogs. A prin-
cipal reason for this is that the early modified live-
distemper vaccines used widely on domestic dogs
may induce dlinical distemper and death when
administered to wild dog pups (McCormick 1983; van
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numbers—Boitani 1992) has proved to be largely
unfounded. A few studies (e.g. Muriggi and Lovari
1996; Sacks and Neale 2002; Pia et al. 2003) have
quantitatively assesscd prey selection by canids where
both livestock and wild prey are available, Sacks and
Neale (2002) found that cogotes kill sheep in propar-
tion to their availability. Consumption of large wild
prey (deer) was negatively correlated with sheep preda-
tion rate during the lambing period, white there was
110 comclation between deer consumption and sheep
predation at ather times (Sacks and Neale 2002). They
concluded that in a prey-rich area the coyotes mini-
«d ime spent acquiring food rather than maxi-
mizing nel energy gain, and therefore recommended
that sheep should be held in as small an area as possi-
ble, particularly at fimes when they are most vulnera-
ble, such as during lambing.

Livestock losses often lead to an increased farmers’
antagonism to wild camivores and to any associated
conscrvation project, with the overall negative
impact on conservation activities in emotional and
even political terms often exceeding the actual finan-
cial cost of predation (Mech 1970). This impact on
“tolerance’ is explored by Macdonald and Sillero-
Zubiri (Chapter 23, this volume). But this is not a
black and white issue: the economic balance sheets
for different canid control strategies and different
agricultural objectives can be extremely complex.
Magdonald et al. (2003) explore the bio-cconomics of
red fox population control in the United Kingdorm
as an example. For an arable farmer with no livestock
or game interests, the balance is in favour of no
contral because foxes reduce rabbit grazing on crops,
leading 1o increased yields. This predation saves
£1.63-9.25/ha in year 1, rising to £3.12-38.58 by year
3 (the range representing the outcome of different
madet choices). Al the other extreme, a rural commu-
nity dependent on an extensive low-husbandzy sheep
farming system ablains a net break-even by maintain-
ing historical suppression of fox numbers on a region-
al basts, at a cost of £0.28/ewe (for comparison, this is
one tenth of routine veterinary costs), despite the fact
that average lamb losses o foxes are 1-29.

Predation on game species

Wildlife managers and gamekcepers also may
perceive wild canids as a threat. Throughout history,

predators have been scen as competitors for man’s
wild prey (chiefly deer and game birds) and as a result
have been killed. For example, in royal hunting pre-
serves of Europe, wolves and other large carnivores
were killed to protect deer populations. In Britain, the
practice of predator control to benefit game specics
emerged with the development of large, privately
owned sporting estates in the mineteenth century.
Currently, an estimated annual tally of 70-80,000 red
foxes s killed by a force of ¢.3500 professional game-
Keepers, chicfly motivated o preserve game birds for
sport shooting (Tapper 1992; Macdonald et al. 2000¢).
Recorded fox culls on a subset of ¢.500 shooting
estates have been increasing steadily since the early
1960s (Tapper 1992). Paradoxically, these higher culls
probably reflect less effective control at a regional
scale, because the number of professional gamekeep-
ers fell by about 90% between 1911 and 1981 (Tapper
1992). The consequent decrease in culling intensity
probably allowed the previously suppressed red fox
population to increase in many regions. As a result,
gamekeepers now encounter and kill many more
foxes than they would have done 100 years ago.
Additionally, there has been a seasomal shift in
emphasis from spring and summer to autumn and
winter culling, again resulting in higher numbers
encountered and killed. The effectiveness of so many
independent control efforts at a local scale is difficult
to judge (Ileydon and Reynolds 2000a,b). However,
Tapper et al. (1996) demonstrated by controlled
experiment in a case study that local and seasonally
targeted fox culling, combined with similarly focused
culling of other common predator species, allowed
‘srey partridge (Perdix perdix) productivity (o increase
3.5-fold over 3 years.

In North America there was an ethos of reducing
canid numbers in order to increase the populations
of game, even inside mational parks (Dunlap
1988; Clark e al. 2001a; Grandy ef al. 2003).
From the 1930s, park management strategy
changed to inchude canids as part of the ccosystem.
Nevertheless, many huaters believe that competi-
tion with canids reduces hunting opportunities.
Deer hunting is a popular sport on maintand Eusope
and North America and today deer hunters are
among the most vocal opponents to wolf teintro-
duction, although predictive models suggest some
fears may be misplaced (c.g. Singer and Mack 1999),
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A counter-argument is that canids target sick and
infirm animals that would otherwise perish of natural
causes and are actually not sought after by hunters. In
Alaska, grey wolves and bears were blamed for low
moose (Alces alces), and caribou (Rangifer tarandus)
densitics, and thus for reduced hunting quotas.
Gasaway et al. {1992) confirmed that predation by
bears and wolves was the main factor limiting moose
at low densities in one 9700 km? study area in
Alaska/Yukon. However, wolf control resulted in
prey increases only when wolves were seriously
reduced overa large area for at least 4 years, and there
isno evidence of ungulate increases persisting appre-
ciably after predator control ceased (National
Research Council (U.S.) Committee on Management
of Wolf and Bear Populations in Alaska 1997).

Conflict with threatened wildlife species

The introduction of alien carnivores by man can
have acatastrophicimpact on resident faunas, either
through predation or competition, and often results
in extinctions, extirpation, or range contractions
(Macdanald and Thom 2001). The dingo, introduced
10 the Australian contincnt as long as 11,000 years
ago, may have displaced by competition both the
tylacine (Thylacinus cynoecephalus) and the Tasmanian
devil (Sacophilus harrisi) (Lever 1994). Comparison of

Kangaroo and emu (Dromsaius novachollandiae) popu- |

lations inside and outside the ‘dingo fence! in South
Australia suggests that dingoes limit and probably
regulate these prey species (Newsome et al. 1989;
vople et al. 2000). Similarly, red fox control by
culling in the wheatbelt of Western Australia
allowed two rack wallaby (Petrogale lateralis) popula-
tions to increase by 138% and 223%, compared with
14% and B5% declines at nearby sites without fox
contral (Kinnear et al. 1998).

Many ground-nesting seabirds are dependent on
predator-fice islands for nesting, and introduced
foxes can decimate them (Bailcy 1993; Reynolds and
“Japper 1996). The Arctic fox, for example, had a large
impact on several Arctic seabird colonics, cither
where introduced hy man (Bailey 1992) or where
they have naturally invaded islands (Birkhicad and
Nettleship 1995). In California, for instance, intro-
duced red foxes are threatening rare clapper rails
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(Ratius fongirostris) and salt marsh harvest mouse
(Reithradontomys rariventris) (Reynolds and Tapper
1996), and they also kill endangered San Joaquin kit
foxes (Vuipes macrotis mutica) (Ralls and White 1995)
In the United Kingdom, there is a debate over
whether control of indigenous red foxes is necessary
to ensure the persistence of endangered indigenous
bird populations such as capercaillie (Tetrao urogal-
Ius), stone curlew (Burhinus oedicnemus), and sand-
wich terns (Sterna sandvicensis). Part of the issue is that
staple food resources which sustain foxes at observed
levels arc alien species (e.g. tabbit Oryctolagus cunicu-
Ius, brown hate Lepus curopacus, pheasant Phasianis
colchicus), themselves supported by human agri-
culture (rabbits, hares) or artificially supplemented
(pheasant). These abundant resources allow foxes to
persist at densities where they can exert a command-
ing influence in the population dynamics of much
less common prey species. Thus in one study (sum-
marized by Reynolds and Tapper 1996), 83% of fox
diet consisted of rabbit and brown hare. Foxes were
key determinants of grey partridge density, yet ali the
grey partridges killed by predators could not have
‘made more than 246 of annual fox food requirements.

To illustrate the complexity of managing predators
itis necessary tolook at the cascade of effects notonly
on their prey but also within their guild (Tuyttens
and Macdonald 2000). Due to their broad range of
sizes, canid species may be top or meso-predators,
and thus can have dramatically different ecological
roles. Killing them, therefore, may also have differ-
ent impacts on their communities (Ilenke and
Bryant 1999; Berger et al, 2001). In addition, hecause
larger canids may inferfere with smaller ones;
changes in the abundance of larger canids affect not
only other predators and their prey, hut also smallet
canids (Johnson et al. 1996; Palomares and Caro
1999; Linnell and Strand 2000; Tannerfeldt ef al.
2002). The removal of wolves, as well as bears, from
the Yellowstone ecosystem 150 years ago, for exam-
ple, triggered a cascade effect by allowing increased
density of maose, whose increased foraging pressure
on riparian vegctation negatively affccted the diver-
sity of Neotropical migrant birds (berger et al. 2001).

Coyotes play a keystone role—their removal can
lead to increascd abundances of mesopredators,
including gray foxes (Urocyon cinercoargenteus), and
in turn reductions in the abundances and diversity of
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trade or as largets of eradication campaigns. Other
canids currently have an improving conservation
status. OF these, several are medium-sized opportun-
ists that have extended their distributions recently,
sometimes aided by the removal of larger carnivores
(Macdonald and Sillero-Zubiri, Chapter 1, this vol-
ume), sometimes due to flourishing in new, man-
made environments (there are urban populations
of ted foxes, coyotes, and even kit foxes Vulpes
macrotis, ¥ig. 5.1). Thanks to changing public opin-
ion, legal protection, and habitat recovery, the grey
wolf (Canis lupus), is returning to areas in Europe and
North America where it was long ago hunted to
extinction (Wydeven et ai. 1995; Breitenmoser 1998).
In contrast, other canid species are threatened and
restricted in distribution (e.g. Ethiopian wolf Canis
simensis, red wolf C. rufiss, Darwin's fox Pseudalopex
fulvipes, island fox Urocyon littoralis) (see Macdonald
and Sillero-7ubiri, Chapters 1 and 23, this volum).

In this chapter we explore why canids frequenily
find themselves in conflict with humans, and how
managers and conservationists have tackied these
conflicts, We distinguish approaches based on pre-
vention, deterrence, or removal of individual prob-
lem animals and those directed at populations.

Flgure 5.1 Kit fox Wiipes macrotis
© C.Van Horn Job.

The nature of the problem: why canids
antagonize humans

Outliring the biological basis for conflict

Canids have traditionally been viewed as adversaries
fo b avuided or killed (Kruuk 2002). To Buropean
cultures at any rate (Reynolds and Tapper 1996),
wolves, coyotes, wild dogs, jackals, and foxes have
been persecuted for hundreds of years, and in some
cases extirpated in the wake of expanding human
populations.

Conflicts between canids and humans persist
because some canid populations have the ability
10 recover quickly after population reductions
(Gittleman 1989; Harris and Saunders 1993). Factors
that contribute to this resilience arc: high productivity
under favourable conditions, which can be duc to
large litter sizes and high proportions of females breed-
ing (Harris and Smith 1987; Clark and Iritzell 1992;
Lindstrom 1992); dispersal ability, facilitating recolo.
nization, and population recovery (Zamoch et al
1977; Gese et al. 1989; Clark and Fritzell 1992); and
dietary eclecticism. However, even canids can be out-
gunaed by high levels of culling. For instance (he
Malvinas zorro or Falklands wolf disappeared in 1876,
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probability of females surviving to these highly
fecund age classes is low, but when it happos, the
impact is large. Consequently, the age struclure of
Kruger is volatile in comparison to Botswana and
Selous (ig. 22.12). The greater this demographic vari-
amce, the larger will be the difference between the
deterministic and stochastic growth rates (Dennis
etal. 1991) as has been revealed in the Kruger popula-
tion censuses (Davies 2000). This variation s atapli-
fied by large variation in litter size in Kruger, relative
1o Selous and Botswana (Fig. 22.4). Our projections
suggest that the Kruger population maintains a deter-
ministic A near one, despite poor subadult survival,
duc to pulses of reproduction by the rare females who
survive beyond § years (Fig. 22.12). The Selous and
Botswana populations, with better survival and low
fecundity, are dynamically less volatile.

Conclusions

1. Patterns of age-specific survivat and fecundity
differ substantially for wild dogs in Kruger, Sclous,
and Northern Botswana.

2. Survival to adulthood is low (16%) in Krger,
high (63%) in Selous, and intermediate (35%) in
Botswana.

3. Offsetting these differences, fecundity is highest
in Kruger, intermediate in Botswana, and lowest
in Selous. These differences are partially driven by
differences in ltler size, which is lower in Selous
than in the other two populations. The ditfer-
ences amang populations suggest demographic
compensation or life-histary trade-ofts.

4. Despite differences in demography, the three
populations have similar deterministic rates of
population growth (Botswana: A — 10K, Kruger:
A = 1003, Selous: A = 1.038).

5. Kruger and Botswana have deterministic popu-
lation growth rates sitting exactly on the line
between systematic growth and systematic decline.

6. Stochastic population projections suggest that
the demography of wild dogs in Kruger (very
poor juvenile survival offset by high fecundity
among old females) produces volatile popu-
lation dynamics. High levels of demographic sto-
chasticily in Kruger cause the stochastic growth
rate to fall well below the deterministic growth
rate. The demography of Selous dogs (good
survival and lower fecundity) is more stable.
Botswana is intermediate, asin most other aspects
of our analysis.

Population dynamics are most affccted by juvenle
survival in all three populations, despite their differ-
ences in demography. Along with strong impacts on
population growth, juvenile survival shows substan-
tial variation within and among populations. Thus,
juvenile survival should be a focal point for any
direct conservation actions.
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due to the activity of fur traders, and poisoning by
settlers to control sheep predation, worsened by the
wolves’ unwary hehaviour and exposed, treeless habi-
tat (Nowak and Paradiso 1993). Intensive culting has
also had an impact on grey wolves in Noxth America
{Mcch and Boitani 2003, in press), but less so on
coyotes (Knowlton et al. 1999), though the historical
near-absence of coyotes in the praitie pothole region
has been attributed to culling (Sargeant f al. 1994), A
detailed example of the complex regional impact of
culling is that of the red fox in parts of England and
Wales (Lleydon and Reynolds 2000a,b; Heydon of al.
2000).

On the other hand, several canid species have been
aresource forhumans, exploited for subsistence, com-
‘mercial profit, or hunting for sport. Their commercial
exploitation has fluctuated depending on supply and
demand (Johnson etal. 2001, Johnson in press). Until
the advent of fur-farming in the twentieth century,
the fur trade concentrated on wild populations,
notably coyote, red fox, Arctic fox (Alopex lagopus),
and three of South Amgrica’s Southem Cone foxes,
often having an impact on the deosity and demo-
graphic structure of these populations (Ginsberg and
Macdonald 1990; Hersteinsson and Macdonald 1992;
Novaro 1997b). Much of the pionceting history of
northern latitudes was built on trade in fur, much of it
originally worn by foxes. In some arcas, trapping may.
largely be the prerogative of ranch- or farm-hands
motivated primarily to reduce predation on livestock
or poultry. However, cven for these people the sale of
fur can be economically important fe.g. up to 26% of
their annual income in Patagonia, Novaro et al.
Chapter 15, this volume).

Either way (pest or tesource), people have histori-
cally tended tolook at canids over the barrel of a gun,
Increasingly, more tolerant attitudes are emerging,
but these may be least evident amongst those people
living closest fo wild canids (Sillero-Zubiti and
Laurenson 2(01). Furthermore, the versatility of
many canids enables them to flourish in anthro-
pogenic landscapes (everywhere on farmiland, but
cven in cities, e.g. Macdonald and Newdick 1982;
Raker and Timm 1998; Baker and Harris, Chapter 12,
this volume), bringing them into conflict with
humans far beyond the borders of ‘protected areas’
(Woodroffc and Ginsberg 1998).

Management 109

The ability of laige and medium-sized canids,
such as grey wolves, Aftican wild dogs, dholes (Cuon
alpinus), and coyotes to kill large prey means they
can cause substantial cconomic damage through
depredation on livestock. This, together with occa-
sional attacks on people, explains their intense
history of persecution. Perceptions, though, may
cxaggerate reality. Grey wolves vividly illustrate
this public relations problem (Kellert ct al. 1996).
Although they seldom attack people in North
America and documented livestock losses are very
low, wolves arc often blamed for livestock attacks
and are still widely feared. Folklore undoubtedly
demonizes the wolf (e.g. Gipson etal. 1998), and the
hiological studies that underpin the new view of
wolves have been done only in the last half-century.

Persecution appealed as a reaction to conflict with
canids probably because it involved revenge and
action rather than frustration and inaction. For many
large camivore specics it was undeniably effective in
population terras. Arguably it has also been a major
selective force, encouraging fearfulness of people (see
also Toward 1990). Thus, coyote were substantially
less diumally active after a decade of intensive control
activity (Kitchen et al. 2000, Ethiopian wolves revert
to more nocturnal habits when persecuted (Sillero-
Zubiri and Macdonald 1997), grey wolves have adopt-
«d more secrelive and nocturnal activity patterns in
parts of Burope where they coexist with peaple (Vila
el al. 1995; Ciucci et al. 1997), and red foxes are more
diurnal where undistutbed, and dramatically more
approachable beyond those pats of Europe and
North Awerica where they have been persecuted
(Macdonald 1987). Whercas worldwide most direct
human-wolf encounters are actually. trouble-free,
confident or aggressive hehaviours are found in
more remote wolf populations, sometimes leading to
attacks on humans (McNay 2000; Linnell et af. 2002).
Some of these differences may be genetically deter-
mined. This is suggested by fur-farm observation of
the flightiness of diffcrent red fox colour morphs
(Kecler 1975); by the defiberate breeding of ‘domesti
cated” red foxes (Belyacy and Trut 1975; Trut 1999);
and by differences in trappability between red
foxes in much of Europe (shy) compared with those
in the middle East or occanic islands (bold)
(D. W. Macdonald, personal communication).
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Attacks on humans and disease transmission

Despite prejudice to the contrary, predation by
wild canids on humans is rare. Grey wolves have
caused no human deaths in North America for a
century (Mcch 1970), unlike pumas, Purna concolor
(Seidensticker and Lumpkin 1992) or bears (Hesrero
1985). In contrast, there are many documented cases
of walves kilting people in the Old World (Kruuk
2002; Tinnell et al. 2002), but few were fatal during
the twenticth century (with the exception of India,
see below). African wild dogs are feared across Africa
as ‘ruthless killers' (e.g. Bere 1955), but their attacks
om humans are rare or non-existent (Creel and Creel
2002). No attack by dholes has been documented.

Most recent recorded attacks by wild canids on
humans involve rabid animals. Individuals in the
‘furious’ phase may bite several people—often
children—in a single attack (Linnell et al. 2002; see
Woodroffe et al. Chapter 6, this valume). With the
eradication o reduction of rabies, the incidence of
wolf attacks has dropped disproportionately (Linnell
et al, 2002), but cases are still reported from Asia and
the Middle East. The first diagnoses of rabies in South
American wild canids were reported only recently,
with cases in crab-eating foxes (Cerdocyon thous)
and culpeos (Pscudalopex cuipaeus) thal allacked
peaplein Argentina (Delpietro ctal. 1997; M. €. Funes
personal communication).

Exceptionally, in India there is good evidence that
wolves sclect children as prey (Keuuk 2002). In the
last 20 years, 273 children have been teported killed
by wolves in the Indian states of Andhra Pradesh,
Bihar, and Uttar Pradesh—areas where wolf ecology
brings them into contact with shcpherd children
(hala and Sharma 1997). Attacks arc also associated
with habituation and provacation. Coyote attacks
on people are also known, although rarely fatal
(Baker and Timm 1998). In the United Kingdom,
afew cases of red foxes in urban arcas biting or scratch-
ing infants have been reported in the newspapers in
recent years.

Predation on livestock

The greatest source of human-canid conflict is
competition for resources, whether domestic anintals,

or for wild or captive bred ‘game’ species conserved
and managed for hunting. The history of conflicts
over domesticated stack traces back to the develop-
ment and spread of herding socicties (Reynolds and
“fapper 1996).

Livestock depredation produces important eco-
nomic losses throughout the world, and canids are
aften the main culprits. In United States, 79% of
sheep and 83% of cattle depredations are due to
canids, with 15% and 18% of these losses (respec-
tively) due to domestic dogs and the rest due mostly
(o coyotes (Data for 1999 and 2000 from website
of National Agricultural Statistics Service, USA
Department of Agriculture, www.usda.gov/nass).
Estimates of sheep losses to wild canids in United
States weree $19-38 million in 1977, $75-150 miltion
in 1980, $83 million in 1987, and $16 million in
1999 (US Fish and Wildlife Service 1978; Wade 1982;
Terrell 1988; all cited in Knowlton et al. 1999). Catlle
and calf losses 10 predators in the United States rej
resented US$52 million in 2000. These economic
losses promote high investments in control efforts.
Farmers and ranchers in the United States invest
$9 and $185 million a year on non-lethal methods
alone to prevent predator lass of sheep and cattie,
respectively (National Agricultural Statistics Service).

Domestication selects against ‘wild’ behaviours,
making stock tractable but also susceptible to preda-
Lors (Hemmer 1989). Predation on domesticated ani-
mals, from chickens to cattle, is the toot of a deeply
ingrained antipathy towards wild canids throughout
the world. Although larger catnivores are mose con-
spicuous and aftract particular wrath, the collective
damage of smaller species such as jackals, coyoles,
and foxes may be greater (Macdonald and Sillero-
Zubiti 2002). Conflict has been exacerhated by
changesin husbandry over the last century, in particu-
lar, the economics of modern farming gencrally pre-
cludes once-traditional livestock-guarding practices.
Where stock-guarding traditions have vanished dur-
ing the historical absence of wolves, re-colonization
by wolves now provokes furious public complaint
and requests for compensation (Treves et af. 2002).

Livestock depredation by canids is highly variable
in space and time, making generalizations misleading
(Knowlton et al. 1999). Fifty per cent of sheep prodiuc-
ersin the United Statcs, for example, reported annual
losses to coyotes that were less than 5% of thei
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stocks, but nearly a quarter of producers reported
losses greator than L5% (Balser 1974; Gee ctal. 1977;
cited in Knowlton el l. 1999). Factors that may affect
coyote predation rates are sheep breed (which embod-
ies size, group cohesiveness, mothering ability, etc.),
sheep and predator management practices (e.g. con-
finement, shed lambing, etc.), aspects of coyote biol-
ogy, and environmental conditions (Knowlton et al.
1999). Coyotes also differ individually, with most
confirmed kills of sheep being attributed to breeding,
territorial coyotes (Shivik ct al. 1996; Conner et al.
1998; Sacks et al, 1999b). Finally, the availability of
wild prey has opposite short- and long-term ffects
on canid depredations. In the short term, abundant
wild prey can reduce canid predation on livestock
due to prey switching (Meriggi and Lovari 1996;
Sacks and Neale 2002; reviewed in Knowlion et al.
1999; Novaro ct al. Chapter 15, this volume). In the
longer term, abundant wild prey can increase canid
abundance, lcading ta increased predation on live-
stock (Wagner 1988; Stoddast, unpublished data cited
in Knowlton e£al. 1999)

Similarly, in the United Kingdom, lamb losses to
red foxes are typically cstimated or reported to be
1-2% of lambs born (Macdonald et al. 2000c),
though reported loss for individual flocks can reach
15% (Heydon and Reynolds 2000b). The low average
Jevels must be viewed against the historical back-
ground of culling (resulting in currently suppressed
fox density in some regions—Heydon and Reynolds
2000a) and existing hushandry practices. For
example, the risk posed by Arctic foxes to lambs in
Iceland increases with distance from the farmstead
(Hersteinsson and Macdonald 1996). Furthermore,
Macdonald etal. (2000c) suggest that only a minority
of red foxes in England—even where sheep hus-
bandry is widespread—try (o, or have the opportunity
to, kill fambs. There is no hard evidence to indicate
that lamb-killing behaviour is related to age, scx,
breeding status, or genetics of the fox. Factorslikely to
restrict opportunity include protective bebaviour by
ewes, good husbandzy, and predator swamping,

Management of canids that are important sheep
predators over large regions (.g. coyotes, dingaes
Canis fupus dingo, culpeos, red foxes) has concen-
trated in the past on reducing population sizes at
regional scalcs (Wagner 1988; Corbett 1995; Novaro
1995; Knowlton et al. 1999 Macdonald et al. 2000¢).
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Towever, contracting agricultural cconomies change
this relationship. In Argentina, for cxample, the
Patagonian steppe was devoted to sheep ranching
during most of the twentieth century, and the densi-
ties of sheep predators were reduced by hunting
throughout the region—the annual tally in culpeo
skins averaged 15,000-20,000 during the 19705 and
19805 (Rahinovich et al. 1987; Novara 1995). Culpcos
were reported Lo kill 7-15% of lambs annually and
were second only Lo starvation among causes of lamb
mortality (Howard 1969; Bellati and von Thungen
1990). During the last two decades 90% of sheep
ranches in southern Neuquén province have
switched Lo cattle production, and many ranches in
the least productive areas of Patagonia have been
abandonced, resuiting in a 51% decline of the total
sheep stock (INDEC 2002). These changes, combined
with lower fur prices, have lead to reduced hunting
pressute on culpeos (as evidenced by a 70t declinein
annual fox numbers killed) and increased fox densi-
ties (from 0.5 + 0.1/km”in 1989-9210 1.0 + 0.2/km?
in 2000 02 in southern Neuquén; Novaro 1995; see
also Novaro etal. Chapter 15, this volume). Increased
culpeo densities, in turn, have resulted in severe
sheep depredation problems (24-40% of lamb stack
killed per year, Novaro etal. Chapter 15, this volume)
that are spatially concentrated on the remaining
sheep ranches and native Indian rescrvations. A sim-
lar trend in land use and in the spatial seale of preda-
tion problems has occurred in the United States.
‘There the number of shieep declined by 75% in the
50 years prior to the 1980s (Wagner 1988) and was
reduced by another 25% betsveen 1991 and 1996 (US
Department of Agriculture 1997 cited in Knowlton
et al. 1999). Simultancously, depredation problems
have concentrated in the remaining, isolated ranches
that still raise sheep (Hacket 1990 cited in Sacks et al.
19992), requiring a management scaie change from
regional population reduction to local control
(Wagner 1988; Sacks ct al. 1999a).

Uistorically, livestock husbandry displaced wild
ungulate prey (Valden 1996), reducing the availability
of wild prey for camivores and favouring altered
patterns of predation. The hope that restored popula-
tions of natural prey, alongside appropriate husbandry
practices, would solve the issue of predation on live-
stock (e.g. reintroduction of red deee Cervis elaphus to
partsof Italy to ameliorate impacl of cecovering of wolf
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CHAPTER 23

Conservation

From theory to practice, without bluster

David W. Macdonald and Claudio Sillero-Zubiri

Ethiopian wolf Canis simensis © C. Sifero.

Dowe know enough 1o be able 1o conserve canids and,
asarelated matter, toresolve—orat least manage—the
conflicts that they face with people? If not, what must
be discovered? The captivating processes, patterns,
and details revealed in the preceding chaplers of this
ook, and the exhilarating desire to know more than
they fire in our imaginations, make it plain that the
quarter of a century o 50 of research reported here
cnables scicntists to answer many questions, and 10
ask many more. But do the answers in hand include
those necessary to underpin conservation action?
And, of the new gencration of questions—however
interesting they may bo—which, if any, are prerecqui-
sites to that action? That we ask these questions does
not indicate that we are victims of a utilitarian bigotry
that spurns non-applied research- on the contrary,

the scholarly unravelling of natural history is, in our
view, a pursuit of the highest merit (and one which we
will arguc, below, is more important than generally
credited as a force for canid conservation). Howeyer,
conservation is a pressing matter, and so it is not a
philistine action to draw a distinction between knowl-
cdge thatis interesting and that which is also immedi-
ately useful, and to ask whether we have enough of the
Jatter to solve the current problems of canid conscrva-
tion. One measure of the answer can be found in
Canids; foxes, wolyes, jackais, and dogs. Status survey and
conservation action plan (Sillero-Zubiti ef al. in press).
The Canid Action Plan is the producl of the
deliberations of the Canid Specialist Group (CSG),
itself one of more than 120 groups of specialists with
a taxonomic focus on conservation under the aegis
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suggested that large canids do not have relatively
smaller young. Although the correlation between
matewnal weight and litter size was significant, it
explained only 26% of the observed variance, and
Lhe regression slope was less than one. After control-
ling for phylogeny (and controlling for female body
weight), neonate weight was independent of litter
size (implying that there is no gencral energetic link-
age between these two variables).

In short, Geffen et al’s analysis casts doubl on
the idea that body size imposes different energetic
constraints on reproduction in small and large
canids, and thercby is the ultimate influence on theic
soclal organization. Rather, they proposed that the
high correlation and isometric relationship between
neonatal weight and female body weight implicd
that the size of the young is constrained either by
female body size directly or by some allometric
correlate of female body size, for example, pelvic
width (suggested to limit neonate size in primates,
Leutenegger and Cheverud 1982). Litter size, in con-
trast, is only weakly and non-isometrically correlated
with female body weight, suggesting that itter size
may be adjusted in response to the availability of
resources. Geffen et al. (1996) suggested, therefore,
that vatiance in ferale pre-birth investroent can be
adjusted only by varying litter sise—red and arctic
Toxes, and wolves are amongst canid species exhibit-
ing decreases in litter size with decreases in prey
abundance (Macpherson 1969; Harrington et al.
1983; Lindstrom 1989; Angerbjorn et al. 1991
Hersteinsson and Macdonald 1992). On this view,
changes in body size, lilter size, and social organ
tion within the Canidac may be attributed pri
to differences in food availability. Thus, small canids
{e.g. fennec fox, Vulpes zewda) are usually associated
with arid and poor habitats in which only a small
body mass can be suppouted year round, whercas
large canids are often assoclated with habitats in
which prey are at least very abundant (c.g, Fihiopian
wolves) and more generally, abundant and large (e.
African wild dog, grey wolf)—and the special inpact
of abundant, herding, ungulate prey on canid society
will be explained below. The mancd wolf (Chrsacyon
brachyurus) unusual in its social organization for a
large canid, lives in South American savannas and
fecds largely on rodents and fruit (Dietz 1985); per-
haps low food availability constrains both group and

litter size (which is low at 2.2). Similarly, Cypher ef al.
(2000); sce also Muehrenschlager etal. Chapter 10, this
volume), show for the San Joaquin kit fox (V. macrotis
mutica) that demographic paramelers, such as fox
density and growth rates, are dynamic and fluctuate
widely under vasiable environmental conditions,
tracking primary productivity determined by rainfall a
year carlicr, Pregnancy rates are similar between years,
but nconatat survival is reduced in years of low precip-
lation (Spiegel and Tom 1996). Reproductive success,
and litter size, tend to be low during periods of low
food availability, when sex ratios at birth are male-
biased, butis female biased when fox abundance is low
aud the population is increasing (Fgoscue 1975;
Spencer et al. 1992). Similaily, coyote group size may
depend on relative prey size: in habitats where mule,
deer, and elk are important. prey items, cayotes have
delayed pup dispersal and form larger groups (Bowen
1978, 1981; Bekoff and Wells 1982, 1986). Where
smnall rodents are the main prey, group size tends o be
smaller and dispersal occurs earlier (Bekoff and Wells
1982), but there are populations that feed on high den-
sity rodents in habitats in which dispersal is difficult
and form lazger groups (Andelt 1982).

Afurther example is provided by a study of red foxes
onRound Island, Alaska (Zabel and Taggart 1989) that
demonstrated a shift from 71% polygyny when food
was superabundant to 100% monogamy when prey
abundance declined, with a concomitant decrease in
litter size. Geffen et al. (1996) suggest that if an
increase in food availability permits an increase in lit-
tersize, then males could afford to invest in morc than
one female only when prey is especially abundant.

Synthesis

Finally, to a synthesis. Can these disparate facets of
socio-ecology be brought together? First, Kruuk and
Macdonald (1985) noted that starting from a mini-
mum defensible territory there are two possibilities
for group formation: one alternative is contraction-
ism, that is building up a group in so far as extra
members can be squeezed into the minimum territo-
ty that will supporta pait, bul no further. Instances of
decoupling of group and teritory sizes provides
circumstantial evidence that contractionist groups
exist and RDH not only suggests a mechanism o
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In summary, reproduction is affected by age
and pack size in all three populations. In general,
reproductive success is better for older females in
Targer packs, though litter sizc might decrease for very
old females in Botswana and Sclous. Mcan reproduct-
iive success is greater in Botswana and Kruger than in
Selous, and is particularly high for old females in
Kruger (Fig. 22.9).

e-history trade-offs

Several propertics of our demographic data suggest
demographic compensation ot life-history trade-offs
consistent with the principle of allocation, which
states that resources directed towards Improving one
vital rate must be diverted away from another vital
rate. The three populations have similar growth
rates, with A slightly greater than one in each case
(see below). This suggests that ecological constraints
on growth are similar in the three ecosystems we
studied, Assuming that A is fixed over short time
spans, an increase in one vital rate must be offset by
a decrease in another rate. Three patterns in the
age-specific vital cates might be the result of such
life-history trade-offs. First, differences among popu-
lations suggest a frade-off between the number of
pups produced and their survival. Litter sizes ace
largest in Kruger, where pup survival is lowest
Pups survive at a much higher rate in Selous, where
litters are significantly smalicr.

Figure 22.9 A large litter of
African wild dog pups (tycaon
pictus) in Kruger National Park
©M.G. L. Mils.

Sccond, there is an apparent trade-off between
repraduction and adult survival. The survivorship
curve for Selous lies well above the survivorship
cutves for Botswana and Kruger. If this difference was
not offset by lower fecundity in Selous, one would
predict a much greater difference in the growth rates
than we actually observed. Finally, there may be a
trade-off between juvenile survival and adult survival.
This is suggested by the survivorship curves, particu-
larly for Kruger, where very poor survival to adult-
hood is at least partially offset by good adult survival,
with little sign of senescence.

Deterministic population growth rates
and elasticities

Deterministic growth rates

We used our data on age-specific sarvival and
fecundity to build a Leslic matrix for each popula-
tion, and determined the annual growth rate ()
from the dominant cigenvalue of the Leslic matrix,
We confirmed these population growth rates by tra-
ditional life-table analysis in Excel, using Euler’s
equation to calculate the intrinsic rate of increase,
(= InA)

Given the differences in demography among popu-
lations, the deterministic growth rates were surpris-
ingly similar in Kruger (A = 1.003) and Botswana
(A = 1.000), both very cluse to zero growth. The
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explain how they arise but also predicts that their ter-
ritories will be small relative: to that predicted from
their group metabolic nceds, because their prey
oceurs in tich, heterogeneously available patches
(sce Fig. 4.3). Often, these prey are invertebrates and
fruit, hunted alone by canids whose sociality is char-
acterized by spatial groupings (Fig. 4.13¢). Examples
may include some populations of red, Arctic and
crab-eating foxcs, and raccoon dogs, and we suspect
occasional cases among most ather small foxes too.
Bat-carcd foxes provide an unusual case where there
appears to be no consistent relationship between
group size and territory size, but where group mem-
bers often forage as a party (Maas and Macdonald,
Chapter 14, this volume).

‘The alternative to contractionism is that the bene-
fits of sociality may be 5o great, that it pays the group
10 expand toabigger territory. Ithiopian wolves seem
to illustrate such expansionism, and have home
ranges of a size predicted by their group metabolic
weight (Sillero-Zubiri, Chapter 20, this volume).
However, some canids with uncxpectedly large
ranges are at least sometimes also expansionists
(wolves and coyotes, see graphs originally published
in Macdonald 1983). Why? Again RDH provides a
possible mechanism and testable predictions. These
canids specialize on large ungulate prey, which have
several relevant characteristics: they run away and
must he chased over large distances; they form
clumped, mobile herds; they are big, itself a form of
dumping, and they attract kleptoparasitism. All
these features may explain not only why canids chas-
ing such prey have larger home ranges than cxpected
for their body sizc irespective of sociality, but why
they also create conditions where the smallest terri-
tory necessary for a pair of huntersis likely to contain
sufficient prey to support additional group members.
And because their prey is big, these canids can
not only eat together, Lhey can benefit by hunting
together, and become mob operators (Fig. 4.13a)
Kelptoparasitism certainly makes it advantageous to
eat together, These benefits of society are amongst the
forces that we would expect to favour expansionism in
some ecosystems for mob operators such as the
wolves, wild dogs, dholes, coyotes, and bush dogs.
How might this model accommadate different group-
biomass to range size ratios even between canid
species? For example, African wild dogs have much
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Jarger ranges than do the others. The answer s that the
combined nature and mobility of their prey, their
hunting tactics, and their need to evade interguild
competitors simply mean that the smallest range
that is sustainable for the wild dog’s particular
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Figure 4.13 Diet shapes society~there is an assuciation
between the relationship between predator and prey
masses and three broad categories of social grouping,

(a) The mob operaturs, (b) The middle way graupers, and
(¢) The spatial groupers. In each case, the species fiting a
siven category arc indicated by daker shading
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Selous population showed slightly positive deter-
ministic growth (A = 1.038, or 3.8% annual growth),
“It should be pointed out that the selous population
dataset detives from six years of observations, and
therefore is less likely to reflect demographic varia-
tions than the comparitively longer petiods of study
{12 y7) in the ather two populations. Estimates of
demographic variance will depend both on sampic
size (which are not necessarily tied to duratian)
and also on the simple duration of observations.”
Overall, the demographic data suggest that these
populations are more or less maintaining their cur-
rentsize (but see below for discussion of variance).
Iowever, these growth rates fall in the region near
A = 1 that is of particular concern for modellers of
population dynamics and viability. Botswana and
Kruger, in particular, fail almost perfectly on the line
between systematic growth and systematic decline.
The slightest of shifts in mean rates of survival or
reproduction would push A across this line. Given
the variances in our estimates of survivorship and
fecundity, it is almost certain that these populations
vary between periods of growth and decline. This
is well illustrated in the Kruger population where
censuses have revealed the total population to vary
as follows: 357 in 1989, 434 in 1995, and 177 in 2000
(Davies 2000). Because the mean of a stochastically
varying growth rate is smaller than the underly-
ing deterministic growth rate (Dennis et al. 1991),
realized growth rates could easily be negative under
the demography we found for these wild dog popula-
tions, even with no change in patterns of survival and
fecundity. To investigate dynamics in more detail, we
used stochastic population projections see below).

Impacts of vital rates on population growth

o determine which vital rates have the greatest poten-
tial impact an improving population growth, we cal-
culated clasticities, using the shareware POPTOOLS
Flasticities measure the sesponse of A to changes in a
single vital rate, with the magnitude of the change
scaled to the mean of that vital rate. In other words,
clasticity gives the impact on A that would be
obtained by changing cach vital rate by a fixed pro-
portion of is current mean, holding all other vital
rates constant (Caswell 2001).

Figure 22,10 shows the elasticity of A ta changes
in age-specific survivorship and fecundity. Despite
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Figure 22.10 The elasticity of population growth (A) to
changes in age-specific survivorship or fecundty, in three wild
dog populations. Poputation growth responds most strongly Lo
changes in the survival of juveniles and young aduls.

the differences in demography among the three
populations, the vital rates with the greatest effect
on population growth are the same. For all three
populations, improvements in the survival of pups
and yearlings would have the greatest effect on
growth, followed by improvements in the survival
of young adults. The elasticity of A to changes in
fecundity were comparatively small. This result
accords with the observation that A is largest in
Selous, where pups and yearlings had substantially
better survival rates than in Bofswana and Kruger.

This result s also interesting because juvenile sur-
vival shows substantial variation within and among
populations (see Fig. 22.2, also Creel and Creel
2002). There has been some debate over the value of
elasticities to guide conscrvation, in part because
the vital rates with (he greatest clasticity may not
show much variation in the real world (Mills et al.
1999; Caswell 2001; Ehtlen et al. 2001). For wild
dogs this concemn does not apply because the
vital rate with the largest clasticity, pup survival,
showed substantial vatiation among populations,
with a 2.3-fold difference among population means.
Within a single population (in Serengeti National
Park) pup survival ranged from 0.24 + 0.11100.83 +
0.17 over twa decades (Frame et al. 1979; Malcolm
and Marten 1982; Burrows etal. 1994). In accord with
our tesults, the Serengeti population attained its
highest density during a period of unusually good
pup survival.
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lifestyle is much larger than the ranges required by
the lifestyles of most populations of, say, wolves (o1
indeed, by the spotted hyaenas and lions from which
the wild dogs are fugitive).

Between these extremes are medium-sized ¢
occupying intermediate ecological niches and hav-
ing intermediately cohesive societies (Fig. 4.13b)
Revisiting Carbone et al’s (1989) original plot, in
conclusion, variauts of RDIT might explain why
canids, whether small or large, originally evolved
towards sociality, whether as spatial groupers ot mob
operators. RDII may also explain both negative and
positive deviations by social canids from the home
range size predicied by their metabolic needs (Fig.
4.3 Johnson et al. submilted). One type of resource
clumping, characicrized by patches of rapidly renew-
ing or heterogencously available small prey enables
‘more secondary group members to be squeezed into
the space required by primarics, and in nature these
prey tend 1o accur at net higher density than the
average, 50 groups of these canids occur in smaller
ferritorics than expected for their collective body
weight. Another type of resource, characterized by

nids,

farge, fleet-footed mammalian prey, also allows shar-
ing because of their mability and body size, but in
1anges that are larger than expected because clumps
of these prey are characteristically very widely dis-
persed. In both cases, the point is that ecological cir-
cumstances create conditions that diminish or
obliterate the costs of group formation. However, it
will be a matter of local, autecological circumstances
shether a particular specics or population opts to
form groups up to the size potentially accommodat-
ed in such shareable enclaves, or even to form larger
groups requiring expansionist teritorics, or not to
sharc at all.
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Where direct conservation action is cavisioned,
ourresults show that actions aimed at improving the
survival of pups and yearlings wilk be most effective
(Creel and Creel 2002). (This result does not agree
with the IUCN African Wild Dog Action Flan
(Woodroffe e al. 1997) which used the gencralized
TVA program VORTEX to conclude that adult
survival has a greater cffect on extinction risk than
juvenile survival) The best permissible methods
of improving subadult survival will probably vary,
depending on the specific factors that kill young
dogs at a given time in a given place. Where direct
action is considered necessary, arange of possibilitics
exists, particularly to improve the survival of pups.
These might include: provision of faod during gesta-
tion, lactation, or denning; actions Lo reduce the
presence of lions and spotted hyaenas near den sites;
oral vaccination of pups (several discases affecting
wild dogs are more likely to kill pups than adults).

Stochastic projections of
poputation dynamics

Ihe analysis above is retrospective, using empirical
data to measure past growth rates and identify the
vital rates with the strongest cffect on growth. In this
section we take a prospective approach, using the
Lesiie matrices to mun stochastic poputation projec-
tions for cach population. The purpose of these
projections is to determine how differences in
the populations’ demography translate into future
population dynamics and extinction risk. The sto-
chastic Leslie matrix projections were implemented
in Excel, using the shareware POPTOOLS. Dricfly,
Leslie matrix projections work as follows. At each time
step (year), the population is tracked as a vector wi
the number of individuals in each age class. This
veetor is premultiplied by the Leslie matrix to give
anew vector with the number of individuals in each
age class at the next time step. This multiplication
implements 1 year of age-structured papulation
growth. We made survival stochastic by drawing the
number of survivors from each age class at each
time step from a binomial distribution with a mean
determined from the Leskie matrix, and variance
determiined by the number of individuals in that

age class at that time step. We made reproduction
stochastic by drawing fecundities from a normal
distribution with a mean determined by the Lestic
matrix, and variance calculated directly for each
population. The variance in fecundity was pooled
across ages within each population, due to sample sizc
linsitalion.

We set the initial age structure cqual to the
abserved age distribution for cach population, rather
than the stable age distribution (see Caughley 1994
for discussion). To facilitate comparison among
populations, we sel the initial population size to 880
(the estimated size of the Selous population) for all
three populations, but broad results were very simi-
lar for smalier initial population sizes. We projected
dynamics 200 years onty to allow differences among
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Figure 22.11 Examples of stochastic population projections
for three populations with the demagraphy of wild dogs in
(a) Kruger, (b) Botswana, and (c) Selous, each with

an inital population size of 880
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CHAPTER 5

Management

Management and control of wild canids

alongside people

Claudio Siltero-Zubiri, Jonathan Reynolds, and Andrés J. Novaro

Copote Cans fatrans © EM. Gese.

Introduction

Canids command attention in a way that is dispro-
portionate to their number of species or abundance,
chiefly because they so frequently and successtully
contest human interests, Often they compete with
man as predators upon unwillingly shared resources,
targeting domestic animals and game. Some of the
larger canids may occasionally even maul or kill
people. A further reason for canid-human conflict, as
explored by Woodroffc et al. (Chapter 6, this volume),
s that canids are involved with diseases that can be
harmful to people and their domestic animals.

As a result of such conflicts, many canid species
have a long history of persecution by man, often well
coordinated, at national scale, and state-funded
(e.g. African wild dogs Lycaon pictus, Woodroffe
2001b). Although some canid species have gone
extinct as a result (¢.g. Falklands wolf Dusicyon aus-
fralis, see below), many have been notoriously
resilient to widespread and sustained persecution.
For instance, coyotes (Canis latrans), jackals (Canis
adustus; C. aureus; C. mesomelas), red foxes (Valpes
vuipes), and thrce Pseudalopex fox species in the
southem cone of South America are all thriving
despite tremendous hunting pressure for the pelt
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populations to become apparent, and we emphasize
that it would be unwise to assume that the demogra-
phy we observed in the ficld will remain unchanged
for two centuies. The intention of these projections
s 10 assess how dynamics are affected by differences
in demography, not to determine long-term proba-
bilities of local extinetion. After running 100 projec-
tions per population, we used the linear regression
of projected population size on years to determine
the stochastic A for each projection, and calculated
amean stochastic A for cach population.

Examples of projected dynamics for the three
populations are shown in Fig. 22.11. Here, the
differences among the three papulation arc striking
Incorporating demographic stochasticity, the Selous
(stochastic A = 1.000) and Botswana (stochastic
A = 1.000) populations show no systematic growth or
decline, though variation in the population traject-
aries is substantially greater for Botswana, In contrast,
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projections for the Kruger population show a clear
tendency to decling, with stochastic A ~ 0.986. Again,
we do not mean to imply that the Kiuger population
will follow such a trajectory. With a change in popula-
tion density, the demography may shift, and we do
not know if giowth is density dependent. However,
we can conclude that the current demography of wild
dogs in Kruger Ieads 10 dynamics that arc more pronc
to collapse.

What processes drive this difference among papu-
lations? The answer is hest scen by examining how
the proportion of the dogs in cach age class varics
thiough time. Figure 22.12 shows a representative
projection of age classes for cach population. In
Kruger, a large proportion of the population is young,
due to high fecundity and a steep survivorship curve.
However, the number of young individuals varies
dramatically, jumping up in response to the survival
of females into old, highly fecund age classes. The
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igure 22.4 The frequency distribution of litter sizes for wild
dogs in three poputation. The labels on the X-axis give the
lower limit of each litter size categary.

Age and reproduction

Age-specific fecundity curves for the three popula-
lions are shown in Fig. 22.5. The fecundity curve is
highest in Kruger, lowest in Sclous, and intermediate
in Botswana, These differences in fecundity arise
for three reasons. Tirst, they parallel the differences
in mean litter size just described: high fecundity in
Kruger is partly due to the fact that litters are large
amony those females that brced. In a solitary or
monogamous breeding system, this might com-
pletely explain differences in the fecundity curves,
but it is important to recall that wild dogs are cooper-
ative breeders. The majority of subordinate females
does not breed (Malcolm and Marten 1982; Creel
et al. 1997), and female dominance is positively
corelated with age (Creel and Creel 2002). This breed-
Ing system, combined with differences among popu-
lations in the survivorship curves, has a strong effect
on the fecundity curves. In Krugerand Botswana, poot
survival among young age classes means that very
few females reach ages older than 4. Consequently,
most females that are 4 or older have no older pack
mates of the same sex, and they are likely to be domi-
nant. In Kruger and Botswana, the fecundity of
females of age 4 or older is high partly because few are
non-brecding subordinates. Tn Selous, with substan-
tially better survival through early adulthood, it is
more likely that females will have an older, dominant
packmate of the same sex, and thus will not brecd,
Third and last, the shapes of the fecundity curves
areaffected by the relationship between litter size and
theage of the breeding female (Fig. 22.6). lere, we are
not considering variation io the proportion of females
that breed (asin point two), but are restricting the data
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Figure 22.5 Age-specilic fecundity curves for female wild
dogs in three populations. Fecundity is measured as litier size
divided by o, which must be taken into account when
comparing this figure to othier data on repraduction. For
Kuger, data were pooled across ages 7-9 (Ihese age classes
were collapsed in our lfe table analyscs to maintain

2 sample size of 5).

t0 only those females that produce litters. tn all three
populations, litler sizes tend to be small for young
females procucing their first litters, and rise as female
age increases, In Kruger, this rise continues unabated
to the oldest age dlasses. In Selous, litter size decreases
significantly amang older females (Creel and Creel
2002), and Botswana shows a similar pattern. The
tendency for litter sizes 1o decline among old breeders
isbased on relatively fow obscrvations, becausea very
small proportion of females survive to these ages
(Fig. 22.3). Regardicss of this pattern, the tendeney for
litter size to rise with age among young and prime-
aged adultsis shared by all three populations, with an
effect on the shape of the fecundity curves (Fig. 22.5).

Pack size and reproduction

Wild dogs are communal hunters and cooperative
breeders. As pack size increases, foraging success
improves in several ways. Larger packs kill Jarger
prey, chase prey over shorter distances, are more
likely to make a kill, and make more multiple kills
(Fanshawe and Fitzgibbon 1993; Creel and Crecl
1995; Fuller et al. 1995; Creel 2001). In large packs
there are more non-breeders, who help 1o raise
offspring by guarding them from predation, regurgit-
ating meal to pups at the den, regurgitating meat to
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Figure 22.6 The relationship between liter size and mother's
age, among reproductive femates only,for female wild dogs in
three populations—(a) Kruger, (b) Botswana, and (c} Selous.
in each case, Lhe curve is a second order polynomiat fit by
Ieast squares.

the alpha female during gestation and lactation, and
giving priority of access Lo carcasses to the pups once
they have left the den (Malcolm and Marten 1982;
McNutt and Boggs 1997). If these benefits outweigh
any costs of grouping, then reproductive success
should be related to the nurnber of adults in a pack.
Two analyses show that this is indced the case
(Figs 22.7 and 22.8). First, the number of pups born
increases as the number of adult pack members
increases (Fig. 22.7: Fy, 100 = 26.04, P < 0.0001, =
0.17, b= 0.41 + 0.08 SE). Obviously, this relation-
ship does not depend on the care given to pups after
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Figure 22.7 The relationship between pack size (adults and
yearlings) at the onset of the breeding season and the annual
number of pups born, for threc wild dog populations. Point size
is proportional 10 the number of identical observations. The
curve is a third orer polynomial with 95% confidence fimits
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Figure 22.8 (he relationship between pack size and the

number of pups raised to 1 year for e wild dog,

populations. Point size is proportional to the number of

identical obsenvations. The curve is a third order polynomial

with 95% confidence limits.

their birth, so it is probably dependent mainly on
the benefits of communal hunting. The number
of pups raised to 1 year also increases as pack size
increases, an association that is stronger than the
previous one (Fig. 22.8: Fy 113 = 71.52, P < 0,001,
£ =039, b-062%007). This relationship
depends both on communal hunting and alto-
parental hehaviour.
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CHAPTER 6

Infectious disease

Infectious disease in the management
and conservation of wild canids

Rosie Woodroffe, Sarah Cleaveland, Orin Courtenay,
M. Karen Laurenson, and Marc Artois

Red foxes Vipes wulpes ® ). M. Macdonald.

Introduction
Why worry about canid diseases?

Infectious disease is increasingly recognized as
an important factor influencing the dynamics of
wildlife populations (c.g. Hudson et al. 2002). Canid
diseases in particular Cause concern for two reasons
(Macdonald 1993). First, widespread species such as
red foxes (Vidlpes vulpes) and coyotes (Canis latrans)
may carry infections such as rabics, leishmaniasis,
and hydatid disease that can be transmitted to
people and livestock, sometimes leading fo a need

for management of wild canid populations. Second,
populations of thrcatened canids such as Ethiopian
wolves (Canis simensis), African wild dogs (Lycaon
pictus), and istand foxes (Uracyon littoralis) may be at
sisk of extinction through the effects of virulent
infections such as rabies and canine distemper,
sumetimes needing management to protect them
from infection. Both issues may be important to the
conservation of wild canids, because widespread
lethal contiol has been an important component of
past atlempts to protect people and domestic ani-
mals from some canid-borne z00noscs.
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could Kill 60-70% of coyotes that were innocent
bystanders. The goal should be to minimize human-—
canid conflict, while minimizing impact on inno-
cent individuals (Treves 2002; Treves and Karanth
2003), indeed it may be more efficient to remave
culprit individuals from a canid population than
fo attcmpt population control (Conner et al. 1998;
Blcjwas et al. 2002).

What is the evidence that problem behaviour is
confined to a proportion of the canid population?
Linnell ecal. (1999) questioned the existence of prob-
lem individuals’ and proposed that most individual
large carnivores will at least occasionally kill accessi-
ble livestock that they encounter. However, the axis
of shy-bold behaviours (Wilson etal. 1994) docs have:
a genetic basis in canids (sce also Belyacv and ‘Trut
1975; Keeler 1975). Second, losses would be much
greater if all canids were responsible. For instance,
lamb predation by red toxes typically accounts for
only 1-2% ot lambs born in UK conditions, and is
patchy in oceurrence (Heydon and Reynolds 2000a).
In Wisconsin, USA, more than two-thirds of grey wolf
packs did not attack nearby livestock (Wydeven et al.
2003). Amongst coyotcs, territorial pairs may be dis-
proportionately involved in stock-killing (Sacks et al.
1999b). Selective removal of problem animals may
not only have a disproportionate reward in terms of
public approval, but in principle also selects against
any heritable or learned traits that inclines
als to stock-killing (Treves 2002).

Distuptive and aversive stimuli
Strobes producing light and sounds that may startle
or frighten have been lested on canids by Shivik
et al. (2003). Candidate deterrent sound effects have
included the noises of helicopters, gun-ire, people
yelling, and breaking giass, bul predators tend
1o habituate swiftly (Bomford and O'Brien 1990).
Habituation may be reduced by targeting the alarm
only to the moment when the culprit s, for example,
Killing or eating from a carcass (Shivik ef al. 2003), but
thatis difficult in practice. Such so-called ‘contingent
disruptive stimuli’ can beachieved by devices activat-
ed by particular triggers on collars womn by target
predators (Shivik f al. 2002, 2003). However, this
hi-tech approach s at present beyond most everyday
applications.

Canids may be trained to associate predation on
livestock or valuable game with a negative cxperience
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(Shivik et al. 2003). Any stimulus that causes discom-
fort, pain or other negative experience (o the preda-
tor may potentially be conditioned as an aversive
stimulus. Using electric shock, Badridze et al. (1992)
successfully conditioned a pack of captive-bred
walves to move away from shieep prior to their release
in Georgia. Similarly Andelt ctal. (1999) used an elec-
tronic dog-training collar 1o deter captive coyotes
from killing domestic lambs. Shivik et al. (2002) failed
to trin wild gey wolves that were previously
involved on livestock damage not to attack livestock
duting a pen tial using dog-training collars.

Breck et al. (2002) developed the radio-activated
guard (RAG); strabe lights and sirens were activated
when a predator wearing a collarmounted device
approached the livestock pasture. RAG boxes deterred
wolves from attacking cattle: although the walves
activated the RAG boxes some 15 times during
2 months, not a single calf was killed, whercas
16 calves werc killed in unprotected pastures. A sim-
ilar method involves a sound activated aversive con-
ditioning (SAAC) collar, responding to inexpensive
hells worn by vulnerable free-ranging livestock.
When livestock is disturbed by an approaching
predator fitted with a SAAC collar the bells ring and
cause the intruder to receive a shock from the collar
resulting in aversive conditioning (Shivik and
Martin 2001). Approaches such as these are likely to
be affordable only to affluent stakeholders.

Conditioned taste aversion

Conditioned taste aversion (CTA) refers 10 a specific
behavioural pattern whereby mildly poisonous sub-
stances cause a deep-seated and lasting aversion to
associated tastes. Gustavson et al. (1976) first sug-
gested that the use of an emelic such as lithium chlo-
ride could be a useful management tool for problem
predators. CTA differs from other learned aversions
in that the aversive stimulus is not immediately dis-
cernable by the animal and as such is more usefut for
stopping an animal from eating certain foods rather
than for limiting killing behaviour (Conover and
Kessler 1994). Attempls have been made since the
19705 to exploit this behaviour in wildlife—and
especially canid—management, bul because of paor
cxperimental design, results have been equivocal
and theretore controversial (Reynolds 1999). Satis-
factorily  designed experiments are  extremely
difficult to carry out with wild predators. A recent
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iraportance of genetic exchange between subpopu-
lations. Local, state, and federal officials nced to
be lobbied to revise the rules. Similarly, in eastern
Finland, 36 grey wolves close to the Russian border
have been radio-tagged as part of a plan to protect
them and thereby to encourage eastward recolo-
nization into central and western Finland. Second,
the cffective size of a park can be incrcascd by the
creation of buffer zones around its periphery, as
proposed for the Simien Mountains National Tark
to protect Ethiopian wolves. Third, parks can be
linked through corridors. Dramatic cases that would
aid African wild dogs include plans to develop trans-
frontier corridors between, for cxample, the
Okavango in northern Botswana north thraugh
Namibia, and into southern Zambia; or through
Kruger National Park, South Africa with southern
Zimbabwe, and southwestern Mozambique. Similar
corridors could lnk the Selous Game Rescrve
and Ruaha National Park in Tanzania and Sclous
Game Reserve and Niassa Game Keserve in northern
Mozambique. A very different philosophy, tailored
to situations where large protected areas are not
an option, is the creation of managed meta-
populations—an idea being applied to African wild
dogs in South Africa. Management involves the
challenge of simulating the processes of immigra-
tion and emigration in natuzal populations.

Captive breeding

The value of captive breeding to mammal conserva-
tion has been much debated (e.g. Kleiman 1989;
Balmford et al. 1995), and some canid specialists see
it as competing for funds with higher priority field
projects. Two subspecies of island foxes arc esscn-
tiaily extinet in the wild, and attempts to breed them
in captivity have heen only modestly successtul.
The remaining foxes on San Miguel were taken into
captivity in 1999, since then their numbers have
doubled from 14 to 28, but in 2002 only 3 of 10 pairs
produced litters. Studies of hormonal profiles, mate
selection, and microsatellite profiles (to avoid
inbreeding) arc all proposed. Variation in MHC
alleles would be used as a step towards brecding for
disease resistance. Meanwhile, Lechniques are being
developed to obtain and store sperm and inseminatc
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receptive female island foxes to improve captive
propagation. Cryopreseivation of genctic material
has also been proposed for Ethiopian wolves, for
which the establishment of a captive breeding popu-
lation remains an unfulfilled priority.

One idea, proposed for Mexican wolves, is the
need to establish facilities where captive-born canids
can gain experience of the wild—in the case of the
Mexican wolves an enclosure of some 1500 km?
of wilderness is propased. Attempts to lrain caplive-
bred canids to hunt and kill—such as wild dogs
seleased in Namibia—have raised ethical questions
(Scheepers and Venzke 1995).

Education

Rather than identifying topics on which lack of
knowledge was a barrier, various proposals empha-
sized he imporlance of communicating existing
information. Thus educalion as to the merits of
conserving biodiversity in gencral, and canids in par-
ticular, is explicit In proposals to increase awareness
of maned wolves by farmers, and of island foxes by
boat-owners. In the southeastern United Stales the
Red Wolf Coalition promotes red woll recovery by
fostering public-private partnerships, increasing
public awareness, saising funds and other contribu-
tions, and acting as an advocate for the species. The
Conlition’s priorities include fund-raising for imple-
menting education programmes and construction of
a ted wolf education centre in Columbia, North
Carolina. Similar aspirations guide the thiopian
Wolf Conservation Itogramme’s plans to inform
and lobby government officials about the status of
the Ethiopian wolf, and to place information about
this species within a proposed national syllabus for
conservation educalion in Ethiopia’s cducation sys-
tem. The programme targets children, adults, and
communities within and surrounding the Ethiopian
wolf’s tanges. Another comparable organization is
the Wolf Forum for the Southern Rockies, which is
seeking funds ta promote educational initiatives
designed to incorporate science-informed advocacy’
into decisions about restoring grey wolves o the
Southern Rockics Feoregion in the United States
(mostly western Colorado and northern New
Mexico).
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attempl with red foxes and grey partridge (Reynolds
el al. 2000, unpublished data) identificd several
obstactes that ullimately prevent deployment in UK
conditions. These included the difficulty of dosing an
adequate proportion of foxes using referent baits
the involvement of protected non-target species
(Burasian badgers Meles meles); and the lack of any
already-registered product suitable for widespread

environmental use.

An encouraging Lrial of the principle is provided
by Macdonald and Baker (2004), who showed that a
family of captive red foxes was successfully condi-
tioned to avoid untreated milk after drinking foul-
tasting milk (laced with Bitrex™, a bitter substance
that they were unable to detect except by tasto). In
a separale experiment the capacity of ziram (a food-
hased repellent) to create leamed aversions to
untreated foodstuffs was tested. Red foxes showed
direct aversions to treated baits and learned aver-
s 1o untreated baits, made shorter visits to the
trial station after trying baits (5. Baker et al. unpub-
lished data). Generalized aversion has an advantage
over CTA in that because the experience of foul taste
on sampling is immediate it involves no ambiguity
astowhich prey is associated with the negative expe-
rience, and it may therefore cffectively confer pro-
tection upon untreated prey (Macdonald and Baker
2004). Despite these tantalizingly successful trials,
the reality is that practical application of such tech-
niques faces many hurdles.

Translocation of problem animals
Translocation of individual problem animais is
routine for North American pumas and bears guilty
of trespassing in urban areas or killing livestock, and
has occasionally ben applied to grey wolves and
African wild dogs with mixed success. Of 107 wolves
translocated in northern Minnesota following depre-
dation or harassment of livestack 17% were shot, or
recaptured at Icast once, for re-offending (Fritts ef al.
1985). Overall, the mortality of translocated wolves
wasnot higher than fhat of wolves already residentin
the area, bul pack mates failed 1o stay together and
travelled long distances with some animals returning
home; 9 of 32 wokves tracked (28%) returned to with-
in 10 km of their capture site (Fritts et al. 1984).
Avimals translocated more than 64 km did not
return to their capture sites. Five wild dogs that were

transtocated 1o South Africa’s Kalahari Gemsbok
National Park after their pack-mates had been shot
by farmers split into two groups and disappeared
within a few months (Frame and Fanshawe 1990 in
Woodroffe ¢t al. 1997). More recently, translocation
attempts in Zimbabwe involving the wholesale relo-
cation of wild dogs pack away from farmland have
showed some promise (G. Rasmussen personal
communication).

Overall, it appears that translocation is too expen-
sive, time consuming and technically complex to be
suitable for common canids, but for endangered
species it may be cost-effective (see also Linnell et al.
1997; Ireves and Karanth 2003). From botha conser-
vation and an animal welfare perspective, the risk
that translocated animals may be doomed must be
thoroughly explored: release into habitat already
oceupied by conspecifics can lead to intraspecific
aggression, social disruption of the residents, and
mortaiity.

Dealing with problem populations
Even blanket control of over-abundant canids s like-
Iy to involve inadvertent selection, for example, by
concentrating on individuals at problem sites. The
objection that an unfacused cull is inefficicnt ioscs
impact if there is a sport interest in the cull itself
Thus in contrasting this blanket culling approach
with alternatives, the questions to be answered are
whetheritis effective to reducc conflict, whether it is
costefficient, and whether altornatives exist thal are
demonstrably less wasteful of human effort and/or
canids. A crucial consideration is whether the cull
reduces the target population sufficiently to dimin-
ish the measured nuisance for a useful period.
A potential risk is that compensatory movements
(@ vacuum effect) or breeding (density dependent)
rapidly negates any benefil measured in terms of
reduced damage, or causes other counter-productive
perturbation (Sacks et al. 1999a; ‘luyttens and
Macdonald 2000; Blejwas et al. 2002). Obviously,
such complications can be planned for, as illustrated
by the ‘dingo fence’ in Queensland, Austealia (Allen
and Sparkcs 2001), or by a ‘cordon sanitaire’ (Jensen
1966)

Intense local culling may creale a geogra-
phical patchwork of source and sink populations
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Recurring themes and
unitary approaches

These ten categorics of project proposal can be
further broken down into those where the problem
is essentially that we do not know where canids are,
but fear the worst, and those where we know all tao
well where they arc, because they are implicated in
some sort of problem there.

Surveys and monitoring

First, ignorance of distribution and abundance
(and even taxonomic stalus) makes it hard to be
confient about the conservation status of many
canids. In several cases—the bush dog and small-
eared dog paramount amongst them—repeated
but failed attempts to find them give grounds for
pessimism. A similar siluation applics to Saharan
foxes, whose distribution and status can only be
guessed from scant reports. Tlowever, it is difficult to
know what to conclude from surveys that are spo-
radic and unsystematic. Happily, not only have va
ous techniques been developed for surveying canids
(reviewed by Gese in press; and Boitani et al. Chapter 7,
this volume), hul there is an immense literature on
the monitoring of mammals in general (e.g. Wilson
ot al. 1996; Macdonald et al. 1998; Buckland 2001).
Taken together, these make it feasible to identify the
prerequisites and phases of a professionally robust
survey project. These include a statistically appro-
priate sampling regime, stratifid as necessary
and, where it is important to detect differences in
space or time, meticulous attention to statistical
power. Failure to attend to these starting points
can squander time and money, and cause misleading
outcomes. Working at diffecent spatial scales on
different species under different  circumstances
will dictste which methods are most effective;
costwill also impose constraints, but false economies
are to be fiercely resisted, and raise the spectre of
squandered efforl. A hierarchy of methods is avail-
able, from questionnaire surveys through spotlight,
spoor, and sign counts, to scentstations, fur-traps,
call-ins, and camera traps o rap-mark-and recapture
surveys. Some can be combined, and the optimal
combination and pattern of deployment requircs

detailed study of a copious and technical literature.
Increasingly, there are innovative approaches to
g rare mammals (e.g. Casbone ef at. 2001),
sophisticated molceular techniques to  reduce
ambiguities in identification using faeces and hair
(Paxinos et al. 1997; Kohn et al. 1999), and appro-
aches 10 use volunteers to spread the workload
(Newman et al. 2003). Furthermore, distributional
data can now be incorparated into spatially explicit
models, incorporating  Geographic  Information
Systems, that generate useful, Lestabic extrapolations
and have the added advantage of allowing biologists
to make their worst mistakes in a virtual reality
(c.. Macdonald and Rushton 2003). Although the
sreatest number of projects submitted 1o the Canid
Action Plan prioritized surveys of diverse canid
species in far-flung corners of the globe, the princi-
ples governing such work, and the techniques open
to them, suggest o us that a single outline project
design—tuned to local circumstances—would fit
them all (Table 23.3). A worthwhile and cost-effective
survey requires excellence both in fieidcralt and
quantitative methods; this combination of qualities is
sadly not always apparent, perhaps because mammal
surveys scem so easy and 50 obviously worthwhile—
beguiling impressions, neither of which is correct

Predatory problems

The overview of research projects submitted by spe-
cialists to the Canid Action Plan brings to mind an
analogy toa broad point that we made in Chapter 1,
namely that canids are intriguingly diverse yet
temarkably similar. $o too, because the locations are
exotically diverse, and the circumstances so different
in detail, when we learn of maned wolves, coyotes,
Arctic foxes, red foxes, dholes, African wild dogs,
and dingoes in conflict with farmers it is casy to b
impressed with the diversity of canid problems in
every corner of the globe, But the reality is that many
of these are subtle variations on the same problem—
the crab-cating fox kitling poultry, the ted fox killing
a pet guinea pig, the coyote killing a lamb, and
the African wild dog killing a cow ar all actors in
different productions of the same drama—although
they act out the scquence on stages set in differ-
ent theatres: respectively, an Amazonian village,
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(Pulliam 1988). ‘This type of dynamic has been
obscrved in coyotes (Pyrah 1984), red foxes (Allen
and Sargeant 1993), and culpeos (Novaro 1997b). It
may be typical of some bounty schemes where the
‘additive’ component of culling remains insufficient
to make morlality exceed productivity, and local
culling mortality is easily ‘made good’ through
reproduction and dispersal. The result is that the
bounty-provider simply pays foran increased regional
harvest (e.g. bounties proved ineffective for dingo
control—Allen and Sparkes 2001, citing llarden and
Robertshaw 1957; Smith 1990). At the other extreme,
where culling is geographically widespread and its
impact on the population high, replacement may be
very low, Obviously this s the situation that especially
concerns canid conservationists.

Sustainable harvest rather than control also results
when culling becomes an activity in its own right, as
for instance fox-hunting in the United Kingdom,
winter fox shooting in western continental Europe,
or trapping in central North America and southern
South America. Here the aims of the operator may
invotve a higher canid density than do the aims of
the livestack producer or game manager. Te may be
willing to (and logically should!) pay for this, squar-
ing the differcnces in aims between livestock pro-
ducers, hunters, and conservationists. We would not
suggest that exploitation of canids be promoted
where none exists—but the scenario illustrates the
successful sharing of costs and risks through a wider
society, as in the CAMPIIRE schemes. Also people
who are interesicd in a sustainable harvest of canids
can be allies of conscrvationists, because they want
to have high canid densities, whereas livestock pro-
ducers would rather have low (or zero!) canid densi-
ties. This is the case in Argentine Patagonia, where
the fur traders association opposes the state bounty
system Lo reduce canid densities.

Among culling techniques, poisoning deserves
special mention here, because it starkly exemplifies a
trade-off between utility (cost-cfficiency) on the one
hand, and on the other hand conservation (target-
specificity) and humaneness. Even intensive: poison
campaigns suffer the same limitations o effective-
ness as described ahove, wherein geographical cover-
age, effort, and accurate targeting all contribute to
achicving aims. Becausc of this, the trade-off of cost
against other qualities is a non-trivial choice.
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Chemosterilants  and  immuno-contraception
have been proposed on namerous occasions for canid
population control (Asa 1992; Boyle 1994; Tyndale-
Biscoe 1994; Newsome 1995; Tuyttens and Macdonald
1998). Immuno-contraception is the preferred
approach in Australia to climinate red foxes in the
interest of marsupial conscrvation, and considerable
funds have been allocated to its development. In
individual-based simulation modelling involving,
realistic parameters for population density, growth,
and dispersal, a very high ‘hit rate’ was found to be
nccessary 1o achicve popnlation control in the red
fox (Macdonald ef al. 20(Kc).

Ararely considered aspect of population control is
the degree to which it scts the background for other
approaches. Where a canid population is regionally
suppressed (¢.g. Heydon and Reynolds 2000a) the
level of conflict may be lower, and the effectiveness
of local control measures higher, than would other-
wise be the case. To pursue the example cited, poul-
try are raised out-of-doors in Norfolk, England with
far lower levels of physical security than would
be required elsewhere in the country, because fox
density is low in the entire region, making local fox
control a viable aption for poultry farmers.

Although non-selective culling tackles the canid
population as a whole, its aim is not necessarily either
long term or far-reaching, For instance, in controlling
1ed fox predation in the context of wild game-bird
management, temporary local suppression of num-
bers during the breeding season s sufficient to allow
enhanced game-bird productivity and thus to allow a
hacvest (Tapper et al. 1996). The effect on fox density
may be impossible to measure dircctly, although its
impact on game-birds is demonstrabic experimentally.

For operator and biologist alike, it is extremely dif-
ficult to distinguish those situations in which culling
is effective and moderate, from those in which it is
incffectual and wasteful (or damaging). Even in
developed countries, it can be impossible to quantify
culling intensity with reasonable accuracy (Ileydon
and Reynolds 2000b), and assessment of its impactin
population terms may need to be indirect (Heydon
and Reynolds 2000a). Where there is real conserva-
tion concern for a targeted species, regulation of
both culling and recording is highly desirable, but
may be impractical in countries unaccusiomed to
such bureaucracy.
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Table 23.3 Despite the diversity of species, peaples. regions. and problems involved, many species-based canid
conservation problems (and perhaps those on somme other faxa tao) boil down to variations on just three themes;
projects inlended to address each of these three themes generally progresses along a predictable trajectory (see
main Lext). Having this in mind while designing a new projcct may increase the likelihood of a productive outcome
and this table provides, in effect, a tick-list of topies requiring attention from the outset. The flow of this table
complements the processes in Fig. 23.3, where the goal is progressive reduction of negative impacts, with altention
1o all four elements of the Conservation Quartet at each stage of the hoped for progression of population recovery
towards sustainable management. Because this table is set out in two dimensions the phases (Research,
Community involvement, Education and Implementation) are listed in sequence—the reality is that they are often
interactive and parts of each may occur in parallel.

Project category

Phase Task Survey Predatory confiict Infectious discase

Preparatory  Define Dfine the prablem, demonstrate need for project, and specify goals for solution
Positioning  Review positioning of projcct within Conservation Quartet and phase of Species Recovery
Paradign; evaluate scope within Impacts Reduction Scheme
tormulation  Formulate questions to be asked, hynatheses to he tested and predictions refined, and
measures 1o be made

Permits Determine fzw and Jand poiicy issues affecting species and secure permit to operate
Argue Choice of scale—(a) spatial (b) temporal

justfication  General approach to problem

of Operational methodology and materials

Quantitative methods—(a) sampling desin () statistical power
funding Prepare realistic budget

Secure funds

Demonsiate funds are suffcient to achieve useful goals; i not, postpone or abandon project

Researcn Operational  Preparatory Define target of predation Fstbish necessary zoological/
phases modelling (a) livestack, (b) game species, veterinary collaboration
and (c) Ureaterned prey species
Define threats Identfy stakeholder groups Undertake pilot prevalence suvcy
Recruit/ Quantify perceptions hefd by Undertake epizootiological/ ecological
tain staff each group research to identify processes
Undertake Verify/tefune perceptions: (a) use  Develop simulation models of:
survey existing data, (o) identify critical  (a) likely spread and (b) control
unkiowns, (c) gather new data options
Enter data Identy residual issues Field test of feasibility and
Priniary. {denify and test mitigation/ effectiveness of vacoination /
analysis control approaches population control approzches
Extrapolation Cycle throvgh Impacts
(is) Reduction Scheme
Community Detenmine locel Identify stakeholders (e. If domestic dogs are iwohved, develop
involvement leadership individuals, agencies, NGOS, extension programme
capaclty organizations, networks)
Igentiy local Create and nurture stakeholder Frrall conmunity participation on

supporters caalition group dog health programme
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Conclusions

Despite the unpromising circumstances of inereasing
human population and habitat loss, anly a quarter of
all canid species are considered threatened (Sillera-
Zubiri et al. in press, Macdonald and Sillero-Zubiti,
Chapter 23, this volume); most canid species are
holding out, and some thrive. Their future, as for so
many other creatures, lies in conservation initiatives
that recognize the dual importance of their need for
Targe, linked arcas of suitable habitat and of the
development of the human communities alongside
which canids must live. In many cases, sensitive
cducation must challenge deeply engrained cultural
prejudices about wild canids, whereas the sources of
genuine contlict must be identified, understood, and
whittled away, Where conflict remains it will often
be appropriate for wider society to lift the burden, or
sisk, off individual producers in the interest of pre-
serving species. Clearly, such topics range far from
biology, through such fields as economics, develop-
ment, politics, and begond. In so doing they demand
a breadth of vision and knowledge that is seldom
accounted for in the training or carcer structure of
today’s conservationists (Macdonald 2001). A now
outmoded view characterized people, often alrcady
disadvantaged rural people, as the problem; for the
future it seems essential, on the contrary, that they
become part of the solution (Sillero-Zubirt and
Laurenson 2001).

We have shown that conflict betsween wild canids
and people exists, and necessitates management, for
both impurilled and abundant species. The problems
faced by these two categories dlearly differ in detail,
but both merit the aftention of conservationists, and
both may he suscoptible o similar approaches using
the same ools. For example, management of hoth

rare and abundant canids is likely to involve a mix
of strategies drawn from a wealth of disciplines, to
involve changes in animal husbandry, exploration
of scicctive, non-lethal methods, and complicated
cvaluations of costs and bencfits (measured in such
incommensurable eurrencies as biodiversity, mancy,
and cthics). In affluent countries, the public, welfare
organizations, and wildlife managers increasingly
find lethal control unpalatable; indeed, it seems fikely
that the science of animal welfare will become
important implement in the conservationists’ tool-
kit, along with expertise in the human dimension of
environmental management. The hitech revolution
surely has much to offer, bul s0 100 do traditional
livestock husbandry methods. Ultimately, while the
practicalities must surely be underpinaed by innova-
tive science, the solution to canid conflict rests on
value—the value that people (often very poor people)
place on canids. For centuries, and around the world,
few other animals have so regularly been burdened
with the cpithet ‘the only good one is a dead onc’ as
have canids. Changing that view is a matter of chang-
ing values, and a capacity to achieve that change will
be the measure of good management.
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protected areas. African wild dogs have benefited in
southern Aftica from community-based initiatives
and the establishment of large private nature rescrves
and conservancies, where income from cattlc farming
(susceptible ta drought) is being replaced by taurism,
trophy hunting, and game-ranching,

In the United States, Defenders of Wildlife has
created the Proactive Camnivore Conservation Fund.
They share with ranchers the costs of actions to
prevent livestock depredation, huying livestock
guarding dogs, erecting clectric fencing, hiting ‘wolf
guardians’ to monitor wolves in sheep range by
radio-telemetry and chasing them away when they
get close to livestock (Nina Fascione, personal com-
munication). They have paid more than US$270,000
in compensation to ranchers for losses due to wolf
attacks since 1995,

Improve economic benefits

Demonstrating the economic benefits of canid
conservation can require ingenuity. Traditionally,
canid skins have represented a perk to farmhands, In
Patagonia, ranch-hands have annual incomes of
USS500-1200, and fox pelts represent 2-14% of their
annual income (Funes and Novaro 1999), and up to
26% in some years (Novaro et al. Chapter 15, this
volume). When the value of red fox skins soared in the
carly 1980s British farmhands began to harvest them
seriously (Macdonald and Carr 1981). However, for
the most part the pelt value merely causes people who.
would anyway Kill these canids to take the time to
skin them.

Job creation in research, conservation,

and management activities

Canid conservation projects can create Jocal employ-
ment. For instance the Ethiopian Wolf Conservation
Programme (LWCP) employs 25 local people full-
time, at a cost of US347,000 a year in wages); EWCP
staif have gained in status and respect in the commu-
nity and the programme continues to receive con-
stant requests for employment (S, Williams personal
communication; www.ethiopianwolf.info). Similarly,
the Painted Dog Conservation Project in Zimbabwe
has employed former poachers for conservation jobs
(G. Rasmussen, personal communication). At the
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other end of the spectrum common canid species
generate jobs; for example, in the United Kingdom
red foxes support the employment of ¢.3500 game-
keepers and an estimated 6000 peaple associated with
traditional fox-hunting with hounds (Macdonald
etal. 20000), and coyotes and dingocs support similar
control industies.

Non-consumptive recreational use

There is no doubl thal large carnivores are a major
attraction for Lousists. High-profile and visible canid
species such as African wild dogs, grey wolves,
Ethiopian wolves, dholes, and maned wolves may be
capable of supporting, at feast paitially, a sustainable
tourist trade, but many canids are frustratingly secre-
tive, Although the big cats were the main draw to
a Zimbabwe mational park when all nationalities
were pooled, wild dogs ranked top for Zimbabweans,
and sccond among Soath Africans (Davies 1998).
Visitors to Yellowstone take pleasurc in the expecta-
tion of secing or hearing walves; more than 20,000
visitors to Yellowstone have abserved wolves since
1995 (www.nps.gov). Ethiopian wolves arc the chief
attraction to visitors to the Bale Mountains National
Park, and mancd wolves are a highlight of tourism to
the protected grasslands of Argentina and brazil
Nonctheless, expectations of revenue should not
be cxaggerated. For example, in Ethiopia’s Bale
Mountains, where income from tourism is often
given as a justification to the local community for
the presence of a park, the number of tourists visiting
cach year is numbered only in the hundreds, many
use their vehicles rather than local guides ot horses,
and the sums reaching the local community are not
great. Burthermore, the susceptibility of tourism fo
fluctuations in the global economy, and to political
instability, makes it unwise to base conscrvation
entitely on economic values

Consumptive recreational use

Hunting of large carnivores can increase their value,
offset livestock losses, and provide a way to dispose
of known ‘problem’ animals. Regulating these activ-
itics within a sustainable framework can be difficult.
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rodenticides, and expanding populations of non-
oative red foxes (see below). Similarly extensive sur-
veys of the maned wolf and the dhole are calied for.

Knowledge of some specics is highly skewed by one
or a few intensive studics. The Ethiopian wolf (Canis
simensis) characterizes a situation where one popula-
tion, thatin the Bale Mountains National Park, is well
known (but is sufficiently frail, and so exceptionally
informative, that it aceds continued monitoring),
whereas there are other populations whose statuses
are much less clear. In this case there is a need to con-
tinue the monitoring of wolves initiated by the
Lthiopian Wolf Conservation Programme in several
fragmentary populations and lo initiate it in Delanta,
Aboi Gara, Abuna Josef, and Akista (see Marino 2003),
Similarly, whereas the status of African wild dogs
(ycaon pictus) in South Africa, Botswana, Zimbabuwe,
and Tanzania is cather well documented, the status of
the patentially key population in Mazambique link-
ing East and Sauth African populations is unknown,
and virlually nothing is known of the remnant West
African populations and Angola.

Most specialists nominated prioritics in lerms of
species whereas others did so by region. For exampic,
the distributions of the desert foxes in North Africa
and the Middle East, the pale, Ruppell’s and fennec
foxes (Vidpes pailida, V. ruepellii and V. 7erda) are
wnknown in any detail, and particular attention is
drawn to the central Sahara desert and to surveying
the Rappell’s fox and Blanford's fox in southwest
Saudi Arabia, Yemen, and Oman. In this region, the
grey wolf Is under intense hunting pressure, and sur-
veys are called for in ban, Irag, and Syria, and
tivoughout the southemn Arabian peninsula in
southern Saudi Arabia, Oran, and Yemen. Blanford’s
fox was discovered in the Middle East only 20 vears
ago, and more recently in Egypt—now the priority is
to survey for this species in Africa (specifically in cast-
em Egypt, castern Sudan, Eritrea, and Ethiopia)—as
with other specics, it is proposed that thismay best be
accomplished using a wide array of field techniques,

Several of Lhese sutveys propose that the data be
used for predicive modelling and population habitat
viability analysis—an example being analysis of the
restoration potential and population viability of the
Mexican wolf (C. lupus baileyi) in the southwestem
United States and northern Mexico. This approach is
focused on the crucial question of how much habitat
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is enough to ensure population viahility and eventual
species recavery.

Taxonomy and genetics

Knawledge of where canids occur presupposes being
able ta identify them, and some uncertainties about
taxonomic status remain. Studies are needed to deter-
mine the taxanamy of Canis aureus bupasier, proposed
by some to be a small walf, rather than a large jackal.
A combination of surveys—focusing initially in
Egypt and Libya—and genetic analysis is necded.
Similarly, the taxonomic status of the Cozumel Island
aray fox (Urocyon cinereoargenteus) in Mexico is
uncertain. Recently the major conservation genetic
issues have focused on untangling the taxonomy of
North American wolves (Canis fupus) and coyotes
(C. latrans) and hence determining the classification
of red wolves (C, rufiss) and their legislative status.
Hybridization with dogs is an issue for Ethiopian
wolves, hencethecall for genelic screening of all pop-
ulations, together with the long-term maintenance
of genclic variability in small, isolaled wolf popula-
tions, and for which inbrecding among packs of
highly related animals is likely. Identifying palterns
in the spatial distributions of genes in a population is
an important step to prioritizing areas.

Basic biology and techniques

tew would dissent from the view that conservation is
more likely to be effective when underpinned
by sound science. Approximately one-tenth of the
proposals we compiled boiled down to either sc
c hackground or development of techniques
Sometimes the driving question was clearly focused
For example, the only known mainland sanctuary
for Darwin’s foxes is Nahuclbuta National Park,
but the species occurs beyond the park’s borders
in highly fragmented forest used for cattle grazing
and wood extractian, and frequented by numerous
people and theit dogs, along with a high density of
culpeos (Pseudalopex cupazus), a potential predator
of the Darwin'’s fox. A comparison of the populations
inside and outside the park may reveal differences in
reproductive success and population  processes
(although it might prove harder (0 answer the ques-
tion of what to do about any emerging differences).

n-
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The results of public harvest of grey wolves (defined
to exclude aitcrafi- and snowmobile-assisted hunt-
ing) intended to increase deer may mot have
been clear-cut in terms of population biology (..
Kenai Peninsula—Pcterson et al. 1984b, north of
Anchorage—Gasaway et al. 1992), but produced a
very positive response from sport hunters who felt
empowered by their cost-effective participation in
a programme necessiating minimal government
involvement (Boctljc et al. 1995).

Sharing the cost of conservation across
a wider society

Primm (1996) notes that the costs of tolerating
camivores may he very uncvenly spread, and that
society should share the burden with the afflicted
individuals. This raises complicated questions about
who owns, or lakes responsibility for, wildlife.
Compensation schemes seek to share the burdens of
tolerating predators, and to be effective require
strong institutional support and clear guidelines.
They also require quick and accurate verification of
damage, prompt and fair payment, sufficient and
sustainable funds, and measures of success (Nyhus
etal. 2003).

Inltaly, for example, the local government compen-
sates 100% of the value of Livestock killed by wolves,
bears, and even feral dogs (Cozzaetal. 1996). In France,
recolonization by wolves has been closely monitored,
with the provision of community guards and official
damage assessars, In 2001, 372 attacks by wolves
on livestock involved 1830 dead sheep, and cost
over €300,000 in compensation (Dahicr 2002). After
wolves returned to Montana in 1987, Defenders
of Wildlife (see above) have paid out more than
15$270,000 t more than 225 ranchers to compensate
for 327 cows, 678 sheep, and 34 other animals killed
by wolves in Idahio, Montana, and Wyoming (Nyhus
e al. 2003; N. Fascione personal communication).
However, a pilot study suggests that for every calf
Killed by wolves and found by the cattle producer, as
many as 5.7 additional wolf kills may have gone unde-
tected (Nina Fascionc, personal communication).

The opposite of compensation is a bounty
scheme, such as thal involving approximately 1000
Patagonian sheep producers, the majority of whom

et 5-10 bounties every year, As an example,
US$10-25 were paid for ¢.50,000 bounties hetween
1996 and 2001 in two Patagonian provinces alone
(Wildlife Agencics of Rio Negro and Chubut pro-
vinces unpublished data, Novaro et al. Chapter 15,
this volume). Of course, compensation schemes do
nothing to alleviate the prohlem, rarely deal with fuli
costs, are open Lo corruption and can involve an
expensive burcaucracy. Some of these difficulties
may be circumyented by community-based insur-
ance schemes (Nyhus et al. 2003). A novel way of
sharing the cost of living with carnivores is to add
a premium price to goods produced by ‘predator-
friendly’ farms (L. Marker personal communication)

Education: improving aesthetic and moral

benefits to community

Perceptions of predator problems often exaggerate
the reality, and education programmes can target this
by delivering accurate information and increase peo-
ple’s tolerance and appreciation for wildlife (Conover
2002). Some canid species can act as flagships for pro-
jects in order to gain public support for habitat con-
servation—grey and Ethiopian wolves fit this mould,
which could be extended to African wild dogs, dholes
and perhaps even Darwin’s or island foxes.

Approaches that seek to reduce the
scale of the problem

Efforts to deal with predation directly range from
preventing contact hetween predators and their
potential prey—either by modifying husbandry
practices, exclusion fences or guarding—to dealing
with problem animals, to dealing wholesale with
problem populations (Eig. 5.2). There are both scien-
tific and etbical problems with lethal control of
canids, fostering an inlerest in non-lethal alterna-
tives (Ireves and Woodroffe in press) and greater
selectivity in Iethal control (Treves 2002).

Preventing contact between canids and

potential prey

Changes in livestock husbandry

Iixtensification of husbandry systems, the lack of
supervision of livestock (and the inerease of some
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However, many other proposals sought to study the
basic ecology of poorly known species. ¥or example,
priority was attachcd to a general study of bush dogs
in the Mbaracayii Forest Biospherc Reserve,
Paraguay, of the maned wolf as an clement of matn-
mal communities in a habitat mosaic at the pampa/
forest boundary in Noel Kemptf Mercado National
Park in Bolivia, and of the short-cared dogs in Cocha
Cashu Biological Station and the Alto Purus Reserved
Zone, in southeastern Peru. Similarly broad studies
were proposed for the isolated Ethiopian wolf popu-
lations in northern Ethiopia, and for the dhole
(Cuonalpinus). While all these proposals focus on the
species and places where least is known, another cat-
egory of propasals sceks to capitalize on the high
costeffectiveness that can characterize longitudinal
studies of well-known populations. Such efforts,
many represented in the case studics in Chapters
8-22 have madc the greatest contribution to scientif-
ic understanding of processes that are fundamental
to conservation planning. For example, projects
called for monitoring population and pack dynamics
of wild dogs in Kruger National Park, South Africa
and Fthiopian wolves in the Bale Mountains, both
alteady the subject of case studies in this book

A ditferent category of fundamental research is
dirccted at developing techniques that will have prac-
fical application. For example, microsatellite markers
and DNA extraction methods from non-invasively
collected samples (facces or hair) (o monitor released
island foxes or, using captute-mark-recapture logic,
to monitor inaccessible populations of Ethiapian
wolves. The same techniques are piloritized for
dholes, along with research into cali-based survey
methods, and into the practicalities of translocation

Community ecology

Ao emerging fundamental of canid ecology is
intra-guild competition and, in one guise or another,
Wiy was nominated as a priority in three projects
Ginterspecific competition beyond the Canidae is
alsoimportant), [tis well established that cayotes kill
San Joaquin kit foxes, as they do swift foxes (V. velox)
restored to Canada (chapter 10)—although the
abundance of coyotes may be indirectly determined
by human intervention, the sympatry of these con-
flicting species is essentially natural. However, red

foxes (V. wulpes) also threaten these small prairic
foxes and whereas these larger congencrs occur
naturally in the Canadian prairies (again, notwith-
standing the effects of human interventions on their
numbers) they are an introduced species to
California. This distinction may be held as ethically
important when it comes to deciding on appropriate
interventions to foster the San Joaquin kit fox, and a
study of theit interactions with red foxes is flagged as
a priority. On the other side of the world, red foxes
may be the main cause for local extinction of the
Riippell's fox in Isracl, shere Ruppell’s foxes were the
most abundant vulpine in the Negev Desert up until
the 1960s. Thereafter an increase in human popula-
tions and associated agricultural devclopments
probably explains increases in red fox numbers. This,
in tum, coincided incriminatingly with a sharp
dedline in Rippell's foxes.

Intra-guild competition is by no means restricted:
Lo interactions between canids, and one example
identified as a priority for research was the impact of
tigers (Panthera tigris) on dholes. Stmilarly, predation
by golden cagles (Aguila chrysaetos) is probably
responsible for the recent catastrophic declines of
five of the six populations of island foxes (Urocyon
fittralis) on the California Channel Islands—in total
from over 6000 0 less than 1200 individuals in a
decade (Rocmer et al. 2001a, 2002). The presence of
feral pigs enabled cagles (o colonize the islands,
increase in population size, and over-cxploit the fox
(foxes from San Miguel and Santa Rosa islands now
exist only in captivity). Proposals initially hinged
upon live-capture and translocation of golden cagles,
the reintroduction of bald cagles as a potential deter-
tent to gokden cagles, the establishment of four captive
breeding facilitics, and the eradication of the pigs.
However, several golden eagles have persistently evad-
ed capture, leading reluctantly (o the proposal fhat
they should be shot.

Dholes also provide a harrowing example of
another feature of community ecology that abuts
problematically on canid conservation, namely the
dilemma of endangered predators killing endang-
cred prey—the classic case being the rare dholes
of Java preying upon banteng (Bos javanicus), a
rare wild cow. The San Clemente island fox
(UL clementae) provides another perplexing exam-
ple. The foxes kill or disturb the Critically
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hitherto threatened species) has led to an increase i
livestock predation. Risk tends to increase with herd
size, distance from people and buildings, proximity to
thick cover, and carcasses Ieft in the open (e.4. Mech
et al. 2000; Krauk 2002; Ogada et ai. 2003). Con-
scientious hushandry is essential, and can be straight-
forward, such as improved vigilance, preventing
livestock from straying, and returning herds to enclo-
sures at night (c.g. Kruuk 1980, 2002). Specific hus-
bandry practices, however, must be developed for the
particular situation of each producer group. Some
recommended practices only delay predation or bave
undesirable sidc effects; penning animals at night, for
example, is costly and frequently deteriorates pastures.

Report aggressive coyotes or the feading of coyotes
0 ifie Ministry of Water, Land and Al Protection at

Figure 5.2 Poster of ‘co-existing
with Coyotes’ Program Vancouver
British Columbia © Stanley Park
Ecological Society.

locally (Knowlton et al. 1999). In southem Chile and
Argenting, where puma and culpeo populations have
increased, a shifl from sheep to cattle husbandry, and
further diversification have been proposed (Johnson
etal. 2001), a move cncouraged by falling wool prices
and increased predation.

Setting barriers that exclude predators
Peopie have built barsiers to protect stock from
predators since time immemorial. In northern Kenya
asimple thorn-bush boma (corral) can make a big dif-
ference with 90% of stock killed outside the enclo-
sures that would have protected them (Kruuk 1980),
and appropriate fencing can deter predation by
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Endangered San Clementc loggerhead stike (Lanius
ludovicianus meamsiy, and so to protect the shrike the
foxes are trapped (Coopet etal. 2001). Such clashes of
conservation inferest are increasingly common (e.g.
African wild dogs disadvaniaged by spotted hyaenas
Crocuta crocuta and lions Panthera leo— Carbone et al.
1999; Creel and Creel 2002). Intervention in the
structure and processes of (at least superficially) nat-
ural communities raise perplexing questions of
ethics and priorities of an ilk that is likely to become
as familiar as it is unwelcame (Macdonald 2001)

Disease

A notable development of this decade is that infec-
tious disease fay emerged as a topical issuc in con-
servation (Macdonald 1996a). A dramatic instance
is that on Santa Catalina an epizootic of canine
disterper virus reduced the island fox population
there by nearly 90% (Chapter 9, this volume)—
current proposals suggest experiments with vaccine
and continued disease surveiliance. A closely parallel
case is the decimation of the Mednyi Island sub-
species of Arctic fox (Alopex lagopus) by mange
introduced by dogs (Goltsman et al. 1996), The
threat of canid diseases is recognized by the modern
acceptance thatitis good practice that anyhody han-
dling rare canids should routinely screen for anti-
bodics indicative of zoonoses (e.g. Woodroffe et al
1997). Foliowing the debate on vaccinating African
wild dogs against rabies (reviewed by Woodrolfe
1997; 2001a), there have been interesting trials on
vaccine efficacy in that species (Chapter 6, this vol-
ume), One proposal is that similar trials might use-
fully be explored on dholes, in anticipation of rabies
or distemper threatening protected populations.
Although discase screening might now be seen as an
element of all canid field conservation projects, sev-
eral proposed projects identified situations where it
is a central priority. For example, domestic dogs are a
common presence in and around Nahuelbuta
National Park, the only protected mainland habitat
of the Darwin’s fox. Priority is therefore attached to
identifying which canine discases are present in the
area and their prevalence. Similar fears underlie pro-
posals to establish a domestic dog vaccination pro-
gramme where small-cared dogs occur, and to
evaluate the threat of rabies to Scchuran foxes, The
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threal of rabies to Ethiopian wolves was demonstrat-
ed all too dramatically in 1991 (Sillero-Zubiri et al.
1996b). Priority is therefore attached to protecting
wolves from disease by vaccinating domestic dogs
againstrabies and canine distemper within the wolf's
range (and against rabies alone ina buffer zone around
the woll's range). Research is needed into the feasibili-
ty of oral vaceination of domestic dogs, and into the
feasibility of oral vaccination of the wolves them-
selves; exercises that tequire cost-benefit analyses.

Disease-oriented  project priorities span the
practical o the exploratory. For example, there is an
immediale need 1o build models for rabies spread in
southeastern Finland near the Russian border and
to prevent the disease from spreading from Russia
to Finland. A more ‘blue skies’ proposal is thal 1o
determine the variation of the MHC gene complex
within and among Ethiopian wolf populations—this
beinga potential indicator of their ability to respond
todiscase.

Human dimension

Wherever the relationship lies on the spectrum
from exploitation to conflict, 4 human dimension
lies behind almost all canid conservation problems.
Thus biologists working with the Sechuran fox argue
that its futare lies in introducing a ‘carnivore conser-
vation ethic’ to people in rural areas of northern Peni
and southern Ecuador. This involves, on the onc
hand, reducing predation by the foxes on poultry
and, on the other, persuading people not to make
amulets out of pieces of fox. Little is known of
‘Tibetan foxes (V. ferrilata), other than their furs regu-
larly turn out atlocal markets in libet; market surveys
tay help elucidate the extent of trade and its possible
fmpact on wild populations. However, prejudices
cannot be changed until they are first identificd and
second—f possible—debunked. That is why ques-
tionnaire surveys of the attitudes of local peaple to
mancd wolves were nominated as a priotity.
Furthermore, some problems cannot simply be talked
out of existence—they require some sort of action—
hence the project to design, produce, and position
ruad signs to protect Ethiopian wolves, and the pro-
posal to study how the impacts of urban develop-
ments and highsways on San Joaquin kit foxes can be
mitigated. In the case of dholes, the perceived need is






OEBPS/page-0134.jpg
118  Biology and conservation of wild canids

coyotes on sheep (v.g. Linkart et al. 1982; but scc
Thompson 1978; Nass and Theade 1988). Of course,
fences can have undesirable environmental costs, for
instance cutting thorn fences contributes to habitat
loss (Kruuk 2002), fencing may curtail wildlifc move-
ments, and wire stolen from electric fences may b
used by poachers to make snares (G. Rasmussen per-
sonal communication). Nonetheless, mobile electric
fences can prevent predator attacks in Romania
Carpathian mountains, where wolves and bears
annually kill ¢.1.5% of the sheep stock (Mertens et al.
2002). Sheep losses in camps with electric fences
(averaging US$6.70 per camp) were only 2.6% of the
losses in ather camps without electric fences. Thus
an electric fence (that costs approximately US$250),
would be paid for by the reduction of livestock losses
in 1 year alone. However, installation costs tend to be
prohibitive at a larger scale, to the extent that they
render fencing impractical as a means of preventing
coyote or culpeo predation on sheep production sys-
tems in the western United States and Argentine
Patagonia (Knowlton et al. 1999). As a cheaper alter-
native to wire fences Musiani and Visalberghi (2001)
propose fladry, a line of red flags hanging from ropes
traditionally used to hunt wolves in eastern Europe.
Tests of fladry on captive wolves showed some poten-
fial; wolves tended to avoid red flags set <50 cm apart
and never crossed flag lines intersecting their usual
steccatyped routes, even when the daily food ration
was placed on the oler side.

Fences have been used (o protect ground-nesting
birds (Greenwood et al. 1995; reviewed by Reynolds
and Tapper 1996). For example, wire-mesh fences
successfully excluded Arctic foxes from the nests of
Alaskan pectoral sandpipers Calidris melanotos
(Bstelle ctaf. 19967 secalso Minsky 1980; Beauchamp
etal. 1996). Alternatively, some ground nesting birds
can be persuaded to nest on elevated or safe
platforms out of reach of canids (Conover 2002).

Use of tivestock guarding animals

Sometimes canids can be detesred from livestock by
using guarding animals (Andell 1999, 2001; Rigg 2001;
Coppingerand Coppinger 2002). Dogs have been used
o guard stock for millennia (Rigy 2001) and more
recently donkeys or llamas (Lema glama) have been
recruited for this purpose (Mcadows and Knowlton
2000; Andelt 2001). A good livestock guarding
dogs nieeds 1o be independent, intelligent, stubborn,

teustworthy, show high aggressiveness to predators,
and he attentive to sheep (Andell 1999; Knowlton
et al. 1999; Rigg 2001). Several breeds have been sel-
ected for this purpose; Kuvasz and Caucassian guard-
ing dogs arc used in Slovakia and elsewhere in eastern
turope (Rgg 2001), while Italian Maremmano-
Abruzzese, French Great Pyrenees, Turkish Akbash,
and Anatolian shepherds, Hungarian Komondor,
Yugoslavian Sarplaninacs, and Spanish Mastifts have
now been introduced far and wide to serveas herd pro-
tectors. One study in the United States rated Akbash as
more effective than Greal Pyrenees and Komondors
(Andelt 1999). Bffuctiveness is limited by large flocks,
rough terrain, thick cover, and limited Lraining and
supervision (Knowlton et al. 1999). Unfortunately,
guarding dogs may be too expensive for all but the
awners of large flocks, and even large flocks are often
seasonally fragmented, Evaluations of effectiveness of
guard dogs to protect sheep from coyotes have had
mixed results (e.g. Linhart et al. 1979; Andelt 1992;
Knowlton et al. 1999), and recent studies indicate (la-
mas can be more usetul in preventing sheep losses to
coyote predation (Meadows and Knowlton 2000).

Ihe advantages of llamas are that they can be kept
in fenced pastures, require no special feed, and have
aworking life three times that of dogs (Knowlton e al.
1999; Meadows and Knowlton 2000). Icadership,
alertness, and body weight of llamas corrclated with
aggression towards dogs (Cavalcanti and Knowlton
1998) with single large males scoring highest. Furth-
crmore, it is not necessary to rear llamas with sheep or
train them, and one gelded male llama may protect
250300 sheep (Andclt 2001). However, while pilot
trials in western United States indicate that llamas
deter coyote predation on sheep they appear less
effective than guard dogs (reviewed by Rigg 2001).
Donkeys (preferably a single female with foal) are
naturally aggressive towards canids, and ate very
adaptable (Andelt 2001). Donkeys have been tested to
repel wolves in Switzerland (Landy 2000), and in
“Texas a tenth of 11,000 sheep and goat growers used
donkeys in 1989 and 59% rated them as good or fair at
deterring predators (Andelt 1999; Rigg 2001).

Dealing with problem animals
Discriminating the guilty from the innocent

Traditional canid control has not targeled the indivi-
dual culprit. Gipson (1975) showed that trapping





OEBPS/page-0376.jpg
360 Biology and conservation of wild canids

to evaluate the relative merits and the feasibilitics
of compensation and insurance schemes (and
improved husbandry techniques) for each country
in the species’ range.

One ideal is that peoplc formerly hostile to canids
come to value them. This aspiration is behind
the proposal that ecotourism is developed around
African wild dogs that cither appear in, or are intro-
duced to, game fanms in the northern regions of
South Atrica. A combination of practices is needed to
minimize the damage done by the dogs to commer-
cially vatuable game and to maximize the revenue
generated by the dogs themselves.

Planning and evaluation

“Time spent in reconnaissance is seldom wasted, or
50 runs the aphorism. Twelve of the projects submit-
ted to the Canid Action Plan explicitly sought funds
in arder to develop a plan- in two cases this plan-
ning complimented an evaluation of progress wnder
existing species-specific action plans (for the African
wild dog. Woodroffe et al. 1997—and the Fthiopian
wolf—Sillero-Zubiri et al. 1997). A third case concerns
thedhole, for which a species action planis in prepara-
tion, and the authors have highlighted the need for
a study to develop 4 framework to guide the priorit-
ization of dhole populations and conscrvation action,
drawing attention specifically to whether genetic or
ecological criteria might have primacy in rankiog pri-
orities. A scparate, hut linked, proposal is to review
the current legal protection of dholes in each of the
species’ range states. The clearest statement of need
for funding in arder to plan was madc in a proposal
to updale the US Fish and Wildlite Service'’s Mexican
woll recovery plan, authorized in 1982 and now
ohsolete. The need is to assemble the logistical,
fiscal, and intellectual resources to develop a new
recovery plan

linding funds to take action is often so preoccupy-
ing that conservationists may too infrequently have
the option of reviewing their effectiveness. However
this is central to the proposal to investigate the feas-
ibility, effectiveness, and repeatability of an adaptive
management plan originally formulated to reduce
(or prevent) hybridization between red wolves
(Canis rufuts) and coyoles in northeastern Notth
Carolina. Irom 1987 through 1994 efforts to restore

a population of red wolves to the Alligator River
National Wildlife Refuge were successful, During the
mid-1990s hybridization between red wolves and
coyoles became increasingly common. In response
the US Fish and Wildlife Service developed an adap-
tive management plan that called for hybridization
1o be eliminated ot reduced by killing or sterilizing
coyotes and hybrids. Implementation of the plan
began in April 1999 and before the situation was
further complicated hy genetic revelations suggest-
ing the existence of Canis lycaon (Nowak 2002). Now
an assessment of the plan’s successes is needed to
determine the likelihood of restoring the red wolf,
given that coyotes are widespread throughout its
historic range, and taking account of the changing
consensus on systeratics.

Protected areas and active management

Protected areas are important 10 several endangered
canids. A top priority for the Ethiopian wolf is ratifi-
cation that Bale Mountains National Park is gazetted
by the Gthiopian parliament, and, hopefully, listed
as a UNESCO World Heritage Site. huilding on this
foundation, there is a need for funds to develop an
infrastructure for tourists, and the promotion of
tourism. As illustrated by the restoration of red deer
(Cervus elaphus) in Ttaly to facilitate the recovery of
walves, 4 basic predatory need is that a protected area
must encompass sufficient prey, which is why priot-
ities for dhole conservation list not only the creation
of protected areas but also the fostering of prey
populations therein.

Protected areas may not be sufficiently large to
contain, and thus to protect, their occupants, as
emphasized by Woodroffe (2001b). Various things
can be done about this. First, some protection can
be extended beyond the protected area -for example
there is a need (o revise the federal rules govern-
ing management of the Mexican wolves that
travel outside the Blue Range Wolf Recovery Arca
in southeastern Arizona and southwestern New.
Mexico. Currently federal rules require wolves that
wander outside the restoration arca to be captured
and returned or placed in captivity. This clearly
thwarts the aspirations of both wolves and conscr-
vationists to encourage recolonization of suitable
habitat outside the restoration arca, and ignores the
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of the Specics Survival Commission (8361 of the & tnservation status to cach species (1UCN 2001).
UCN—the World Gonservation Urion gnitialsorig=— The €86 has classified cach of the 36 living specics
inally abbreviating the Inteational Union for the — of wild canid; their statuses (together with an inter-
Conservation of Nature —www.iucn.org). The 35 pretation of the ategories) arc given in Table 23.1.
uses a classification based on evalualed risk o assign Asits name implics, The Canid Action Plan aspires to

Table 23.1 Red List assessments of all canid species. using version 3.1 of the Red List categories and criteria
{IUCN 2001)

Species. Red List 2004 Species Red List 2004
Falkdands woll & Coyote Lc
' Crab-eating fox ic
Darwins fox CR C2afil) e i
Island fox CRAZbe + 3¢ . P
Rad wolf D . o
African wid dog ENC2b iyl &
Dhole EN C2a() Indian fox [
Ethiopian woll EN C2a(7), D Hitfox e
Pampas fox (19
Blanford's fox et Raccoon dog 1c
Bush dog W C2ai) Red fox 1c
Dingo. VUALe Side:stiped jackal 1
Swiftfox 1c
Maned wolf NE Tibetan fox 0
Aretc fox ic Fennec fox oD
Bat-eared fox ic Hoary fox 0D
Blackbacked jackal ic Pele fox oD
Cape fox. ic Rupoell's fox oD
Chila 1c Sechuran fox ()
Corsa fox 1c Short-eared dog oo
Notes:

Categores for the IUCN Red Listof threallhemed species that appiy to the Canide. For a detailed treatment and defintions of the cntetz refer 10 IUCN
(2001) and wweredist o,

Exinet (EX): there s no reasonable doubl that the fast individual of he taxon has died.

Catieatty Endangercd (CR): the best available ewdenca indicates tat the taxo1i i
‘considered to be facing an exteemely high rsk of extnction in the wild.

sy o he colena A Lo L lor

il | ndanigaes. and s rerefore

Endangered (EN: the best availablc evidence ndicates thal e 13x0n mets Any of he crena Ao for L ndangared, ant it s therefore consicered o be
focing 3 very high risk of extinction n the wild.

Vuinerabe (V1): e best avollable vidr oo ndiatos thatthe taxon meets any of the crcena/ 9 € forValnerable, and- s herefore considered (o ba facing
2 igh isk ot extinction inthe wid

Near Theatencd (NT): he Laxon s haen eqahiated against the cnteria but does not qaiy for any of the above row, but 5 close 10 qualilyng for i s
lkelyto qualy for a heatened carcgory inthe neas future.

Least Concern (L. W faxor s been evaluated agannst the citera and does ol quality for any of the abave. Widesaread and abundant taxa are
included in s category.

Data Defiient (DD thee 5 n2dcquate 1"formation to ke diree, or Indieat, assessment o s sk ot xtinctior basec on s distnbution andor popu-

lation st of the 1axon. DD & not  category of threat, he taxon may be wel studied, and s biology well nown, bul 2ppropriate data on abundance
‘and/or distibution are lacking.
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identify important actions and to plan for their
implamentation. One way of doing this has been
to canvas the views of the intemational community
of canid specialists on the latest knowledge and
status of each specics, the thieals they face, the
questions that must be answered and the actions
that must be taken to ameliorale these threats, One
way to answer the question with which we opened
this chapter—do we know enough (in terms of
research findings) to conserve canids or, if not, what
is it still necessary to discover—is to analyse the
priorities submiticd to the CSG by these specialists
who represent a sort of Delphic circle of the
well-informed

Betore summarizing these priorities, we should
be plain about what this exercise is not: it is not an
unbiased, statistically systematic sample, stratified
by, for example, region, axonomy, or nationality,
or experience of the specialist. The number and
nature of proposals submitled (o the CSG is clearly
biased by the energy and preaccupations of the
individuals submitting them and the degree of
threat, rarity, or perceived charisma of the specics
involved. Furthermore, we are keenly aware that
mostof the people submitting proposals were mainly
biologists with aspirations in research, and that the
whole action planning process focuses on specics—
wewould have expected very different proposals had
more development experts been involved, and
had the action planning process been a system or
area-based one. Nonetheless, we explore what
lessons can be learnt from this process as it exists.
The CSG maintains a list of 100 members and cur-
sently endorses more than SO projects, it is struc-
tured into 7 regional and 13 thematic working
groups (see www.canids.org), all of whora were invit-
ed to participate in the construction of the Canid
Action Plan, which includes contributions from
more than 90 specialists and has been reviewed
by a further 80. Furthermore, 240 specialists from
38 countries gathered in Oxford in September 2001
at the Canid Biclogy and Conservation Conference,
of which one explicit aim was to develop the Canid
Action Plan through a series of workshops. We there-
fore conclude that wo interesting topics can be
explored on the basis of the priorities submitted
by these specialists—first, we can gain a sense of
the Lypes of knowledge that are judged still Lo
be lacking from the canid conservationist’s armory
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Figure 23.1 Proportion of canid taxa from different regions

classified in the different IUCN Red List categorics of threat
(Sillero-Zubiri et af. in press).

and, second, we can learn something of the
preoceupations and thought processes of the con-
tributing specialists (and perhiaps some strengths
and weaknesses of the action planning process).

From the classification excrcise undertaken by
the CSG and reported by Sillero-Zubiri et al. (in
press), a profile of the status of wild canids cmcrges.
(Fig, 23.1). We know that one canid species became
extinct only relatively recently. The last Falklands
wolf, also known as Malvinas fox (Dusicyon australis),
disappeared in 1876, only a few years after Charles
Darwin had warned of the species imminent demise
(Darwin 1845). OF the 36 extant canid taxa 9 (25%)
are listed as threatened (3 Critically Endangered,
3 Fndangered, and 3 Vulnerable), whereas 1 is con-
sidered Near Threatened. The majority (56%) of
specics were considered safe and listed as Least
Concern (20 species), and a further six (17%) were
listed as Data Deficient, since there was insufficient
information to make an informed asscssment. The
wine threatened canids are distributed in six geo-
graphic regions, so no obvious distribution pattern s
apparent, although all three Critically kndangered
species are located in the Americas. ‘the most
obvious trait shared by threatened canids is restrict-
ed distribution. Two specics occur in islands (and,
de facto, perhaps we should consider Ethiopian
wolves in this category 100), a fourth is faund in a
very small range.

Ihe abundance of these subinitted projects makes it
clear that at least many of the specialists believe that
mare needs to be discavered if science is adequately to
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prey, such as small rodents and jackrabbits (Lepus
californicus) (Soulé et al. 1988; Vickery et al. 199:
Sovada ct al. 1995; Henke and Bryant 1999). These
cffects have to be weighed in the balance against
altempts to reduce coyotes with a view to protecting
livestock and game (Ransom et al. 1987; Canon
1995; Nunley 1995).

It appears that red fox populations increased in
California when coyotes declined following urban-
ization. Red foxes are excluded as coyotes kill them
(s0 wherered foxes are inimical to conservation ais,
managers may toleate coyotes; see Moehrenschlager
ctal. Chapter 10, this volume). Similarly, introduced
Arctic foxes in the Pribiloff islands were eliminated
by the introduction of sterile red foxes (Bailey 1992).
Aretic and red fox breeding-site distribution suggests
that red foxes exclude endangered Arctic foxes
from high quality, low elevation breeding habitat
(Hersteinsson and Macdonald 1982, Tannerfeldt
etal. 2002). The generality of inter-guild competition
in canid ecology is summarized by Macdonald and
Sillero-Zubiri (Chapter 1, this volume), and is vividly
illustrated by the plight of island foxes (Roemer
Chapter 9, this volume). Such conflicts raise awk-
ward ethical issues (see Macdonald 2001; Sillero-
Zubiri and Laurenson 2001), a further illustration
buing the case of protected grey wolves in India
which prey upon, and may limit the numbers of, the
cendangered blackbuck antelope (Antelope cervicapra)
in Velavadar National Park (Jhala 1994).

Approaches to solving canid-people
conflict

Approaches to resolve human—canid conflicts include
those that improve tolerance through cducation
and cost-sharing; and those methods that attempt,
¢ither by lethal or non-lethal means, to reduce or
remove the problem. The latter may tackle the
problem by:

(1) changes in the protection given ta prey;

(2) changes in the behaviour of the animals
involved, either prey or predator;

(3) removing the offending individual(s); or

(@) undertaking to control canid population
density.

Approaches aimed to increase
people’s tolerance

The negative impact of canids tends to affect
well-defined communities, be it small-scale shep-
herds in Africa (Kruuk 1980) or Spain (Blanco et al.
1992, British gamekeepers (Macdonald et al. 2000¢),
or commercial cattle farmers in western Uniled
States (Kellert 1985). Often, the lack of recognition
of a community’s problem worsens conflict and the
mere act of listening can help. Recognition that
1esidents have legitimate concerns can reduce the
resentment that is dirccted at individual animals as
“surrogales’ for distant government officials and clit-
ist envitonmentalists (e.g. Ethiopian wolf persecu-
tion following the 1991 government overthrow in
Addis Ababa—Gottelli and Sillero-Zubisi 1992). The
‘human dimension’ of carnivore conservation is
increasingly recognized (Clark et al. 2001b)
Conserving canids amounts to more than just
saving the animals; it includes also the decision
process by which human communities identify and
solve the problems of sharing the land with carni-
~ores (Clark etal. 2001a). Understanding of the prob-
lem may involve researching complicated biological
questions. The human dimension is illustrated by
the contradictory views of proposals to reintroduce
srey wolves in the United States: some see them as a
threat to livestock, others as a boost to ecotourism
(in Macdonald et al. 2002a,¢). Enck and Brown
(2002) pointed to the hazards of unrealistic expecta-
tions: some of the communities in northern New.
York State that hope to reap the bencfits of cco-
tourism were socially and economically ill equipped
t0do sa. Sillero-Zubiri and Laurenson (2001) stressed
that a prerequisite to reintroducing camivores was
an assessment of not only the habitat but also the
local human community to accommodate them. A
vivid case study is the success delivered by the
unprecedented public outrcach ta all stakeholders
before wolves were released in Yellowstone (Fritts et
al. 1997; sec Phillips ct al. Chapter 19, this volume).

Participation of land owners,/local communities

in management

Co-management of habitat and wildlife with lacal
communities within development programmes. is
increasingly scen as essential for conservation outside
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Figure 23.2 Mean number of projects and actions proposed
iin the Canid Action Plan for each specles in relation o their
calegory of threat (n = 120; Sillero-Zubiri et al. in press).

underpin canid conservation. However, 11 (3%}
species were not named in any project; one might
deduce that the consensus is that enough is known
about these specics already, but two other explana-
tions should be born in mind. Tirst, these species may
incude some that simply have no advocate within
the specialist community, and some of these may be
so pootly known that threats to them can only be
guessed. Second, the preoccupations of the most
vociferous specialists may lie with species where the
conservation issue is endangerment through rarity,
rather than management of conflict (a Lopic to which
science may have more still 10 offer, as we will argue
below). The distributions of threat categories for the
species for which projects were submitted are given on
Fig, 23.2. The 9 threatened species account for 60% of
projects, averaging 6.6 projects per species, whereas
the remaining 27 spucics are considered in an average
by 1.6 projects.

Although some proposed projects encompass sev-
eral topics, and some blend into actions, most can
readily be assigned to one of ten research themes
which clearly indicate the topics where the special-
ists believe more knowledge is needed (Table 23.2).
‘These themes are cnumerated in the following para-
graphs (this summary is based on 120 projects and
actions allocated to a single category, although it was.
sometimes difficult to decide where one project
ended and another began). The exampies that illus-
trate these themes are far from exhaustive. In partic-
ular, we will return below to the emphasis on
research rather than actions.

Table 23.2 Number of projects and actions proposed
in the Canid Action Plan assigned to the main
10 themes identified (Sillero-Zubii et al. in press)

ype of project Number
Distribution, abundance, and manitoring a1
Taxonomy and genelics 11
Basic biology and fiefd techniques 14
Commuity ecology a
Disease aid epidemiolagy 9
Human dimension

Planning, lobbying, and evaluation 12
Protected areas and active management 16
Captive breeding 7
Education 8

The main themes

Distribution, abundance, and monitoring,

By far the largest category encompassed research
projects intended to answer simple questions about
the whereabouts and abundance of less known
species. In this context, an obvious cxample is the
Darwin's fox (Pseudalopex fulvipes), previously
known from only Chiloé Island, and tecently dis-
covered from an isolated mainland population in
Nahuelbuta National Patk. Clearly it is impartant to
search for additional populations on mainland
Chile, targeting the remaining dense, virgin forests
between the Maullin and Nahuclbuta Mountains,

A more defuse problem is posed by the bush dog,
for which proposals focus on questionnaire surveys
throughout their historical range and on field surveys
in protected areas throughout Paraguay and Brazil,
using 1 km? grids incorporating camera traps, baited
tracking stations, hair traps and facces for molecular
testing. The same techniques are proposed for field
surveys for the Sechuran fox (P. sechura) in southern
Ecuadar, and in northern and central Peru. Similarly,
the status of the short-cared dog (Atclocynus wicrotis)
is essentially unknown, and range-wide surveys arc
highlighted as a priority for this specics and for the
conservation of kit foxes (Valpes mutica), with particu-
lar focus on Mexico and the Californian range of
the San Joaquin subspecies (V. macrotis mutica),
which is threatened by habilat loss and degradation,
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favoured in wolves, like some other social species,
because it confers increased foraging efficiency
(Giraldeau and Caraco 2000). The positive relation-
ship between average pack size and average prey size
has been interpreled to support this claim (Nudds
1978; see Fig. 18.6). Observations from Isle Royale
suggest that the per capita rate of prey capture
decreases with pack size (Ihurber and Peterson 1993

see also Schmidi and Mech 1997; Hayes et al. 2000)
Such observations have been interpreled to mcan
that foraging cconomics do not favour sociality, and
that kin selcction is the sole selective force favouring

sociality.

These ideas parallel the development of ideas
related to understanding sociality in other large
camivores (e.g. Packer et al. 1990; Caro 1994;
Creel and Crecl 1995; Packer and Caro 1997).
Unfortunately, most studies inadequately account
for processes such as: (1) how foraging costs change
with group size, (2) the instability of optimal group
sizes (Giraldeau and Caraco 2000), and (3) per capita

3

3

o

=
o

o o

Typical size of wolf foraging group

Hare Mammot  Deer

o

Moose/ Moose  Bison
caribou
Primary prey

Figure 18.6 The relationship between prey type and size of
woll foraging group. Prey are ordered along the x-axis in orcer
of size. Data are fiom Peterson et 2. (1984), Carbyn et al
(1993), Messier (1394), Schmidt and Mech (1997), llayes
et al. (2000) and Schaller (2000) and represent averages for
a study population or grand averages from several study
populations. Afthough pack size tends to increase with pray
size, variation In pack sie for a given prey size is large. For
example, pack sizes range from 2 o =20 for wolves that
forage primarily moose and for wolves preying primarily on
deer. Both increasing tendency and large variation are
predicted by foraging theory based on rate maximization
ifthe influence of raven scavenging s considered (Vucefich
etal, 2004).

rates of food loss due to scavenging (by other species)
for different group sizes. While some studies account
for some of these factors (e.g. Carbone et al. 1997), no
study to date has attempted to account for them all.

We recently used a combination of empirical
abservations and physiological modelling ta esti-
mate the net per capita rate of prey capture for Isle
Royale wolves living in different-sized packs
(Vucetich et al. 2004). This analysis suggests that the
wolves living in larger packs capture less prey on a
per capita basis than wolves in smaller packs.
However, wealso predicted the per capita rate of food
loss due to scavenging for wolves living in different-
sized packs. While feeding on a carcass, woives may
routinely lose 220 kg of prey per day (o scavenging
ravens. For rates of loss as low as kg per day per
moose carcass, the relationship between net rate
of food intake and pack size is positive. Thus, targe
group size In wolves is favoured by social foraging
benefits, because greater food-sharing costs in a
larger pack are offset by smaller losses to scavengers.

Our analysis also indicates that because smaller
prey are consumed faster, the rate of lossto scavengers
is less, and wolves may afford to live in smaller packs
when they forage on smaller prey. This is consistent
with the observation that pack size tends to increase
with prey size (Fig 18.6; see also Nudds 1978).
However, our analysis also indicates that a wide range
of pack sizcs might form for any given prey size. This
is consistent with observations that pack sizes for
deer-killing wolves can be as large as 22 (Mech 2000a).

Kin selection certainly would seem to favour
sociality in wolves (and other social carnivores)
Another toraging theory, the resouice dispersion
hypothesis (see Macdonald et al,, Chapler 4, this vol-
ume), may also favour sociality in wolves. Howeyer,
kin selection and the resource dispersion hypothesis
do notappear to be the only sclective force favouring
sociality. Foraging economics also appeas to favour-
ing sociality among wolves, and perhaps other large,
social carnivores,

Extinction risk and wolf sociality

Assessments of population viability and extinction
risk have become a common pursuit in conservation
rescarch and a ncarly ubiquitous component of





OEBPS/page-0309.jpg
managing endangered populations, An unresolved
challenge seems to be assessing the accuracy and
utility of analyses that are routinely limited by uncer-
tainlies in parameter estimates and model structure.
Some conservation scientists seem oplimistic about
their value (e.g. Lindenmayer et al. 1993; Brook
et al. 2000; see also www.chsg.org/phvalisthtm),
and others pessimistic (e.g. Beissinger and Westphal
1998; Ludwig 1999; White 2000). Evaluation of the
accuracy and utility of viability assessments requires.
additional research to understand the consequences
of ignoring potentially impartant processes or factors
{e.g-age structure, density dependence, specics inter-
actions, and genetic processes).

Although most viability models ignore theinflucnce
of social structure, itmay commonly affect population
dynamics. The Isle Royale case study has been used to
understand better how social structure affects extine-
tion risk dynamics (Vucetich etal. 1997). Demographic
dala from the Isle Royale wolf population was used to
construct a population viability model where each
simulated wolf belonged to a pack and experienced
age-specific mortality rates. “The number of packs in
the population depended on moose abundance, and
recruitment was based on the number of packs in the
population. The most impartant and general result of
this analysis is that sociality may increase the popula-
tion sice required to eliminate demographic stochas:
ticity as an important risk factor The mechanism
underlying this process is that the number of breeding
units is equal to the number of packs, not the number
of females. For example, the Isle Royale population has
heen small (¢.g. 14in 1982) and divided into just threc
packs, and much larger (e.g. 45 in 1976) but still
comprised of the same number of breeding units
Gi.e. 3 packs). Since the publication of this chapter,
further insights have been developed on how sociality
and other behaviours affect extinction risk dynamics
(e, Legendre et al. 1999; Reed 1999; Vacetich and
Creel 1999; Courchamp et al. 2000; Courchamp and
Macdonald 2001).

Evidence for inbreeding depression

Inbreeding depression is a decline in fitness due to
inbreeding or genctic deterioration. Our under
standing of inbreeding depression is based largely on
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theory {e.g. Vucetich and Waite 1999), laboratory
experiments (e.g. Lacy et al. 1996), and captive 700
populations (e.g. Ballou 1997). Unfortunatcly, this
understanding is limited by the simplifying assump-
tions that characterize theory and the artificial con-
ditions that characterized laboratory and captive
populations (¢.8. Sheffer e al. 1997). Opportunities
toexamine inbreeding depression in unmanipulated
poapulations (especially of vertebrate species) are rare
and considered valuable (¢.g. Wildt et al. 1987; Slate
et al. 2000). The wolf population of Isle Royale has
potential to provide insights on the nature of
breeding depression. However, some obstacles
prevent cealizing any insights.

The Isle Royale wolf population was founded
about 13 generations ago in the late 19405 by wolves
that crossed an ice bridge connecting Isle Royale to
the mainland (Mech 1966), and since has been com-
pletely isolated from the other wolf populations.
Molecular studies suggest that all Isle Royale wolves
have descended from a single female (Wayne et ai.
1991). Demographic models indicate that the Isle
Royale population has an effective population size
(N.) of approximately 3.8, and is expected to lose
13% (= 1/2N,) of its genctic diversity each genera-
tion (which is 4.2 years (Peterson et al. 1998) ). This
rate of inbreeding is comparable to repeated matings
among first cousins. Molecular analyses of wolf
genetic diversity corroborate these high rates of loss
(Wayne et al. 1991). In 2002, the Isle Rayale popula-
tion was expected (o have only ~18% of the found-
ing population’s diversity. Such rapid fosses of large
amounts of genctic diversity generally increase the
risk of inbrecding depression (Fhiobu ef al. 1989).

Direct evidence (i.e. Laikre and Ryman 1991) and
indirect evidence (i.e. Smith er al. 1997) suggest that
wolves are generally vulncrable to fitness loss in
response to high rates of inbreeding. However, the
potential for inbreeding to reduce fitness is highly
variable among taxa (Crnokrak and Roff 1999) and
among populations within a taxa (Lacy et al. 1996;
Vucetich and Waite 1999). Wolves clearly illustrated
this principle: Two captive, inbred populations of
wolves have failed to show any fitness losses
(Kalinowski ct al. 1999). Nevertheless, these popula-
tions were less inbred, and the statistical power of
analyses may have been weak (Kalinowski et al.
1999).
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B 5.4 moose/km? [ 3.4 moose/km”
[ 1.8 moose/km? [ 0.8 moose/km?

Figure 18.4 {3) Boundaries of Ure wolf packs on Isic Royalc National Park in 2002. Ihe dots represent the locations of maose
Kills matic by each pack during a 6-week period in January ani February of 2002. Winter kil rate 6ata are based on these
observations. In most years the population s comprised uf three packs arranged along the long axis of the island. (b) Spatial
variation in mogsc density on Isle Royale in 2002. Although absolute values change annually, the refative spatial patter depicted
here is representative of most years.

Table 18.1 Selected island case studies that have made distinctive contributions to various topics of population biolugy

Populsiion reguiation

Red deer on the fske of Rhum (Albon ct a, 2000}, feral sieep of Soay Isiand (Coulson et a1, 2001a), spiders on Gulf of Galifomia iianas
(Polis et al. 1998), cammunity effects of predator removals (lerbough et al. 2001)

Predation

Wiolf moose interaction on Isle Royale (Vucetich et af. 2002). Mustelid-microtine inceractions on islands in ennoscaridis (Heikkilse end
Hanski 1994), fox-marten-hare interactions on islands in the northem Baltic (Marcstroem et al. 1989)

Competition

Arctic and snowshoe hare competition on isands off the coast of Newfoundland (Barta et af 1983), Hermit crab competiion on the San
Juan Archipelago, Washington, USA (Abrams 1987), pararge butterfly competition on Madeira (Jones et al. 1998)

Bxtinction

Lzard populations in the Bahamas (Schoener et ai, 2001), bird populations on islanas off shore from Great Britain (Pimm ot . 1993:
see also Vucetich et al. 2000, birds on Barro Colorada Island (Robinson 1999)

Population genetics

Spartows of Mandarte (sland (Keller 1998}, Peromyscus on islands in inland lakes (e.g Vucetich et al. 2001), fincnes of Galapagos
(Grant and Grant 1992)

have also contributed uniquely to understanding  an ice bridge, they fonmn only rarely, and access ta
several aspects of population biology (ablc 18.1). the shoreline is limited by the town of Thunder

The value of the Isle Royale casc study is import-  Bay and a lakeshore highway. Because of this cold-
antly attributablc to 25km of open water (average  water barrier, immigration and emigration have
annual temp ~4°C) that isolates Isle Royale from the  a negligible effect on demography of Tsle Royale
mainland (Fig. 18.1). Although svolves would cross  walves and moose.
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For most studies of demography, however,
immigration and emigeation represent substantial
obstacles. When empirical obscrvation is the
basis for developing theory, the treatment of emi-
gration and immigration often is ad hoc (e,
Vucetich and Creel 1999), or heavily rcliant on
inference (e.g. Stacey and Taper 1992). Conversely,
empirical validation of mechanistically based theo-
1y is limited by the estimation of emigration and
immigration in real populalions. Because the Isle
Royale case study is unencumbered by these chal-
lenges, observatians are morc casily related to popu-
lation biology theory (v.g. Vucetich et al. 1997;
Eberhardt 1998).

The value of the Islc Royale case study is also
facililated by a syncrgy between observation and
theory that is unencurmbered by the complexity of
ceological interactions associated with most other
systems. Most generally, the species richness of Isle
Rayale mammals is only about one-third of that for
nearby mainland areas. More specifically, potential
prey such as white-tailed deer (Odocoileus virginiants)
and potential competitors such as black bear (Ursus
americanus) and coyote (Canis latrans) ate absent
from Isle Royale. Moreover, humans do not harvest
either wolves or moose on Isle Royale. Thus, Isle
Royale wolves and moose essentially represent a sin-
gle-predator-single-prey system and can be ade-
quately represented as a foud chain. However, beaver
is aminor component of summer dict for Isle Royale
wolves (i.e. ~15%; Thurber and Peterson 1993).
Eiscwhere, wolves are embedded in substantially
more complex food webs (see fig. 1 in Smith et al.
2003a; see also Polis and Strong 1996).

Another favourable property of the Isle Royale
system is the number of individuals that comprisc
the populations of wolves and their prey. On
average, Isle Royale is inhabited by 22 wolves and
1200 moosc. At 544 km?, Isle Royale is large enough
0 support a population of wolves, but small enough
to permit complete annual censuses of the woll
population. Islc Royale is also small enough to pec-
mit annual surveys that include counting approx-
imately 20% of the moose on sle Royale (Peterson
1977). Our understanding of woli-moose dynamics
would be diminished, if Isle Royale were half or
twice its size, or hall or twicc its distance from the

‘mainiland.
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Summary of key contributions
to science

Predation

Much predation research has focused on assessing
how predation rates are affected by prey densit
to the exclusion of other biotic and ahiotic factors.
“T'his narrow scope reflects the canonization of carly
predation research that assessed only prey density,
which seems to have slowed the acquisition of
insights beyond those revealed by these carly studics
(cg Holling 1959; Rosenzweig and MacArthur
1963),

Research on wolves illustrates this historical inter-
pretation of predation research. Most focus has been
placed on the influence of prey density (e.g. Dale
¢ al. 1994; Eberhazdt 1998; Hayes and Harested
2000). However, despite vague appreciation that pre-
dation rates increase and carcass utilization decreases
with deep snow cover (Nelson and Mech 1986; Fuller
1991; DelGiudice 1998), we have a poor understand-
ing of how this important abiotic factor affects
wolf-prey dypamics. Despite its potential import-
ance, the effect of wolf density on predation ratc is
also poorly understood (Abrams and Ginzburg 2000;
see also Yodzis 1994).

Since 1971, per capita kill rates (kills per wolf per
manth) have been estimated for a 45-day period
cach winter for each pack on Isle Royale. These obser-
vations indicate that estimated prey abundance on
Isle Royale explains only 17% of the vanation in the
estimated per capita kill rates (Vucetich et al, 2002).
However, a model that predicts kill rate from the
ratio of prey to predators, a so-called ratio-dependent
model (Akcakaya et al. 1995, explains 34% of the
variation in Kill rates, and outperformed models
depending only on prey density as well as other
maodls that depend on both predator and prey den-
sity (Vucetich et al. 2002). Also, a ratio-dependent
Kill rate model, modified (0 include the influence of
seasonal snowfall, explains a total of 45% of the varia-
tion in per capita kill rate. Finally, when data from all
packs cach year are averaged, the per cent variation
explained increases to 69% (Vucetich and Peterson
unpubished result). Thus, an important component
of varlation in kill rales arises from variation among,
individual packs within a population (Fig. 18.5).
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In confrast to our results, Messier (1994) reports
that moosc density explains 53% of the variation in
per capita kill rates, and concludes that wolf preda-
tion is therefore a well-understood process. Several
considerations suggest that this result and interpre-
tation are misleading: (1) Messier’s analysis is based
on data from numerous short-tern studies conducted
across North America. Decause spatial variation is
not generally interchangeable with temporal varia-
tion, his analysis bias limited relevance for temporal
predation dynamics. (2) The explanatory power of
Messier’s analysis is artificially inflaled because it
zelies heavily on data representing averages collected
over several years from a single location. For example,
Tsle Royale is represented by 5 of the 14 data points in
Messicr’s analysis. Fach data point is an average of
S years of data, and cach year of data is an average of
at least theee packs. If these five data points were
replaced by the >55 points that they represent,
moose density would explain only 19% of the varia-
tion in kill rate. Although the inclusion of multiple
observations from a single pack may represent
pseudoreplication, this does not nullify the revela-
tion thata substantial portion of variation in kill ratc
is unexplained and probably attributable to unex-
plained variation among packs within a population,
and among years and within a singlc pack. Insights
from Isle Royale suggest that wolf predation is more
complex and less well-understood than has been
suggested (cf. Messicr 1994, p. 486).

Figure 18.5 Wolf Canis fupus,
pack in unsuccessful chase of
moosc, Isle Royale National Park
® R. O, Peterson.

Trophic cascades

Trophic cascades are the indirect effect of predator
populations an plant populations, via direct influ-
ences on herbivore populations. Because the first
well-documented  trophic  cascades  were from
marine (Paine 1966) and aquatic (Carpenter and
Kitchell 1988) systems, and becausc of certain prop-
erties and assumptions of food chain models, trophic
cascades are thought to be more comman in aquatic
systems than in terrestrial systems (Strong 1992; sec
also Chase 2000).

Melaten and Peterson (1994) reported that the
dynamics of balsam fir (Abics baisamea) on Isle Royale
were more closely linked 10 wolf-moose interactions
than to seasonal weather patterns. This observation of
predator dynamics impacting plant population
dynamics was significant hecause such a pattern,
manifest over several decades, had not been previous-
ly detected in a terwestrial system of long-lived verte-
brates. Since then, numerous investigators have
reported top-down cffects in lerrestrial ecosystems
(reviewed by Schmitz et al. 2000; Chase 2000; see also
Terhaugh et al. 2001).

Beyond assessing whethera community is ot is not
regulated by top-down processes, more tecent trophic
cascade research aims to: (1) compare the relative
stengths of top-down and bottom-up processes (c.g.
Polis etal. 1998); (2) assess top-down processes across
different scales of space and time (Holt 2000; Pawer
2000); (3) understand the community characteristics
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that promote strong trophic cascades (Chase 2000);
and (4) understand the relationship between the fre-
quency of a trophic cascades and what portion of the
community is affected (Polis et al. 2000).

A reassessment of the Isle Royale case study is
needed to further understand (1) and (2). Preliminary
re-aualysis indicates that per capita Tates of prey
capture (a bottom-up process) explains only ahout
22% of the variation in wolf growth rate (Vuctich
and Peterson in review). From the perspective of wolf
growth rate, the rate of prey capture summarizcs the
influence of bottom-up processes. ‘o the extent that
this is true, top-down process on Isle Royale would
appear very influential—perhaps 3-4 times mote
dominant that bottom-up processes ( (1-K?)/R” =
(1-0.22)/0.22 - 3.5).

Another re-analysis indicates that substantially
‘more variation in moose growth is explained by tree-
ring growth of batsam fir (i.e. primary winter forage
and a bottom-up process) than wolf abundance (i.c.
the top-down process) (Vucetich and Peterson 2004).
Importantly, weather variables explained more vari-
afion than did either of these biotic variables. Also,
of the models examined, the most parsimonious
explain only about half the variation in moose
growth rate.

Muiti-annual fluctuations

Populations, within and among taxa, exhibit arange
of dynamical types: largely stable, eruptive, aperiodic
muitiannual fluctuations (MAF), and strong cycles
with nearly constant periodicity. Population biolo-
gists have long been interested in understanding the
‘mechanisms responsible for each dynamical type:
The wolyes and moosc of Isle Roale clearly exhibit
‘multiple consecutive ycars of increase, followed by
multiple consecutive ycars of decrease (hereafter,
MAB), Fhese dynamics have heen characterized as
heing cyclic (e.g. Peterson et al. 1984; McLaren and
Peterson 1994; Post et al. 2002). This possibility is
intriguing because most af our understanding of
cycles is derived primarily from species with
much smaller body size (e.g. harcs, lemmings,
Synaptomys spp., and forest Lepidoptera) and much
shorter cycle periods (10 years). However, it may be
important to distinguish aperivdic MAF from MAF
with nearly constant periods (hercaficr, cycles)
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I'he distinction is important because the potential
set of mechanisms that give rise to MAF may not
be identical to those giving rise to cycles. If the
Isle Royale sysiem is cyclic, then the period is
approximately 23 years, and we have observed
approximately 1.8 cycles. This is hardly adequate for
distinguishing between MAF and cycles.

Attempts to demonstrate cyclicity in the Isle
Royale data distract from the value of assessing
potential mechanisms that underlie the observed
MAE For example, the observed MAF may be the
result of predator-prey interactions. 1f 5o, it would be
important to discern whether observed MAF repre-
sent deterministic Lotka-Volterra processes, arising
from destabilizing stochastic processes, or if they
arise from a dynamic age structure of the moose
population and wolves' limited ability to prey on
prime-aged moose (3-9 years 0ld),

In contrast to predator-prey interaciions, moose
might exhibit MAF independent of their interactions
with wolves. Further, the MAF of wolves may arise
merely as they track the fluctuating moose popula-
tion. More specifically, moose MAF could represent
delayed density dependence arising from intrinsic
processes such as intraspecific competition or mater-
nal effects (Berryman and Chen 1999; Keech et al.
2000). Alternatively, it is possible that MAF in moose
arise from intcractions with parasites, as has been
considered for other vertebrate species (c.g. Moss
and Watson 1995; Ives and Murray 1997).

Although assessing the constancy of the period in
wolf-moose dynamics would be important, it seems
unanswerable in the absence of a couple centurics of
data or excessive reliance on inference. Fortunately,
the pursuit of discerning the relative contributions
of the above-mentioned processes would likely be
feasible and profitable.

Foraging economics and the evolutionary
maintenance of wolf sociality

Sociality is a conspicuous feature of wolves. A popu-
lar notion is that wolves live in large groups because
it is required for capturing their usually large prey.
IHowever, observations from Isle Royale suggest that
asingle wolf can roulinely capture moose, one of the
largest species that wolves prey upon (Thurber and
Peterson 1993). Nevertheless, group hunting may be
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CHAPTER 18

Grey wolves—Isle Royale

Long-term population and predation dynamics
of wolves on Isle Royale

John A.Vucetich and Rolf 0. Peterson

Wolf Canis fupus, pack consumes a moose killed two days earlier in Isle Royale

National park © R. O. Peterson,

The wolves (Canis fupus) of Isle Royale, an island
(544 km?) in 1ake Superior (North America), have been
studied with their primary prey, the moose (Alces
alces), continuously and intensively since 1959, It is
the longest study of such intensity in the world. The
system is also tmportantly unique hecause on Isle
Royale humans do not exploit wolves or moose,
wolves are the only predator of moose, moose com-
prise an overwhelming majority of woif prey, and
the annual exchange of wolves and moose with the
mainland is negligible. For Lhis wolf-moose system,
we present a chronology of research, general charac-
teristics of the wolf population, and review some
insights learned from studying the ecology of these
wolves.

The wolves of Isle Royale

Chronology of wolves and wolf research
on Isle Royale

Wolves first calonized Isle Royale National Park
(rig. 18.1) in the late 1940s—about 50 years after
maose are thought to have first colonized the island.
By 1930, moose probably exceuded 2000-3000

animals (4-6 moose/km?; Peterson 1995b; see also
Murie 1934). In 1934, a catastrophic, winter die-off
reduced the moose population to a few hundred.
[n 1926, wildfire burned about 20% of the island,
and subscquent moose population fluctuations dur-
ing the next two decades were never documented
Another significant moose starvation cvent was
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Figure 18.1 The lacation of isle Koyale National Park within
Lake Superior, North America. The dotted line represents a
highway.

recorded in the late 19405—about the time wolves
arrived (Mech 1966).

Unable to stimulate federal sponsorship for Isle
Royale woli-moose rescarch, Durward Allen moved
and initiated what was envisioned to be a 10-year
projectin 1958 from Purdue University, During this
10-year period, Allen, graduate students, and post-
doctoralinvestigators monitored wolf numbers
annually, in addition to the ecology of moose, beaver
(Castor canadensis), red fox (Viulpes vulpes), snowshae.
hare (Lepus americanus), and deer mice (Peromyscus
maniculatus) (Allen 1979). Long-term data sels, some.
extending back to 1959, now include wolf and moose
population size, wolf social and spatial organization,
wolf vital rates and predation rates, and characteris-
tics of moose prey. These have been chronicled in a
serles of scientific and popular publications (Mech
1966; Jordan ct al. 1967; Wolfe and Allen 1973;
Peterson 1977; Allen 1979; Peterson and Page 1988;
Deterson ef al. 1998; Peterson 1995, 1999; Peterson
and Vucetich 2001; Vucetich and Peterson 2002).

Tn addition, the ccology of lone wolves and small,
non-territorial packs was reviewed by Thurber and
Peterson (1993). Genetic characteristics of the wolf
population were presented by Wayne et al. (1991) and
Lehman ct al. (1992). Evidence of occasional move-
ment of wolves between the island and the mainland
appears in Wolfe and Allen (1973) and Peterson (1979),
bul Wayne et af. (1991a) demonstrate that the entire
wolf papulation in the late 19805 descended from a sin-
gle mateenal ancestor, probably the founding female.

In the late 19505 and early 19605, wolves and
moose both increased slowly (Fig, 18.2).

At the time, this relative stability was thought to
characterize how the inclusion of predation led to
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Figure 18.2 Population trajectories of wolves and moose on
Isle Royale, 1959-2007. Each ycar the entire wolf population
is counted from smai aircraft (details in Peterson and Page
1988). The number of moose is estimated from aefial surveys
(details in Poterson and Page 1993).

a batance of nature (Allen and Mech 1963). During
the late 1960, the moose population nearly doubled
from ~760 (1.4/km?) to ~1400 (2.7/km?). A series of
winters with above average snowfall (1969-72) coin-
cided with an end fo rapid growth in the maose pop-
ulation. From 1969 to 1980, the wolf population
nearly tripled from 17 to 50 wolves (from 31 to 92
wolves per 1000 km?), during which time the moose
population had risen, peaked, and began fo fall
again. Immdiately after reaching this all-time peak,
the pupulation crashed in just 2 years to its lowest
level ever, 14 wolves in 1982, These dramatic fluctu-
ations inspire a very different interpretation of the
balance of nature (Peterson 1995, 1999). The crash
appears to have been caused by canine parvovirus
an infectious disease, and increased rales of wolves
killing wolves in territorial disputes. Canine par-
vovirus was inadvertently introduced to Isle Royale
by humans or their pet dogs, despite attempts to
protect Iste Royale with the United States Wilderness
Act (1963), which mandates ‘wilderness 1o [be]
atfected primarily by the forces of nature, with the
imprint of man’s work substantially unnoticeable’.
Since the crash, the number of wolves per moose has
been substantially lower than before the crash, wol
extinction has at times seemed imminent, and the
influence of inbreeding depression remains uncer-
tain (Peterson et al. 1998). While wolves were at low
density through the 1980s and early 19905, the
moose population increased to over 2000 animals
(4 moose/km?). Three-quarters of the moose starved
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Lo death in the severe winter of 1995-96, and after-
shocks of this prey decline were seen in the wolf pop-
ulation through the closc of the 1990s (Peterson and
Vucetich 2001)

General characteristics of the Isle Royale
wolf population

The wolf population is typically comprised of three
or four packs. Each pack s typically comprised of 3-8
wolves, of which 2 ot 3 are typically pups. In a typi-
cal year, nc in six [sle Royale wolves lives as a loner
or a member of a non-territorial pair. Although
annual mortality rate varies substantially among
years, one of every four or five wolves dies in a typi-
cal year (Fig. 18.3; Peterson etal. 1998). Two-thirds of
all Isle Royale wolves die before the age of 5 years.
Most deaths are probably associated with inter-pack
strife or starvation. High and variable mortality rates
are matched by similarly high and variable recruit-
ment rates (Fig. 18.3; Peterson et al. 1998),

Associated with the high mortalily rates is a
dynamic social structure. On average, every 3 years
one or more packs is dissolved, and sually replaced
by a new pack in less than a year (Peterson and Page
1988; Peterson et al. 1998). For example, between
1980 and 1982, three old packs dissolved, and three
new packs formed. Nevertheless, cases of long-term
stability, such s a female woli that led the west pack
for 9 years (1987-95), also exist

The Isle Royale packs arc typically arranged lincadly
along the long axis of the island (Fig. 18.4). Wolves

Grey wolves—Isle Royale 287

g in each of the pack territorics experience vastly
ferent densitics of their primary prey, moose. Moose
density at the cast end of Isle Royale is typically twice
that af the west end, and almost 10 times that of the
middle third of Isle Rayale (Fig. 18.4). Diffeiences in
moose density are attributable Lo differences in vegeta-
tion (Brander ctal. 1990; Mclaren and Janke 1996).

Depending on pack siz: and prey abundance, an
Isle Royale wolf pack typically kills one moose every
4-10 days during winter (Thurber and Peterson
1993; Vucetich et al. 2002). Isle Royale wolves have
some preference for killing calves and old moose
(29 yrs; Peterson 1977). Adult, wolf-killed moose
frequently suffer from arthritis, jaw necrosis, or star-
vation (Peterson 1977). Depending on pack size and
prey abundance, wolves may consume nearly all of a
moose (including hide and bone martow), or
may consume only internal organs and some of the
muscle tissue. Remaining tissue is typically con-
sumed by scavenging foxes and ravens (Corvus
corax).

The consequences of Isle Royale's isolation

Islands have long attracted the attention of cvolution-
ary scientists (c.g. Wallace 1869; Kancshiro 1988;
Otte 1989; Roughgarden 1995; Sato et al. 2001). Case
studies of island populations have also contributed
importantly to understanding community ecology
(Simberloff and Wilson 1969, Diamond 1975, Ricklcfs
and Bermingham 2001). Case studies of island papu-
lations, including the wolves and moose of Isle Royale,

5  Recruitment
05  ©Morslity 1
o 04
g 03 | Figure 18.3 The annual rates of mortality and
= ] recruitment for the Isle Royale wolf population
& fiom 1971 t0 200 are relatively high and variable.
01 The median mortaity is 0.21 (interquartile range
I (0.08, 0.40), coefficient of variation = 72%),
) g and the median recruitment is 0.26 (interquartile
0 A0 D D DD DD DD D 2 i £
SPELELFFE S L P F S range = (0.19,0.32), coefficient of

variation = 53%).
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management plan was developed. It was noted
then that the coyote was non-native to the southeast-
em US and the coyote that was invading northcastern
North Carolina represented a mix of genes from
domestic dogs, western coyotes, and wolves (US Fish
and Wildlife Service unpublished data). Consequently
the Service determined that actively sclecting against
coyotes and hybrids, by capluring and sterilizing
or euthanizing them, was a legitimate measure for
restoring the red wolf.

Such management actions arc not unique to red
wolf secovery. Coyote control programmes have
heen included in efforts to conserve the imperiled
San Joaquin kit fox (Valpes macrofis mutica) (Cypher
and Scrivner 1992) and restore theimperiled swift fox
(Vulpes velox) (Kunkel et af. 2003). Exadication cfforts
ditected at non-native trout {i.e. tainbow trout
(Oncorhynchus mykiss) and brook trout (Salvelinus
fontinalis)) are important components of efforts to
restore populations of imperiled native trout such as
Gila troul (Oncorhynchus gilac) (Propst et al, 1992) ot
several subspecies of cutthroat trout (Oncorhyrichus
clarki) (Gresswell 1991; Young and Harig 2001; New
Mexico Department of Game and Fish 2002).

Grey wolf

Recovery of the grey wolf in the Western

Great Lakes States (Minnesota,

Wisconsin, Michigan)

The first recovery plan was written for the eastern
timber wolf in May 1978 (US Fish and Wildlifc
Service 1978). A revised plan was finalized in 1992
and included two delisting criteria (lable 19.1) (US
Fish and Wildlife Service 1992b). The recovery plan
for the castern timber wolf includes no goals o crite-
ia for the wolf population on Isle Royale, because it
is not considered important in the long-term sur-
vival of the species. The population on the island is
small G.e. it usually includes 12-25 animals and has
never included morc than 50 wolves) and is almost
completely isolated from other wolf populations
(Peterson et al. 1998).

Various surveys conducted from the late 19505 to
1973 indicate that the Minnesota population did not
exceed 1000 animals during that time (Fuller et al.
1992). After federal profection in 1974, its increase

Grey wolves—Yellowstone 303

began accelerating and, by January 2003, the
Minnesota population included over 2500 animals
(Minnesota Department of Natural Resources 2001;
Refsnider 2003).

Wolves were considered extirpated from Wisconsin
by 1960 (Thicl 1993). Until the mid-1970s occasional
sightings were reported but there was no evidence
of reproduction (Wisconsin Department of Natural
Resources 1999). In response to persistent reports
of wolves, population monitoring was initiated in
1979, By 1997, the Wisconsin wolf population had
exceeded the criterion for downlisting to threatencd
(i.e. 80 or more wolves present for three successive
years). By January 2003, the population included over
300 animals.

‘The last known breeding population of woive:
Michigan (outside of Isle Royale) occurred thete in
the mid-1950s. While numbers continued to decline
through the 1970s, it is likely that wolves were never
completely extitpated from the State (Michigan
Department of Natural Resources 1997). During the
late 19805, reports of wolves in Michigan's Upper
Peninsula (UF) began to increase. A pair produced
pups there in 1991. Since then, the Michigan popu-
lation has increased and spread throughout the
UP with immigration occurring from Wisconsin,
Minnesota, and Ontatio. By 1997, the Michigan
population had exceeded the threshold for downlist-
ing to threatened. By January 2003, the population
included over 300 animals.

Growth of wolf populations in the Great Lakes
region prompted the recovery team to modify delist-
ing eriteria to consider wolyes in Wisconsin and
Michigan as a single population. The 1993-94 late
winter count of the Wisconsin-Michigan population
was the first to exceed 100 wolves. Subsequent late
winter counts have all exceeded 100, Moreover, the
Minnesota population has included =1251 wolves
since at least the late 19805. Consequently, by 1999,
delisting criteria for the eastern timber wolf had
been met.

Recovery of the grey wolf in the Northern
Rocky Mountains

In 1974, an interagency team was formed and com-
pleted the Northern Rocky Mountain Wolf Recovery
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Figure 19.1 Areas that are relevant (0 U extermination and recovery of the red wolf and grey wolf in North America.
The historic range that is portrayed for both species is from Nowak (1995). These fecovery programimes were based on

recognized wolf subspecies before Nowak's (1995) changes.

Red wolf

“The decline of the red wolf was recognized in the
1960s (McCarley 1962). In addition to persecution
by humans, the species was threatened by hybridiza-
tion with coyotes (Canis latrans) (McCarley 196
Nowak 1972, 1979). In 1973, a captive breeding

programme was cstablished at the Point Defiance
Zoological Gardens, Tacoma, Washington. From a
founding stock of 14 wolves, by December 2002,
the captive population included 160 animals main-
tained at 32 facilities, By 1980, the red wolf was
considered exlinct in the wild (McCarley and Carley
1979; US Fish and Wildlife Service 1984).
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Theorigins af the red wolf have been debated since
the 1960s. Some autheritics have considered the red
wolf to be a full species (Nowak 1992, 2002), while
others have considered that it might be a subspecics
of the grey wolf (Lawrence and Bossert 1967 Phillips
and Henry 1992) or a hybrid resulting from inter-
breedings of grey wolves and coyotes (Mcch 1970;
Wayne and Jenks 1991; Roy et al. 1996). The debate
led to challenges to the integrity of the red walf recov
ery programme (Giltleman and Pimm 1991) and was
used by the American Sheep Industry as a rationale
on which to petition the Secretary af Interior to
remove the species from the list of eodangered and
threatened wildlife. The Service determined that the
pelition did not present substantial information to
wartant delisting (Fenry 1997). Recent genelics work
suggests that the red wolf and easter timber wolf
share a close taxonomic relationship thal justifies
classification as a separate specics, Canis lycaon
(Wilson et al. 2000). However, Nowak (2002) presents
morphological and distrbution data thal counter
this claim and supporl he current taxonomic separa-
tion between the red wolf and the castern timber
wolf. The Service cusrently recognizes the red wolf as
avalid species distinet from the grey wolf and coyote.

Recovery efforts

Arecovery plan wasfinalized in 1984 that established
the foundation for reintroducing up to 15 wolves for
five consecutive years to the Alligator River National
Wildlife Refuge (ARNWR) in northeastern North
Carolina (Fig. 19.1) (US Fish and Wildlife Service
1984). The final plan called for the released wolves
and their offspring to be designated as members of
experimental-nonessential populations per section
10() of the ESA (Parker et al. 1986). Such a designa-
tion allows the Service ta relax the restrictions of the
ESA to facilitate wolf management (Parker and
Phillips 1991). The ARNWR reintroduction is notable
for several reasons, including its position as the first
attempt ever Lo restore a camivore specics that was
extinct in the wild, Wolves selected for relcase were
taken from the Service's certified captive-breeding
stock. Age, health, genetics, reproductive history,
hehaviour, and physical traits representative of the
species were considered in the seloction process

From 1987 through 2002, 85 red wolves were relcased
on 38 occasions. During the fall of 2001, the last free-
ranging red wolf that had been born in captivity died
at the age of 13. After that the wild population con-
sisted entirely of wild-born animals. By Junc 2003,
free-ranging red wolves had given birth to >300
pups over four generations, and the population
included approximately 100 red wolves in 20 packs
across 6912 km? (2700 miles?) of the restoration
area. This arca is composed of 60% private land and
40% public iand that include three national wildlife
refuges

A revised ted wolf recovery plan (US Fish and
wildlife Service 1989) called for additional reintro-
duction projects and indicated that for the foresee-
able future it would not be feasible to downlist
(change species’ classification from endangered to
threatened) ot delist (rmove species from list of
threatened and endangered species) the red wolf
(Table 19.1). In 1991, a second reintroduction project

Figure 19.2 Red wolf Canis rufuss © M. . Murr.
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Table 19.1 Federal recovery criteria for the red wolf and the grey wolf

Ciiteria for
Recovery programme. Recovery area downlisting® Criteria for delisting®
Red volf Souteastern United None® None®
States
Eastern timber wolf Minnescta, = 100 wolves Assurance that the Minnesota
Michigan, inhabiting Michigan population includes
wisconsin orWisconsin for 1251 wolves
three consecutive years” Establishment of a second
poputation outside of
Minnesota and Isle Rogale
Natioial Park
If the second population
s 160 km (100 mifes) fram
the Minnesota population, it
must consist of =200 walves
forat least 5 years (nased on
e winter counts)
f the second population is
within 160 k of the
#innesota population, then it
must consist of =100 wohes
for at least § consecutive years
Northern Rocky. Montana, Wyoming, 10 brecding pairs® 30 breeding pairs
Mountain violf datio for 3 successive ‘comprising =300 wolies in
years in 2 of the a metapopulation ith
recovery areas genetic excliange belween
subpopulalions for
3 successive years
Mexican wolf Southwestem None! Nore®

United States

Notes:

2 Downlisting refers o a classification change from endangered 1o threatenc as per the federal ESA

© Defsting fefrs o @ lassification changs fram threatenad 1o emoved fiom the lstof endangered and {hreatened wildife o5 por the
tederal ESA.

© The US Fish and Widife Servics belleves that establishment of 225 red wolves i the wild and maintenance of 325 animals in captiv-
\ly wouid orowide for presivation ot speeics.The Red WolfRecovery Pian sates thi forthe foreseeable futureal s 1ot feasible to 2ther
downlistor delist the specics.

9 Downlisting 1o threztencd does 1ot ARpl to the grey woifin Minnesota, which was previously reclassified from endangered to threat.
enegin 1978,

4 A broeaing pair is considered an adult male and an adult female wolf thst have produced at least o pups that strvived until
December 31 of the year of theirbirh, during the previous breeding seasar.

 The Mexican Wolf Recovery Plan Sates that maintenance of & captive Dresding progamme and estabiishorent of  population
of 100 wolves would prowde for maimtenaice ol Uns subspecies. I 1an further exgiesses a0 possibily for derstng the Mexcan woll
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wasinitiated in the Great Smoky Mountains National
Park with the experimental release of one family
(Fig. 19.1) (US Fish and Wildlife Service 1992a). Results
suggested that restoration was feasible. The Service
subsequently releascd 37 wolves from 1992 through
1996. Of these, 26 dicd or were recaptured after trav-
elling outside the Park. Of 28 pups born in the wild
and not removed, none survived the first year
Disease (canine parvo virus) was implicated in the
death of many of the pups. Because of the inability of
wolves to establish home ranges in the Patk, low pup
survival, and low winter prey availability, the Service
terminated the project in 1998 (Henry 1998)

From 1987 through 1994 it scemed that the red wolf
retntroduction project al ARNWR was succeeding
(Phillips et al. 1996, 2003). During the mid-1990s, the
prognosis changed as it became apparent that
hybricization betwcen red wolves and recently estab-
lished coyotes was becoming increasingly common
(Kelly and Phillips 2000). A comprehensive assess-
ment (Kelly et al. 1999) facilitated development of an
adaptive management plan to address the hybridiza-
tion problem (Kelly 2000). The plan was implemented
in April 1999 and called for hybridization to be elimi-
nated ar reduced through intensive fieldwork o euth-
anize or sterilize coyote and hybrids and promote the
formation and maintenanceof red wolf pairs. By 2002,
the plan was beginning to show significant progress
and the Service intends to continue its implementa-
tion. However, even if the effort at ARNWR ultimsately
proves successful, the ubiquitous distribution of coy-
otes indicates that hybridization with that species will
remain the central challenge to red wolf recovery.

Problems of red wolf recavery

Red wolves and wild unguiates

Yew conflicts with humans have arisen since the red
wolves were relcased. White-tailed deer (Odocoileus
virginianus) are abundant in northcastern North
Carolina and hunter harvest has remained heavy
since red wolves were reintroduced.

Red wotves and livestock

Very few depredations have been reported or docu-
mented for 1ed wolves. For example, by June 2002,
only three cases of minor depredations involving

a pet or farm animals have been documented despite
cexhaustive efforts to investigate every complaint. No
cases of wolf-induced loss of livestock have been
reported tor the recovery area.

The future of red wolf recovery

Despite the challenges arising from hybridization,
the ARNWR restoration project is showing success in
thie presence of intensive management of wolves and
coyules. Overall the project iliustrates that the values
and successes of reintroduction efforts often have
the potential to extend beyond the immediate
preservation of the reintroduced species, to posit-
ively affect local citizens and communities, larger con-
servation fforts, and other imperiled species as well
(Phillips 1990). A study done by Cornell University
concluded that on average the ARNWR red wolf pro-
ject generated an annual regional economic benefit
of about $37.5 million due to increased tourism
(Rosen 1997). Public opinion polls conducted as part
of the Comell stady and by North Carolina State
University (Quintal 1995) revealed that the majority
oflocal residents strongly favoured red wolf recovery
in northeastern North Carolina. Such support derives
partly from the ecalogical cffects gencrated by red
wolves. Local landowners credit red wolf predation
on raccoons (Procyan lotor) as benefiting populations
of bobwhite quail (Colinus virginianus) and turkey
(Meleagris gallopavo) by reducing nest predation by
raceaons. Food habits data and observations by
lacal landowners reveal that red wolf predation on
coypu (Myocaster coypu) has the potential to reduce
nulria damage to water control levees. For these
reasons and others, Rosen (1997) predicted that the
public would strongly support and benefit from
cforts to reestablish red wolves elsewhere. It seems
likely that the red wolf could be recovered through
the reestablishment of addilional populations via
reintroduction of caplive-burn animals if not for the
specics’ predilection o hybridize with coyotes

The intensive management required to restore red
wolves by minimizing hybridization with coyotes
poses an important ethical question: Is it legitimate
1o disadvantage one species (the coyote) for the sake
of another species (the red wolf)? This question was,
of course, carefully considered when the adaptive
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variable (Fig. 18.3). From this, one might infer that
exploitation is not necessarily the cause of high and
variable mortality rates in exploited wolf popula-
tions. Such an inference is, however, limited because
Isle Royale may not be representative of unexploited
wolf populations. Although this obscrvation pro-
vides some perspective, its value for guiding con-
servation is limited.

Wolf conservation and recovery has also been con-
cerned with understanding how many wolves and
how large an area are required for population viabil-
(e.g Iiritts and Carbyn 1995). The Isle Royale case
study illustrates the possibility that a small, isolated
population can persisi, at least for several decades.
This observation is also quite limited, because
extinction and genctic drift are highly variable
processes (Vucetich and Waite 1999), and a siugle
case cxample may not be representative. Moreover,
the requirements for long-term persistence are Jikely
to differ from those for short-term persistence:

Wolf conservation is often justified by the notion
that top predators, including wolves, are keystone
specics, and have a substantial influence on the
ccosystems they inhabit. The Isle Royale case study
provides a scientific basis for justifying this claim
(Mclaren and Peterson 1994) (Tig. 18.8).

Several issucs have been critical to wolf canservation
forwhich the fsle Royale case study has contributed lit-
{le or no insight. These issues include: (1) taxonomic
selationships among historical populations and
recovering populations (e.g. Wilson et al. 2000),
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(2) biological details of how to translocate and
release wolves into a new environment (e.g. hard
and soft relcases; scc also van Manen et al. 2000), and
(3) the amount of gene flow required to maintain
natural population genclical processes {e.g. Forbes
and Boyd 1997).

Perhaps the most important factor determining
the success of wolf recovery and conservation has
been the relationship between humans and wolves.
The attitudes of North American humans towards
wolves began to change in the late 1960s and early
19705 (Dunlap 1988). During this time, the Isle
Royale case study was a prominent example to the
general public of the value of wolves. National
Geographic published Wolves versus moose on Isle
Royale in its February 1963 issue, with a follow-up
article in 1985 (i.e. Iliot 1985). Also during this lime,
two nationally broadcast films featured the Isle
Royale case example (Wolf Men (1969) and Death of a
Tegend (1970)). The Isle Royale case study continues
1o heighten awareness of wolves for thousands of
people through visitation to Isle Royale National
Park, participation in EathWatch expeditions
(www.carthwalch.org/expeditions/peterson. html),
wide distribution of annual reports, a popular book
accounting the Isle Royale case study (Peterson
1995), and aweb page (Vucetich and Peterson 2002).

The positive impact that Isle Royale wolves have
had on the general public may also be reflected in
the general public's interest in and support for
wolf rescarch on Isle Royale. National wire services

igure 18.8 After kiling a moose calf
(Aces alces) in Isle Royake National
Pari, these two wolves (Canis fupus)
successiully despatched the calf's
mather. © R. O, Peterson.
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comsistently report the results of the annual wolf
censuses on [sle Royale. Broad public support is also
reflected in continuous financial support from a
diverse array of non-governmental agencies and
individuals, such as the National Rifle Association
and Defenders of Wildiife. In fact, public interest
alone forced Department of Interior officials to aban-
don an effort to scuttle the study in 1983 during the
Reagan administration.

The Islc Royale case example may, however, also
generate attitudes among the public that inadver-
tently hinder wolf recovery. First, the isolation
and wilderness designation of Isle Royale probably
contributes to the errancous conception that wolves
are testricted to wilderncss arcas far from where
people live (cf. Haight et al. 1998; Mech 1995). This
‘misconception may complicale the management of
wolf-human conflicts. Second, the Isle Royale case
study may also providc the general public with the
idea that recovery of unesploiled wolf populations
will result in a ‘balance of nature’. This is valuable,
unless the general public does not appreciate that a
‘balance of nature’ may include periods of boom and
bust for populations of both wolves and their prey.

An important, but difficult to quantify, contribu-
tion of the Islc Rogale case study is professional train-
ing of people who have actively contributed to wolf
conservation (and several of whom, are authors in
this book). Specifically, D, Mech, whose PhDD is based
on the Isle Royale wolf population, has been a global
leader in wolf conservation for four decades
R. Peterson also earned a D based on these wolves,
and has contributed to the assessment and monitor-
ing of wolf conservation in Alaska, the Great Lakes,

and Scandinavia, D. W. Smith, studied the wolves of
Isle Royale as a student for over a decade, and
since 1996 has led the Yellowstone Wolf Project
M. K. Phillips was a field assistant for the Isle Royale
wolf project in 1981, and has since directed reintro-
duction cfforts of red wolves in North Carolina, and
grey wolves in Yellowstone and the Southern Rocky
Mountains. Finally, J. A. Vucetich began studying
Isle Royale wolves in 1989, and has since contributed
to monitoring and assessing wolf conservation in
Michigan, in Algonquin Provincial Park, and for the
Mexican Wolf Recovery Program.

The Isle Royale case study seems to have con-
tributed to wolf conservation and recovery. lowever,
the educational impact and inspiration of the Isle
Royale story on the general public and researchers
alike may have been more impoctant than the scien-
tific insight it has offered, Conservation scientists
should consider the generality of this circumstance,
and conduct their research with appropriate concern
for its educational and inspirational impact on pro-
fessionals, students, and the public.
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CHAPTER 19

Grey wolves—Yellowstone

Extermination and recovery of red wolf and grey wolf
in the contiguous United States

Michael K. Phillips, Edward E. Bangs, L. David Mech,
BrianT. Kelly, and Buddy B. Fazio

Grey wolf Canis lupus in snow © M. K. Phillips. Black wolt
reintroduced to Yellowstone National Park
© National Park Service.
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Asrecently as 150 years ago, the grey wolf (Curiis lupuis)
was distributed throughout the contiguous United
States (US), except for the southeastern US from cen-
tral ‘lexas 1o the Aliantic coast where the red wolf
(Canis rufiss) occurred (Young and Goldman 1944;
Nowak 1983). Conflict with agricultural interests
resulted in government-supported eradication cam-
paigns beginning in colonial Massachusetts in 1630
(Young and Goldman 1944; Mclntyre 1995). Over
the next 300 years, the campaigns were extended
throughout the US resulting in the near extermination
ofboth species. In recent decades, efforts o recover the
Ted and grey wolf were carried out. This case study
summarizes extermination and recovery efforts for
both species in the contiguous US.

Wolf extermination

Historically, wolves were the most widely distributed
large mammals in North America (Fig. 19.1). Together
the two species probably numbered several hundred
thousand individuals, and they occurred wherever
large ungulates were found. Tolerant of environ-
mental cxtremes, wolves inhabited arcas from 15°N
latitude (i.e. central Mexico) to the North Pole (Hall
1981; Nowak 1995). Wolf distribution was greatly
reduced as a result of long-term cxtermination efforts
that hegan as Europeans scttled in North America.
Conflict between the agrarian colonists and wolves
prompted the establishment of bountics as early as
1630 (Melntyre 1995), Eventually wolf extermina-
tion became the policy of the federal government
Persceution reached a zenith in the late 1800s and
carly 19005 when the wolf's natural prey (i.. bison
(ison bison), elk (Cerviss elaphus), and deer (Odocoileus
spp.)) had been greatly reduced due to unregulated
exploitation (Schmidt 1978; US Tish and Wildlife
Service 1987a). Bison were also killed as part of
federal efforts to force Indians to submit to the reser-
vation system (Isenberg 1992).

1n the presence of reduced prey populations and
expanded production of livestock, wolves increasingly
depredated on the latter. In response the federal gov-
emment and private citizens intensificd control
efforts. In 1915, the US Congress began funding a
wolf control programme and assigned the mission
of implumenting it to the US Biological Survey.
The goil was the ‘absolute extermination’ of the wolf,

and poisoning was the main method used (Mclntyre
1995).

By the 19305, the numbers and distribution of
wolves were reduced throughout the contiguous US,
and by the 19405 wolves were almost absent (Young
and Goldman 1944; Young 1970; Brown 1983
Nowak 1983). In the early 19505, government trap-
pers turned to northern Mexico and the few wolves
from there that dispersed 10 the US. This influx was
climinated by the end of that decade (Mclntyre 1995)
when wolf numbers were at an all-time low. Then,
less than 1000 wolves persisted in the remote regions
of the Gulf Coast (red wolves) and the forests of
northeastern Minnesota (grey wolves) (Fig. 19.1).
Additionally, probably less than 20 grey wolves
inhabited Isle Royale National Park, a 546 km? (210
‘miles?) island in Lake Superior located about 32 km
(20 miles) from the Minnesota mainland (Fig.19.1)
(Steniund 1955; Mech 1966; Peterson 1977; Fuller
ctal. 1992a; Thiel 1993). From the 1950s through the
1970s, studies provided insights into wolf ecology
(Stenlund 1955; Pimlott 1967; Mech 1966; Mcch and
Frenzel 1971; Van Ballenberghe 1972; Petersun 1977)
and helped foster a public desire to conserve the
species.

Wolf recovery

In 1973, the Endangered Species Act (ESA) was
passed (Public Law No. 93-205, as amended). This
law provided significant protection for wolves and
mechanisms for recovering both species. I he first list
of endangered species under this law included the
red wolf, eastern timber wolf (C. fupus fycaon) and the
Northern Rocky Mountain wolf (C. upus irremotus)
(US Fish and Wildlite Service 1974). In April 1976,
the Mexican wolf (C. lupus baileyi) was listed as
endangered (US Tish and Wildlife Service 1976a). In
June 1976, C. lupus monstrabilis was listed as endan-
gered (US Fish and Wildlife Service 1976b). In 1978,
the h and Wildiife Service (Service) combined
the subspecific listings for the grey wolf and reclassi-
fied it at the species level (ie. C. lupus) as ‘endan:
sered throughout the contiguous US and Mexico,
except for Minnesota where the species was reclassi-
fied to ‘threatened’ (Nowak 1978). Shortly after the
wolves were listed, the Scrvice began developing
recovery plans.
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These general uncertainties about inbreeding
depression limit assessments of inbreeding depres-
sion farIsle Royale wolves, Nevertheless, scveral obser
vations are suggestive of inbreeding depression. For
example, the number of wolves per moose greater
than 9 years old has been substantially lower ever
since the wolf population crash from 50 in 1980 to
12 in 1982 (5.7 = 0.3 ST versus 18.2 = 3.9; see also
fig. 5 in Peterson ct al. 1998). This could represent a
manifestation of inbrecding depression via reduced
abilities to capture prey or convert captured prey
into wolf rectuitment, ot an overall reduction in wolt
survival, independent of prey abundance. lowever,
it emains unclear whether ecological processes
alone can explain the reduced number of wolves per
old moose.

In 2000, we recovered the skeleton of a dead wolf
with two grossly asymmetrical vertebrac (Fig. 18.7).
Although the deformities appear to be developmen-
tal abnormalilies, it is unclear whether the defor-
mity: (1) has a genetic or environmental basis,
(2) oceurs with greater frequency in the Isle Royale
population than in non-inbred populations, and
(3) Ied 10 reduced fitness. In 2003, we discovered a
wolf carcass with its two middle toe pads fused in
both front feet—a condition common in certain
inbred breeds of domestic dog.

Successful studies of inbreeding depression in
free-ranging populations are generally based on

comparisons among, populations (e.g. Wildt ct al
1987) or individuals (e.. State ct ai. 2000) that cxhibit
varying levels of inbreeding. In the absence of such a
comparison, inbreeding depression in free-ranging
populations s difficult to assess. The greatest obstacle
for such comparisons involving the Isie Royale popu-
lation is eliminating the possibility that differences in
fitness are attributable to ccotogical factars.

Contributions to conservation

The conservation and recovery of wolf populations
is actively pursued in numerous regions of Noith
America and Europe. Although conservation research
is generally assumed to be an important component
of successful conscrvation, this assumption is rarely
scrutinized. In this section, we assess the possible
nfluence of the Isle Royale case study on wolf
conservation

Since human-causcd mortality has been a primary
cause of endangerment or remains a potential threat,
wolf conservation might be facilitated by better
understanding the extent to which human-caused
martalily is additive or compensatory with other
causes of woll mortality. Because littlc is known
about this process, it may be useful to know that
mortality rates in the Isle Royale wolf population,
which has never been exploiled, can be high and

Figure 18.7 Gross asymmetry ina
vertebrae from an Iske Royale wolf
(#3529). This animal was born in
the mid-1990s. Of the skeletal
remains collected from
approximately 35 Isle Royale
wolves hetween 1959 and 2001,
this is the only observed skeletal
deformity. Nevertholess, the cause
(environmental or genetic),
frequency of occurtence, and
fithess consequences of such
deformities are unknown
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Table 3.2 Genetic diversity in populations of the
African wild dog

mIONA Microsatelites

Population . Hp §r n loci N/locus Al He

Hwange 28 §
Kruger 9% 2

00077 22 11 210 40 0653
00013 94 11 938 39 0555

Mara/ 27 2 00048 28 11 266 42 0622
Serengeti

MVNamibia 6 1 00000 6 11 580 34 0618
Okavango 42 5 00120 31 11 297 40 0605
Selous. 312 00114 22 11 178 44 0665
Captie 37 1 00000 30 11 284 26 0431

‘Note: The number of tONA haplotypes (H), nucleotide diversity (3,
mean numoer of microsatefite llles perocus (A, and mean expected
Teterorygosity (e unbinsed estimae; Nei 1987) ae ndicateo. Modified
fiom Girman et . (2001).

Figure 3.4 Locations of study
populations and museum samples
from Girman et al. (2001). Historlc
distribution of wikd dogs according
10 Creel and Creel (1998). Limits
of the distribution of ‘miombe’
(Brachystegia-Juibernardia) forests
modified from Matthee and
Robinson (1997).

populations historically have been small relative to
other large camivores. However, recent population
declines due to human-induced habitatloss have not
caused a dramatic reduction in genetic diversity.
Levels of diversity in microsatellite loci do not show
stong evidence of recent or historic population.
decline relative to other carnivores (Iables 3.1 and
3.2). Further, the levels of genetic polymorphism
estimated from the microsatellite data were relatively
similar in ail seven populations (Table 3.2). Although
the average sample size for each population varicd
greatly (5.8in the NW Namibia population 10 93.8 in
the Kruger population), the mean number of alleles
per locus ranged only between 3.4 and 4.4, Hetero-
zygosity values were also similar, ranging from 0.56
for the Kruger population to 0.67 for the Selous
population. The heterozygosity of a captive South
Atrican population was lower (0.50) and the mean
number of alleles per locus was only 3.3.
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‘The grey woll, is an interesting specics from a
population and conservation genetic perspective.
The wolf had the largest geographic range of any.
canid, and exists in a wide range of habitats from
<old tundra to the warm deserts of the Old and New
World. Because grey wolves arc the most mobile
canid, genetic differentiation hetween populations
connected by appropriate habitat is expected to be.
Tow. However, wolves vary geagraphically in body
size and pelage suggesting sclection as the cause for
differentiation despite high levels of genc flow (c.g.
Smith et al. 1997h). tor example, selection for differ-
ences according 1o habitat type (c.g. Tundra versus
boreal forest) or prey (migratory versus resident,
large versus small; Kolenosky and Standficld 1975;
Peterson etal, 1998; Carmichael etal. 2001 could pre-
sumably cause diffcrentiation despite gene flow.
Understanding the dynamics between gene flow and
selection is essential for testing alterative hypothe-
ses about differentiation (Koskinen et al. 2002).
Further, wolf populations need to be connected by
effective corridors. Despite the high patential mobil-
ity of wolves, habitat fragmentation and habitat loss
can dramatically affect the demography and genctic
variability of wolf populations. Specifically, we might
expect populations isolated by habitat fragment and
in decline due to habitat 1oss to have less genetic
variation within and high levels of differentiation
between populations. For example, western
European populations have reduced mtDNA varia-
tion within populations bul often have unique
MUINA haplotypes (Wayne et al. 1992, see belaw)
Similarly, by reducing the cficetive population size
of isolated populations, predator control programs
may cause declines in genetic variation, an increase
in levels of inbreeding and a disruption
of social hierarchies (Dllgten et al. 1996; Fllogren
1999; Vila ef al. 2003b; Wayne and Vila 2003)
Alternatively, populations that are controlled may
also become population sinks if immigration is com-
mon which may enhance genetic variation (Frati ¢f
al. 1998; Wang and Ryman 2001). A ritical goal of
population genetic analysis is fo test alternative pre-
dictions about population variability and differenti
ation given current and historical population
changes.

Population genetics 67

Genetic variation

MEDNA and microsatellite variability within large
interconnected wolf populations is generally high
(¥able 3.3). Targe populations in the Old and New
World have several mtDNA control region or mtDNA
RFLP haplotypes (Wayne et al. 1992; Vila ef al. 1999;
Randi et al. 2000) and have high values of nucleotide
diversity. Similarly, the average number of micro-
satellte alleles and average heterozygosity of North
Awerican wolf populations, cxcept for Mexican
wolves, is 5.0% and S4%, sespectively (Roy et al.
1994h). These values are similar to those in other
vertebrate populations (Avisc 1994, 2000). However,
mtDNA variation is greater in coyotes than in grey
wolves (Lehman and Wayne 1991; Vilaetal. 1999) as
might be predicted from the higher abundance of
the former species (Voigt and Berg 1987; Ginsberg
and Macdonald 1990). Although only a small num-
ber of coyotes were sampled and their distribution is
restricted to North America, the average sequence
divergence abserved among coyotes is 4.2% as com-
pared to 2.9% among grey wolves sampled from
throughout the world (Vila et al. 1999).

Nucleotide and genealogical measures of diversity
can he used to reconstruct the histaric and recent

Table 3.3 Genetic diversity of populations of the
grey wolf

MIDNA RFLP Microsatelites
Population n lp H n Loci A He
Vancower 15 1 0000 20 10 34 0421
Alaska. 50 2 0350 19 10 41 0536
Alberta 9 3 0556 20 10 45 0605
Minnesota 3 3 0259 20 10 63 0532
Central Ontario/ 12 2 0.485 24 10 64 0503
south Quebee
WestOntarlo/ 8 1 0000 14 10 41 0533
north Quebes
NWTerrtoies 71 3 0463 30 10

64 0547

ote: Tne riumber of mIDRA hiaplotypes (Hp), Gene diversity (H), mean
number of micrasatellte aliles per locus (A), and mean expected
heterozyeusity (He; unbiased cstimate: Nei 1987) are indicated. Modi
#rom tay e af.(1994) and Lehman etaf (1982).
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demographic history of wolves and coyotes (Vila et al.
1999). ¢enealogical measures of nucleotide diversity
suggest that grey wolves were more abundant than
coyotes in the past and that both species declined
{hroughout the late Pleistocene. In general, nucleotide
diversity dataimply a decline in grey wolves from over
5 million breeding females (about 33 million wolves)
worldwide in the late Pleistacene to about 173,000
breeding females (1.2 million walves) in the recent
past. Today less than 300,000 walves exist worldwide
(Ginsherg and Macdonald 1990). This contrasts witha
dectine followed by a very recent increase in coyoles.
As suggested by nucleotide diversity values, cayote
mmbers decreased from about 3.7 million brecding
fomales (about 18 million coyotes) in the late Plei
tocene to 460,000 breeding females (2.2 million
coyotes] in the recent past, This drop was fallowed by
an increase to about 7 million coyotes today (Vila
ctal. 1999 and references therein). These differences
between abundance estimates for the recent past and
today may retlect habitat loss and ditect persecution
that reduced wolf populations but increased coyote
numbers and distribution (see discussion in Lehnan
etai. 1991 and Vila etal. 1999).

Popuiation bottienecks

Dramatic demogeaphic declines or population
bottlenecks have been historically documented for
some wolf populations and genetic studics have
found them (v contain less genetic variation. For
example, the Italian wolf population declined dra-
matically in the cighteenth and nincteonth centurics
duc to habitat loss and predator-control programmes
(Randi 1993; Randi and Lucchini 1995; Randi et al.
2000; Scandura et at. 2001). By the 19705, onty about
100 wolves were left in Italy, mostly in the central
and southern Apennine Mountains (Zimen and
Boitani 1975). Extensive mtDNA RELP and mtDNA
control region sequencing studics shawed these
wolves to have a single mitochondrial haplotype,
which represents lower diversity than that in other
Old World populations (Wayne et al. 1992; Vila et al,
1999; Randi and Lucchini 1995; Randi et al, 2000;
Scandura et al. 2001). Moreover, the ltalian woif hap-
lotype is unique, and is otherwise found only in
French wolves, a population recently founded by
wolves from Italy (Taberlet et al. 1996b; Lucchini
et al. 2002; Valiere ct al. 2003). Lowever, levels of

microsatcllite variation approach that in large wolf
populations (Randi et af. 2000; Scandura et al. 2001;
Table3.3)

Scandinavian wolves have likewise declined over
the past few hundred years to the point of near exting-
tion in the 19705, However, a new group of wolves
was discovered in southern Sweden in the carly
19805, and this is thought ta be the founding stock of
the current Scandinavian population, cstimated
to be about 100 individuals in 2000. MtHNA and
microsatellite studies suggested that the current
population is reduced in genetic variation and that
variability was being lost over time (Ellegren et al.
1996; Vila et al. 2003b). The Scandinavian popula-
tion has 71% of the variation in the large neighbour-
ing populalion of Finland and Russia and is fixed for
a single MIDNA haplotype. The level of inbreeding
observed in the Scandinavian wolves is similar 10
that of the Swedish captive papulation (Ellegren
1999} in which inbreeding depression was detected
(Laikre and Ryman 1991; laikre ef al. 1993). The
Scandinavian population has a single control region
haplotype and unique microsatellite alleles that
were not found in the captive population, excluding
the possibility that it had been founded by individu-
als released from captivity. A recent study of Y chro-
mosome microsatellites (Sundqvist ef al. 2001) has
supported these results as two Y chromosome haplo-
types were found in the extant Scandinavian wolf
population, and they were different from the only
one found in the captive wolves. The reconstruction
of the genotype of the founder pair for 19 micro-
satellite markers, m(DNA and microsatellites in
the sex chromosomes (X and Y) suggests that the
Scandinavian population was founded by two indi-
viduals that successfully migrated from the Finish—
Russian population and established a brecding pack
in 1983 (Vila et al. 2003h). During one decade, the
papulation remained small and highly inbred, and
the arrival of a new male migrant, reproducing for
the first time in 1991, allowed the temporary popu-
lation recovery of the population and avoided
extreme inbreeding (Vila et al. 2003b).

The Mexican wolf (C. lupus baileyi) has declined to
extinction in the wild due to habitat loss and an
extensive extermination progaamuie in the first half
of the twenticth century. Two of the three captive
Mexican wolf populations had fewer microsatellite
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Figure 3.5 Phylogenetic relationships of wild dog control region haplotypes. (a) Neighbour-joining tree based on lamura and
Nei (1993) distance (gamma casrection,  ~ 0.5). The ratio by each node is the bootstrap percentage of support when higher
than 50% in 1000 neyghbourjoining (numeralor) and maximum parsimony (denominaton tiees. (bj Minimum spanning network.
Ihe size of the nodes indicates U frequency of the haplotype in the entire sample. The frequency of each haplofype in Eastern
{Masai Mara and Serenget), Seious, and Southern (all others) populations are indicaled by shading. The number of
substitutions difcrentiating haplotypes is shown on each brarich wen different from one. An alternative (ink between northern

and southern haplotypes is indicated with a dashed line.

Mitochondrial and microsatellite loci showed
significant differentiation between  populations.
Eastern and Southern populations may have been
historically isolated. One historic and eight recent
mEDNA haplotypes were found that defined two
highly divergent clades (Fig. 3.5). In contrast to a pre-
vious more limited mtDNA analysis (Gitman et al.
1993), scquences from these clades wete not geo-
graphically restricted to eastern or southern African
populations. Rather, a large admixiure zone was
found spanning populations from Botswana,
Zimbabwe, and southeastern Tanzania. Genetic dif-
ferentiation between populations was significant for
both microsatellite and mitochondrial imarkers and
unique mtDNA haplotypes and alleles chatacterized
the populations (Pg;, 0.158-0.935 for mtDNA;
6, 0.041 0.140 for microsatellites). However, gene
flow estimates (Nm) based on microsatellite data
were moderate to high (range 1.53-5.88), greater
than one migrant per generation. In contrast, gene
flow estimates based on the mtNA control region
wete lower than expected (range 0.04-2.67). Given

the differences in the mode of inheritance of mito-
chondrial and nuclear markers, the results suggest
amale bias in long distance dispersal. However, dis-
persal distance has been found to be similar for males
and females in a Botswana population (McNutt
1996h), 50 the genetic results could indicate a higher
frequency of male dispersal. Tinally, mitochondrial
and microsatellite population trees differed with
regard to the association of east and southern popu-
lations (Fig. 3.6). Past and present distribution of
the ‘miombo’ (Brachystegia-fulbernardia) forest, and.
grassland as well as the barricr imposed by the rift
valley are biogeographic factors that may explain the
current distribution of genctic variability (Fig. 3.4;
Girman et al. 2001). However, West African popula-
tions, represented by a single sample from a museum
specimen define a distinct branch suggesting a his-
tory of genetic isolation.

Conservation implications
Our previous results (Girman et al. 1993) suggested
Ihat eastern and southem  African wild dog
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populations were morphologically and geneticatly
differentiated and formed reciprocally monaphy-
Ietic units which supported their dlassification as
evolutionarily significant units warranting separatc
conservation (Moritz 1994). However, the morc
recent and extensive genetic survey finds that these
two haplotype clades co-occur aver much of the cur-
sent geographic range, which likely reflects natural
mixing of previously isolated populations (Fig. 3.5
Girman et af, 2001). Conscquently, genctic manage-
ment should aim at mimicking obscrved levels of
gene flow between contiguous populations within
thisadmixture zone (Crandall etal. 2000; Wayne and
Brown 2001). Individual-based madels of wild dog
population dynamics afso suggest that cven low rates
of migration between populations can demograph-
ically stabilize populations other
tion (Vucetich and Creel 1999). However, in African
wild dogs, genetic differentiation of microsatellitc loci
increases with distance, and eastern and southern
Airican populations may be morphologicaily distinct.
Consequently, translocations between geographically
distant southern and eastern populations are not
advised because adaptive differences may exist
(Crandall et al. 2000). Tor the Masai Mara and
Serengeti, where African wild dogs are endangered
(Fanshawe et al. 1997), the Selous reglon would e an
appropriate source of individuals for reintroduc-
tion at the level of a few migeants per generation.

ise at risk of extine-

Figure 3.6 Neighbour joining
trees of wild dog populations.

(a) Control region topology

based on the average sequerice
divergence between sequences in
each population. (b) Microsatelite
topology based on Nei's {1978)
unbiased genetic distance
between poputations. Bootstrap
support in 1000 replicates is
indicated by the branches

d 005

Additionally, because the genetic results suggest more
frequent dispersal and/or longer dispersal distances
i wales than in females, the population manage-
ment strategy shouid focus on the more frequent
translocation of males to replicale natural processes
West African population should be a high priority for
research and conservation given evidence of genetic
distinction and their petilous population status

Finally, our genetic analyses have shown that
despite recent population declines, the genetic diver-
sity of several populations was still high. However,
the populations that were studied were among the
largest in Aftica (Fanshawe et al. 1997) and thus may
not beindicative of genetic diversity in smaller, more
isolated populations. Given increasing habitat loss
and fragmentation, a future decline in genetic varia-
tion appears likely (Fanshawe ef al. 1997; Ginsberg
and Woodroffe 1997; Girman and Wayne, 1997). To
ameliorate this decline, population sizes should be
kept as Jarge as possibile given the remaining habitat
area. Additionally, gene flow should be facilitated by
maintaining conridors that link populations, and
when this is not possible, through translocation
at histaric levels as indicated by genetic data. The
maintenance of genetic variation, cspecially. the
component that influences fitness, is citical to
population persistence and the future evolutionary
response of hunting dogs to changing environmen-
ta) conditions (Crandall et al. 2000).
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Wayne 1993; Hancock 1999). Microsatellite loci are
often preferable becanse simple sequence repeats can
be amplificd by the PCR from minute or highly
degraded samples of DNA such as bones, hait, and
facces (Roy ef al. 19944, 1996; Taberlet et al. 19964;
Foran ¢ af, 1997; Kohn and Wayne 1997; Kohn
¢t al. 1999; Fedriani and Kohn, 2001; Smith
et al. 2001; Lucchini et al. 2002). Additionally, cach
locus is scored separately cither through autoradio-
graphy or staining of acrylamide gels or by an auto-
mated sequencer (Bruford et al. 1996). These methods
allow for the identification of the two alleles inher-
ited from both parents at cach locus (both alleles are
detected, as in co-dominant markers). Since half of
the alleles are shared between parent and offspring,
these methods also led to a robust determination of
family relationships. Conscquently, microsatetlite
dala can be analysed by traditional population
genetic approaches developed for co-dominant loci
(Goldstein and Pollock 1997; Roussct and Raymond
1997; Smith et al. 1997a; Bossart and Prowell 1998;
Girman etaf. 2001; Roemer et al. 2001a).

In contrast, minisatellite, randomly amplifiecd
polymorphic DNA (RAPD), and amplified fragment
length polymorphisms (AFLP) approaches (Avise
1994, 2000; Smith and Wayne 1996) are generally
multi-locus (many loci are simultancously analysed
at the same time), and a heterozygote may not be
distinguishable from a homozygote genotype
not co-dominant). Thus, these procedures require
additional assumptions for statistical analyses. A
panel of 10 or fewer microsatellite loci may be sufi-
cient to guantify components of variation accurately
within and among populations and to study individ-
ual relatedness within social groups (Bruford and
Wayne 1993; Queller et al. 1993; Roy et al. 1994b;
Ellegren et al. 1996; Forbes and Boyd 1996; Smith
et al, 1997a; Bossart and Prowell 1998; Girman ef al.
2001; Rocmer et al. 200 1a).

Recently, rescarchers studying humans have identi-
fied single nuclcotide polymorphisms (Fig. 3.1) and
‘microsatellites on the Y chromosome (Cooper et al.
1996; White et al. 1999; Jobling and Tyler-Smith
2000). These markers allowed a niew paternal view on
cvolutionary pattems that complemented studics on
matemally inherited mtDNA and biparentally inhet-
ited nuclear genes (Jorde ef al. 2000). Consequently,
¥ chromosome studies represent an independent test

¢ are

for hypotheses based on mitochondrial sequences ot
microsatellites (Pritchard ef al. 1999; Scielstad et al.
1999; Thomson et al. 2000) and permit estimation of
sex-biased migration and dispersal (Seiclstad et al.
1998). ¥ chromasome studies are still uncommon in
other mammal species (Boissinot and Boursot 1997;
Hanottc el al. 2000), but with the development of
canine specific markers (Olivierand Lust 1998; Olivier
et al. 1999; Sundgvist et al. 2001), this new kind of
population genctic and phylogenetic studies is pos-
sible in canids (Sundqvist etal. 2001; Vila etal. 2003a)

Ttnally, in grey wolves and other canids, genetic
variation at the major histocompatability compiex
(MIIC) has now been studied (Hedrick et al. 2000,
2002, Aguilar et al. in press). The MHC is a 4 million
bp segment of DNA in vertebrates containing over 80
genes amanged in three functional classes (Hedrick
1994; Edwards and Hedrick 1998). Unlike other gen-
etic markers, overdominance, frequency dependence,
and geographically varying dircctional selection
influence variation at the MIIC and may maintain
high levels of polymorphism (Potts and Wakeland
1993; Hedrick 1994; Edwards and lledrick 1998). The
specific factors hypothesized to affect polymorphism
at the MIIC are parasite-mediated selection (1iughes
ctal. 1994; Black and Hedrick 1997), sexual selection
(Potts et al, 1991), and in some instances, maternal-
fetal interactions (Haig 1997). MHC class [l molecules
are responsible for the presentation to the immune
system of forcign (exogenous) antigens on cytotoxic
and helper I lymphocytes. Thus, a widely accepted
hypothesis to explain high heterozygosity at MHC
class li gencs is that a wider arxay of pathogens will ini-
tiate an immune tesponse if individuals arc heterozy-
gous (i.e. balancing selection; Hughes and Nei 1992;
Blackand Hedrick 1997). Therefore, assessing pattems
of genetic variation in the MIIC may be critical to doc-
umenting the selective forces that influence gene fre-
quencics and the genes which affect fitness (Aguilar
etal, in press).

Review of case studies
The Ethiopian wolf

Ihe Ethiopian wolf, is the most endangered living
canid (Gottelli and Sillero-Zubiri 1992; Sillero-Zubiri
and Macdonald 1997; Marino 2003a,b). The total
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Figure 3.2 A map of sampling localties indicating cxtant pop!
genetic study of Gotteli et 3. (1994).

population in 1999 was less than 500 individuals. The
species is dispersed across the Ethiopian highlands
above 3000 m in small, highly isolated populations
(Fig. 3.2; Gottelli and Sillero-Zubic 1992; Marino
2003h). Ethiopian wolves arc more than twice the size
of African jackals, are wolf-like in morphology, and
have an organized grey wolf-like pack structuce,
although the rate of extra-pair copulation is likely to
he much higher than that in grey walves (Mech 1987;
Sillero-Zubiri and Gottelli 1995a; Sillero-Zubiri ¢t al.

ulations of Cthiopian wolves and the area sampled in the.

19962; Smith et al. 1997a). Phylogenctic analysis of
mDNA sequences showed that the closestliving relat-
ives of Ethiopian wolves are probably grey wolves and
coyoles (Fig, 3.3; Goltelli o al. 1994; Wayne and
Gottelli 1997; Vila et al, 1999). An evolutionary hypo-
thesis consistent with these results is that Ethiopian
wolves are a relict form remaining fiom a Pleistocene
invasion of a wolf-like progenitor into East Africa. The
current cxtent of Ethiopian high altitude moorand
habitats is only 5% of the area existing after the last Tcc
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Table 3.1 (Continued)

Haplotypes.
Species Site Populations o alieles v Source

Copte NA 13 24 0020 Lehman et af, (1991)
Golden jackal Afiica 1 2 0.001°  Wayne et al. (1990a)
Grey wal Eurape 9 20 0.500°  Randi et a. (2000)

Grey wol Islc-Royale 5 9 0.018°  Wayne et al.{1991b)
Grey wol taly 1 1 0.000°  Randi et ai. (1995)

Grey wolf NA 9 9 0.006°  Lehman et al. (1991)
Grey wolf Scandinayia 2 4 0.021°  Fllegren et al. (1996)
Grey wolf Worldwide 30 2 0.7449 Vil etal. (1999)

Grey wolf Worldwide, 26 18 0.790°  Wayne etal. (1992)
Kitfox N America 10 2 0U12°  Maldanado et . (1997)
it fox USA 10 2 0.700°  Merure et /. (1993)
Mexican wolf Mexico 2 1 0.000°  Shields et al. (1987)
Red fox Europe. 10 18 0484°  Frati et al. (1998)

Red wolf N America 2 6 0025"  Royetai. (1996)

Red woll N. America 5 5 0.025°  Wayne and Jenks (1991)
Side-stiped jackal  Alca 4 2 0.002°  Wayne et af. (19902)

Mole: Ns = not specied. Number of haplotypes are indicated for MHC and mIDNA 2nalyses. Mean rumber of a lefes and loci seanned e maicated for
allozymes and microsatelites, and mean number of ragments s indicated for minisatelltes. Vs a measure of genetic variaton.

¢ Qoserved heteroygosity (Ht)

o Fstorhst

 Average proportion diference (APD).
9 Nucteotide diversity ().

= Sequence divergence

exceptions, mtDNA is matemally rather than
biparentally inherited, and there is no recombina-
tion. Therefore, phylogenetic analysis of mtDNA
sequences within species provides a history of mater-
nal lineages that can be represented as a simple
branching phylogenetic tree (Avise 1994, 2000).
The first studies of variation in mtDNA sequences
were indirect and utilized a panel of restriction
enzymes that cut DNA at sites in the mitochondrial
genome where specific 4 or 6 bp sequence patterns
are located. For cach enzyme, the cut fragments arc
separaled by size electrophorctically. Differences in
the fragment pattern between individuals indicate
nucleotide changes at the restriction site, and allow
the number of sequence changes overall 1o he
estimated between different mitochondsial genomes

(haplotypes; e.g. Waync et al. 19893, 1991ab;
Lehman etal. 1991). Such restriction fragment length
polymorphisms (RELP, Table 3.1) provided the first
estimates of sequence variation within populations
and allowed the relationships of populations 1o be
reconstructed (see Avise 1994). Beginning in the late
19805, the advent of fhe polymerase chain reaction
(PCR) in combination with new DNA sequencing
technigues, made population level sequencing stud-
les feasible. DNA sequence studies used nucleotide
difference (o develop a more precise reconstruction
of historical demographic events such as coloniza-
tion and gene flow (Jig. 3.1; Avise 1994, 2000). Both
restriction fragment analysis (e.g. Lehman ef al. 1991;
Wayne ef al. 1992; Randi and Lucchini 1995; Pilgrit
el al. 1998) and, more recently, mtDNA sequencing
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Figure 3.1 Comparison of modern molecular genetic techniques. MIDNA typing requires the sequencing of one or more DNA
segments. For population comparisans, commonly, part of the control region is sequenced because il is highly variable.
Comvarison of sequences allows diferent haplotypes to be identified (two liaplatypes differing by an A 1o T transition are siown)
Such sequence differences can be used 10 reconstruct the evolutionary relationship of iaplotypes (e.g igs 3.3 and 3.5).
Microsatellite alleles differ in the number of simple repeat units they contain and consequently can be identified by differences
in size and do not have to be sequenced. These loci are highly polymorphic and abundant in the aucleus of plants and

anima.

. Sing'e nucleotide polymomhisms are a new type of marker useful for quantifying sequence variation in nuclear genes

and non-transcrhed regions. Ine data are analogous to sequence pulynorphism in the mitochondrial genome but are much less
variatle and biallelic, that is, each SNP generally fas just two alleles.

by PCR (Vila ef al. 1999; Randi et al. 2000; Wilson
et al. 2000) have been applied to canids (Table 3.1).
Hypervariable regions of the mitochondrial genome,
such as the control region, have been the focus of
recent sequencing effors. The estimates of diversity
based on RFLP or sequencing analysis include the
number of haplotypes, measures of the sequence
difference among these haplotypes (e.g. nucleotide
diversity) and the spatial and phylogenctic relation-
ship of haplotypes from different populations (Avise
2000; Fmerson etal. 2001; Posadaand Crandall 2001)

However, phylogenetic trees based on mtDNA
record the history of only a single linked set of genes.

Additionally, because of the smaller effectiv: popula-
tion size, levels of mtDNA variability are more
severcly affected by changes in population size than
are nuclear loci (Avise 1994). Recently, nuclear loci
with high mutation rates that can casily be surveyed
in large population samples have been identified.
These include multi-locus DNA fingerprints (Burke
et al. 1996) in which complex DNA banding pattems
simultancously represent approimately 10-20
unspecified minisatellite loci. However, a generally
more desirable approach involves microsatellite loci
which are composed of tandem repeats of short
sequences 2-6 bp in length (ig. 3.1; Bruford and
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Age (Yalden 1983; Kingdon 1990; Gottelli et al. 1994),
Consequently, the geographic range and numerical
abundance of Ethiopian wolves likely has decreased
during the Holocene. Mare recently, habitat loss and
fragmentation due to human population growth and
agriculture haye accelcrated the decline of Ethiopian
wolves.

Genetic variation and population differentiation
Ihe RFLP and sequence analyses of mtDNA showed
that the two populations in the Bale Mountains had

Kit fox

Cratr-eating fox

— Black-backed jackal-2
Wild dog—South Affca
Wild dog—East Affica
[ I I Z 1
20% 15% 10% 5% 0%

Lhoun

very low variability, as all wolves had the same
mtDNA haplotype (Table 3.1; Fig, 3.3). Variability of
microsatellite loci was also low in these populations.
The average value of heterozygosity for 10 micro-
satcllite loci was only 46% and mean allelic diversity
38% of that commonly found in other wolt-iike
canids (Table 3.1). Such low levels of heterozygosity
are consistent with an equilibrium effective popula-
tion size of anly a few hundsed individuals (Gottelli
et al. 1994). However, a preliminary analysis of
134 bp of mtDNA of control region sequence from

Domestic dog

Bale Mis [ Ethiopian

wolf

Golden jackal

———— Side-striped jackal

Black-hacked jackal-1

Figure 3.3 A strict consensus tree
of the two most parsimonious trees
obtained from phylogenetio
analysis of 2001 bp of MDNA
sequence (Gotteli el a/. 1994). Two
individuals were sequenced for
‘each species. The two East African
black-backed jackal sequences
(1.and 2) are representatives of the
two divergence mIDNA haplotypes.
found there (Wayne et al. 1990a).
The kit fox scauence was used to
raot the tree.
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twa museum skins from an unknown Northern
Ethiopian wolf population revealed two unique
substitutions (Fig. 3.3; Roy et al. 1994a). Recent
analysis of other populations show further evidence
of genctic diffcrences (Gottelli ef af. in press).

Hybridization with domestic dogs

Although loss of variation and inbreeding in isolated
populations are concerns for endangered species, an
additional problem for Ethiopian wolves is hybri-
dization with domestic dogs. Genetic analysis
showed that suspected hybrid individuals in a popu-
lation in the Sanetti Valley of the Bale Mountains
preserve had microsatellite alleles not otherwise
found in Ethiopian wolves, but were present in
domestic dogs. In contrast, these individuals had
mtDNA haplotypes identical to those in ‘pure’
Ethiopian wolves (Gottelli et af. 1994), a result con-
sistent with field reports that interspecific matings
only involved male domestic dogs and female
Ethiopian wolves (Sillero-Zubiri and Gottelli 1991).
Additionally, parentage analysis found that a single
litter had both a wolf and dog as fathers, showing
that multiple paternity occurs in wolves and can
involve bath species. Dogs not only hybridize with
Ethiopian wolves and compete with them for food,
but also arc reservoirs of canine diseases (Sillero-
Zubiri et al. 1966b).

Conservation implications

The sharply lower levels of variation in the Ethiopian
wolf reflect a long history of population declines
compounded by recent habitat fragmentation
(Gottelli etal. 1994), Howeves, perhaps a greater con-
cern than the reduced levels of genetic variation is
the vulnerability of the few remaining populations
10 diseases such as rabies, which is already thought
ta have eliminated about one-half of the Bale
Mountain population (Sillero-Zubiti ¢t al. 1996b,
Sillero-Zubiri and Macdonald 1997) and to other
stochastic demographic effects (Lande 1958). Inbre-
eding depression may oceur in canids (Laikre and
Ryman 1991; Taikie et al. 1993; Fredrickson and
Hedrick 2002; but see Kalinowski et al. 1999)
and may conceivably influence the persistence of the
population (e.g. Lacy 1997; Seal and Lacy 1998). Loss
of genetic variation in small populations may also
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influence the ability of individuals to adapt to
changing conditions (Frankham et al, 2002). However,
Ethiopian wolves actively avoid inbrecding (Sillero
¢t al. 1996), thus decreasing the rate at which genetic
variation is lost and mitigating the effect of inbreed-
ing. In one population, the loss of unique Ethiopian
wolf characteristics may result from interbrecding
with dogs; however, this threat may be restricted to
that locality (Wayne and Gottelli 1997). Lthiopian
wolves are not being bred in captivity (Ginsberg and
Macdonald 1990) and the genetic results suggest that
a reservoir of pure wolves should be protected and
bred in a captive setting as a source for reintroduc-
tion should efforts to sustain the wild population
fail. Finally, other populations of Ethiopian wolves
should be surveyed genetically so that a balanced
program of captive and in sifu management can be
constructed that maintains historic levels of varia-
tion within and gene flow between populations
(Wayne and Gottelli 1997; Crandall et al. 2000).

African wild dog

The African wild dog, Lycaon pictus, once ranged over
st of Africa south of the Sahara, inhabiting arcas
of dry woodland and savannah (Fig. 3.4; Ginsberg
and Macdonald 1990). However, duc to habitat loss,
hunting, and disease, many populations have van-
ished or are severely reduced in number. The extant
populations are highly fragmented and total no
wore than several thousand individuals (Ginsberg
and Macdonald 1990; Fanshawc etal. 1997; Ginsberg
and Woodroffe 1997). Tmportantly, the western and
Kenyan populations arc nearing extinction, yet
these populalions arc not represented in z00s as
only South African wild dogs are kept in captivity:
Populations in South Africa currently are stabilized
in protected areas (Fanshawe et al. 1997).

Genetic variation and population differentiation

he genctic diversity within and among seven popu-
Tations of African wild dogs was determined based on
MIDNA segion sequences
microsatellite loci (lable 3.2; Girman et al. 2001).
Bload samples and museum bone samples were
colleeted from 280 individuals (Fig. 3.4). Analysis of
mtDNA nucleotide diversity suggested that wild dog

control and eleven
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of fess mobile species may not deter dispersal in
canids. Many canids, such as grey wolves, coyotes
(C. latrans) and red and culpeo foxs (Valpes vilpes,
Pseudalopex culpacus) are habitat generalists and can
I
fuman altered habitats. In these canids, the morc
relevant factors that influence dispersal may be the
movements of prey (Carmichacl et al. 2001), density
effects (Roemer ef al. 2001a), or Kinship (Lehman
etal. 1997; Girman et al. 2001). Also, in many species,
a history of dynamic changes in abundance and dis-
tribution are superimposed on current demographic
canditions. For cxample, genetic analysis of grey
wolves and coyotes has suggested range contractions
during glacial maxima followed by reinvasion across
several continents (brati ot af. 1998; Vila et al. 1999).
This confounding influence of history is well exem-
plificd in brown bears (Ursus arctus) whete current
genctic structure differs dramatically from genetic
patterns in the late Pleistocene {Leonard et al. 2000;
Barnes ct al. 2002).

Mobility influences the degree to which inters-
pecific hybridization affects the genetic composition
of hybridizing species (Lehman et al, 1991; Jenks and
Wayne 1992; Mercure et al. 1993; Wilson et al. 2000;
Wayne and Brown 2001). The width of a hybrid zane
3% a function of the distance travelled from birth (o
place of Arst reproduction and the degree of natural
selection against hybrids (Barton and Hewill 1989). (f
selection is weak, hybrid zones may span a consides
able distantin highly mobile species and interspecific
gene Nlow may strongly affect the genelic heritage of
hybridizing forms (Jenks and Wayne 1992; Wilson
etal. 2000; Wayne and Brawn 2001). Clear examples
of this phenomena exist in Canidae, and are perhaps
more dramatic than in any other carnivore specics.
Hybridization has contributed 1o the genelic extine-
tion of red wolves (Canis rufis) in the wild, has greal-
Iy compromised the genetic composition of the Great
Lakes wolf, and bas looded New England with wolf/
coyote hybrids (Nowak 1979; Lehman ef al. 1991;
Jenks and Wayne 1992; Roy ef al. 1994a,b, 1996;
Wilson et al. 2000, in review). Further, hybridization
between domestic dogs and Ethiopian wolves
(C. simensis) (Gottelli ¢t al. 1994) and perhaps bel-
ween grey wolves and domestic dogs in certain areas
may have implications for conservation (Vila and
Wayne 1999; Andersone et al. 2002; Randi and
Lucchini 2002; Vila etal. 2003a)

« in and disperse accoss a diversity of natural and

In this chapter, we discuss patterns of genetic vari-
ation and subdivision in a wide variety of canids. In
gencral, the degree of subdivision increases with
decreasing body size as might be expected consider-
ing that small canids have smaller dispersal distances.
We discuss how levels of variation are influenced by
demographic history and ecological and topogra-
phic barciers and the effect interspecific hybrid-
ization has on the genctic composition of canid
populations. For each case study, we end with a
discussion of conservation implications.

Molecular genetic approaches

The first studics of population genetic variability in
canids examined variation in allozymes (Table 3.1)
which are forms of an cnzgme that have similar
activity but differ in amino acid sequence and repres-
ent different alleles for the same locus. These alleles
are separated by charge and siz
an electric field (electrophoresis). In general, canids
have only low to moderate levels of allozyme poly-
morphism and consequently, population level stud-
tes have low resolution (Ferrell et al. 1978; Wayne
and O'Brien 1987; Wayne et al. 1991a,b; Kennedy
etal. 1991; Randi 1993; Lorenzini and Fico 1995; Frati
el ul. 1998). More recent studics analysed sequence
variation in mitochondrial DNA (mtDNA) assessed
through indirect or direct sequencing techniques
(fable 3.1). The mitochondria are cytoplasmic org-
anelles containing multiple copies of a small circular
DNA molecule, about 16-18,000 base pairs (bp) in
length in mammals that codes for proteins which
function in electron transport (Fig. 3.1). Hundreds of
milachondria may oceur within the cell and thus
mitochondrial genes are several fold more abundant
than their nuclear counterparts. The relative abund-
ance of mitochondrial versus nuclear genomes facil-
ilales sequencing, especially of samples having low
concenteations of DNA or damaged DNA such as
in museum ot ancient samples or in trace samples of
organisms such as facces, hair, or saliva (Ko ef al
1999; Wayne et al. 1999; Hofrciter et al. 2001).
Additionally, in mammals, mIDNA sequences have a
mutation rate that is $-10 limes greater than that of
nuclear genes. Consequently, closely related specics
and populations may have accumulated diagnostic
mEDNA mutations in the absence of similar changes
in the nuclear genome. Finally, with only a few

n agel matrix under
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Table 3.1 Genetic studies of canid populations by marker type
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Shields e al. (1987)

Frali et 2l (1998)

Wayne et al. (1990b)

Girman et af, (2001)

Roy etal. (1994)

Gotteli et af, (1994)

Roy et al. (1994)

Randi and Lucchini (2002)
Vila et al. (2003)

Roy et al. (1994)

Forbes and Boyd (1996)
Forbes and Boyd {1997)
Sundavist et af. (2001)
Ellegren (1999)

Roemer et al. (2001a)
Garcia-Moreno et al. (1996)
Lade et af. (1996)
Wandeler et /. (2003)
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Wayne et . (1991b)
fain et ai. (1995)
Gilbert et al. (1990)
Wayne ef af. (1991a)
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Hedrick et al. (2002)
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Wayne etal. (1991a)
Lehman and Wayne (1991)
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Figure 2.10 North American Pleistocene camivorans
arranged by body mass. Black bars represent extant species,
and white bars represent extinct species. Arrow indicates

the grey woll (Cans fupus). Data from Van Valkesburgh and
Hortel (1998).

loser specics reveals that they tended to he the more
specialized members of their clades; they were larger
{Fig. 2.10) and tended to be more dentally special-
ized for hypercamivory (Van Valkenburgh and
Iertel 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 (. latrans). This
suggests that the dire wolf and sabertooth cat were
dominant predators at this time, comparablc o the
numerically dominant African lion and spoticd
Thyaena of extant African ecosystems. The extinction
af the apparently successful dire wolf and sahcrtooth

cat implies there was a major perturbation to the
ceosystem in the Jate Pleistocene. Their demisc and
that of the other large hypercarnivores suggest that
large prey hiomass dropped to extremely low levels.
Supporting this are the parallel extinctions of 10
of the 27 specics of raptors and vultares (Van
Valkenburgh and Hertel 1998).

In the late Pleistocene, the largest meat-caters,
both avian and mammalian, were the most vuinera-
ble. Is this the case today for canids? Of the three
large hypercarnivorous canids, the dhole, grey wolf,
and African wild dog, only the wild dag is highly
cndangered. Among living canids in general, species
that appear to be most at fisk tend to be insular
(Darwin's fox, island fox) or restricted to limited
habitats (Ethiopian wolf), or just very poorly known
species (¢.g. short-eared dog, bush dog). Indecd, itisa
bit difficult to answer the question of which of the liv-
ing specics are most endangered because we have so
little information on many of the smaller taxa
Nevertheless, it docs scem that the end Pleistocene
extinction is not a good analoguc for what is happen-
ing at present, at least in terms of which is most vul-
nerable. Then, it was the largest, most abundant, and
most carnivorous. Now it seems more often to be
smaller mesocamivores that are at risk due to small
population size exacerbated by habital loss. Tn both
the end-Pleistocenc and at present, the hand of
humanity loams large as a causc of predator deciines
Initially, the damage was largely due to overhunting
of both prey and predator, and 0 this we have added
significant habitat loss. Survivors of the current crisis
are likely to be both dictary and habitat generalists,
such as the coyote.
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CHAPTER 3

Population genetics
Population and conservation genetics of canids

Robert K. Wayne, Efi Geffen, and Carles Vila

“The island fox (Urocyon fittorais) survives in simal isolated
populations depleted o genetic diversity © G. Roemer.

Introduction

Canids are highly mobile camivores. Grey wolves
(Canis fupus) commonly disperse over 50 km before
reproducing and small canids often disperse a dozen
Kilometers or more. Over generations, this dispersal

fesults in the movement of genes across landscapes
and may counteract genetic differentiation due to
drift between even widely separated populations
(c.g. Vila et al. 1999). Additionally, topographic and
envitonmental barriers to migeation that would
cause geographic discontinuities in the distiibution
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related to either species but s sister to the elade con-
taining these species. This phylogeny implies that the
trenchant hecled carnassial now found only in
Speothos, Guon, and Lycaon, evolved at leasl twice ot
was primitive and 10st in other wolf-like canids and
the maned wolf.

“The South American canids do not form a mono-
phyletic group. Speothos and Chrysocyon aresister taxa
that group with the wolf-like canids rather than the
South American foxes. The large sequence divergence
between the bush dog and maned wolf and between
these taxa and the South American foxes suggests
that they diverged from each olher 6-7 Ma, well
before the Panamanian Jand bridge formed about
2-3Ma. Thus, three canid invasions of South
America are required to explain the phylogenetic
distribution of the extant species. These invasions
are today survived by (1) the bush dog, (2) the maned
wolf, and (3} the South
within the South American foxes, divergence values
between crab-eating fox (Cerdocyon thous), the short-
eared fox (Atelocynus microtis), and other South
American foxes, suggest they may have diverged
before the opening of the Panamanian Jand bridge as
well (Wayne et al, 1997). The fossil record supports
the hypothesis that the crab-eating fox had its
origin outside of South America, as the genns has
been described from late Miocene deposits of North
America (3-6Ma) (Berta 1984, 1987, sce above).
Consequently, only the foxes of the genus Pseudalopex,
Lycalopex, and perhaps Atelocynus, might have a
South American origin. Further, the generic distine-
tion given to Pseudaiopex 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 laxa, including Vadpes, Alapex, and Fennecus
(Fig. 2.7) (Geffen et al. 1992; Mercure et al. 1993;
Wayne el l. 1997). The Arctic fox, Alopex, is a close
sister to the kit [ox, Valpes macrotis and both share the
same unique karyolype (Wayne et al. 1987a). Basal to
Vulpes is Fenmecus, suggesting an carly divergence of
fhat lineage. ¥inally, Otocyon, Nyctereutes, and Urocyon
appearbasal to other canids in all molecular and kary-
ological trees (Wayne et al. 1987a). The first two taxa
are monospecific whereas the third includes the

American foxes. Turther,
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island Fox, Urocyon littoratis and the gray fox,
U. cinereoargenteus. The thiee gencra diverged early in
the history of the family, approximatcly 8-12 Ma as
suggested by molecular clock extrapolations.

In sum, the living Canidac is divided into five
distinct groupings. These include the wolf-ike canids,
which consists of the cayote, grey walf, jackals,
dhole, and African wild dog. This clade is associ-
ated with a group containing bush dog and maned
wolfin some trees and further, this larger grouping is
associated with the South American foxes (Wayne
etal. 1997). The red fox group is a fourth independent
clade containing Alopex, Vulpes, and  Fennecus
Yinally, three Jineages have long distinct evolutionary
histories and are survived today by the raccoon dog,
bat-cared fox, and grey fox. Assuming an approxi
mate molecular clock, the origin of the modern
Canidae begins about 10-12 Ma and is followed by
the divergence of wolf and foxlike canids about
6 Ma. The South American canids are not a mono-
phyletic group and likely owe their origin to three
separate invasions. This group included the maned
wolf, bush dog, crab-eating fox, and the other South
American canids, which diverged from cach ather
about 3-6 Ma.

Morphological and molecular
phylogenies

cdford et al, (1995) performed a cladistic analysis of
Tiving canids on morphological grounds. The result
is a nearly fully resolved relationship based an an
18 taxa by 57 characicrs matrix at the generic level
This relationship recognizes thiee monophyletic
cladles in the canines: the fox group (tribe Vulpini),
the South Amcrican canine group, and the wolf
group containing hypercarivorous forms (the latter
two form the tribe Canini). Recent molecular studies
(presented above), on the other hand, contradict
some of thesc arrangements while maintaining other
parts in the morphological tree (Fig. 2.8(a) ).

Trees derived from 2001 bp of mitochondrial DNA
(Wayne ef al. 1997, and Fig. 2.7 of this chapter) tend
to places the foxes near the basal part, the South
American canines in the middle, and the wolves
and wild dogs towards the terminal branches, a pat-
tern that is consisient with the morphological frec
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The detailed arrangements, however, diffcr in a num-
ber of ways. The foxes are generally in a paraphyletic
arrangement in contrast to a monaphylctic clade in
the morphological tree. The gray fox and bat-cared
foxare placed at the base despitc their highly derived
dental morphology compared with other foxes.

//

cuon
Lycaon
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Canis
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Figure 2.8 (a) Contrasting canine
telationships from recent morphological
(ledord et at. 1995) and molceular
studies (Waync cf al. 1997 and Fig. 2.7);
(b) combined analysis of 2001 bp of
canid mDNA and 57 morphological
characters (Wayne et al. 1997, fig. 7).

Similarly, South American canines are no longer
monaphyletic under molecular analysis but form at
least two paraphyletic branches. A glaring discre-
pancy is the Asiatic raccoon dog being allied to the
foxes in the molccular analysis despite its numerous
morphological chacacters shared with some South
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American canids. Rook (1992, 1994) and Rook and
Torre (1996a,b) partially summarized the Eurasian
canids. ‘The African canid records are relatively
poorly understood but recent discoveries promise 1o
advance our knowledge in that continent (Werdelin,
personal communication). Sec also citations below
for recent molecular systematic studies.

Molecular systematics

The ancient divergence of dogs from other
carnivores is reaffirmed by molecular data, DNA-
DNA hybridization of single copy DNA clearly
shows them as the first divergence in the suborder
Caniformia that includes scals, beats, weasel, and
raccoon-like carnivores (Fig. 2.6). This basal place-
ment is further supported by mitochondsial DNA
sequence studies (Vrana ef al. 1994; Slaltery and
Brien 1995; Flynn and Nedbal 1998), and recently
studies of DNA sequences from nuclear genes
(Murphy et al. 2001). Based on molecular clock
calculations, the divergence time was estimaled as
50 million years before present (Wayne ef 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 sug-
gested by the fossil record (see above). Considering
thai first appearance dates generally post-date aclual
divergence dates hecause of the incompleteness of Lhe:
record (c.g. Marshall 1977), the agieement hetween
fossil and wolecular dates is surprisingly gaod.
Evolutionary relationships within the family
Canidae have been reconstructed using comparative
Karyology, allozyme electrophoresis, and mitachon-
drial DNA protein coding scquence data (Wayne and
Brien 1987; Wayne et al. 1997, 1987a,b). Further,
relationships at the genus level have been studied
with mtDNA control region sequencing (a mon-
coding, hypervariable segment of about 1200 bp in
the mitochondrial genome) and microsatellite loci
(hypervariable single copy nuclear repeat laci)
(Geffen ef al. 1992; Bruford and Wayne 1993; Girman
et al. 1993; Goltelli et al. 1994; Vila et al. 1997, 1999).
“I'he protein-coding genc phylogeny, which s 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 (Cuon alpinus). The grey wolf, coyote
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Figure 2.6 Relationship of camivores based on DNA
hybridization 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 1o first appearance times in the fossit
record.
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imensis)

(Canis latrins) and Ethiopian wolf (Canis s
form a monaphyletic group, with the golden jackal
(C. aurens) as the most likely sister taxon (Fig. 2.7). The
black-backed and side-striped jackals (C. mesomelas,
C. adustus) are sister taxa, but they do not form a
monophyletic group with the golden jackal and
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Fihiopian wolf, Basal to Canis and Cuon are the
African wild dog and a clade consisting of two South
Amcrican canids, the bush dog (Speothos venaticis)
and the mancd wolf (Chrysocyon brachyurus). Conse
quently, although the African wild dog preys on large
game as does the grey wolf and dhole, it is not closely
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much intraguild predation because the victim often
isnot 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.
sizc in tum selects for a highly camivorous diet
because of energetic considerations. As shown by
Carbone et al. (1999), almost all extant camivores
that weigh more than 21 kg take prey as large or
larger than themselves. Using an encrgetic model,
they demonstrated that large hody size brings with it
constraints on foraging time and energetic return.
Large carnivores cannot sustain themselves on rela-
tively small prey because they would expend more
energy in hunting than they would acquire. By tak-
ing prey as large or larger than themselves, they
achieve a greater return for a given foraging bout.
Kiliing and consuming large prey is best done with a
hypercarnivorous dentition and so the evolution
of large bady size and hypercarnivory are linked. Of
course, this does mot preclude the evolution of
hypercarnivory at sizes less than 21 kg, but it seems
relatively rare. It has occurred in the Canidae as evi-
denced by the hesperocyonines and the extant Arctic
fox, Alopex tagapus, and kit fox, V. macrotis. llowever,
the two extant foxes do not have trenchant-heeled
carnassials despite their tendency towards a highly
carnivorous dict, and this may reflect regular, oppor-
tunistic consumption of fruits and invertebrates
(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
2 consequence, hypercarmivory. Tlowever, wher this
occursit is largely a function of other members of the
predator guild. In the case of the Hesperocyoninae,
it occurred relatively carly in their history because
previously dominant large hypercarnivores were in
decline or already extinct. [n the case of the Botoph-
aginae and Caninag, it did not occuruntil 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 lasge hypercarnivoraus
canids reflects opportunistic replacement rather than
competitive displacement of formerly dominant taxa
(Van Valkenburgh 1999).
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The last one million years

All of the canids that are extant taday evalved well
prior to the late Pleistocene extinction cvent approx-
imately 11,000 years ago. 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 camivores (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 ago
(lurner and Anton 1996). Consequently, all extant
carnivore species evolved under very different
ecological circumstances than exist at present. Tor
example, the grey wolf today is considered the top
predator in much of lolarctica, but it has only held
thisposition forthe last ten to eleven thousand years.
For hundreds of thousands of years prior to that time,
the wolf coexisted with 11 species of predator as
large or larger than itself (Fig. 2.10). Now there are
but three, the puma, black bear, and grizzly bear, and
wolves are usually dominant over the first two species
atleast (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
competilion was likely more intensc than at pre-
sent. Higher looth fracture frequencies in late
Pleistocene Notth American predators provide indi-
rect evidence of heavy carcass utilization and strong
food compelition at that time (Van Valkenburgh
and Hertel 1993). Intense food competition would
favour group defence of kills and higher levels of
interspecific aggression. Perhaps the sociality of the
wolf and the tendency of some carnivores to kill but
not eat smaller predators are remnant behaviours
from a more turbulent past.

The only canid to go extinct in the North American
end Pleistocene was the dire wolf, C. dirus. the grey
woll, cayote, and several foxes survived. In addition
to the dire wolf, two bears and three cats went
extinct, all of which were very large (Fig. 2.10). Can
swe learn something about the causes of current
predator declines by cxamining the winners and
losers in the late Pleistocene? Examination of the
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American forms. Finally, molecular data suggest
independent origins for the Asiatic and African
hunting dogs in contrast to a sister relationship in
the morphological tree supported by a large number
of characters related to hypercarnivory,

Not surprisingly, there are incrcased agreements.
between the molecular and morphological results
when the two data sets are combincd in a total evi-
dence analysis (Fig, 2.8(b)). Under such conditions,
the South American canines (cxcept Nyctereites)
becomne monophyletic, as does the clade including
the wolf, dhole, and African wild dog.

Evolutionary ecology
Iterative evolution of hypercarnivary

One of the most remarkable features of canid history
is their repeated tendency to evolve both hypocar-
nivorous and hypercamivorous forms. As noted
above, hypercarnivorous species evolved within each
subfamily, and hypocamivorous species evolved
within two of the three (all but the Fesperocyo-
ninac). 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, Nycterentes, developing a markedly
hypocarnivorous dentition. However, all three sub-
families include multiple species of appazent hyper-
carnivores with ¢nhanced cutting blades on their
camnassials, reduced grinding molars, and enlarged
canines and lateral incisors. When and why did
hypercarnivory evolve within each subfamily?

In two of the three subfamilies, Hesperacyoninae
and Caninae, the evolution of hypercamivory
appears 1o have occurred at least partly in response to
a reduced diversity of other hypercamnivorous taxa.
The Hesperocyoninae evolved hypercarnivory early
in their history (Figs 2.1 and 2.7) and the most
advanced forms appear in the carly Miocene (about
24-20 Ma) at a time when the two previously domi-
nant carnivorous familics had vanished. These two
families were the Nimravidae, an extinct group of
saber-tooth cat-like forms, and the Hyacnodontidae,
a group of somewhat dog-like predators included
in the extinct order Creodonta. The nimravids
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and hyaenodontids dominated the North American
guild of large, predatory mammals in the late Eocene
to mid-Oligocene (37-29 Ma), but faded rapidly in the
late Oligocene, and were extinet in North America by
about 25 Ma (Van Valkeaburgh 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 carly canids seem to have radiated to
replace them. Most of these hypercarnivorous canids
were jackal-size (Iess than 10 kg), with only the last
surviving specics, Oshornodon fricki, reaching the size
of a small wolf (Wang 1994). In the early Miocene,
large hypercarnivores immigrated from the Old
World in the form of hemicyonine bears (Ursidac)
and temnocyonine hear-dogs (Amphicyonidae). The
subsequent decline to extinction of the hesperocy-
onines 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
O1d World (Figs 2.1 and 2.7). As was truc of the hes-
perocyonine example, the South American radiation
of large hypercamivorous canids occurred at a time
(2.5-0.01 Ma) when cat-like predators were rare or
absent. It followed the elevation of the Panamanian
land bridge around 2-3 Ma that allowed immigra-
tion hetween the previously separated continents.
The canids that first entered South America found
a depauperate predator community, consisting of one
bear-like procyonid carnivaran, three species of car-
nivorous 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 specics was a
specialized hypercarnivore, Between 2.5 Ma and
10,000 years ago, 16 new specics of canids appearcd
in South America, at least seven of which had tren-
chant heeled carnassials and clearly were adapted for
hypercarnivory (Berta 1988; Van Valkenburgh 1991).
‘They rupresent thiee different endemic  genera,
Theriodictis, Protocyon, and Speothos. Tn addition,
there were Lhree large wolf-like specics of Caris in
South America, Canis gezi, Canis netingi, and Canis
dirus, ali of which were probably hypercarnivorous
but retained a bicuspid heel on their carnassials, Of
these only the dice wol, C. dirus, evolved in North
America. All but one of these ten hypercamivorous
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canids of Sauth America went extinet at the end of
the Pleistocene (Van Valkenburgh 1991). The sole
survivor, the bush dog (Speothos) is rarely sighted.

[n the Old Warld, the evolution of hypercamivo-
rous canines occurred within the last 4 million years
and did not coincide with an absence of cats. Large
cats, both sabertooth and conical tooth forms, arc
preseat throughout the Plio-Pleistocene when the
highly carnivorous species of Canis, Cuon, Lycaon,
and Xenocyan 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 § Ma, but then
declining dramatically to just five species by about
4 Ma (Werdelin and Turner 1996). Their decline may
have apened up ecospace for the large canids and
favored the evolution of hypercarnivory.

The remaining episode of hypercamivory in
canids occurred in the Borophaginae hetween 15 and
4 Ma (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-
late Miocene; Tigs 2.1 and 2.7). 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 ten
million years earlier (Van Valkenburgh 1999). In the
case of the Borophaginae, the evolution of hyper-
catnivory appears more gradual than in the other
1wo subfamilies, and is not easily ascribed to oppor-
tunistic and rapid evolution into emply ecaspace.

tn all three subfamilies, there is a pattern of greater
hypercarnivory and increasing body size with lime
(Fiig. 2.9). Even in the Iesperocyoninae, where hyper-
carnivory evolves very early, large species with the
most specializcd meal-cating dentitions appear later
(Wang 1994). This ditectional trend towards the evo
lution of large, hypercarnivorous forms is apparent
in other groups of dog-like camivores, such as
the amphicyonids (Virania 1996) and hyaenids
(Werdelin and Solounias 1991; Werdelin and Tugner
1996), and may be a fundamental feature of cami-
vore evolution. The likely cause is the prevalence of
interspecific competition among large, sympatric
predators. Interspecific competition tends to be
more intense among large camivores because prey
are often difficult to capture and can represent a
sizable quantity of food that is worthy of stealing and
defending. Compelition appears to be a motive for

Hesperocyoninae: Borophaginae Caninge
157 40‘[ 50°
30d 40
30
20-
i 20
= 1] m
2 dl= ol
37-30 3022 2215 3424 24-14 142 JA 23 2312 125 50

Milians of ysars before present

Figure 2.9 Iterative evolution of Iarge hypercamivores. Number (N) of hypocartworous (hite). mesocamivorous (grey), anc
large (=20 kg) hypercamivorous (black) species over time in each of the three subfamilies. The few hesperocyonine species with
frenchant-hceled camassials estinaled Lo fave been less than 20 kg in mass were assigned 1o e MeSOCAIWOTOUS category
because they are assumed ot have taken prey as large or larger than themsehies. For the lesperocyoninae and Borophaginae,
their stratigraphic ranges were broken into thirds; for the Caninae, four time Uivisions were Used because of the large nurmber of
species appearing in the past b millian years. Specics were assigned lo dietary categories and body mass was estimated on the
basis of dental morphology as described in Van Valkenburgh (1991) and Wang ct al. (1999}
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the bone-cracking adaptationsof boraphagine canids
and hyaenids in terms of evolutionary constraints
within their prospective lineages.

Caninae

As in the hesperocyonines and borophagines, a
small fox-sized species of Leptocyon is the carliest
recognized member of the subfamily Caninae. Besides
sharing a bicuspid talonid of m1 and a quadrale M1
with the horophagines, Leptocyon is alsa character-
ized by a slender rostrum and elongated lower jaw,
and cormespondingly narrow and slim premolars,
features that are inhcrited in all subsequent canines
It first appeared in the carly Oligocene (Orellan) and
persisted through the Jate Miocene (Clarendonian).
Throughout its long existence (no other canid genus
had as long a duration), facing inlense competition
from the larger and diverse hesperocyonines and
borophagines, Leptocyon generally remains small
and inconspicuous, never having more than two or
three species at a time.

By the latest Miocene (Hemphillian), 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 primit-
ive species of both Vidpes and Urocyon (and their
extinct relatives). The North American Pliocene
record of Valpes is quite poor. Fragmentary materials
from carly Blancan indicate the presence of a switt
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Figure 2.5 Reconstruction of
Epicyon saevus (small individual,
hased on AMNH 8305) and
Epicyon haydeni (large individual,
composite figure, based on
specimens ffom Jack Swayze
Quarry). Ihese twa species
co-accur extensively during the late
Clarendonian and early
Hemphilian of Western North
America. llustration by Mauricio
Anton. (From Wang et af, 1999.)

fox-like form in the Great Plains. Vilpes species were
widespread and diverse in Eurasia during the
Pliocenc (see Qju and Tedford 1990), resulting from
an immigration event independent from that of the
Canis clade. Red fox (Vulpes vuipes) and Arctic fox
(Vulpes lagopus) appeared in North America only
in the late Pleistocene, evidently as a resull of an
immigration back to the New World.

Preferring more wooded areas, the gray fox Urocyan
has remained in southern North America and Middle
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 Urocyon cinereoargenteus.
Morphologically, the living African bat-carcd fox
Otocyon s closest to the Uracyon clade, although
molecular evidence suggests that the bat-eared fox
lies at the base of the fox clade ar even lower (Geffen
etal. 1992d; Wayne et al. 1997). If the morphological
cvidence has been correctly interpreted, then the
Bat-eared fox must represent a Pliocene immigration
cvent to the Old World independent of other foxes.
A transitional form, Protocyon, occurs in southern
Asia and Africa in the early Plcistocenc.

Advanced members of the Caninac, Tribe Canini,
first oceur in the medial Miocene (Clarendonian,
9-12 Ma) in the form of a transitional taxon Eucyon
As a jackal-sized canid, Fucyon is mostly distin-
guished from the Vulpini in an expanded paroccipi-
tal process and enfarged mastoid process, and in the
consistent presence of a frontal sinus. The latter
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character initiates a serics of transformations in the
Tribe Canini culminating in the elaborate develop-
‘ment of the sinuses and a domed skull in C. fupus. By
latest Miocene tie, species of Eucyon have appeared
in Eutope (Rook 1992) and by the carly Pliocene in
Asia (Tiedford and Qiu 1996). The North American
records all predate the European oncs, suggesting
awestward dispersal of this form.

Arising from about the same phylogenctic levet as
Eucyon is the South American clade. Morphological
and molecular evidence gencrally 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,
palate, 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 (ledford et al. 1995).
By the close of the Miocene, cerlain fragmentary
‘materials from southern United Slates and Mexico
indicate that taxa assignable (o 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 Middle America. They appeat in the South
American fossil record shortly after the formation of
the Isthmus of Panama in the Pliocene, around 3 Ma
(Berta 1987). The earliest records are Pscudalopex and
its close relative Protocyon, an extinct large hyper-
camivore, from the Pliocene (Uquian, around
2.5-1.5 Ma) of Argentina. By the latest Pleistocene
(Lujanian, 300,000-10,000 years ago), most living
species or their close relatives have emerged, along
with the extinct North American Dire Wolf, Canis
dinis. By the end of the Pleistocene, all large, hyper-
camnivorous canids of South America (Protocyon,
Theriodictis) as well as C. dirus had become extinet.

‘The Canis clade within the lribe Canini, the most
derived group in terms of large size and hypercar-
Tivory, arises near the Miocene-Pliocene boundary
between § and 6 Ma in North America. A serics of
jackal-sized ancestral species of Canis thrived in the
early Pliocene (cerly Blancan), such as Canis ferox,
Canis lepophagus, and other undescribed specics. At
about the same time, first records of canids hegin to

appear in the European late Neogene: ‘Canis' cipio in
the late Miocene of Spain (Crusafont-Fairo 1950),
Eucyon monticinensis in the latest Miocene of Italy
(Raok 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 ‘Canis’ cipio, only represented
hy parts of the upper and Jower dentition, may per-
tain to 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 Canis in Eurasia underwent
an extensive radiation and range expansion in the
late Pliocenc and Pleistocene, resulting in multiple,
closely related species in Europe, Africa, and Asia. To
compound this prablem, the highly cursorial wolf-
like Canis specics apparently belong to a circum-arctic
fauna that undergoes expansions and contractions
with the fluctuating climate. Hypercamivorous
adaptations are common in the crown-group of
Canis especially in the Furasian middic latitudes
and Aftica. For the first time in canid history, phyl
genetic studies cannot be satisfactorily performed on
forms from any single continent because of their
Holarctic distribution and faunal intermingling
between the new and ald worlds. Nevertheless some
clades were localized in different parts of Holarctica
The vulpines’ major centre of radiation was in the
Old World. For the canines, North America remained
a centre through the Pliocenc producing the coyote
as an endemic form. A larger radiation yielding the
grey wolves (Canis lupus), dhole (Cuon alpimus),
African wild dog (Lycaon pictus), and fossil relatives
taok place on the Furasian and African continents.
During the Pleistocene elements of the larger canid
fauna invaded mid-latitude North America—the last
invasion of which was the appcarance of the grey
wolf south of the glacial ice sheets in the latest
Pleistocene (about 100 Ka).

A comprehensive systematic revision of North
American fossil canines by Tedford ct al. (in pre-
paration) forms the basis of much of the foregoing
summary. As part of that revision, the phylogenelic
framework as derived from living genera w;
published by Tedford e al. (1995). Nowak (1979)
published a monograph on the Quaternary Canis of
North America. Berta (1981, 1987, 1988) undertook
the most recent phylogenctic analysis of the South
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With the exception of the Osbornodon clade, which
acquired a bicuspid m1 talonid, hesperocyonines arc
primitively hypercarnivorous in dental adaptations
with tendencies towards reduced last molars and
trenchant (single cusped) talonid heels on the lower
first molar, Although never reaching the extremes
seen in the borophagines, hesperacyonines had
modest developrent of bone cracking adaptations
in their strong premolars. At least three lineages, in
all species of Enhydrocyon and in tesminal species of
Osbornodon and Ectopacynus, have independently
evolved their own unique anay of hone cracking
teeth. Ifesperocyonines did not experiment with
hypocarnivory

Members of this subfamily were the topic of a
monograph by Wang (1994). Two additional species
of Osbomadon have since been added 1o the sub-
family (Hayes 2000; Wang 2003). The evolutionary
transition from plantigrade to digitigrade standing
posture in early canids was explored by Wang (1993).
A hereditary condition, osteochondroma, in the
posicranials of early canids was documented by
Wang and Rothschild (1992).

Borophaginae

From the primitive condition of a trenchant talonid
heel on the lower first molar seen in the hesperocyo-
nines, borophagines, and canines, on the other hand
shared a basined (bicuspid) talonid acquired at the
very beginning of their common ancestry (Fig. 2.4(c) ).
Along with amore quadrate upper first molar with its
hypocone, the basined talonid establishes an ances-
tral state from which all subsequent forms were
derived. Such a dental pattern proved to be very ver-
satile and can readily be adapted towards either a
hyper-or hypocarnivorous type of dentition, both of
which were repeatedly employed by both boro-
phagines and canines (Fig. 2.3).

The history of the borophagines also begins with
a small foxlike form, Archacocpon, in the late Oligo-
cene. Contemporancous with larger and more pre-
datory hesperocyonines, these early boraphagines
in the late Oligocenc and early Miocene (Arikarecan)
tended to e more omnivorous (hypocarnivorous) in
their dental adaptations, such as Oxetocyon, Otarocyon,
and Phlaocyon. One extreme case, Cynarctoides evolyed

selenodont-like molars as in modem artiodactyles,
a rare occurrence of herbivory among carnivorans.
These early borophagines are generally no larger
than a raccoon, which is probably a good ecological
madel for some borophagines at a time when procy-
onids had yet to diversity.

After some transitional forms in the early Miocene
(Hemingfordian), such as Cormocyon and Desmocyon,
borophagines
and numerical (i.e. species) diversity in the middle
Miocene (Barstovian), with highly omnivorous
forms, such as Cynarctus, that were almast ursid-like
as well as highly predatory forms, such as Aelurodon,
that were a larger version of the living African Wild
1Dog Lycaon. By then, borophagines had acquired
their unique characteristics of a broad muzzle, a bony
contact between premaxiilary and frontal, multi-
cuspid incisors, and an enlarged parastyle on the
upper carnassials (modified from an enlargement of
the anterior cingulum).

By the end of the Miocene, borophagines had
cvolved another lineage of omnivory, although only
modestly in that direction, in the form of Carpocyon.
Specics of Carpocyon are mostly the size of jackals to
small wolves. At the same time, the emergence of the
genus Epicyon from a Carpocyon-like ancestor marked
another major clade of hypercamivorous boro-
phagines. The terminal species of Epicyon, E. haydeni,
reached the size of a large bear and holds record as
the largest canid ever to have lived (Fig. 2.5). Closcly
related to Epicyon is Boraphagus, the terminal geuus
of the Borophaginae. Both Epicyon and Boraphagus
are best known for their massive P4 and p4 in con-
trast to the diminutive premolars in front. This paic
of enlarged premolars s designed for cracking bones,
mirroring similar adaptations by hyaenids in the Old
World. Advanced specics of Borophagus survived the
Pliocene but became cxtinct near the beginning of
the Pleistocene.

‘The phylogeny and systematics of the Boropha-
ginae were recently revised by Wang et al. (1999),
which is the basis of above summary. Munthe (1979,
1989, 1998) analysed the functional morphology of
borophagine limb bones and found a diverse array
of posteranial adaptations, in contrast fo the more
stercotypical view that the hyaenoid dogs were non-
cursorial scavengers only. Werdelin (1989) compared

ved their maximum ecological
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Studies and reconstruetions of dite woll (Canis dinus) and grey wolf (Canis lupus) from late Pleistocene Rancholebrea Tarpits,
Los Angeles, Califoria. llustration by Pat Orteg.
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CHAPTER 2

Ancestry

Evolutionary history, molecular systematics,
and evolutionary ecology of Canidae

Xiaoming Wang, Richard H. Tedford, Blaire Van Valkenburgh,

and Robert K. Wayne

‘e evolutionary histary of canids (Family Canidac)
is a history of successive radiations repeatedly occu-
pyinga broad spectrum of niches ranging from large,
pursuit predatars to small omnivores, or even to her-
bivory. Three such radiations were first recognized by
Tedford (1978), cach represented by a distinct sub-
family (Fig. 2.1). Two archaic subfamilies, Ilespero-
cyoninae and Borophaginae, thrived in the middle
to late Cenozoic from about 40 to 2 million years
ago (Ma) (Wang 1994; Wang et al. 1999). All living
canids belong to the final radiation, Subfamily
Caninae, which achieved their present diversity only
in the last few million years (Tedford etal. 1995)
Canids originated more than 40 Ma in the late
Eocene of North America from a group of archaic car-
nivorans, the Miacidae (Wang and Tedford 1994,
1996). They were confined to the North American
continent during much of their early history, play-
ing a widc range of predatory roles that encompass
those of the living canids, procyonids, hyaenids, and
possibly felids, By the latest Miocene (about 7-8 May,
members of the Subfamily Caninae were finally able
10 cross the Bering Strait to reach Burope (Crusafont-
Pair6 1950), commencingan explosive radiation and
giving ise to the modern canids of the Old World. At
the formation of the Isthmus of Panama, 3 Ma,
canids arrived in South America and quickly cstab-
lished themselves as one of the most diverse groups
of carnivorans on the continent (Rerta 1987, 1988)
With the aid of humans, Canis Jupus dingo was trans-
ported to Australia late in the Holocene. Since that
time, canids have become truly worldwide predators,

unsurpassed in distribution by any other group of
carnivorans.

Here, in the context of this volume on the modern
canids, we place more emphasis on the subfamily
Caninac, the latest of the three successive radiations of
the Canidac. We do notattempt to cite all of the refer-
ences in canid patacontology and systematics, most of
which have been summarized in the papers that we
cite at the end of each section. Certain phylogenetic
relationships of the Caninae are controversial, as
reflected in the different conclusions reached on the
basis of evidence from palacontological/morphologi-
cal or molecular research as presented below,

What is a canid?

Canids possess a pair of carnassial tecth (the upper
fourth premolar and lower first mofar) in the form of
a shearing device, and thus belong 10 the Order
Carnivora. Within the Camivora, canids fall into
the Suborder Caniformia, or dog-like forms. The
Caniformia are divided inlo two major groups that
have a sister relationship: Superfamily Cynoidea,
which includes Canidac, and Superfamily Arctoidea,
which include the Unsidac, Ailuridac, Procyonidac,
and Mustclidae, as well as the aquatic Pinnipedia
and the extinct Amphicyonidac.

As a cohesive group of carnivorans, living canids
are casily distinguished from other camivaran fami-
lies. Morphologically there is little difficulty in rec-
ognizing living canids with their relatively uniform
and unspecialized dentitions. However, the canids as
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2000; Valdespino ct al. 2002), litters of 1-2 are born
between March and April (Gauthier-Pilters 1967) or,
in captivity, July (Pelter 1957; Gauthier-ilters 1962;
Gangloff 1972; Baumnan 2002). Dens may be huge,
covering up to 120 m?, with as many as 15 different
entrances (Dragesco Jofté 1993). Despile the primary
threat from trapping for commercial use (furs, pet
trade), they are thought to be relatively common
throughout their range.

Fennee fox © 2003 Canid Spegialist Group and Global Mammal
Assessment

when the temperature exceeds 35 °C, but when they
do they may reach as many as 690 breaths per minute
(Macdonald 1992, p. 87). Following an exceptionally
long copulatory tie (up to 2 h 45 min, Valdespino

Male Female
Weight 15(L3-17) ke, 1.4(1.0-19) ke,
0 ”
Heag/bodylength  332(390-335)mm. 362 (345 395) mm,
n=2 2=5

Ref: Asa et al. {in press)
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Figure 2.3 Dental evolution of representative canids as siown in upper cheek teeth (P1-M2). Generally the most dervect
species in each genus is chosen Lo enhance a sense of dental diversity. Species in the Mesperogyoninae are: Hesperacyon

gregarius: Parasahydrocyon jesephi; Cynodesmus martini: Cnhydrocyon crassidens: and Osboraodon frick. Specics in the.
Borophaginae are: Cynarctoides acridens; Phiaocyon marslandensis; Desmocyon thomsont: Cynarctus crucrdens: Euoplocyon
brachygnathus; Aelurodon stirtoni; Paratomarctus temerarius; Carpocyon webbi; Epicyon haydeni: and Rorophagus diversidens.
‘Species in the Caninac arc: Leptocyon gregori; Vulpes stenogathus; Urocyon minicephalus; Gerdocyon thous; Eucyon davisi:

Canis dirus; and Cuon alpinus. Al teeth are scaled to be proportional to their sizes.

there is a general tendency ta increase the size of the
carnassial pair at the expense of the Tuolars behind
(see Enhydrocyon, Aelurodon, Borophagus, and Cuon in
Fig. 2.3). This modification increases the efficiency
of camassial shear. A hypocamivorous pattern
(tig. 2.4(a,0) is the opposite, with development of the
grinding part of the dentition (malars) at the expense
of carnassial shear (see Cynarctoides, Phiaocyon, and
Cynarctus in ¥ig. 2.3). This configuration was only pos-
sible in the sister-taxa Borophaginac and Caninac,
which share a bicuspid m1 tatonid (Fig. 2.4(0)). One of
the major trends in canid evolution is the repeatcd

development of hyper- and hypocamnivorous forms
(sec below).

Hesperocyoninae

The Subfamily Hesperocyoninae is the first major
clade with a total of 28 species. Its earliest members
are species of the small fox-like form, Lesperocyon,
that first appears in the late Eocene (Duchesncan,

7-40 Ma) (Bryant 1992) and became abundant in
the latest Eocene (Chadronian). By Oligacenc time
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Figure 2.4 Hypercariivurous (b, Aeiurodon and d, Cuoplocyon) and hypocamivorous (e, Piiaocyon and t, Cynarctus) dentitions. In
hypercarivorous forris, the upper cheek teeth (o) tend to emphasize the shearing part of the dentition with an elongated and
naow P4, an enlarged parastyle on  tansversely elongated M1, and a reduced M2. On the lower tecth (d), hypercamivary is
‘exemplified by a venchant salonid diie 1o the increased size and height of the hypocanid at the expense of the entocanid (roduced
to & nartow and low ridge), secompanied by the enlargement of the: protoconil at the expense of the metaconid (completely lost in
Euopiocyon} and the elangation of the tigonid at the expense of the talonid. In hypocarnivoraus forms, on the other hand, the upper
teeth (a) emphasize the grinding part of the denition with a shortened and broadened P4 (sometimes with a iypocons along the
tingual border), a reduced parastyle on a quadrate M1 that has additional cusps (e.g. a conical hypucone elong the internal
cingulu) and cuspules, and an enlarged M2. The Inwer teeth (¢} in hypocamivorous forms possess a basined (bicuspid) talonid on
m1 enclosed o either side by the hypoconid and entoconid thal are approximately cqual in size. Other signs of hypocarivory on the,
Tower teeth include widened lower molars, enlarged melaconids, and additional cuspules such as a protostyld.

(Orellan and Whilneyan, 34-30 Ma), carly members  reached their peak predatory adaptations (hypercar-
of four small clades of the hesperacyonines had — nivory) in the earliest Miocene (late Arikareean) with
cemerged: Paraenhydrocyon, Enhydracyon, Osbornodon,  advanced species of Enfydrocyon and Parachydrocyon
and Ectopocynus. Hesperocyonines experienced their —The dast species of the subfamily, Osbontodon fricki,
maximum diversity of 14 species ducing the late  became extinctin the early Barstovian (15 Ma), each-
Oligocene (carly Arikareean in 30-28Ma), and  ing the size of a small wolf.
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Figure 2.1 Simplified phylogenstic relationships of canids at the generic level. Species ranges are indicated by individual
bars enclosed within gey rectangles, detailed relationships among species in 4 genus s not shown. Relationships for the

lesperocyorinae is modified from Wang (1994, fig, 65}, thal for
that for the Caninas from unublished data by Tedford et af.

the Borophaginae from Wang et al. (1999, fig. 141}, and
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exemplified by the living forms are narrowly defined.
Ouly a small fraction of a once diverse group has
survived to the present day (ig. 2.1). Canids in the
past had departed from this conservative pattern suf-
ficiently that paleontologists had misjudged some
canids as procyonids. Similarly the extinct bear-
dog Family Amphicyonidae, which belongs to the
Arctoidea, is often placed within the Canidae,
because of its unspecialized dentition.

How do we know a canid when we see one? A key
region of the anatomy used to define canids is the
‘middle ear region, an arca that distinguishes most
families of camivorans (Hunt 1974), pethaps as a
result of a widespread trend of ossifying bullac
clements in independent lincages. Canids are charac-
terized by an inflated entotympanic bulla that is
divided by a partial septum along the entotympanic
and ectotympanic suture (Fig. 2.2). Other features
characlerislic 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 of its course and contained within
the tostral entotympanic anteriorly (Wang and
Tedford 1994), Thesc basicranial characteristics have
semained more or less stable throughout the history
of canids, allowing easy identification in the fossil
record when these structures are preserved.

Intemal carolid artery.

Ancestry 41

Figure 2.2 Ventrolateral viow of
basicranial momhology of a
primitive canid, Hesperacyon
#resiarius, showing bullar
compositian and position of the
internal carotid artery (see text for
explanations). The ventral tloor of
the bulla is dissected away
(isolated oval piece on top) to
reveal the middle ear strutlures
inside the bulla and the interial
septum. Modified from Wang and
Tedford (1994, ig. 1).

4— Anterior

lesiog

Evelutionary history

Among the living families within the Order Carnivora,
the Canidac arc the most ancient. The family arosc in
the late Eocene, when no other living familics of
carnivorans had yet emerged (two archaic familics,
Miacidae and Viverravidae, have a much older his-
tory but none survive to the present time). Further-
more, canids still maintain some features that are
primitive among all carnivorans, to the extent that
dog skulls are often used to illustrate 2 generalized
mammal in zoological classtooms, Dentaily, canids
are closestto the ancestral marphotype of Carnivora
Canids have a relatively unreduced dental formula of
3142/3143 [numbers in sequence represent incisors,
canines, premolars, and molars in the upper (left half
befre the oblique) and the lower (right half after the
ablique) teeth] and relatively anmodified molars
except for the morphology of fhe carassials (P4, m1)
typical of all carnivorans. In contrast, all other car-
nivoran families generally have a more reduced
dental formula and highly modificd cusp patterns.
Trom this mesocamivorous (modcrately carniv-
orous) conservative plan, canids generally evolve
towards a hypercamivorous (highly camivorous) or
hypocarnivorous (slightly camivorous) dental pat-
ten. In the hypercamivorous pattern (Fig. 2.4(b,d))
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Male Female.
Weight 16(11-29) ke, 15(11-18) ke,
n=179 n=93
Head/body length 462 (400-520) mm, 435 (345-487) rnn,
n=35 n=15

Ref: Lenain (2000)

Swift fox Vuipes velox (Say, 1823)

Swift foxes are native to short-grass and mixed-grass
praities of the Great Plains in North America
(Fgoscue 1979, thaugh will den and forage in fallow
cropland fields such as wheat (Jackson and Choate
2000; Sovada et al. 2003). They are distinguishable
from other North American canids, except the kit
fox, by black patches on each side of the muzzle, a
black tail tip, and small body sizc (averaging just over
2 kg). The species is phenotypically and ecologically
similar to the it fox and interbreeding occurs
hetween them in a small hybrid zone (<100 km) in
New Mexico. The swift fox was common or abun-
dant in much of its original range until the late 18005
to the carly 1900s. Following extirpation from
Canada by 1938, releases totalling 942 foxes between
1983 and 1997 have re-established a small popula-
tion in Alberta, Saskatchewan, and Montana that
now constitutes the northern extent of the species’
range  (Moehrenschlager and  Moehrenschlager

s £y

8 Current range ™,

Swift fox © 2003 Canid Specialist Group and Global
Mammal Assessment

2001). Current estimales for United States suggest
that swift foxes are located in 39-42% of their
historic range (Sovada and Scheick 1999). Average
home range was 25.1 km? in western Kansas (Sovada
et al. 2003) and 10.4 km? in Montana (Zimmerman
et al. 2003). Swift foxes are opportunistic foragers,
feeding on a variety of mammals, but also birds,
insects, plants, and carrion (Kilgore 1969; Hines
and Case 1991; Sovada et al. 2001). Predation by, and
interspecific competition with, coyotes (Kitchen
et al. 1999), and expansion of red fox populations,
probably represent the two most serious limiting
factors to swift fox recolonization of suitable
habitat. Reported annual mortality rates range
from 0.47 to 0.63 (Covell 1992; Sovada ef al. 1998;
Mochrenschiager 2000; Schauster ef al. 2002;
Andersen etal. 2003), and those of ranslocated foxes
were similar to those of wild residents in Canada
(Moehrenschlager and Macdonald 2003).

wate Fomale
weight 22(2025) kg, 20(1623)k,
n=18 =
Head/body length 523 (500-545)mm, 503 (475-540) mm,
a1 n—10

Kef: Hamson (in press)

Red fox Vulpes vuipes
(Linnaeus, 1758)

The red fox is the largest species in the genus
Vadpes and has the widest geographical range of any
memberof the order Carnivora, nearly 70 million km”
(Lloyd 1980; Macdonald 1987). Distributed across
the cntire Northern Hemisphere (its range in the
United States having been extended through British
imports) from the Arctic Circle to North Africa,
Central America, and the Asiatic steppes (and
introduced to Australia in 1800s), red foxes are
recorded in habitats as diverse as tundra, desert, and
forest, as well as in city centres (including London,
Paris, and Stockholm). With this geographical
variation comes immense variation in adult body
size (head and body lengths range from 455 to
900 mm, and weights from 3 to 14 kg, Nowak 1999),
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home range (0.4 km? for urban foxes in Oxford,
>30km” in the Arctic—Voigt and Macdonald
1984), and density. Adaptable and opportunistic
foragers (Macdonald 1976, 1977a), they have a
long association with man and have been hunted
at least since the fourth century 5¢. Alongside rabies
(Voigt et al. 1985), people (roads, culling) are typ-
ically the major cause of fox mortality. In the
United Kingdom, hunting on foot or horseback
with packs of hounds probably kills 21,500-25,000
about 4% of total mortality

foxes annually,

(Macdonald et al. 20000). In 1992-93, the red fox was
the third most commercially important wild-caught
furbeater in North Amcrica (Sheiff and Baker 1987).
Nevertheless, populations are resilient and red foxes
are generally common

Surrent range

e

Red fox ® 2003 Canid Specialist Group and Glabal Mammal
Assessment
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Figure 1.5 Fennec foxes Vilpes
zerda © C. Dresner

Male Female
Weight 63(84-7.6)kg 53(3.6-65) ke
n-20 0=20
Head/body length 660 (590 720) mm, 630 (550-680) mm,
n=11 n=11

Ret: Cavallini (1995)

Fennec Vulpes zerda (Zimmermann, 1780)

With specimens as light as 0.8 kg, the fennec
(sometimes referred to as the fennec fox) is the
smallest canid species and 1s characterized by weak
dentition, a rounded skull, and the largest car-to-
body ratio in the family—a possible adaptation toaid
heat dissipation, and locating insects and small ver.
tebrates (Fig. 1.5). Fennecs are widespread in the
sandy deserts and semi-deserts of northern Africa to
northern Sinai (Salch and Basuony 1998); annual
rainfall is <100 mm per year in the northern fringes
of their distribution. ‘They are nocturnal and this,
coupled with their use of burrows during the day
and the moisture content of their prey, probably
contributes to their being the only carnivore of the
Sahara living completely away from water sources
(Noll-Banholzer 1979). Fennecs’ physiotogy is adapt-
ed to high temperatures, and they only start to pant
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Male Female

Weight 23(17-27) ke 19(16-22) ke,
n=8 n—8

Head/body length 537 (485-520) mm, 501 (455-535) mim,
n= =

Ref: ist and Jimencz Guzman (in press)

Pallid fox Vulpes pallida
(Cretzschmar, 1827)

Thepallid fox is one of the least-known canid species
(Kingdon 1997). 1t is a small canid (Dorst and
Dandelot 1970; Rosevear 1974; Happold 1987),
distributed across the semi-arid Sahelian region of
Africa bordering the Sahara, from Mauritania and
Sencgal through Nigeria and Cameroon to the Red
Sea. They typically inhabit very dry sandy and stony
sub-Suharan desert and semi-desert arcas, but extend
to some extent southwards into moister Guinean
savannas. They therefore have a very extensive dis-
tribution within an unstable and fluctuating ecolog-
ical band lying between true desert and the Guinean
savannas. Although widespread, they are in most
parts rare, and specific threats to their survival have
not been established. They dig extensive burrows,
2-3m deep and up to 15 m in length inbabited by
several animals (Coetzee 1977).
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Weight
Head/body length
Ref: Sero-Zubir i press)

20-36 kg
380-550 mm

Riippell’s fox Vulpes rueppelfii
(Schinz, 1825)

ight as 1.5 kg, Riippell’s foxes are widespread
the arid biotopes of the desert and semi-desert
regions of North Africa (sorth of 17°N) the north-
em limit of which is the northern fringes of the
Sahara Desert. They are also present in arid regions
across the Arabian Peninsula eastwards to Pakistan
and northwest 1o Istael and Jordan. Their typical
habitat includes sand and stane deserts, and they,
like fennecs, are able to survive in arcas without
any available water. Generalist predators (Kowalski
1988) that hunt solitarily (Olfermann 1996),
they are mainly crepuscular/nocturnal. They may
be gregarious, having been sighted in groups
of 3-15, and terrilorics cover 10 kin? (Lenain 2000)
to 69 km?, (Lindsay and Macdonald 1986). In a
large, fenced, protecied arca of 2244 km? in Saudi
Arabia, densitics were 0.68/km® (Lenwin 2000).
There is no information on population size and
trends, and density is usually low, but habitat loss,
fragmentation and degradation, direct and indirect
persecution by hunting, and indiscriminate use of
poisons are the main threats to the species. In Istael,
they are on the verge of extinction due to competi-
tive exclusion by red foxes that are expanding their
range following human settiement in the Negev
Desest.

As
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4%) (J. Dalponicand E. Lima unpublished data). Both
sexes cate for the young (Courtncy ef al. submilted).
Although data on abundance and population trends
are lacking, their stronghold in the grasslands of
contral Brazil is threatened by habitat loss at a rate of
30 each year, largely in the interests of agriculture
(Dalponte and Courtenay in press).

Maie Female.

Weight 332540k =8  343036)kgn =3
Head/body 587 (490-716) mm, 575 (510-660) mm,
length n=13 a=8

Ref: Dalponte and Courtendy (in press)

Bush dog Speothos venaticus (Lund, 1842)

Considered by indigenous peoples to be one of
the best hunters in the forest, the bush dog hay
a small, compact body (probably au adaptation to
pursue burrowing prey and navigate through dense
vegetation), short tail, and short legs with webbed
feet, suggesting semi-aquatic habits (manifest by
a penchant for diving in captivity). They are
distinguished by several dental features, including
a metaconule and hypocone on My, and a large,
double-rooted M (Berta 1987). Molccular analyses
suggest bush dags and maned wolves constitute
monophyletic group distinct from other South

8 Current rangn
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American canids (Wayne ef al. 1997). Primarily car-
nivorous, bush dogs are most commonly observed
hunting large rodents such as paca (Agouti paca) and
agouti (Dasyprocta spp.) (53.1% and 28.1%, respec-
tively, of reported sightings in central western
Amazonia; Peres 1991). They are compulsively social
(Kieiman 1972; Porton 1983; Macdonald 1996D), liv-
ingand hunting in groups of 2-12 (Peres 1991), Bush
dogs occur from extreme eastern Central America
and northern South America to south through
Taraguay and northeastern Argentina (Strahl et al.
1992; Aquino and Puertas 1997; Silveira ct al. 1998).
Isolated populations may also still occur in Feuador
and Colombia, west of the Andes. There is currently
no information available regarding the species’ den-
sity, and, despite its large distributional range and
occurrence in a variety of habitats (i.e. cerrado and
rainforest), has never been reported as abundant.
Thus, it seems to be naturally rare throughout its
range, independent of human disturbance. The only
serious perceived threat is from habitat conversion
and human encroachment.

Weight
Heao)/body length
Ref: Zuercher et al. (n press)

(5-8) kg
630 (575 750)mm

Gray fox Urocyon cinereoargentatus
(Schreber, 1775)

A medivm-sized fox, the gray fox is highly polytypic
(up to 16 subspecies arc recognized: Frivzell and
Haroldson 1982), ranging from the southern edge of
central and eastem Canada, and Oregon, Nevada, and
Colorado in United States (o northem Venezuela and
Colombia, and from the Pacific coast of United States
to the Atlantic and Caribbean oceans (Hall 1981;
Fritzell and Haroldson 1982). It is widespread in
forest, woodland, brushland, shrubland, and rocky
habitats in temperate and tropical regions of North
America, and in northernmost montane regions of
South America (Harrison 1997). Although relatively
common throughout their occupied range (reported
densities range from 0.4/km” in California, Grinnell
et al. 1937, to 1.5/km? in Florida, Lord 1961), gray
foxes appear restricted Lo locally dense habitats where
they are not excluded by sympatric coyotes and
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bobeats (Tynx rufos). Home range size, 1anges from
0.8 (vearsley and Samuel 1980) to 27.6 km®
(Nicholson 1982). They are the most omnivarous of
all Nosth American fox species, and are notable tree
climbers, able to climb branchless, vertical tranks to
heights of 18 m, and to jump vertically from branch
to branch (Feeney 1999). Monogamy with occasion-
al polygyny is probably most typical in gray foxes
(Trapp and Hallberg 1975), but few quantitative data
are available. Trapping is legal throughout much of
their range, and is likely to be the most important
source of mortality where it occurs. In the United
States, 90,604 skins were taken during the 1991/1992
season (Linscombe 1994). However, thete is no evi-
dence that regulated trapping has adversely affected
aray fox population numbers, which appear stable
hroughout their ange.

Male Femalo.

Weight 4.0(34-55) kg, 33(20-39) ke,
n—18 n-16

Toal length 981 (900-1100) min, 921 (825-982) mm,
n=2 n=20

Ref: Grinnell et . (1937)

Island fox Urocyon littoralis (Baird, 1858)

Tsland foxes are the smallest North American canid
(1.8-2 kg, on average), representing a dwarf form of

i California

e o
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the mainland gray fox (this reduction in body size is
likely a consequence of an insular existence). Island.
foxes are at least 30% smalicr (Fritzell and Haroldson
1982), and typically have fewer caudal vertebrae
(15-22; 11 — 47), than the gray fox (21 22; n ~ 31)
(Moore and Collins 1995). Geographically restricted
to the six largest of the eight California Channel
Islands, each island population differs in genetic
structure (and is considered a separate subspecies).
They occur in all habitats on the islands including
grassland, coastal sage scrub, maritime desert scrub,
chaparral, oak-woodland, riparian, and dunc, but
exhibit substantial variability in abundance, both
spatially and temporally. The home range size of the
island fox is one of the smallest recorded for any
canid. On Santa Cruz Island, fox home tanges varied
between 0.15 and 0.87 km? (Crooks and Van Vuren
1996; Roemer et al. 2001¢) depending on season and
habitat type. Total island fox numbers have fallen
within 2 decade from approximately 6000 individu-
als to less than 1500 in 2002 (Roemer 1999; Roemer
etal. 2001a, b, 2002). Two populations in the south-
< Channel [slands have declined by an estimated
95% since 1994, and consist of 17 and <30 individu-
als (Chapter 9, this volume). Primary threats to the
species include predation by golden cagles on the
northern Channel Islands, and the possible intro-
duction of canine diseases, especiaily canine distem-
per, to all populations. The small populations are
especially vulnerable to any catastrophic mortality
sourcc.
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Rau et al. 1995; Campos and Ojeda 1996; Gonzalez del
Solar et al. 1997), a tendency 1o carnivory is appatent,
and they have been considered a voracious predator of
livestock, poultry, and game. This has led to their per-
secution, coupled with heavy hunting for pelishoth in
the past and present (Ojeda and Mares 1982; friartc
and Jaksic 1986). Around 45% of the mortality docu-
mented by Johnson and Franklin (1994a) in Chile's
Torres del Paine National Park resulted from cither
poaching ar dog attacks,

Male Female.

Weight 398+ 009(SE)kg, 334+ 0.11(SE) ke,
n=23 n-21

Head/body length 520 (501-540) mm, 566 (562-570) mm,
=2 n=2

Ref: Gonzaler del Solar and Rau (in press)

Pampas fox Pseudalopex gymnocercus
{G. Fischer, 1814}

The Pampas fox is a medium-sized fox inhabiting the
Southern Cone of South America, chicfly the Chaco,
Argentine Monte, and Pampas ecoregions (Redford
and Eisenberg 1992). 1t prefers open habitats and
tall grass plains and sub-humid to dry habitats, but
is also comman in ridges, dry scrublands, and open
woodlands. An adaptable camnivore, its diet shows
great geographic variation and may include both
wild and domestic vertebrates (Lucherini cf al. in
press). Pampas foxes are estimated to cause 2.9% of
total lamb mortality in Uruguay (Cravino et al. 1997)
and up to 6.9% in Argentina (Olachca et al. 1981).
Predation on domeslic stock has traditionaily been
one of the main reasons 1o justify thir persceution by
rurat people, who have traditionally hunted foxes for
their fur as an additional source of income. Hunting
has been fuelled by State funded bounty systems,
Tepresenting a real threat for the Pampas fox.
Turthermore, much of the species’ range has sulfered
massive habilat alteration (the Parnpas grasslands
have been largely obliterated by agriculture).
Nevertheless, their adaptability has enabled them to
remain common over most of their range, although
there arc little quantitative data on actual abundance.
The highest reported density is in the Bolivian Chaco
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(1.8 individuals/km? Ayala and Noss 2000);
Argentine Pampas atea, Crespo (1971) found a
density of 1.0 foxes/km?, while Brooks (1992) esti-
mated a density of 0.6 fox groupsfkm” for the
Paraguayan Chaco, where fox abundance appeared
to be correlated with annual rodent abundance. The
taxonomic status of the Pampas fox and other related
species is controversial (Massoia 1982; Zunino et al.
1995).

n an

Hale Femate.
Weight 46ken = 116 42k n =163
Hea/budy length 648 (597-700) mm, 621 (535-683) mm,
n=10 n=16

Ref. Crespo (1971)

Sechuran fox Pseudalopex sechurae
{Thomas, 1900)

At around 3.6 kg, the Sechuran desert fox is the
smallest species of the genus Psendalopes. Restricted
to the coastal zones of northwestern Peru and south-
westem Feuador, between 3° and 127, it accupies
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habitats including sandy deserts with low plant den-
sity, agricultural lands and dry forest (Cabrera 1931;
Huey 1969; Langguth 1975). The small size and
somewhat large ears may be an adaptation to desert
life, as is their habit of noclurnal activity and den-
ning during daylight hours, Their apparent ability to
exist in areas with no standing water attests to their
adaptation to arid habitats. A generalist, omnivorous
species, Sechuran desert foxes often depend predom-
inately on seeds or seed pods of species like Prosopis
juliftora (algartobo), Capparis scabrida (zapole), and
C. avicennifolia(vichayo) (Hucy 1969; Asa and
Wallace 1990). The syrupy matrix surrounding the
seeds may be the actual source of nourishment, and
foxes may act as seed dispersers, improviog the ability
of seeds to germinate rapidly when sporadic rains
oceur (Asaand Cossios et al. in press). Nevertheless, i
Peru, rural inhabitants' attitudes towards the specics
are of persecution (68.3% of correspondents) or indif-
ference (31.7%). Damage to domestic fowl and guinca
pigs was dited by 65% of correspondents (D, Cassias
unpublished date). Tn Ecuador, habitat loss or reduc-
tion is considered the main threat (Tirira 2001).

X ?
2.

Ecuador
b
X
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?
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Male.

36(26-42) k.0
€70 (500-780) mm, .

Weignt
Head/body length
Ref: Asa and Cossios et al

press)

Hoary fox Pseudalopex vetulus (Lund, 1842)

The hoary fox (Dalponte and Courtenay in press) is
aslender, lightly built animal, weighing about 3.4 kg.
‘The speciesis confined to Brail, its core area of oceur-
rence being the cerrado biome of the central Brazilian
highlands (but see Costa and Courtenay, submitted)
where it inhabits the grassland of open savannahs,
but readily adapts to livestock pasture with rich insect
sources. Although omnivorous, their diet appears
predominantly insectivorous, Ground-dwelling har-
vester termites (Synthermes spp. and Cornitermes spp.),
were recorded in 87% of faeces collected in six
localities across its geographical range (Dalponte
1997; Silveira 1999; Juarez and Marinho-Filho 2002;
Courtenay ct al. submitted; |. Dalponte unpublished
data). Nevertheless, they are killed indiscriminately
as predators of domestic fowl, though they probably
earn this reputation from crab-cating foxcs which arc
formidable poultry raiders. Spot sightings in different
habitats and localities revealed that groups were
composed of single animals on 75% of occasions,
followed by pairs (2(4), and groups larger than two

. Brazil o

Hoary fox ® 2003 Canid Specialist Group and Global
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Volga River and Tran to Mongolia, Manchuria, and
Tibet (Ovsyanikov and Poyarkov in press). The specics
area consists of two parts—western and eastern—
connected by a relatively narrow neck in Dgungar Gate
and Zaysan Basin region. In recent years westward arca
expansion has been recorded, particularly into
Voronezh region following active recovery of baibak
(Marmota bobac) populations. Nevertheless, the mod-
em distribution area is smaller than the historical
range. One limiting factor is snow height in winter, as
the species avoids areas where snow height exceeds
150 mm. Their presence appears to depend on distrib-
ution of ground squirtels and marmots whose dens
they actively use as shelters (enfarging them) while
hunting upon their owners. Home ranges vary from
1040 km? and in some areas, as many as nine brecd-
ing dens per 15 km? have been recorded (reviewed by

44 Cunentrange .
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Figure 1.4 Cape fox Vlpes
chama in the Kalahari
© DW. Macdonald.

Ovsyanikov and Poyatko in press). Corsac popula-
tions are highly variable (from <1 to 29 per 10 km?,
Blyznuk 1979 in Ovsyanikov and Poyarkov in press)
and fluctuate significantly (Sidorov and Botvinkin
1987). In the twenticth century several catastrophic
population declines were recorded, during which
hunting on corsacs in the former Sovict Union was
completely banned (Sidorov and Botvinkin 1987). In
‘Turkmenistan, from 1924 to 1989, 103,500 corsac pelts
were taken, which caused a significant decline during
the same period (Ovsyanikov and Poyarkoy in
press). Current population status in many regions is
not known, nor are major threats.

Male Female
Weight 272532)k 21(1924) ke,
n=2 n=10
Body length 500 (450-560) mm, 490 (450-500) mm,
n=22 n=10

Ret: Kyderbaey and Sudsky (1981) in Ovsyenikov ano Poyariav (in press)

Tibetan fox Vuipes ferrilata (Hodgson, 1842)

The Tibetan or sand fox is small (3-4 kg) and scem-
ingly compact with a soft, dense coat, a conspicu-
ously narrow muzzle, and a hushy tail. They are
widespread in the steppes and semi-deserts of the
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“Tibetan Plateau from the Ladakh area of India to east
across China including parts of the Xinjiang, Gansu,
Qinghai, and Sichuan prosinces and all of the Tibet
Autonomous Region. They are also present in Nepal,
north of the Himalayas. The species is found in
upland plains and hills from about 2500 to 5200 m
in habitat consisting primarily of alpine meadow,
alpine steppe, and desert steppe, where it feeds pri-
marily on pikas—Ochotona spp.—and small rodents
(Schaller 1998). The climate is harsh with tempera-
tures reaching 30°C in summer and dropping to
~40°C in winter. Their abundance depends partly
on prey availability and partly on human hunting
pressure. Nothing is known of overall status and
trends (and very little on their biology), but the
species is not considered threatened (Schaller and
Ginsherg in press).

Male Femate

Weight 41(38-46) ki, 35(3.0-4.1) ke,
=1 n=5

Heao/body length 58/ (560-650) mm. 654 {490-610) mm,
n=17 n=5

Ref: Schaller and Gisber (i press)

Kit fox Vulpes macratis (Merriam, 1888)

The kit fox is one of the smallest foxes on the
American continent, and there arc some eight
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recognized subspecies (McGrew 1979), inhabiting
arid and semi-arid regions of western North
America (encompassing desert scrub, chaparral,
halophytic, and grassland communities, McGrew
1979; O'Farrell 1987). They will also use agricultural
lands, particulaily otchards, on a limited basis,
and can inhabit urban environmens. Kit foxes
are well adapted 1o life in a warm, arid coviron-
ment, and can obtain all necessary water from their
food, although 1o do so must consume approxi-
mately 150% of daily ecnergy requirements
(Golightly and Ohmari 1984). Predation, mainly by
coyotes, usually is the main source of mortality for
kil foxes {commanly accounting for over 75% of
deaths, Spicgel 1996; Cypher and Spencer 1998)
although vehicles are & prime mortality factor in
some arcas. The main threat to the long-term
survival of the kit fox is habitat conversion, mainly
to agriculture but also to urban and industrial
development. Considered common to rare, density
flucluates (e.g. 0.2-1.7/km? over 15 years on
Californian study site Cypher ef ai. 2000) with
annual environmental conditions, which are
dependent upan precipitation. Overall, papulations
of thekit fox in Mexico are declining, while those in
the United States are primarily stable with the
exception of the San Joaquin kit fox, V. m. mutica,
which is declining.
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weight 20(1.425) kg, 18(15-23) kg,
=14 n=10

Head/body lenith 536 (470-585)mm, 628 (4n6-878) o,
=44 n=50

Ref: Raemer et 3. (n press)

Indian fox Vufpes bengalensis (Shaw, 1800)

Morphologically, the indian or Bengal fox
(Johnsingh 1978b) is the most average vulpine fox.
Itis endemic o the Indian subcontinent and ranges
from the foothills of the Himalayas in Nepal to the
southern (ip of the Indian peninsula. They avoid
dense forests, steep terrain, tall grasslands, and true
deserts, preferring semi-arid, flat to undulating ter-
rain, scrub, and grassland habitats where it is easy to
hunt and dig dens. Indian foxes are omnivorous,
opportunistic feeders and generally consume any.
food that they can handle. The Indian fox features
in several tales from the ancient Jataka texts and
the Panchatantra where it is depicted as a clever
and sometimes cunning creature. Despite these
attributes and their widespread distribution, Indian
foxes are nowhere abundant, and occur at low.
densities (0.04-0.06/km” to 1.62/km?) throughout

Fangladest
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their range, with populations undergoing major
fluctuations due to prey availability (Manakadan
and Rahmani 2000). They arc also quite sensitive to
human modifications of habitat, and in some arcas,
such as lamil Nadu, anthropogenic mortality is high
with humans (often using dogs) killing foxes for
their flesh, teeth, claws, and skin.

Male Female.

Weight 2732 kg >18ke

Head/body length  500(390-575) mm, 472 (460-480) mm,
n=6 n-3

Ref: Johnsingh and hala (n press)

Blanford's fox Vulpes cana
(Blanford, 1877)

At 1kg, similar in body mass to the closely related
fennec fox (Geffen et al. 1992a), Blanford's fox has
an exceptionally long (323 mm), bushy tail, and
curved, sharp, semi-retractile claws which enhance
traction (Harrison and Bates 1991; Geffen ct al.
1992b; Geffen 1994). They have been observed
ascending vertical, crumbling cliffs by a series of
jumps up the vertical sections (Mendelssohn e al.
1987). Present in arid mountainous regions of the
Middle East eastwards to Afghanistan and recently
recorded in Egypt (Harrison and Bates 1989;

¥
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Bengal fox © 2003 Canid Specialist Group and Global
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Gelten et al, 1993; Peters and Rodel 1994). Although
only discovered in Israel in 1981, they are fairly
common, densities of 2.0/km? in Ein Gedi and
0.5/km? in Eilat have been recorded hut abundance
clsewhere is unknown. Strictly monogatmous pairs
use teritories of ¢.1.6 km? that overlap minimally
(Geffen et al, 19920). At Ein Gedi, average distance
travelled per night was 9.3 km, and nightly home
range averaged 1.1 km? with little seasonal variation
(Geffen and Macdonald 1992, 1993). Primarily
insectivorous and frugivorous (Geffen et al. 1992b),
they appear able to maintain water and encrgy bal-
ance on their diet alone. Daily eneigy expenditure
near the Dead Sea was 0.63-0.65 kl/g/day, with no
significant seasonal difference (Geflen et al. 1992d).
Although habitat loss is of limited concern for Isiaeli
populations, human development in some areas,
such as along the Dead Sea coasts, may threaten their
survival.

Male Female.
Welght 10(0813) kg, 10(08-1.3) ke,
n 19 i
Heat/body lengln 427 (385-470) mm, 411 (385-450) mm,

n=19
Rt Getfen et al {1992d)

n=11

Cape fox Vulpes chama (A. Smith, 1833)

At 3.6 kg, the Cape fox is the smallest canid and only
true fox occurring in southern Aftica. Widespread
in the central and western regions of southern Africa,
it is absent only in extreme southwestern Angola.
It occupies mainly arid and semi-arid arcas bul in
parts, such as the fynbos biome of South Africa, the
species enters arcas receiving higher precipitation
and with denser vegetation. This fox has cxpanded
ils range over recent decades to the southwest where
it reaches the Atlantic and indian Occan coastlines
(Stuarl 1981). Cape foxes mainly associate with
open country, including grassland, grassland with
scattered thickets, and lightly wooded arcas. Small
rodents are an important food, but harcs, reptiles,
birds, invertebrates, and some wild fruits are also
taken (Bothma 1966; Lynch 1975; Stuart 1981).

Lesotho.

@ Current range

Cape fox © 2003 Canid Specialist Group and Globat
Mammal Assessment

Home ranges vary in size from 1.0 to 4.6 km” (Bester
1982). They are generally common 1o faitly abun-
dant across most of their range, although problem
animal control activitics (aimed af black-backed
jackals and caracals (Felis caracat)) have resulted in
population reductions in some areas. Annual off-
take tesulting from problem animal control pro-
grammes averaged roughly 16% up to 1985, with no
obvious declines in overall populations (Bester
1982). Populations are currently stable acrass their
cntire range, although the illegal, but widespread
and indiscriminate, use of agricultural poisons on
commercial farms poses a significant threat (Fig. 1.4).

Male Female

Weight 28(20-42) kg, 25(2.0-4.0) ke,
n-17 n=11

Head/body length  554(540-610) mm, 553 (510-620) mm,

n=21 a 15
Ref: Stuart (1981)

Corsac fox Vuipes corsac (Linnaeus, 1768)

The corsac is a typical fox-like canid inhabiting the
dry steppes, semi-deserts, and deserts from the lower
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opportunistic diet (Jaksic et al. 1990; Jiménez, et al.
1990), and could be a key seed disperser for forest
plants (494 of facces conlained sceds; Armesto et al.
1987). In Chiloé, they are well known for killing
poultry and raiding garbage dumps, apparently with
little fear of people and dogs, and even enter houses
at night in search of food. While the island popula-
tion remains relatively sccure, the presence of dogs in
Nahuelbuta National Park , may be the greatest con-
servation threat in the form of polential vectors of dis-
ease or direct attack. Recent habilal tansformations
and the rapid advanceof the frontier of human impact
could also have resulted in population declines. In
Nahuelbuta, 74% of mortalitics are due to natural
causes while 26% are anthropogenic (McMahon
2002).

Mate Female.
Weight 33(28-39) ke, 28 (25-37) k.
n=1 n=9
Head/oody longth 540 (525-557) mm, 514 (480-550) mm,
n=6 n=9

Ref: Jiménez and MeMahon (in press)

Chilla Pseudalopex griseus (Gray, 1837)

A smail fox-like canid, lacking an inferparietal crest,
the chilla or South Amcrican grey fox is widespread in
the plains and mountains on both sides of the Andes,
from northem Chile (17°5) down to Tierra del Fucgo
(54°S) (where they were introduced in 1951 in an
attempt 1o control introduced Furopean rabbits; faksic
and Yaricz 1983). They occupy steppes, pampas, and
‘matosral’ {scrubland) forests in southesn Argentina
and Chile (Olrog and Lucero 1981; Durdn et al. 1985),
but although they oceur in 2 variety of habitats, they
prefer shrubby open areas. Chillas generally inhabit
plains and low monntains, but have been reported
10 occur as high as 4000 m as.1. They arc tolerant to
very different climatic regimes, from remackably hot
and dry areas, such as the Atacama coastal desert in
northern Chile (<2 mm average annual rainfall, 22 °C
‘mean annual temperature), to the humid regions of
the temperate Valdivian forest (2000 mm, 12 °C) and
the cold Tierra del Iuego. They are generally found in
monogamous breeding pairs, and individual home
range sizes (n = 23) varied between 2 and 3 km®
(Johnson and Franklin 1994a ¢). Although omnivo-
rous (Jaksic et al. 1980; Medel and Jaksic 1988;
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Isakoy 1985; Kauhala 1996a). In urban arcas, raccoon
dogs inhabit areas with as little as 5% forest cover.
They are often found near water, and during autumn
are more or less dependent on fruits and berrics;
small rodents are also itaportant (Nasimovic and
Tsakov 1985; Kauhala et al. 1998b). In Japan, home
range size varies from aslittle as 0.07 km? in an urban
setting to 6.1 km” in a subalpine setting (Fukue 1991;
Yamamoto ef al. 1994). Tlsewhere, ranges may be as
large as 10 km? (Jedszejewski and Jedrzejewska 1993;
Goszezynski 1999; Kowalczyk et al. 2000). They face
a number of significant threats (Kaubala and Sacki,
in press), particularly road kills (110,000-370,000
per year in Japan), culling (4529 Jegal kills per
annum in Japan), and parasitic infestations (espe-
cially scabies).

Male Female.
Weignt 45(3.0-6.2) ke, 45(30-58) ke,
n=43 n=28
Heae/body longlh  566.(292-669) mm, 567 (505-654) mm,
n-31 n-20

Ref: Kauhala and Saeki (in press)

Bat-eared fox Otocyon megalotis
(Desmarest, 1822)

The bat-cated fox is immediatcly recognizable by its
conspicuously large ears. These small (3.9 kg) canids
are unique amongst living, terrestrial cutherians
in having four to five functional lower molars, and
unique amongst modern canids in having thce 10
four upper molars (Guilday 1962), yieldinga dentition
of 46-50 tecth, the largest number for any non-
marsupial, heterodont, land mammal. Bat-carcd foxes
occur in two discrete populations (recognized sub-
species), separated by about 1000 ki, across the arid
and semi-arid regions of eastem and southern Africa.
The range of both subspecies overlaps almost com-
pletely with that of Hodotermes and Microhodotermes,
termite genera prevailing in their predominantly
inscctivotous dict (Lamprecht 1979; Nel 1990). In the
Serengeti, after leaving the den in the evening, groups
of 2-3individuals frequently patrol known Hodoteres
patches in their 1-3 km? territories (Nel 1978; Nel e al.
1984; Malcolm 1986; Mackic 1988; Mackie and Nel
1989), calling each other to rich food patches with 4

W Current range

Bat-cared fox © 2003 Canid Specialist Group and Global
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low whistle. Within a ciccumscribed habitat, nurmbers
can fluctuate from abundant to rare depending on
rainfall, food availability, breeding stage, or disease
(Maas 1993b; Nel 1993); rabies and canine distemper
can cause drastic population declines. Recorded
densitics range from 0.3 foxes/km? in South Africa
(Mackic and Nel 1989) to 9.2 foxes/km? in Botswana
(Berry 1978). Although common in protected areas
across the range, they become increasingly uncom-
mon in morc arid ateas and on fanms in South Africa
where they arc occasionally persecuted because of the
erroncous heticf that they prey on young lambs, In
East Africa, rabies and canine distemper are finked
to reservoirs in domestic dogs, and in the Serengeti,
disease causcd 90.4% of mortality (Cleaveland and
Dye 1995; Carpenter et al. 1998).

Male Female

Weight 40(3.4-49) kg, A1(32-5.4) kg,
n=22 0=129

Hoad/body length 529 (462-607T) mm, 536 (467-607) mm,
n=2 n=29

Ref: Smithers (1971)
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Culpeo Pseudalopex culpaeus (Molina, 1782)

Among South American canids, only the maned wolf
is larger than the culpeo (Novaro 1997a). Males arc
on average 1.5 times heavier than females (Johnson
and Franklin 1994a,b; Travaini et al. 2000a). The
culpeo is distributed along the Andes and hilly
regions of South America, from Narifio provinee of
Colombia to Tierra del Fuego. Throughout its wide
distribution, the culpeo uses many habitat types
ranging from rugged and mountain terrain (up 1o
4800 m in the Andes), deep valleys and apen descrs,
scrubby pampas, sclerofilous matorral, Lo broad-
Ieaved temperate southern beech forest in the south
(Johnson 1992}, The culpeo has the smallest molars.
of all South American foxes, and its relatively longer
canines reflect its highly carnivorous dict. Up to
839 of the biomass of the culpeo dict in some
areas is from exatic mammals (Crespo and De Carlo,
1963; Miller and Rottmann 1976; Medel and Jaksic

M8 Current range.
0 500 Km

Culpeo © 2003 Canid Specialist Group and Global Mammal
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1988; Novaro et al. 2000a). Culpeas arc responsible
for as much as 60% of the attacks by predators
on small-sized livestock in Patagonia (Bellati and von
Thiingen 1990), and, due to conflicts with hurmans
(and because of their value as a furhearer), have been
persecuted throughout their range. Howeyer, culpeas
appear to withstand intense hunting levels, and still
maintain viable regional populations (Novaro 1997b;
Salvatori et al. 1999). When hunting pressure is
reduced, culpeo populations usually can recover
quickly. Density estimates (using a variety of meth-
ods) range from 0.2-1.3 individuals/km? for north-
west Patagonia (Crespo and De Carlo 1963; Novarn
et al. 2000b), to 0.3-2.6 individuals/km? in north
central Chile (Jiménez 1993),

Male Female

Weight 110(85-123) kg B5(14-100)kg,
0=11 a=1

fiead/body length 879 (810-925)mm, 832 (765-830) mm,
a1 a-15

Rt Jiménez and Novaro (in press)

Darwin’s fox Pseudalopex fulvipes

{Martin, 1837)

Until recently, Darwin's fox was known only from
the 180 km by 60 kmn Island of Chilod, off the coast
of Chile where it was collected by Charles Darwin
during his HMS Beagle voyage. Mare recently, this
small (2-3 kg), stout fox of dark appearance was redis-
covered 600 kritaway in the coastal mountains of the
68 km? Nahuclbuta National Park in mainland Chile
Medel et al. 1990). These two disjunct populations
are thought to be relicts of a former wider distribution
(Yahnke 1995; Yahnke et al. 1996). There are an esti-
mated 500 foxcs on Chiloé Island, and some S0-78
foxes on the mainland (Jiménez and McMahon, in
press), the latter at an estimated density of 1.1 indi-
viduals/km? (F. McMahon, unpublished data). On
Chilog, overlapping home ranges are about 1.6 km*
for males and 1.5 km’ for females (Jiménez and
McMahon, in press). Generally believed to bea forest-
abligate specics, in Chilog, about 70% of their
home ranges comprised old-growth forest (Jiméncz,
2000). Darwin’s foxes have an omnivorons, highly
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United States (Carbyn et al. 1995; Mech and Boitani
2003). Remaining populations in northern habitats
occur where there is suilable food, primarily wild
and/or domestic ungulates such as white-tailed deer,
moose, and reindeer. Wolf densities vary from about
0.08 to 0,008 ki?, bein, highest where piey biamass
s highest (Mech and Boitani 2003). [n summes,
wolves hunt alone or in small groups, but in winter
they hunt in packs, chasing prey for up to 5 km
Average daily food capture vadies from 2.5 10 6.3 kg ar
more per individual per day, of which a proportion is
Iost to scavengers (mainly tavens, Vucetich et al. in
press). Packs include up to 36 individuals, but smaller
sizes (5-12) are more common. They occupy territorics
of 75-2500 km” depending on prey density, and these
are maintained through howling, scent-marking, and
direct killing (Mech 1970; arrington and Mech 1983;
Marrington 1987; Mech et al. 1998).

Male Female.
Vielgnt 40 (20-80) ke 37(18-45) kg
Head/booy fongth 1000-1600 mm

Ref: Mech (1974)

Dingo Canis lupus dingo (Meyer, 1793)

Primitive dingoes were associated with nomadic
hunter—gatherer societies and later with sedentary
agricultural population centres (Corhett  1995)
Austronesian-speaking people transported dingocs
from mainland Asia to Australia and Pacific islands
1000-5000 years ago (Corbett 1995). Europeans did
vot discover the dingo in Australia until the seven-
teenth century and taxonomists originally thought it
was a feral domestic dog, in fact, cross brceding with
domestic dogs represents a significant threat 1o the
long-term persistence of dingoes worldwide. In
Australia, the proportion of pure dingoes (Thomson
1992a—c), based an skull morphometrics, has declined
from about 494% in the 1960s (Newsome and Corbett
1985) to about 17% in the 19805 (Jones 1990). Today,
pure dingoes occur only as remnant populations
in central and northern Australia and throughout
Thailand (Corbett 1995). Estimating dingo abun-
dance is difficult because the external phenotypic
characters of many hybrids are indistinguishable from

)
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pure dingoes. The density of wild dogs (dingoes and
hybrids) in Australia varies between 0.03/km? and
0.3/kin? according 1o habilat and prey availability
(Hleming et al. 2001). Human control is 4 major cause
of dingo mortality in Australia (Fleming et al. 2001).
Dingoes eat a diverse range of prey types and over 170
species ranging from insects to water buffalo have
been identified (Corbett 1995). The largest recorded
home ranges {90 km?) occur in the deserts of
southweslem Australia (Thomsan and Marsack 1992),
compared 16 just 10-27 km? in forested mountains in
castern Australia (Harden 1985; Mellroy ct al. 1986).

Male Female

weight 15(12-22) ke, 18 (11-17) ke,
n=51 n=38

Hoad/body engh 914 (835-1120) mm, 883 (813-1010) mm,
n =50 n=38

Ref: Corbet (i press)

Black-backed jackal Canis mesomelas
Schreber, 1775
Somewhat fox-like in appearance, with 4 long pointed

muzzle, and a longer premolar cutting blade than
other jackal specics {an indication of degree of
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camivory), the black-backed jackal has a disjunct
distribution, occurring in two separate populations in
Last and southern Africa (Kingdon 1997), scparated by
as much as 1000 km (not unlike the bat-carcd
fox). Black-backed jackals are selatively unispecialized
and well suited to an opportunistic lifestyle in a widc
variety of habitats, including arid coastal desert, mon-
fanc grassland, arid savannah and scrubland, open
savannah, woodland savannah mosaics, and farm-
land (loveridge and Macdonald 2002). In the
Drakensberg Mountains of South Africa, Rowe-Rowe
{1982) found densities of one jackal per 2.5-2.9 km?.
Diet typically includes small- to medium-sized
‘mammals, reptiles, birds and birds’ eggs, carrion, and
human refuse (Loveridge and Nel in press). Allo-
parental care is well documented (Mochiman 1979,
1983). They appear well adapted to water deprivation
which may explain their presence in the drter parts
of the African continent. They occur in many
livestock-producing areas, where they are considered
vermmin, Predation is usually localized and not exten-
sive, butin certain areas losses up to 3.9% can result, or
up to 18% on individual farms (Brand 1993). Where
controlled herding is practiced losses amount to only
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0.3-0.5% (Brown 1988). Jackals are also sig; ant
vectors of rabies in central southern Africa (Loveridye.
and Macdonald 2001). Nevertheless, population
control efforts e.8, use of dogs, poison, shooting, and
gassing) appear largely ineffective and the specics
temains widespread in these areas today.

Hale Female
Weight 81(53-120)kg,  1.4(5799)ki.
n=59 n=a
ead/body lengtn 785 (690-900) mm, 748 {650-850) mm,
=65 n-42

Ref Start (1981)

Red wolf Canis rufus Audubon & Bachman,
1851

The red wolf (Paradiso 1972) is intermediate in size
between the coyote and grey wolf, and has been
considered a fertile hybrid between the two species
(Mech 1970; Wayne and Jenks 1991). Indeed, the
taxonomic status of the red wolf has been widely
debated (Nowak 1979, 2002; Phillips and Henry
1992): one line of recent genetic evidence suggests it
is a unique laxon, while another proposes that red
wolves and grey wolves in southern Ontario (C. hupus
Ipcaon, arc so genctically similar that they represent
a separate specics, €. lycaon (Wilson ct al. 2000).
The precise historical distribution of the red wolf is

United States

s Cunentange
Hstori rango

Red wolf © 2003 Canid Specialist Group and Global
ammal Assassment
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jackals occur solitasily, in pairs or family groups of up
1o seven individuals. In game areas of western
Zimbabwe, home ranges varied seasonally from
02 to 1.2km? whereas in highveld farmland, they
were seasonally stable and >4.0km? (Atkinson
1997b).  Alloparental care of young occurs
(Mochlman 1979, 1989). They are persecuted for
their tole in rabics transmission (Rhodes et al.
1998; Loveridge 1999; Loveridge and Macdonald
2001) and putative role as stock kiliers. It is unlikely
that this persecution has an cffect on the overall
population, but indiscriminate culling through poi-
soning and snaring could affect local abundance.
Tlowever, this specics’ dictary flexibility (Atkinson
et al. 2002a) and ability to cocxist with humans on
the periphery of settiements and towns suggests
that populations are only vulnerable in cases of
extreme habitat modification, or intense discase
cepidemics.

Male Feinale
Weight 94(7312.4) kg, 83(73-10.0 kg,
n=50 n=50
llead/body 1082 (960-1165) mm, 1075 (1000-1170) mm,
legth n=50 2- 50

Ref: Smithers (1983)

Golden jackal Canis aureus Linnaeus, 1758

“The: golden jackal is a typical representative of the
genus Canis. The species is widespread in North
and Northcast Africa, the Arabian Peninsula, western
Lurope, castwards into the Middle Fast, Central Asia,
the Indian subcontinent, and east and south to

L
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Sti Lanka and parts of Indo-China. The jackal
features in mythological and cultural accounts of sev-
cral civilizations: the ancient Egyptians worshipped
the jackal-headed god Anubis, and the Greek gods
Hermes and Cerberus probably derived their origins
from the golden jackal. Due to their tolerance of
dry habitats and their omnivorous dict (Fuller et al.
1989), the golden jackal can inhabit a wide varicty of
habitats, from the Sahel Desert to the evergreen
forests of Myanmar and Thailand. The social organi

zation of golden jackals is extremely flexible depend-
ing on the availability and distribution of food
resources (Macdonald 1979¢; Mochlman 1983,
1986, 1989; Fuller et al. 1989). Recorded home range
sizes vary from 1.1 to 20.0 km? {van Lawick and van
Lawick-Goodall 1970; Kingdon 1977) Iigh densities
are observed in areas with abundant food and cover.
Nevertheless, over its entire range, except in protect-
cd arcas, the jackal population is steadily declining.
‘lraditional land-use practices are being steadily
replaced by industrialization and infensive agricul-
ture, while wildermess arcas and rural Jandscapes are
being rapidly urbanized. Jackal populations adapt
to samc extent to this change and may persist for
a while, but cventually disappear from such areas,

An estimated 80,000 jackals remain on the Indian
subcontinent, but there are na estimates for Africa
(Jhala and Moehlman in press).

Niazle Female.
Weight 88(76-98)ke. 73(657.8) ke,
n-6 n=4
Head/ody length 793 (760-840)mm, 760 {740-800) mm,
n=6 n=3

liet: Jnala and Mozhiman (in press)

Coyote Canis latrans Say, 1823

The coyole (Young and Jackson 1931; Gicr 1968;
Bekoff and Guse 2002) is the most versatile of
all canids, and their plasticity in behaviour, social
ecology, and diet (Bekoff and Wells 1986; Gese et al.
1996a—<) allows them to not only exploit, but to
thrive, in almost all environments modified by
humans. Coyotes were belicved to have been
restricted to the southwest and plains tegions of the
United States and Canada, and northern and central
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Mexico, prior to Eutopcan settlement. With land
conversion and removal of wolves after 1900,
coyotes expanded into all of the Unites States and
Mexico, southward into Central America, and north
into Canada and Alaska. They continuc to expand
their distiibulion, occupying most arcas between
8°N (Panama) and 70°N (northern Alaska), utilizing
almosLall available habitats including prairic, forest,
desert, mountain, and tropical ecosystems. Coyate
densities in different geographic arcas and seasons
vary from 0.01-0.09 coyotes/km? in the winter in
the Yukon (O'Donoghue et al. 1997) to 0.9/km? in the
fall, and 2.3/km? during the summer (post-whelping)
in Texas (Knowlton 1972; Andelt 1985). Cayotes
are a major predator of domestic sheep and lambs,
and of game species (Andeit 1987; Knowlton e al.
1999; Lingle 2002; Sillero-Zubiri et af., Chapter S,
this volume). In areas with predator control, losses
to coyotes were 1.0-6.0% for lambs and 0.1-2.0%
for ewes (USEWS 1978b). In arcas with no preda-
tor control, losses to coyotes were 12-29% of lambs
and 1-8% of cwes (McAdoo and Kicbenow 1978;
O'Gara et al. 1983). Notwithstanding, there appears
10 be no current thrcats fo coyote populations and

1
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conservation measures have not been needed. Local
reductions are temporary and coyotes remain abun-
dant throughout their range.

Male Fomale.

weight 10678148k 101 (7.7-145) kg,
n=8 n=13

Head/body length 842 (740-940) mm, 874 (730-940) mm,
n=38 n=36

Ref: Gese and Bekoff (in press)

Grey wolf Canis lupus Linnaeus, 1758

The largest wild canid (but with a huge geographical
weight range from 12 ta 62 kg—Mech and Boitani
2003), the grey wolf formerly was the world’s most
widely disibuted mammal (a tide now usurped
by the versatile red fox), occuning throughout the
northern hemisphere north of 15°N latitude in North
America and 12°% in India and Arabian Peninsula
(Harrington and Paquet 1982). Grey wolves may
extend beyond the Sinai into Africa, where the contro-
versial status of the little known Canis aureus fupaster
awaits confirmation (Ferguson 1981). Poisoning and
defiberate persecution due to depredation on livestock
have reduced its original worldwide range by about
one-third, and it has become extinct in much of
Western Furope (Bojtani 1995), Mexico and much of
the United States (Mech 1970, 1974). Studies in the
Unites States indicate that wolves are characterized by
annual mortality rates of the order of 15-30%, with
common causes of death including starvation, and
being killed by humans or other wolves (Peterson et al.
1998). Since about 1970, legal protection, land-use
changes, and rural human population shifls 1o cilies
have arcested wolf population declines, and fostered
natural recolonization in parts of western Europe and
the United States, and reintroduction in the westermn:

W Current range

Grey wolf © 2003 Canid Specialist Graup and Global Mammal Assessment
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preserved original area (Myers ef al. 2000), and only
1.5% of it is currently protected (Ratter ef al, 1997),
Road kills on highways are also responsible for mor-
tality of approximately half of the anmual produc-
tion of pups in some reserves (Rodden ef al. in press).

Weight 25.0(205-30) ke, n — 16
Head/body length 1058 (950-1150) mm, 1 — 23

Ref: Roiden et . (n press)

Dhole Cuon alpinus {Pallas, 1811)

Dholes (Fox 1984) are large canids (typically
12-20 kg), usbally having a reddish or brown coat
and a darker, bushy tail. Their dentition is uniquc
among Canidae, with one less lower molar. There are
wsually six or seven paits of mammae, rather than
the five pairs typical for Canis (Burton 1940). The
species’ kuown historical distribution covered much
of East, South, and Southcast Asia. However, the
dhole is presently extremelly rare in Russia, and
there have been no recent reports from China
(except Tibet) and Mongolia (Johnsingh 1985;
Dutbin et al. in press). Reported densities (all from a
few protected areas in southern and central India)
range from 0.095 dholes/kin® to 0.3/km® (Durbin
etal.in press). The dhale is found in a wide varicty of
forests, tropical grassland—scrub—forest mosics
and alpine steppe (up o 3000 m a1, but not desert
regions. Dy deciduous and moist deciduous forest
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may represent optimal habitats. Dholes hunt mainly
verlchrale prey, preferring medium to large ungu-
lates like spotted deer (73% of biomass cansumed in
Bandipur, India; Johnsingh 1983) and sambar (17%).
Dholes are communal hunters, occasionally forming
wmale biased packs of over 30 animals but more often
in hunting groups of <10, or even alone (Cohen
1977; Venkataraman et al. 1995; Venkataraman 1998).
Sometimes they resort to killing livestock when their
natural prey is diminished (Venkataraman etal. 1995).
Throughout most of their geographical range dholes
suffer from persecution for fear of stock predation
(Durbin e al. in press). In India, bounties were paid
for carcasses until the Wildlife Act of 1972, when
dholes were given legal protection.

Male Female

Wegnt 158 (15.0-17.0) ke, 10-13 kg,
Head/body length 570 (880-1050) mm,
Ref: Durbin et al. {in press)

African wild dog Lycaon pictus
(Temminck, 1820)

Alarge, but lightly built, canid, the African wild dog
(Creel and Creel 2002) was formerly distributed
throughout sub-Saharan Africa, except for countries
in West and Central Aftica that were covered with
rinforest. Occupying habitats including short gass
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plains, scmi-desert, bushy savannahs and upland
forest, wild dogs are raccly seen, and it appears that
populations have always existed at very low densi-
ties; they reach their highest densities (e.g. 3.3
adults/100km® in  Hiuhluwe-Umfolozi Game
Reserve, South Afica) in thicker bush (Mills and
Gorman 1997). Wild dogs are generalist pack preda-
tors (Fuller and Kat 1990; Creel and Creel 1995),
hunting medium-sized antelope; whereas the dogs
weigh 20-30 kg, their prey average around 50 kg,
and may be as large as 200 kg. They arc intensely
social animals (Frame et al. 1979; Malcolm and
Marten 1982; McNutt 1996a,b; Girman et al. 1997)
and packs may number 30 adults and yearlings
(Woadroffe et al. 1997). Packs are confined to relative-
Iy small areas (50-200 km?) when they are young
pups are at a den, but otherwise range widely
(423-1318 km?; Fuller et al. 1992b; Woodroffe et al,
1997). Wild dogs have very large litters for their body
size, averaging 10-11 and occasionally as many as 21
(Fuller et al. 1992b). Competition with larger preda-
tors has a major impact on wild dogs’ behaviour and
population biolagy, with lions causing about 10% of
mortality (Crecl and Creel 1996). More than half
of the mortality recorded among adults is caused
directly by human activity, even in some of the fargest
and best-protected areas. They have disappeared
from much of their former range—25 of the former
39 range states 1o longer support populations—and
current population estimates suggest only 3000-5500
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freetanging wild dogs remain (Woodroffe et al.
in press).

Male Fomale

weight 8.0 (75.5-34.9) K. 24.0(19.0-265) ke,
01 no1

Head/body 1228 (1060-1385) mm, 1265 (1090-1410) mm,

length n-16 n-15

Ret: Woodrofte et al (1n press)

Raccoon dog Nyctereutes procyonoides
(Gray, 1834)

Ihe raccoon dog lineage diverged trom other canids
about 7-10 million years ago (Wayne 1993). As its
name suggests, the raccoon dog (Judin 1977; Ikeda
1982; Kauhala etal. 1998c) is not unlike a raccoon in
general appearance, and, uniquely amongst canids,
hibernates in winter (especially in areas like southern
Finland where winters are harsh). Adult raccoon dogs
almost double their weight between June (4.5 kg
on average) and October (8.5 kg) (Kauhala 1993).
Originally restricted to the Far Fast, including the
Japanese Archipelago, the raccoon dog, or tanuki,
has often appeared in Japanese folklore. They have
been raised for fur and were exported, mostly to the
United States before the Second World War; their
fur is still used in Japan. The Russians introduced

raccoon dogs into the wild in the European part of
the former Soviet Union to establish a valuable
new fur animal in the wild, They are now widespread
in northemn and eastern Furape, thriving in moist
forests with abundant undergrowth (Nasimovic and.

S Known range
Historic range.
2 Possible range

African wild dog ® 2003 Canid Specialist Group and Global
Mammal Assessment

Raccoon dog © 2003 Canid Specialist Group and Global
Mammal Assessment
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equivocal, but the species was declared Extinctin the
Wild by 1980, following years of human persecution
(Riley and McBride 1972). In 1987 they were reintro-
duced into eastern North Carolina, and are now
common within the roughly 6000 km? reintioduc-
lion arca (USFWS 1989, 1992a; Phillips et al. 1995),
fn northeastern North Carolina, white-tailed deer,
raccoon, and rabbits comprise 86% uf prey specics
(Phillips etal. 2003). Liome range size varies from 4 to
226 km?, depending on habitat (Phillips et al. 2003).
Although human persecution and other anthro-
pogenic factors continue to impact numbers (e.g.
10ad kills account for 25% of known red wolf deaths
in the reintroduced population), hybridization with
coyotes or ted wolf X coyote hybrids is the primary
threat to the species’ persistence in the wild (Kelly
etal. 1999). Projections are that the current red wolf
population may be lost within 12-24 years if current
levels of hybridization continue.

Male Female.
weignt 28.5(22.0-34.1) kg, 243 (20.1-29.7) kg,
=70 n=61
Head/body 1118 (1040-1250) mm, 1073 (990-1201) mmm,
length n=58 n=s1

Ref: Kelly ot af. (in pross)

Ethiopian walf Canis simensis
Riippell, 1835

‘Ihe Ethiopian wolf (Sillero-Zubiri and Gottelli
1994) is a medium-sized canid with a reddish coat
with distinctive white markings, long legs, and an
elongated muzzle. It is confined to seven isolated
mountain ranges in the Ethiopian highlands, at
altitudes of 30004500 m a.s.1. (Gottelli and Siflero-
Zubiri 1992; Marino 2003), More than half the
population lives in the Bale Mountains, where
highest wolf densities are found in short Afroalpine
herbaceous communities (1.0 1.2 adulls/km?); lower
densities are found in Ielichrysum dwarf-scrub
{0.2/kim?), and ericaceous heathlands and barren
peaks (0.1/km?). In Menz, wolf density was estimated
at 0.2/km? usiog transect data (Ashenafi 2001,
Ethiopian wolves live in packs of 3-13 adults
(mean = 6), discrete and cohesive social units that
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Oromia
!

- .

8 Current range

Ethiopian wolf © 2003 Canid Specialist Group and Global
Mammal Assessment

share and communally defend an exclusive tetritory
(6-13.4 km?), but generally forage alone (Sillero-Zubir
1994; Sillero-Zubiri and Goltelli 1995b; Sillero-Zubiri
ef al. 1996a), specializing on todent prey (Sillero-
Zubiri and Gottelli 19954; Sillero-Zubiri et al. 1995a,b).
Livestock predation has recently been reported as
important in the heavily populated areas of Wollo
and Simicn (Marino 2003). Continuous loss of habi-
lat due to highaltitude subsistence agriculture
represents the major threat to Ethiopian wolves
(Sillero-Zubiri and Macdonald 1997; Sillero-Zubiri
ef al. 2000). Sixty per cent of all land above 3200 m
has been converted into farmland, and all popula-
tions below 3700 m ate particularly vulnerable to
further habitat loss. Rabies is the most dangerous
and widespread disease to affect Ethiopian wolves,
and is the main cause of mortality in Balc. Disease
killed whole wolf packs in the carly 1990s and
accounted fora major population decline with losses
of up to 75% (Sillero-Zubiri cf al. 1996b; Laurenson
etal. 1997, 1998). Hybridization with domestic dogs
isalso a problem (Gottelli et af, 1994).

Male Female.

Weight 162(142-192) kg, 128(112-14.2) kg,
n=18 n-8

Head/body length 963 (928-1012) mm, 919 (841-960) m,
n-18 n=8

Ref: Sillero-Zubin and Gottel (1994)
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Crab-eating fox Cerdocyon thous
(Linnaeus, 1766)

The crab-eating fox (Berta 1982) is a medium-sized
(57 kg) canid, relatively cominon throughout its
range from northern Colombia and Venezuela, south
10 Entre Rios, Argentina (35°S), and from the Andean
foothills in Bolivia and Argentina (67°W) to the
Atlantic forests of cast Brazil to the western coast
of Colombia (1°N) (Berta 1987). The specics occupies
most habitats including marshland, savannah,
woodland, and forests, and have been recorded
up 0 3000 m as.). 1t readily adapts to deforestation,
agricultural and horticaltural devetopment, and
habitats in regeneration. Average densitics tange
from 0.5 aninals per km? in savannah/scrub mosaic
in Brazil (Courtenay 1998) to 4/km?in the Venezuglan
Hanos (Fisenberg et al. 1979). Adults oceupy stable ter-
Sunquist et al. 1989;
Macdonald and Courtenay 1996; Maffei and Taber in
press). They commonly hunt as pairs accompanied
by L3 adult-sized offspring (Montgomery and Lubin
1978). The dry season diet is predominantly small
mammals, reptiles, and amphibians, with insect and
fruit becoming more frequent in the wet season
(Brady 1979; Motta-Junior et al. 1994). The popula-
tion is generally considered stable and abundant,

“olombia

Argenting ”
8 Curent rangel

Crab-eating fox ® 2003 Canid Specialist Group and Global
‘Mammal Assessiment

Dramatis personae 19

although there is the potential thrcat of local
spill-over infection of diseases from dogs to wildlife
(Courtenay et al. 1994, 2001). In addition, reports of
poultry raiding by crab-eating foxes are widespread,
which has led to their being shot, trapped, and poi-
soned indiscriminately. In Maraj6, Brazil, 83% of 12
fox deaths between 1988 and 1991 were duc to local
hunters (Macdonald and Courtenay 1996). Howcver
there is no cvidence that they represent a significant
predator of lambs, or cause economic loss to farmers
in wool-producing countries.

Weight
Head/body length
Ref: Courtenay and Maftei (n press)

5.7(4.5-85) ki, = 52
658 (670-775) mm, 1 = 61

Maned wolf Chrysocyon brachyurus
(litiger, 1815)

The maned wolf is immediately distinguishable
by its long, thin legs, long, reddish-orange fur, and
large ears (Dietz 1985). It inhabits grasslands, cerrado
forest, wet fields, and scrub forests of central South
America from the mouth of the Parnaiba River in
northeastern Rrazil, south through the Chaco of
Paraguay to 30° in northern Argentina, and west to
the Pampas del Heath in Peru (Dietz 1985; Rodden
etal. in press). With their solitary habits (Dictz 1984;
Silveira 1999; Bestelmeyer 2000) and relatively Jarge
home ranges, maned wolves five at low densitics
throughout their range. Dicts, (1984) found that
home ranges of pairs in Serra da Canastra National
Park varicd between 21.7 and 30.0 km?, but else-
where ranges are larger (up to 105 km’—Silveira
1999; . Rodrigues personal communication). Native
folklore and superstitions contribute to the attitudes
of local people to mancd wolves (which range from
tolerance to fear and dislike), yet, 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. About S0% of their diet is plant
material, and they rarely prey on domestic animals
(Diclz 1984; Motta-Jinior et al. 1996; Jicomo 1999).
The most significant threat to maned wolf popula-
tions is the drastic reduction of habitat, especially
due to conversion to agricultural and pasturcland.
The cerrado has been reduced to about 20t% of its
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camouflaging potential. With the decline of the
fur hunting industry, the threat of over-exploitation
i Jowered for most Arctic fox populations (but
continued climatic warming may endanger some
populations, such as in Fennoscandia).

Male Female.

Weignt 36+ 04k, 31+04kg
n=a78 n=514
Head/body lengih 578 = 31 mm, 548 = 33 am,
n=89 n=85
al. (in press)

Ref: Angerbiom et

Short-eared dog Atelocynus microtis
(Sclater, 1882)

‘The short-cared dog (Berta 1986} is notoriously rare,
and sightings are uncommon across its range. The
species is poorly known by indigenaus peoples of the
Amazon basin and is not known to hold any special
significance to them. The short-eared dog has been
found in scattered sites from Colombia to Bolivia
and Ecuador to Brazil, and is associated with
undisturbed rainforest in the western Amazonian
lowlands (Leite Pitman and Williams in press). They
have been recorded in a wide varicty of habitats,
including terra firma forest, swamp forest, stands of
bamboo, and primary succession along Tivers
(Peres 1991), Sightings of the species in rivers (and

- Ko (snge
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Short-eared dog © 2003 Canid Specialist Group and Global
Mammal Assessment
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the presence of a partial interdigital membrane) sug-
gost that the short-cared dog may be at least partly
aquatic; fish form part of their diet (Deffer and
Santacruz 1994). No information on density is
available, or on the continuity of the species’ distrib-
ation within its extent of occurrence; the absence
of any records from large areas suggests that the dis-
tribution may not be continuous within the extent
of occurtence. Likely threats include discase and
habitat loss.

Vgt
Head/body fength
Ref: Nowak (1999)

10 kg
720-1000 mm

Side-striped jackal Canis adustus
Sundevall, 1847

The side-striped jackal (Atkinson 1997a) is well adapt-
ed anatamically and behaviourally for opportunis
(Atkinson ef al. 20024; Loveridge and Macdonald
2003). Endemic to west, central, and souther Africa
(excluding the southernmost part) (Kingdon 1977,
1997), side-striped jackals occupy a range of habitats,
from game arcas through farmland to towns within
the broad-leaved savannah zones. The species is gen-
erally common, and apparently occurs in its highest
densities in areas surrounding human settlement
{e.g. around 1/km? in highveld commercial farm-
tand in Zimbabwe, Rhodes et al. 1998). Side-striped

#dr Cuentrange

Side-striped jackal © 2003 Canid Specialist Group and Globai
Mammal Assessment
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behind intra-guild aggression between canids s rather
undiscerning about particular size ratios—the sight of
ared fox chasing an Arctic fox s s reminiscent of a
dominant red fox chasing an infenor conspecific that
it seems as if larger canid species may simply treat
smaller canids as poor quality versions of then
selves—a generality that comes to mind when obsery-
ing the eagerness with which domestic dogs chase
wiid canids (and grey wolves zeadily kill domestic
dogs, for example, Fritts and Paul 1989; Kojola and
Kuittinen 2002)

“This line of thought is further complicated by the
fact that these intra-guild hostilities extend beyond the
Canidae, and cmerge as a general feature of interspeci-
fic relations within the Camivora. Thus, while spotted
‘hyaenas (Crocuta crocuta) and lions (Panthera feo) per-
secute African wild dogs (Creel and Creel 2002), red
foxes Kill pine martens (Martes martes—lindstrom
1992). In terms of mechanisms and motivations,
whether the tenor of the relationship between a red
fox anda swift foxis the samcas that hetween ared fox
and a pine marlen is unknown, but the outcome is
much the same—the small predator ends up displaced
or dead. Clearly, the consequences of intra-guild
aggression face conservationists with difficult biologi-
cal dilemrmas, and even greater ethical oncs

Canid geography

Canids are in flux. Sillero-Zubiri ¢t al. (in press)
estimate that over the last century the geographical
ranges of seven species have increased, eight have
decreased and nine have remained stable. The kalei-
doscope of species diversity has changed: there are
places where the grey wolf and the red fox have been
replaced by what amounts to their ‘ccological aver-
age’, the coyote (once confined to mainly atid areas
in western North America and now found in every
state, pravince, and country north of Panama

Moore and Patker 1992; Reid 1997; Bekoff and
Gese 2002; Gese and Bekoff in press). Contemporaty
canids are the most widely distributed family of the
Carivora, with members on every continent
besides Antarctica (Ginsberg and Macdonald 1990).
Africa, Asia, and South America support the greatest
diversity with more than 10 canid species eat
(Johnson et al. 1996). Red foxes are sympatric with
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Figure 1.3 Ancient hostilties: leopard Panthera pardus
tormented by African wild dogs tycaon pictus © M.G.L Mills.

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, ca crsity is usually limited
10 15 species. Tive canids are endemic to just one
country—the red wolf (Canis rufus), Etbiopian wolf,
Darwin's fox, hoary fox (Pscudalopex vetuhis), and
island fox, with the Sechuran fox (P. sechurae) span-
ning two countries. Although the genera Canis and
Vilpes are both found on North America, Burope,
Afiica, Asia, and wercintroduced by man to Australia,
of the remaining eight genera six are restricted to one
continent: Chrysacyon, Ofocyon, Pseudalopes, Speothos
(South America), Cuort (Asia), Lycaon (Afric:
is restricted to North and South America, whereas
Nyctereutes, formedy restricted ta Asia is now also
introduced to Europe. Ata species level, the numbers
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of species oceurring on (and restricted to) each conti-
nent are Africa 13 (8), Asia 12 (2), Furope 7 (0), South
America 11 (9), North America 10 (5), and Australia
and Oceania 2 (0). Only three specics are present in
both the Old and New World: the Arctic and red
Foxes, aud Lhe grey wolf. Sillcro-Zubiri et al. (in press)
summarize the distiibutions of witd canid specics by
country: 799 of the world's 192 countrics have wild
canids (of which Sudan has the highest number, 10).

Dramatis personae

There are those—veterinarians nolable amongst
them—who wield definite articles in a way Lhat
shrinks all diversity 1o a handful of archetypes, with
reference 1o ‘The dog’, ‘The cal’, or ‘The ral’. A simi-
larly injudicious habit amongst bialogists is 10 talk
about a tiny number of nolable case studies as if they
provided a balanced undersianding of an entire
taxon—in the case of canids—and in former days
this led to overviews based precariously on observa-
tions of just a handful of species studied in a handful
of places—with grey wolves and red foxes writ large
amongst them. We are anxious that readers af this
book—beguiled by the gratifyingly increased num.-
ber of canids about which much is known—should
not forget the still large number of others about
which not much is known. To guard against this risk
we introduce now a vignette account of all 36 canid
taxa (including dingoes, here listed as a grey wolf sub-
species Canis lupus dingo). Vignettes are presented in
the same order as Wilson and Reeder (1993) whose
systematics we follow closely; the only exceptions
ate Vulpes macrotis and V. velox treated here as sepa-
rate species (Mercure et al. 1993), and P fiivipes here-
with given full specific status (Yahnke et al. 1996).

Arctic fox Alopex lagopus (Linnaeus, 1758)

The Arctic fox (Nasimovich and [sakov 1985; Audet
et al. 2002) has a circumpolar distribution in all
Arctic tundra habitats (Hersleinsson and Macdonakl
1992). 1t breeds north of and above the tree line
on the Arctic tundra in North America and Furasia
and Arctic islands, and on the alpine tundra in
Fennoscandia, ranging from northem Greenland to

2 Curreat iange:

Artic fox © 2003 Canid Specialist Group and Global Mammal
Assessment.

the soufhern tip of Hudson Bay, Canada. The world
population of Arctic foxes is in the order of several
hundred thousand animals. Topulations fluctuate
widely between years in response to lemming num-
bers (Angerbiom ef al. 1995). Considering their dep-
endence on cyclic lemmings (which occurred in
85% of facces; Elmhagen et al. 2000), starvation s an
important cause of Arctic fox mortality during
some years (Garrott and Eberhardt 1982; Tannecfeldt
and Angerbjorn 1998). The density of occupied
natal dens varies from 1-3/100 km? (Boitzov 1937;
Macpherson 1969) up to 8/100 km? (Hersteinsson
et al. 2000). Combined group ranges contribute to
territosies from which occupants rarely stray
{Hersteinsson and Macdonald 1982), and sizes vary
with lemming abundance and habitat (10-125 km?;
Ebcrhardt et al. 1982; Frafjord and Prestrud 1992;
Angerbjain et al. 1997). The Arctic fox remains the
single most important terrestrial game species in
the Asclic, mainly because of their cxceptional
fur (Garrolt and Eberhardt 1987; Herstcinsson et al.
1989), which has the best insulative properties
among all mammals, In autumn, fox weight may
increase by more than 50% as fat is deposited
for insulation and reserved cnergy. They change
between summer and winter pelage, thereby adjst-
ing their insulating capahilities and enhancing their





OEBPS/page-0021.jpg
and as short-legged bush dogs (Speothos venafics)
cartwheeled into handstands that projected  their
scent marks aloft (Macdonald 1996b). We have seen
Ethiopian wolves hammer their reinforced snouts into
rodent burrows (Sillero-Zubisi and Gottelli 1995a) and
African wild dogs cram 3 days worth of food into their
stomachs for transportation to their pups — stomachs
thatcan hold atleast 4.4 kg of meat (Reich 1981b), and
possibly twice that amount (Creel and Creel 1995)

Theability to regurgitate—a canid innovation—allows
companions to feed a pregnant mother, whose ability
to hunt is compromised in late pregnancy and early
lactation—and in the case of African wild dogs to fecd
her pups for 2-3 months, and rear them even if their
mother dies (Estes and Goddard 1967; MeNutt 19963).
Intriguingly, despite watching plenty, we have never
scenavulpinefox of anyilk regurgitate —they are groat
carricrs and cachers of food (Macdonald 1976, 1987)—
from which we might deduce that regurgitation is
a trait of the lupine—or wolf-like—canids, evolved
only after their split 6 million years ago from the
carly vulpines—fox-like (Wayne etal. 1997). Insofar as
regurgitation is an adaptation that facilitates aspects of
the reproductive behaviour of modern lupine canids,
this raises the questionsof how the presumed ancestral
absence of this adaptation constrained the societies
of their ancestors.

Intraspecific variation

The impressiveness of the diversity between canid
species was only increased when, early in our
experience of them, the stunning extent of intra-
specific vaiation in their biology began to emerge.
Discovery of marked variations in fecundity and
litter size in post mortem samples of red foxes
throughout the length of Sweden (Englund 1970)
anticipated the revelations of diffcrences in behaviour
between fox populations whose home ranges may
span three orders of magnitude bawceen habitats
whee their diets, spatial organizations, and society
differ more than do those of many distantly related
species (e, Macdonald 1981; Doncaster and
Macdonald 1991; Macdonald et al. 1999; Baker and
Harris, Chapter 12, this volume). Other examples
rapidly accumulated —grey wolves live lives that vary
between solitary and packs of 22 members (Messict
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1985; Mech 2000a). Arctic foxes hold the record, at 19,
amongst litter sizes (Ovsyanikov 1983), but between
their populations mean litter sizes vary from 2.4107.1
(Angerbjom efal.in press), with lesser but nonetheless
impressive regional variations in litter size between
populations of grey wolves and red foxes (Voigt
and Macdonald 1984; Mech and Boitani 2003).
In arder to cope with large litters Arctic foxes have
twice as many teats as other canids of their size (Ewer
1973). Strikingly, some populations of Arctic foxcs are
essentially migratory over hundreds of kilometres
(Eberhardt et al. 1983), while clsewhere they five in
small teritories occupied by close-knit matrilineal
groups (Hersteinsson and Macdonald 1982; White
1992). In the case of golden jackals (Canis aurcus),
pattemns of scent marking hehaviour that had never
been scen at low densities became conspicuous in a
population living in large groups on small territories,
and they also displayed such wolfish behaviours as
mustering for tenitorial patrols (Macdonald 1979¢).

Soon, reviews were accumulating that listed inter-
population varations that matched and exceeded
interspecific ones (Macdonald and Moehlman 1982;
Creel and Macdonald 1995; Geffen et al. 1996;
Mochiman and Hofer 1997). The dimensions along
which populations vary affect diverse aspects
of canid lives. Thus on Kound Island, Alaska, 71% of
red foxes were polygynous when food was super-
abundant, whereas 100% were behaviourally monog-
amous when prey abundance declined, whereupon
there was a concomitant decrease in litter size (Zabel
and Taggart 1989). An even more subtle change
was revealed amongst San Joaquin kit foxes (Valpes
macrofis mutica—Cypher et al. 2000): sex ratios al birth
were male-biased during years of low food availability
but female biascd when fox abundance was low and
the population increasing (Lgoscue 1975).

Wilh each species of canid seemingly sliding along
a continuum of different behavioural possibilities,
the question cmerged: what determines the limits to
intraspecific variation hetween the different canids
and what determines interspecific differences in
these limits—indeed, to what extent can the behav-
four of one canid species be transformed into that
more typical of another species simply by facing it
with the correct combination of ecological circum-
stances (Macdonald 1983)? While this book is testa-
ment to the huge amount that has been discovered
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since this question first took shape, the answers
remain incomplete

Phylogenetic baggage

Towever, having dwelt on the burgeoning discoveries
of diversily amongst the canids—a diversity that
applies to contrasts at the levels of species, popula-
tions, and individuals—our lifetimes spent watching
these creatures have simultancously and paradox-
ically led to a realization of their sameness. This
became particularly clear in a review of what char-
acterized canids amongst the diversity of camivore
types (Macdonald 1992b). Clearly, species of canid
differ: to watch members of a pack of bush dogs
using cach other's bodics to lever bones from a
carcass, fo see them slicing off hunks of meat from
prey held in a companion’s mouth, and to see
them wriggle determinedly into the centre of a heap
of the somnolent bodies of sleeping companions
(Macdonald 1996h) is to realize that this is a different
creature to the group of red foxes whose mood
teeters jumpily on the divide between play and
ferocity as they slam their flanks into cach other with
jaws agape (but 1o lupine snarl) in competition for a
bloodied feather (Macdonald 1981). Notwithstand-
ing these differences, the reality is that as we see
Ethiopian wolves in the half-light milling around
in a social hubbub prior to undertaking a border
patrol, their actions and appearance replicate closely
those of grey wolves we have watched in Minnesota
or even golden jackals in Istael (Macdonald 1979¢;
Sillcro-Zubiti and Macdonald 1998). And as we look
at the meandering pair of crab-eating foxes (Cerdocyon
thous) in the short grasslands of Brazil, it is hard to be
sure they arc not the same creature as the side-striped
jackals (Canis adustus) we have watched in similar
arasslands in Zimbabwe (Macdonald and Courtenay
1996; Loveridge and Macdonald 2002). Even the red
foxes seen in the northern deserts of Saudi Arabia—
less than half the weight of their Japancse conspecifics
(Macdonald et al. 1999) seem scarcely distinguishable
in demcanour and hehaviour from the kit foxes
watched in the arid lands of Mexico (List and
Macdonald 2003). Cetainly canids are intriguingly dif-
ferent but, equally certainly, all their differences are
merely variations on a stiikingly consistent thenc.

their

‘The consistent themes of canid biology
opportunism and versatility, their territoriality, their
societies built from a foundation behavioural
monogamy with its attendant dominance hicrar-
chies, social suppression of reproduction and
helpers—all shine through In the accounts that
follow. But several canid commonalitics have largely
escaped attention clsewherc in this book, 5o we will
brictly highlight them now.

Communicative canids

First, through postural, vocal, and olfactory signals,
canids are highly communicative, and people are
especially alluned to their signals because we are
so frequently their recipient from our domestic
dogs. Indeed, the body language of domestic dogs
(described by Lorenz 1954; Scott and Fuller 1974) is
scarcely a dialect of that documented in cthograms
for grey wolves (Zimen 1981), or golden jackals
(Golani and Keller 1975) and clearly part of the same
‘linguistic family’ s that of foxes (lembrock 1962;
see also Fox 1971)—although the sinuous lashing of
the vulpine tail is a clearly different action to the
wagging of a lupine tail (Macdonald 1987). Even
though domestication has affected the domestic
dog's repertoire (Coppinger 2002), the barks, growls,
whines, and howls of wolves are heard daily in our
backyards. Amongst wolf packs howling serves to
maintain or increase distance, helping fo establish
and maintain exclusive territories and reduce the
probability of encountering strange walves or packs.
in arcas of border overlap (Harrington and Mech
1979). As in other mammals, pitch and quality of
voiccare apparently characteristics used to expressand
assess an individual’s fighting or resource-holding
pofential. Harrington (1987) suggests that lower
pitched and harsher howls in wolves reflect greater
hostility. Some canids produce less familiar sounds:
the squeak of bush dogs (Kiciman 1972), whistling of
dholes (Cuon alpinus—Fox 1984; Dutbin 1998) are
probably adaptations to keeping a hunting pack in
cwordinated contact in dense forest (Fig. 1.2), and the
addly un-doglike twittering of a socal serum of
African wild dogs (van Lawick and van Lawick-
Goodall 1970) may have its roots in a similar func-
tion. The first towering study of canid voices (and
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necessary fo see cach species and each behaviour as
an element of the patterns of which they are a part.
In this book that is achieved by six Reviews which
reveal that, for cxample, one cannot understand the
present without appreciating the past—of which it
is merely a current snapshot, and emphasize how
different truths are revealed by viewing the same
creature in different ways and at the different scales
of the molecular gel and the hinocular, and that a
grasp of yet morc techniques and branches of
Kknowledge is necessary to understand and solve the
problems they face for the futuse. But to appreciate
these patterns, an obvious essential is to be familiar
with the actors on the stage, the dramatis personae of
contemporary wild canids, so the purpose of this
chapter is to introduce these, together with some of
their features which arc not covered elsewhere in
the book.

‘Those familiarwith taxonomy will not be surpised
to know that even the question of how many species
of canids there are docs not have asimple answer, but
we will say there are about 36 (Clutton-Brock ef al.
1976; Wozencraft 1989; Ginsherg and Macdonald
1990 acgue for various answers between 34and 37, to.
which the recognition of Canis lycaon (Wilson ef al.
2000) would add another). At first cncounter, the.
most obvivus thing about them (aside from their
exceptional capacity to evoke strong feelings of
charm, affinity, or loathing in human onlookers) is
their diversily.

Interspecific variation

Canids range in size rom Blanford’s and fennec foxes
(Vitlpes cana, V. zerda) of which adult specimens can
weigh less than 1 kg to the grey wolf (Canis upus)
exceeding 60 kg. Their distributions may be highly
restricted —almost the enlire Darwin’s fox popula-
tion (Pseudalopex futvipes—Yankhe et al. 1996) oceur
anly on one island and some unusual subspecies occur
on one istand each, such as island foxes (Urocyon
littaralis) or Mednyi Arctic foxes (Alopex lagopus
semenovi—Wayne et al. 1991b; Goltsman et al. 1996),
whereas ofhier species span several continents—about
70 million km? in the casc of the red fox (Vulpes
vilpes—1loyd 1980). Their dicts range from omnivory
(with, attimes, almost exclusive emphasis on frugivory

or insectivory) to strict camivory—and they glean
these livings in habitats ranging from deserts 10 ic
fields, from mountain to swamp or grassland, and from
rain forest to urban ‘ungle’ (reviews in Johnson et al.
1996; Macdonald 1992b). To do this they may travel
home ranges as small as 0.5 km? (island fox—Roemer
et al. 2001¢) or as large and non-defencibie, as
2000 km? in African wild dogs (Lycaon pictus—Frame
etal. 1979).

Geographical variability in body size can be exp-
Tained to some degree by differences in availability of
fond: small canids (e.g. fennec fox) are usually associ-
ated with arid and poor habitats in which only a small
bady mass can e supported year round, whereas large
canids (e.g. Ethiopian wolf Canis simensis and African
wild dog) are often associated with habitats in which
prey is abundant. The maned wolf (Chrysoscyon
Drachyurus Tig. 1.1), unusual in its social organization
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 s low at 2.2).

Lo accomplish such different lifestyles, the diffcrent
canids have diverse adaptations; during the half-
century of man-years for which we have—between
us—researched the behaviour of canids, we have been
fortunate to watch as red foxes used their special
musculo-skeletal adaptations to launch into aerial
strikes on mice (Henry 1996), as long-legged maned
wolves bound over tall pampas grasses (Dietz 1984)

Figure 1.1 Maned wolf Chiysocyon brachyurs
©FC Rodrigues.
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maned wolf—Dietz 1984, and perhaps the grey
wolf—Packard et al. 1983) (>13 kg), in contrast,
exhibit an adult sex ratio shewed towards males,
female emigration and male helpers (e.g. Ethiopian
wolves, dholes, African wild dogs—Kuhne 1965;
Johnsingh 1982; Sillro-Zubiri et al. 1996a—and per-
haps the bush dog is an atypically diminutive mem-
ber of this category, Macdonald 1996b). The first
person to explore these trends analytically was
Moehlman (1986, 1989) who analysed the compara-
tive data thenavailable to conclude that female body
mass was positively related to gestation length,
neonate mass, litter size, and litter mass. She devel-
oped the argument that canid mating systems and
social organization arise as a result of the conflict
between the effect of body size on reproductive traits
and the constraints on females in obtaining
resources for reproduction. The argument ran that
females of large canids have large litters of relatively
small, dependant pups. The period of dependency of
these pups is, therefore, relatively long, and requires
more male postpartum investment. In large canids,
therefore, competition among females for males as
belpers s likely to be mare intense and is predicted to
drive the system fowards polyandry. Small canids in
contrast produce small litters of more precocial cubs
that require less parcntal investment. Because com-
petition for male parcntal investment is reduced
in this scenario, males can invest more time and
resources in additional females, leading to potygyny.
This influential idea was updated by Moehlman and
Hofer (1997). They noted, inter alia, not oniy that
larger canids tend to the largest litters and Jargest
puips, and that there may be a tendency for them also
to have the largest lifetime litter mass—all suggest-
ing that they invest more in prepartum reproduc-
tion. They also noted that female reproductive
suppression and the presence of helpers was most
prevalent amongst larger canids, which also tend to
eat larger prey, and to hunt in packs. They conclude
that as energetic costs increase and the reproductive
tactic is to produce more young per breeding attempt,
there i a higher incidence of alloparental behaviour
and reproductive suppression. This suggested to
Moehlman and Hofer (1997) that increased repro-
ductive output in canids may be an evolutionary
consequence of selection 1hat favoured reproductive
suppression as a means of helper recruitment (Creel
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and Creel 1991 also found that litter mass, litter
srowth rate, and tolal investment were bigher in cous-
munally breeding carivores that had reproductive
suppression).

The observation that larger canids kill larger prey
also turns out to be an encrgetic necessily of prey
availability (Carbone et f, 1999), and ealing lasger
prey is associated, arguably as cause rather than
effect, with a cascade of other ecological con-
sequences that niay facilitate geoup formation and
much that follows from it (Kruuk and Macdonald
1985; Johnson efal. 2002) as discussed in Chapter 1§,
Indeed, that canid social systems would be influ-
enced not ouly by the energelic costs of reproduc-
tion buf also by ecological and demographic factors
(as acknowledged by Mochlman and Hofer 1997)
was the basis of an analysis by Geffen et al. (1996)
that drew partly different conclusions to Mochiman'’s
original interprelation. As elaborated in Chapter 4
(Macdonald et al. this volume; Gefien et al. 1992¢)
they suggest thal much of the infer-and intraspecific
variation in canid social structurc can be explained
by resource availability. Macdonald (1992b) noted
that examples of female biased groups and male
dispersal wete thus far entirely confined to vulpine
canids, and this and similar complications prompted
Geffen et al. (1996) to control for phylogeny in an
analysis that indicated that whereas neonate weight
and litter weight are positively correlated with
female weight, large canids do not have relatively
smaller young. After controlling for phylogeny, neo-
nate weight was independent of litter size, casting
doubi on the notion of a general energetic linkage
hetween these two variables. Geffen et al. (1996)
supgest instead that changes in budy size, litter size
and social organization within the Canidac may be
attributed to differences in food availability.

The interactions between dispersal, social system,
and Vody size, and the network of rclated vari-
ables, remains full of puzzcs, and is discussed for
Carnivora as a whole by Macdonald (1992b, especially
Pp. 242-246). Comparative analyses of this topic arc
likely for some time to come: to be distorted by two
complications. First, the small number of field studics
of cach species and thus the impact on species’ aver-
ages caused by only partial knowledge of their
intraspecific variation. Second, the extent to which
phylogeny should be considered a source of statistical
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dependence—there being no prima facie reason why
the answer should be the same for all comparisons.

Sympatry and interspecific relations

Several chapters in this book mention competition,
indeed hostility, between different species of canid.
Since Hersteinsson and Macdonald (1982) first sug-
gested that the red fox was a determinant of the geo-
graphical range of the Arctic fox, and Voigt and Earle
(1983) reported that red foxes in Ontario existed only
in the interstices between coyote territories (just as
deer do between wolf territories, Mcch 1977a), the
idea of aggression between sympatric canids being an
important force in their biology has been transformed
‘within two decades from a smattering of anecdotes to
auniversal of canid community ecology. Tannerfeldt
ot al. (2002) showed that, in fact, Arctic foxes could
scarcely breed within 8 km of a red fox den and when
they tried, in most cases the red foxes killed their
young, Indeed, intraguild aggression, asan expression
of competition emerges as a commanplace of cari-
vore communities. Thus, among North American
canids, grey wolves kill coyotes and red foxes (Berg and
Chesncss 1978; Carbyn 1982; Paquet 1992; Peterson
1995), coyotes kill red foxes (Voigt and Earle 1983;
Sargeant and Allen 1989), swift foxes (Scoll-Brown
et al. 1987), and kit foxes (Ralls and White 1995;
White and Garrott 1997), and red foxes kill kit foxes
(Ralls and White 1995) and Arctic foxes (Railey 1992).
A notable example is that within 10 years of the
wolves'firstamival, coyotes had gonc from Isle Royale
(Allen 1979)—in this context, and i C. Jycuon exists, it
s interesting to wonder how hostilifics flow between
them and C. lupus, and from bhoth wolf species to
coyotes. In Europe, there is evidence of grey wolves
killing red foxes (Macdonald etal. 1980) and red foxes.
killing Arctic foxcs (Frafjord e al. 1989), although, so
far, therc are no such data on red foxes attacking the
introduccd raccoon dogs (Nyetereutes procyonoides—
Kauhala et al. 1998b). In Africa, we have seen black-
backed jackals tormenting cape foxes (Vaipes chana)
in the Kalahari, and wild dogs kill bat-cared foxes
(Otocyon megaiotis—Rasmussen 1996a). Oddly, and
against the generality that larger canids are hostile to
smaller ones, black-hacked jackals dominate the larger
side-striped jackal (Loveridge and Macdonald 2002).

Indeed, while in some canid communities there is
evidence of character displacement (Dayan et al.
1989, 1992), in patts of Kenya where black-backed,
golden, and side-striped jackals coexist they become
mone rather than less similarin size (Fullor et al. 1989;
van Valkenburg and Wayne 1994), a result supported
by findings in Zimbabwe (Chapter 16).

“The demographic results of such hostilities (in addi-
tion to habitat preferences, and doubtless themselves
influenced by landscape) prohably explain why popu-
lation densities of grey wolves and coyotes appear to
be inversely celated (erg and Chesness 1978; Carbyn
1982) as are those of coyotes and red foxes (Linhart
and Robinson 1972; Sargeant et al. 1987). Con-
sequently, although wolves sometimes also kill them,
red foxes are more numerous where wolves arc found,
benefting from a corresponding decrease in coyotes
In contrast, the ranges of red and gray foxcs (Uracyon
cinerecargenteus) ate reported to overlap commoniy
(e.g. Follman 1973; Sunquist et af. 1989). This leads
10 the obvious question of what determines, within
a guild of canids, where the axes of animosily are
strongest? For example, in parts of Aftica the three
species of jackal cohabit with both African wild dogs
and bat-cared foxes—nhaw does hastility vary between
them? Two ohvious predictions come to mind. First,
the pairs of species most similar in sizc (and thus diet)
might be in strongest competition and hence most
likely to be hostile. Second, any given species might
be most likely to harass only those species that are
sufficiently smaller than itsclf fo minimize the risk of
injury (this idea assumes thal the size difference is not
a strong indicator of diminjshed competition, on the
grounds that most canids have widely overlapping
diets—itself ather a puzzle in terms of the minor
differences in dental morphology reported by Dayan
et al, 1992). There is some evidence in favour of both
predictions. Grey wolves seem particularly hostile
to coyotes, as do coyotes to red foxes—each perhaps
harassing the next species down the ladder from itself.
Similarly, C. Stuart and T. Stuart (personal com-
munication) record two instances of black-backed
jackal killing cape foxes. In contrast, there are no
accounts of Alrican wild dogs killing cape foxes; there
are no records of wolves killing switt or kit foxes. On
the other hand, coyotes do wreak havoc on swift and
kit foxes, which are very much smaller than them-
selves. It is tempting to think that the mechanism
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indeed it was parl of a complete ethogram) was
Tembrock’s (1962) sonographic analysis of red fox
voices. Interestingly, red foxes neither make growling
vocalizations nior curl their lips in a fang-bearing
snarl (a truth not always obscrved in lurid taxidermy.
specimens) but in the circumstances that might pro-
voke a wolf to snarl they make variously staccato
‘gekkering’ noises with mouths agape (Macdonald
1987, 1992b). The growl and snarl, along with regur-
gitation, then, appear to fall on the lupine side of the
subfamily divide. Nonetheless, both the wow-wow
call and the shriek of the red fox are clearly recogniz-
able as canid voices, and as they sound individually
distinct to a human listener it seems likely that they
are recognizable to vulpine ones. Indeed, this is
demonstrably so between groups of Mednyi Istand’s
Arctic foxes, amongst wham there was also evidence
that the barks of family members were acoustically
more similar to each other than to those of other
foxes (Frommolt cf al. 1997). Both male and female
Arctic foxes bark, and do so particularly while they
‘make territorial boundary patrols, aud in tesponsc to
barking by their neighbours (e.g. Naumov et al. 1981
cited in Frommolt etal. 2003).

A cocked leg is as emblematic a signal of canidness
as there is—and is a visual as well as olfactory signal
(Bekoff 1978a), and one Lhat crosses the woll-fox
divide. So tao do the presence of anal sacs, interdi
1al glands, and supracaudal (violet) glands. However,
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Figure 1.2 Pack of dholes Cuon
alpinus © K. Senani.

it is not clear how widely the use of lip and check
glands by red foxes spreads throughout the family
(Macdonald 1985). Studies of grey wolves (Mech and
Teters 1977), Bthiopian walves (Sillera-Zubiti and
Macdonald 1998), coyotes (Canis latrans—Bekotf
and Wells 1982), and red foxes (Macdonald 1979h),
reveal that all douse their temitories with token uri-
nations at very high rates, and deposit their faeces at
strategic (and often visually conspicuous) sites such
as trail junctions, and sometimes with particular
concentrations at borders (Macdonald 1980b).

Dispersal, disease, and body size

Asecond characteristic of canids s their propensity to
long distance dispersal, and this has both theoretical
and practical implications. Practically, the impor-
tance of dispersal in canid societies became ciear
when peoplc began thinking about the epidemiolo-
gy and control of wildlife rabies in terms of the ecol-
ogy of 1ed fuxes—a line of thought first advocated by
Macdonald (1977b) in Colin Kaplan's small but note-
worthy book that itsclf caught the mood that was
precursor to a new generation of joined-up thinking
about rabics and other wildlife dis
hecame clear that fox dispersal distences were both
tong (e.g. Englund 1970; Storm et al. 1976; Lloyd
1980) and on average positively correlated with

cases. It soon
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home mange size and thus population density
(Macdonalil 1980¢; Macdonald and Bacon 1982)

an observation Lhat revealed the paradox that, all
else being cqual, rabies might be expected to occur at
highest incidence in dense fox populations, but to
spread fastest spatially in sparse populations, This in
turn led fo two questions that remain impartant a
generation later, first, docs the hehaviour of healthy
1 the hehay-

individuals provide a basis for modell
four of discased ones—in the case of rabics the pre-
liminary answer of yes came from a few highly
influential foxes that developed rabics while being
radio-tracked (David ¢t ul. 1982; Voigt et al. 1985).
Sccond, in whal ways might attempted control
methods inferact with the vector's behavioural
ecology o cause nonlinear, and perhiaps counterpro-
ductive outcomes—the suspicion that this was a
prablem for lethal control applies now not only to
1ables (Macdonald 1995), but to wildlife management
in general under the name of the perturbation
hypothesis (Tuytiens and Macdonald 2000). Quarter
of a century later, interes in canid discases as a con-
servation issue has blossomed unrecognizably and is
thus the subject of Chapter 6, although dispersal,
despite some illuminating studics (Harris and
‘Irewhella 1988) remains largely a black hole in con-
servation knowledge (Macdonald and Johnson 2001).

Canid dispersal is important to scveral aspects of
evolutionary biology, including ideas on population
genetics and fitness; an additional rcalm in which
the theoretical importance of dispersal came into
focus was as a primary factor swhose costs were offset
against possible benefits of group-living (Vehrencamp
1983; Macdonald and Carr 1995). Dispersal is gener-
ally assumed to be dangerous (perhaps 5-6 times
more so than philopatry according to Waser ef al.
1994). Where the costs of dispersal were high
(and Ethiopian wolves appear to provide onc such
example, Silicro-Zubiri et af. 1996a), individuals may
be more disposed to seek the benefits of joining
(larger) groups, and all the more so if thesc costs are
minimal (Macdonald 1983; Johnson et al. 2002)
Ballard et al. (1987) illustrate the oppositc case for
Alaskan grey wolves in a hunted population (where-
as Pletscher et al. (1997)) remind us yet again of the
breadth of intraspecific variation by illustrating a
case where grey wolves, too, face high dispersal
costs). More than onc set of costs and benefits may

lead to group tormation—for example, coyotes may
form groups either where prey are large (Bowen
1981, 1982; Bekoif and Wells 1982, 1986) or where
prey are small and abundant, but in both cascs
Barrette and Messier (1980) arguc that a major factor
in the formation of coyote groups is the high cost of
dispersal imposed by habital saturation. This topis is
developed in Chapter 17, but beyond what is dis-
cussed in that chapter, there remain huge gaps in
understanding of canid dispersal and its interaction
with their mating and social systems, This is largely
because a proper study of dispersal requires con-
ditions that remain signally difficult to achieve:
individuals and their circumstances (ecological and
sociological) must be studied during all of three
phases: pre-dispersal, dispersal, and settlement—
despite some valiant efforts, this has never been
achieved for any canid.

Distinctions in the sex ratio of dispersers reverber-
ate through the major socioecological trends in the
canidae. Although behavioural (but not necessarily
fenetic) monogamy is fundamental to canid soc
cties (Kleiman 1977; Kieiman and Malcolm 1981),
as case studies accumulated, Macdonald and
Moehlman (1982) noted that canid social systems
appeared to be size related (see also Creel and
Macdonald 1995). In effect, canids can be cate-
gorized according to three size classcs. Thuse size/
sucioecology links are explored fully in Chapter 4,
(Macdonald et al. Chapter 16, this volume), but they.
also demand mention here ta st the scene. Small
canids (<6 kg) are either largely monogamous
(e.8, Blanford’s, swift (V. velox) and kit foxes—Geffen
and Macdonald 1992; Cypher ef al. 2000; List and
Macdonald 2003) or farm smiall, Inose knit groups
with a female-biased sex rafio, from which young
males tend to emigrate, and females stay in their
natal range as helpers until a breeding opportunity
arises (e.g. red and Arclic foxes, Macdonald 1979a;
Hersteinsson and Macdonald 1982). Medium-sized
cmids (probably excluding the bush dog) (6-13 kg)
have an cqual adull sex ratio and emigration Tate,
and both sexes may be helpers and thus both sexes
also disperse (golden, black-backed Canis mesomelas
and side-striped jackals, coyotes, and crab-cating
foxes, Bekoff and Wells 1982; Mochlman 1983;
Macdonald and Courtenay 1996; Loveridge and
Macdonald 2001). Larger canids (excluding the
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CHAPTER 1

Dramatis personae
Wild Canids—an introduction and dramatis personae

David W. Macdonald and Claudio Sifiero-Zubiri

To understand fully the modem view of the
Canidae, and thereby to appreciate its excitement,
one must know several things. Perhaps most reves
ing are the studics, often involving much of a life-
time's work, wherc biologists have burrowed decp.
jnto the intricate detail of the behaviour of a partic-
ular specics or set of species in the wild. Fourteer of
these Case Studies are presented in this book—
encompassing between them sufficient specics and

Male red walf and pup © G. Koch

themes ta illustrate the revelations—from popula-
tion processes to individual behaviour—that have
repaid the ingenious application of a gencration of
innovative techniques, from radio-tracking to mole-
cular analysis of paternity. These Case Studics also
make conspicuous by their absence the species that
have so far laigely evaded in-depth investigation.
However, to adapt the aphorism, understanding the
trees is a prerequisite to seeing the wood, and so it is
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David with hand-reared red fox cubs. Claudio with anaesthetised Ethiopian wolf © J. Macdonald, D. Gottell

emerged as substantial figures on the canid scene—
indeed of fifty authors in this book, 15 of them
trained in the WildCRU (and 11 secured doclorates
there). In one sensc, then, the raots of this book are
buricd in the origins and efforts of the WildCRU,
and we offer an enormous vote of thanks o all the
members of our unit, past and present, who have
contributed to understanding canid biology. Our own
infatuations with canids have even deeper roots—
for one of s boyhood observations of Pampas foxcs
from horsehack in the Argentine pampas, for the
other, an carly attempt to write a book on foxcs
when 11 years old was a first step in the exacling
task of finding a way to make a living out of this par-
ticular inexplicable fascination (Macdonald 1987,
P. 13). Looking through our photo libraries for pic-
tures to illustrate this volume we unearthed youth-
ful pictures below of ourselves with our first loves,
and remembered just how much we owed to them

Clearly, a book of this size and scope Tepresents a
cooperative effort. The conspicuous members of the
pack are the authors—and we thark them for the
hard work and good humour, Behind the scenes,
however, are the many members of the Canid
Specialist Group (www.canids.org), and such tireless
volunteers as Michelle Nelson and Emma Harvey
who researched the phatos, Jim Scarff who mans the
website and Mike Hoffmann who worked tirelessly
on the distribution maps and much else besides. We
thank them all, as we do also Ruairidh Campbell
and Kerry Kilshaw whao tracked down endless proof
queries, and our colleagues at Oxford University
Press, lan Sherman and Anita Petrie,

A general lesson from these pages is how the bur-
geoning knowledge of wild canids over the last
twenty five years has advanced in pulses—each
spurt forward the result of a new innovation that
allowed data to catch up, at least a little, with
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theory: night-vision scopes followed radio-collars,
and were followed by molecutar genetics. Now
GPSs are upon us, miniaturisation advances apace
and the price of molecular scatology tumbles—we
are thus assured that new pulses of understanding
will follow soon (at least, they will if minds full of

Preface ix

technology retain a grip on natural history and ficld-
crafl). We hope that this hook will provide a founda-
tion for the next wave of canid discoveries and, in
the meantime, kindle the fires of understanding and
delight on which the fulures of these glorious
creatures will depend.

David W. Macdonald & Claudio Sillero-Zubiri
Wildlife Conservation Research Unit

and Lady Margaret Hall

Oford





OEBPS/page-0014.jpg
i Contents

14 Bat-eared foxes 227
‘Barbara Maas and David W. Macdonald

15 Patagonian foxes 243
Andrés J. Novaro, Martin C. Funes, and Jaime E. Jiménez

16 Jackals 255
David W. Macdonafd, Andrew J. Loveridge, and Rabert P. D, Atkinson

17 Coyotes 2711
Eric M. Gese

18 Grey wolves—Isle Royale 285

John A. Vucetich and Rolf 0. Peterson

19 Grey wolves—Yellowstone 207
Michael K. Phillips, Edward E. Bangs, L. David Mech, Brain T. Kelly. and Buddy B. Fazio

20 Ethiopian wolves 311
Claudio Sillero-Zubiri, Jorgelina Marino, Dada Gottelli, and David W. Macdonald

21 Dholes 323
Arun B.Venkataraman and A. J.T. Johnsingh

22 African wild dogs 337
Scott Creel, Michael G. L. Mills, and J. Weldon McNutt

Partlll A Conservation perspective

23 Conservation 353
David W. Macdonald and Claudio Sillero-Zubiri

References 3713
index 431





OEBPS/page-0015.jpg
Contributors

Anders Angerbjorn, Department of Zoology,
Stockholm University, Stockholm, $-106 91,
Sweden

Mare Artois, ENVL, Unité Pathologie infectieuse,
BP 83, 69280 Marcy I'Ltoile, France

Cheryl S. Asa, Saint Louis Zoo, #1 Government
Drive, St. Louis, MO 63110-1395, USA

Robert P D.Atkinson, RSPCA, Wilberforce Way,
Southwater, Horsham, West Sussex RI113 9RS,
United Kingdom

Philip J. Baker, School of Biological Sciences,
University of Bristol, Woodland Road, ristol
BS 1UG, United Kingdom

Edward E. Bangs, US Fish and Wildlife Service,
100 North Park, Suite 320, Helena, Montana,
59601 USA

Lulgi Boitani, Instituto di Zoologia ‘Federico
Rafaelle’, Universita di Roma, Viale dell
Universita 32, Rome, 00185, ltaly

Sarah Cleaveland, Centre for Iropical
Veterinary Medicine, Royal School of
Veterinary Studies, University of Edinburgh,
Easter Bush, Roslin, Midlothian, EH25 9RG,
United Kingdom

Orin Courtenay, Fcology and Epidemiology
Group, Department of Biological Sciences,
University of Warwick, Coventry CV4 7AL,
United Kingdom

Scott Creel, Department of Ecology, Montana
State Univesity, Bozeman, MT 59717, USA

Brian L. Cypher, NPRC Endangered Species Program,
Bakersfield, CA 93389, USA

Buddy B. Fazio, US Fish and Wildlife Service,

PO Box 1969, Manteo, North Carolina
27954, USA

Martin C. Funes, Centro de Ecologia Aplicada del
Neuquén, Argentina

£l Geffen, The Institute for Nature Conservation
Research, Tel-Aviv Universily, Tel Aviv 69978,
Israci

Eric M. Gese, National Wildlifc Research Center,
Department of Forest, Range, and Wildlifc
Sciences, Utah State University, Logan,

UT 84322, USA

Dada Gottelli, Inslitule of Zoology, Zoological
Society of London, Regents Park, London, NW 1
4RY, United Kingdom

Stephen Harris, School of Biological Scicnces,
University of Bristol, Woudland Road, Bristol BS8
1UG, UK

Pall Hersteinsson, Institute of Biology, University of
leeland, Grensasvegur 12, Reykjavik, 15-108,
Ieeland

Jaime E. Jiménez, Laboralorio de Ecologia,
Univenidad de los Lagos, Osorno, Chile

A1.T.Johnsingh, Wildlife Institute of India,
Chandrabani PO, Chandiabani, Dehra Dun-
358001, India

Kaarina Kauhala, Finnish Game & Fisherics Rescarch
Institule, Game Division, PO. Box &,
Pukinmaenakio, Helsinki, Fin-00721, Finland

BrianT. Kelly, US Fish and Wildlitc Service, PO Box
1306, Albuquerque, New Mexico 87103, USA

M. Karen Laurenson, Centre for Tropical
Vetetinary Medicinc, University of Edinburgh,
Easter Bush, Roslin, Midlothian, EH25 9KG,
United Kingdom

Rurik List, Instituto de Ecologia, Universidad
Nacional Autonoma de México, 04510 DF
México

Andrew J. Loveridge, WildCRU, Oxford University,
7Zoology Department, South Parks R, Oxford
OX1 3PS, United Kingdom

Barhara Maas, Care for the Wild International,
Tickfold Farm, Kingsfold, RI112 3SE, United
Kingdom

DavidW. Macdonald, WildCRU, Oxford University,
Zoology Department, South Parks Rd., Oxford
OX1 3PS, United Kingdom

Jorgelina Marino, WildCRU, Oxford Univ
Fuology Department, South Parks Rel, Oxford
QX1 3PS, United Kingdom

1. Weldon McNutkt, Botswana Wild Dog Project,
Box 13, Maun, Botswaua

L. David Mech, US Geological Survey,

The Raptor Center, 1920 Fitch Street,
University of Minnesota, St Paul, Minncsota
55108, USA

sity,





OEBPS/page-0012.jpg





OEBPS/page-0013.jpg
Contents

List of contributors

Part| Reviews

1

Dramatis personae
David W. Macdonald and Claudio Sillero-Zubiri

Ancestry
Xiaoming Wang, Richard H. Tedford, Blaire Van Valkenburgh, and Robert K. Wayne

Population genetics

Robert K. Wayne, Efi Geffen, and Carles Vita

Society

David W. Macdonaid, Scott Creel, and Michael G. L. Mills

Management
Claudio Stiiero-Zubirl, Jonathan Reynolds, and Andrés J. Novaro

Infectious disease
Rosie Woodroffe, Sarah Cleaveland, Orin Courtenay, M. Karen Laurenson, and Marc Artois

Tools
Luigi Boitani, Cheryl S. Asa, and Axel Moehrenschiager

Part Il Case studies

8

10

11

12

13

Arctic foxes
Anders Angerbjorn, Pall Hersteinsson, and Magnus Tannerfeldt

Island foxes.
Gary W. Roemer

Swift and kit foxes
Axel Moehrenschiager, Brian L. Cypher, Katherine Ralls, Rurik List, and Marsha A. Sovada

Blanford’s foxes
Eli Geffen

Red foxes
Philip J. Baker and Stephen Harris

Raccoon dogs
Kaarina Kauhala and Midorf Saeki

il

39

@
a

107

123

143

163

173

185

18

217





OEBPS/page-0186.jpg
170 Biology and conservation of wild canids
adults tend to stay in their summer ranges (Lig. 8.7).
Tertitorial boundarics remain basically the same
from year to year, although the location of the breed-
ing den may change.

Discussion

By comparing Arctic foxes in the unpredictable habi-
1at of northem Sweden and those in Iceland, where
food availability is stable and predictable from
year to year, we have pinpointed some important
differences in selective forces on their reproductive
and social strategies.

First, litter size at gestation and birth varies signifi-
cantly between the two environments. The Swedish
study area was characterized by the unpredictable
availability of lemmings and other rodents, which
were the mainstay of the foxes’ diet. Fluctuations in
the rodent population were translated into a numeri-
cal response by the Arctic fox, with a delay of about
1 year (Angerbjim et al. 1999). Consequently, by the
time rodent numbers are recovering from & popula-
tion trough, the Arctic fox population is still small and
intraspecific competition for resources is low. Thus, a
superabundance of food becomes available and the
foxes channel surplus energy into reproduction.

Reproductive output appears to be limited only by
the vixen’s physiological constraints with regard to
maximum litter size during late pregnancy and lacta-
tion. In Iceland, on the other hand, the Arctic fox
population is adapted to a high population density
that varies little from year to year, with severe com-
petition for territories. Furthermore, while food
availability is stable, itis generally lower than in peak
rodent years in Sweden. Consequently litter sizes at
gestation and birth are much smaller than in Sweden
(Fig. 8.2). Even in Svalbard, with stable food avail-
ability, where individuals had a body fat content up
10 40% in winter, maximum litter sizes were still low
(Prestrud 1992a; Prestrud and Nilssen 1995). Litter
size is then adjusted to the degree of predictability in
resource variation. Within cach reaction norm litter
sizes are adjusted throngh a number of plastic traits,
influenced by nutritional constraints and including
reduced ovulation rates, prenatal losses, and litter
size reduction during the lactation period. Because of
these mechanisms of pre-natal litter size regulation,
large litters are only produced when resources are
abundant, and reproductive costs can be kept small.
If reproductive costs are small, maxirmum litter sizes
should be larger in strongly fluctuating and unpre-
dictable environments than in stable environments

Figure 8.7 An adult Arctc fox
Alopex Jagopus at a den. Arctic
Foxes In Sweden aften stay at their
dens during the winter

© L tijemark,
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Second, cub survival varies considerably in
Sweden, depending on the abundance of rodents
(lannerfeldt et al. 1994). In years of low food avail-
ability very few cubs survive while survival is high in
rodent peak years. In contrast, cub survival is high
and inter-annually stable in Iceland, that is, about
70% from early pregnancy to the age of about 10
wecks (excluding mortality due to hunters).

Thitd, there is a difference in maximum life span
between the two populations that could be related to
breeding strategy, where a jackpot strategy has a cost
in Jife span (Promislow and Harvey 1990).

Fourth, dispersal patterns vary between habitats.
In Sweden, where fluctuations in rodent abundance
are synchronized over large areas, young foxes seem
either to stay close to their natal area or disperse over
tong distances. Dispersal over intermediate distances
appears to be the least preferred strategy, perhaps
because it is likely to lead to places where food avail-
ability difers little from those in the natal arca, and
thus the benefits of dispersal are unlikely to out-
weigh the risks. The heavy risk-taking associated
with long-distance dispersal might make this option
adyantageous for only the highest quality individu-
als; indeed, immigeants to our Swedish study area
had higher fifetime reproductive success than did
non-dispersers (lannerfeldt and Angerbjom 1996).
In contrast, Icelandic Arctic foxes showed a normal
distribution of dispersal distances, most of them
settling at intermediate distances of 10-30 km from
the natal area. In conditions where there is a stable
and predictahlc food supply with little prospect of
significantly improved conditions with increased
distanice from the natal area, we deduce there would
be selection against risky long-distance dispersal
through areas denscly populated by territorial foxes.

ifth, social organization differed between the two
populations. Whilea breeding pair was the core social
unitinboth areas, non-breeding yearling vixens were
commonly found on their parents' territories in early
summer in areas where foxes are protected in [celand.
We suggest that young vixens in Iceland use their
natal territory as a base for exploration of their sur-
roundings as they search for a vacant territory ot a
‘mate. As food availability of foxes is generally patchy
in Ieeland, particularly in coastal habitats, the mini-
mum terriloty that can sustain a breeding pair and
their cubs of the year, will frequently also support an
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extra adult, in agreement with the Resource
Dispersion Hypothesis (Hersteinsson and Macdonald
1982; Kruuk and Macdonald 1985; Eide 2002).
In contrast, non-breeding yearling females were
rarely found on their natal territories in Sweden but
were frequently found on adjacent territorics. This
is probably due to the presence of non-occupied terri-
tories during an increase phase of the population
cycle. Thus the foxes on neighbouring teitories may
be closely related, facilitating the complex social
structure occasionally observed.

Conclusions

Intraspecific variation in reproductive and social
strategics of Arctic foxes in Sweden and Iceland sug-
gests that adaptations to different resource distribu-
tions in time and space have resulted in divergence
in strategies between the two populations. In
Sweden, where food availability fluctuates widel
time but less in space (except on a large geographical
scale), the foxes have adopted the ‘jackpot’ stratcgy
of enormous variation in reproductive output from
year to year with much inter-annual vaciation in cub
and juvenilesurvival, depending on food availability.
They have also adopted two dispersal strategies. One
involves only minimal dispersal and correspond-
ingly limited risks, with the possiility of forming
a larger social unit with close relatives during the
biceding scason—probably for predator defence.
The other involves very long-distance dispersal, with
attendant high risks and no possibility of forming a
large social group during the first year of breeding
but with the possibility of discovering an area with
superabundant food.

In [eeland, on the other hand, where food avail-
ability is predictable in fime and space, reproductive
output is stable with small lilter sizes, high cub sur-
vival, intermediate dispersal distances, and female
yeartings frequently using their natal territories as a
basc while searching for a vacant territory or mate in
the neighbourhood. While helping hehaviour
accurs (Hersteinsson 1984), food contributed by
yearlings 1o their younger siblings s gencrally of
minor importance (Strand et al. 2000).

We suggest that these different strategies—and
particularly variation in litter size—have a genetic
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basis. Furthermore, we hypothesize that individuals
in the two populations should have different cam-
petitive abilities. It seems likely that the leelandic
population has experienced strong selection for
competitive ability whercas the Swedish popula-
tion has not, in that it gencrally only breeds swhen
food is abundant and population density is low.
Our conclusions accord with an carly suggestion
by Braestrup (1941) that Arctic foxes in inland
(lemming) and coastal (non-lemming) habitats had
different life history strategies. The differences we
report between the lcelandic and Swedish cir-
cumstances resonate with the notions of r and K
selection (MacArthur and Wilson 1967), a concept
which, despite its shortcomings in_ interspecific
comparisons, is applicable Lo our intraspecific con-
trast (Charlesworlh 1980). 1L remains 1o be seen
whether the consequences of this contrast between
predictable and unpredictable resources extend
to the different regulatory mechanisms, bul we

hypothesize that regulation of the Teclandic popula-
tion is density dependent, and that of the Swedish
population is density independent.
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CHAPTER 9

Island foxes

The evoluf
of island foxes

Gary W. Roemer

n, behavioural ecology, and conservation

A yearling, male Santa Cruz sland fox just Grocyon fittoralis santacruzae prior

o dispersal © G. Roeer

The island fox is (Urocyon littoralis) endemic to the
California Channel Islands, a continental archipel-
ago localed off the coast of the southwestern United
States. A descendent of the mainland gray fox
(U. cinereo argenteus), it is hypothesized that island
foxes first colonized the three northern Channel
Islands (Santa Cruz, Santa Rosa, and San Migucl) by
chance over-watcr dispersal. Native Americans then
transported foxes from these islands to three sauth-
ern Channel Islands (Santa Catalina, San Clemente,
and San Nicolas). Each isiand fox population is

currently recognized as a distinct subspecies, and
both the hypothesized colonization scheme and the
current taxonomic classification are supported by
morphological and genetic evidence.

An insular existence has had a profound influence
on the evolution, ecology, and genetic structure of
istand foxes. A dwarf form of the gray fox, island
foxes are the smallest canid in North America.
Compared to mainland canids of similar size, island
foxes have shorter dispersal distances (mean —
1.39 km, SD = 1.26, range = 0.16-3.58 km, n = 8),
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size at weaning in a habitat with
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Figure 8.3 A conceptual model on the reaction norm for
fitter size in stable versus unpredictable environment against
food resoutce availahilty (Tannerfeldt and Angerbjorn 1998).

dens during a yeat with medium food availability
increased cub survival rates. Juvenile survival from
weaning and over the next 6 weeks that year was 42%
for non-fed and 92% for supplementary fed animals.
During years with low food availability and no artifi-
cial feeding, no cubs survived at all (Angerhjiien and
‘Tannerfeldt unpublished data). Only 8% of all juve-
niles (both fed and non-fed) survived from weaning
wntil the first breeding season. Without artificial feed-
ing, survival during the first year varicd from 0% at
low food availability to 120 at medium foad avail-
ability (Tannerfeldt et al. 1994). ‘The study was per-
formed during a 20-year period without lemming
peaks (Angerbjorn et al. 2001). Juvenile survival may
be much higher during a Jemming peak year.

12 13 14 15 16 17 (lceland: Mean 4.2, SD.*15,

N=309).

In Ieeland, on the other hand, Hersteinsson (1984
and unpublished data) found by analysing size of lit-
ters captured at breeding dens by foxhunters, and pla-
cental scars counts in their mothers, that survival from
birth to 6 weeks of life was 85%, and 70% from early
pregnancy 1o about 10 weeks of age (Fig. 8.4). This
indicates thal juvenile survival in Iceland is routinely
similar to that during peak leraming years in Sweden,
Excluding humans, the only predator on Arctic foxes
in Iceland is the white-tailed sea-cagle (Huliacetus
atbicille), and mortality due to humans was excluded
from the analysis. The hunting by people of Arctic
foxes at breeding dens in Iceland peaks when cubs arc
5-7 weeks old, and mostly occurs after they have
reached 4 weeks of age (Hersteinsson 1988; sce also
sample sizes in Fig. 8.4).

Some authors have found high rates of predation
on Arctic fox cubs. Garrott and Eberhardt (1982), for
example, found dead cubs at 19% of the occupicd
breeding dens in their study area in northern Alaska,
and attributed 65% of the registered deaths to preda-
tors. Macpherson (1969) suggested siblicide as a
major cause of juvenile mortality, but we agree with
Arvidson and Angerbjorn (1987) and Sklepkovych
(1989) that there is no direct evidence of infanticide
orsiblicide even if young foxes feed on dead siblings.

Adult survival

In Jeeland, hunters were the main cause of death,
both in winter and at breeding dens in summer





OEBPS/page-0183.jpg
Vean fite¢ size and 5.6

1174 66 180
o+

Arctic foxes 167

408 475 272 158

Placental
scars

Fetuses

18/5-10/6 11/6-20/6 21/6-30/6 1/7-10/7 11/7-31/7

Stage of pregnancy and date

Figure 8.4 Arctic foxes are hunted in all seasons in lceland, also at dens in summer, Dissections of virens and data obtained
from forhunters can thus be used 1o track changes in mean litter size with time from early pregnancy (placental scars) through
late pregnancy (fetuses) and at different periors from hirth 1o tate July (size of fiters captured by foshunters when hunting Arctic
“oxes at breeding ders in surimer). The observed fallin mean liter size suggests that mortaliy from early pregnancy to weaning
in eariy July 1s only about 30% (Hersteinsson 1984, 1988, unpublished). Mean date of birth is believed to be around 15 May.
Numbers shiow sample sizes (no. of ltters) and vertical lines show standard devialion.
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Figure 8.5 Pooled age-specific survival for lcelandic Arctic
foxes bom in 1985-90 (based on 1699 foxes bor in these
years and killed after the age of & months; Hersteinsson,
unpublished data) and Swedish Arctic foxes born 1986 2001
{followe from birth to death, or rom the time they immigrated
to the study area assumed to have been 1.5 years old, n =
34, Tannerfeldt and Angerbim 1996, unpublishied data)

(Hersteinsson 1992). An age-specific life table for
foxes bom in 1985-90 and killed after the age of
4 months, suggests that survival is sharply reduced at
around 8 years of age with a maximum life expectancy
of 11-12 years (Fig. 8.5).

In Sweden, some animals were followed from birth
todcath, others from the time they first settled in the

area (assumed to have been at 1.5 yrs old, Tannerfeldt
and Angerbjoro 1996). There, all adult mortality
oceurred during winter, from October to May, but
the causes of death could not be established. There
is a striking difference betseen Sweden and leeland
in maximum life expectancy with no fox exceeding
7 years of age in Sweden. There was no significant
difference in longevily between the sexes in cither
population.

Natal dispersal

Natal dispersal appears to be a discrete event taking
place mostly during the first or second year of a fox's
ife. Most Arctic foxes settle close to their natal areas.
In Iceland dispersal distances were almost normally
distributed with more than half of the foxes dispers-
ing 10-30 km (Fig. 8.6). In Sweden, on the other
‘hand, 50% of the foxes settled within 10 km of their
natal den, mosily in an adjacent territory. | lawever,
3 of 16 foxes tagged in Sweden as cubs dispersed
80-220 km from their natal den to successful repro-
duction. Thus in Sweden two strategies could be
detected—going far or staying close. So, although
the mean dispersal distance did not vary hetween
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Sweden and Iceland, the variance in dispersal
swas much larger in Sweden (Levene Fo, i = 12.3,
p < 0.01). The prevalences of the alternative dis-
persal strategies in Sweden were associated with
the population phase of small rodents. We com-
pared immigrating settlers (dispersing from at least
50 km away) with those born in the area (dispersing
<10 km), that is, local settlers (Tannerfeldt and
Angerbjormn 1996). Of 22 Arctic foxes, more immi-
grants (8) than locals (1) settled in the study area in
pre-saturation years (increasing rodent populations).
In saturation years (peak or decreasing rodent popula-
tions), the opposite was true (three immigrants
compared with five locals: Fisher's exact test, 2-tailed
P < 0.05). Further, immigeant females had a higher
lifetime reproductive success (LRS) than did local
females, whercas there appeared to be no difference
in LRS between immigrant and local males (assum-
ing monogamy—Tanmerfeldt and Angerbjorn 1996).

“There was no difference between sexes in dispersal
distances (Sweden: = 1.50, d.L =13, p=0.16;
Ieland: ¢ = 121, d.f. = 24, p = 0.24). The dispersal
strategy observed in arcas where radents arc the main-
sty of the diet is probably related to the large fluctua
tions in food resources that occur there. A disperser
during decreasing rodent abundance in its natal arca
would be successful if it scttled in an arca where prey
density was increasig or high, thus vastly improving
the odds of it reproduced successfully. Further, a high
quality individual bas, by definition, a higher proba-
bility than average to survive long-distance dispersal

100 120 140 160 180 200 220

Figure 8.6 Dispersal distances of juvenile foxes
i doeland and Sweden. Two of the leelandic
foxes were females tageed as yearling non-
breeders and recaptured as breeders the
following year. Al others were ear-tagged as
cubs. Foxes were either abscrved to have settied
down as adults or for some individuals in
Ioeland Killed at =12 months of age. A normal
distribution was fitted to the Icelandic data
{Kolmogorov-Smimov d — 0.07, p > 0.05) but
not tu the Swedish data (@ = 0.34,p < 0.06)
where instead a log-normal distibution was
fitted (d — 0.0(, p > 0.05),

and thus to gain large reproductive success—the
‘jackpot’. Itis likely that dispersal is a state-dependent
life history characteristic of individuals. Thus weaker
individuals might be predicted 10 avoid the risks af
long-range dispersal and stay in the vicinity of their
natal site aithough that entails a low probability of
breeding until the next rodent peak. Strong individu-
als, on the other hand, might be predicted to capital-
ize on their superior fitness to disperse long distances
in search of a resource-rich habitat (Tannerfeldt and
Angerbjorn 1996).

Social organization

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 3 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 focds
during what is, for her, an energetically demanding
period, As meat becomes a larger constituent of the
cubs’ diet the rolcs of the parents converge and the
female takes an active part in hunting and provision-
ing the cubs.

{nSweden, detailed observations duting the breed-
ing season revealed that in 46 of the 55 reproductive
events (84%) foxes reproduced in pairs (Table 8.1;
Angerbjorn and Tannerfeldt, unpublished data)
‘There were only two cases with a confirmed extra
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Table 8.1 Arctic fox group composition during the breeding season in lceland and Sweden. Percentate of groups

against all eproductive events

Pre-weaning %

Post-weaning %

Habitat = = -
ot pop. Pairs  Single  Edra  Cooperative Pais  Singles Era  Split  Gooperative
Country. phase N only female adut breeding N only female adut liter breoding
Ieefand
(stablefood  Coastal 11 36 84 10 100
resources)
Swedon
(fuctuating ~ Crash 4
food Low a2 23 a
resources) Increase 55 4 4 4 5 4 4 8 8
High 2 4 6
Total 55 8 5 A 55 72 4 1 B

adult (onc fomale and one of unknown sex) and
another three instances of females without a helping
male. In nine cases fox families reproduced coopera-
lively in the same den. In five of these cases two
familics merged post-weaning. For example, in one
case a lone female with cubs joined her mother in
a neighbouring den and territory after an attack by
ated fox when one cub was killed. In another case
three femalcs, one male and three litters with a total
f 27 cubs were logether in a single den. The adults
came from neighhouring territories and were related:
‘mother and her two yearling daughters and yearling
son (B. Elmhagen, unpublished data). In four cases a
pair split the litter in two dens and reared the cubs
scparately.

In protected areas in lccland, non-breeding females
are frequently found within a breeding pair's territory
and these appear 1o be mostly yearling offspring of
the pair (Table 8.1; Hersteinsson 1984, 1999, unpub-
lished data; Hersteinsson and Macdonald 1982), This
appears to be less comman where and when intensive
foxhunting takes place, insofar as foxhunters rarely
observe more than the pair at breeding dens.

[n coastal habitats in Iceland the breeding pair
maintains a territory throughout the year. Overlap
between territorics is generally small and borders
hetween neighbouring terrilories are frequently
maintained from year to year (Hersteinsson and
Macdonald 1982; Hersteinsson 1984) allhiough in

some cases their exact location may shift by aver
1 km (Llersteinsson, unpublished data). Scent mark-
ing by wrination is much more frequent in areas
of territory overlap than elsewhere and in addition
the foxes use vocalizations and tail displays to
advertise their presence on or near territory borders,
which they patrol at least daily (Hersteinsson 1984,
Frommolt et al. 2003). Thus they appear to expend
much more time and energy in territorial defence
and maintenance in lceland than in Sweden. As food
availability is stable from year to year, all teuitories
are occupied each year where foxhunting is prohibit-
ed and there appears to he minimal scope for territo-
ty reduction. In the Homstrandir Nature Reserve in
northwest Iceland, mean Lertitory size was estimated
in 1999 at 12.1-13.5 kin” or 4.0-4.5 km of coastline
per territory and the number of occupied teritories
appears to be stable at 43-48 territories (ersteinsson
1999; Hersteinsson et al. 2000), This is comparable to
the 12.5 © 5.3 km” (s.d.) mean size of territorics and
~ 2.9 km (s.d.) length of coasthine per teritory in
an earlier study elsewhere in northwestem Jeeland,
(ersteinsson and Macdonald 1982),

In Swedcn, on the other hand, where the popula-
tion size and number of territories fluctuate widely
from year to year, summer territories of the foxes var-
ied between 17 and 31 ki with a mean of 24.6 kim?
(Angerbjom et al. 1997). For Sweden we have no
information regarding winter home ranges, but
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on a speeics. The Arctic fox (Alopex lagopus) exhibits
considerable intraspecific variation in litter size,
whete rodent and non-rodent cating Arctic fox pop-
ulations, respectively, are reported to bave different
reproductive strategies (Braestrup 1941; Tannerfeldt
and Angerbjirm 1998) (Fig. 8.2). The relationship
between food availability and life history strategy s
crucial 10 many questions on predator population
dynamics. In some cases there are even distinet
intrapopulation differences in Arctic fox teritorial
behaviour, appatently linked to differences in food
predictability and dispersion (Eide 2002).

We have examined life history characteristics of
two Arctic fox populations, a relatively stable one in
lecland and a fluctuating one in Sweden, and we
compare them in relation to abundance and fluctua-
tions of their main food resources.

Resource distribution in time and space

Fluctuating food resources

In the Arctic fox’s Halarctic range, productivity
in inland areas is low bul food resources can be
extremely abundant in small patches and during
short time periods. The dominant pattern in
these resource fluctuations is determincd by lem-
ming (Lemumus and Dicrostonyx spp.) and vole
(Clethuionomys and Microtus spp.) population peaks.
‘Ihese prey are superabundant every 3-5 ycars but are
otherwise scarce (e.g. Hansson and Henttanen 1985;
Stenseth and ms 1993). However, there is consider-
able variation around this mean periodicily (Hanski
et al. 1993), making these rodents an unpredictable
Tesource for Arctic foxes. Population sizes of Awctic
foxes in lemming areas are regulated by lemming
numbers through variation in the recruitment of fox
cubs cach year (e.g. Macpherson 1969; Hersteinsson
et al. 1989; Strand et al. 1999). Lemming population
fluctuations are gencrally synchronized aver large
areas (Angerbjim et al. 2001). Some avian predators,
such as the snowy owl (Nyctea scandiaca), may
respond toscarcity of lemmings by moving hundreds
or even thousands of kilometres. Although Arctic
foxes have been rccorded as dispersing over similarly
great distances (Kberhardt aud Hanson 1978; Gareoll
and Eberhardt 1987), movements of that magnitude
are probably very risky for them. Arctic foxes are

short-lived in the wild and cannot expect to experi-
ence more than one rodent peak event (Hiruki and
Stirling 1989; Tannerfeldt and Angerbjorn 1996). In
Sweden, lemmings go through classic fluctuations
and the Swedish Arctic fox population is a typical
example of Lhe strong relationship hetween Arctic
foxes and lemmings (e.g. Angechiom etal. 1995),

Stable food resources

In other areas, Arctic foxes are sustained by more sta-
ble food resources. This occurs, for example, at bird
cliffs and along icedfree coastlines, where food
is available in all scasons although there may be
substantial seasonal variability in both food abun-
dance and type of prey available (lersteinsson
and Macdonald 1982; Prestrud 1992b). Under these
circumstances, food resource levels are more pre-
dictable from year to year than in rodent areas. Thisis
cxemplified by Iceland where there are no lemmings
or voles and the non-cyclic wood mouse (Apodemus
sylvaticus) is the only rodent available to Arctic foxes.
Teeland can roughly be divided into two main habitat
types, coastal and inland, with prey availability gen-
crally higher in coastal hahitats where the foxes feed
onanything from tidal invertehrates to seal carcasses,
although seabirds make up the most important con-
stituent of the diet (Hersteinsson and Macdonatd
1996). Inter-annual variation in food abundance is
insignificant and irrcgular rather than cyclic, with a
10-year population cycle of the rock ptarmigan
(Lagopus  mutus)  the exception
(Gudmundsson 1960; Nielsen 1999). Fowever, the
ptarmigan is of minor importance as food to Arctic
foxes in coastal habitats and only in northern and
northeastern inland habitals do Arctic foxes show a
numerical response, albeit slight, to plarmigan fluc-
tuations (Hersteinsson 1984,

only known

Life history strategies
Litter size

Tluctuations in essential resources cause a strong
selection pressure on the ability to adjust parciital
investment accordingly. Amongst canids, variance
in female pre-birth investment is adjusted by litter
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size (Geffen et al. 1996). Ilowever, recruitment to the
winter population can be divided in three phascs:
the number of litters produced, litter sizes, and cub
survival rates. These are related 1o food supply for
several canid species, but the mechanisms arc
fargely unknown (e.g. Englund 1970; Bronson 1989),
Lindstrom (1989) supplied large amounts of addition-
al food 1o wild red foxes (Viulpes vidpes) in southern
Sweden, causing an increasc in the number of litters
born. Also, Angerbjom et al, (1991) conducted a field
experiment with winter fecding of Arctic foxes and
observed an increase in number of litters and litter size
atfood manipulated dens. Thus, in the Arctic fox, the
number of litters and litter sizes seem to be regulated
by tood supply during winter and spring, through
female condition (Hall 1989; Angerbjém ct al. 1991)
‘The Arctic fox has the largest known litter size in
the order Camnivora, up to 19 young, and litter size is
highly variable. Comparing data on placental scars
and weaned littes sizes from a large number of popula-
tions (Tannerfeldt and Angerbjorn 1998), the range
of litter sizes was shown to be larger in unpredictable
than in predictable environments. further, animals
from unpredictabic environments had more placen-
tal scats and larger weaned litters than those from
predictable environments. Reviewing published
Arctic fox studies, Tannerfcldt and Angerbjorn (1998)
found thal none of the several hundred observed
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‘non-rodent’ Titters comprised more than 12 cubs.
“This is well illustrated by a comparison between the
fluctuating Arctic fox population in Sweden and the
stable population in Iceland (Fig. 8.2). Some areas in
feeland, such as bird-cliffs, are consistently highly
productive but the maximum number of placental
scars found was only 10 (N = 1048; Hersteinsson
1990 and unpublished data). This is only half of the
maximum scar counts in odent areas (Macpherson
1969). We suggest, therefore, that energetic limita-
tions explain intra-population differences
litter sizes, but that there is a genetic component
hehind the abserved differences hetween papula-
tions related Lo food predictability. According to the
‘jackpot hypothesis’, populations with  unpre-
dictable food resources generally have larger litter
sizes (Fig. 8.3).

n mean

Cub survival

Boutin (1990) reviewed field experiments involving
food additions, and found a positive effect on juve-
nile survival for 9 out of the 12 mammal species,
none of them carnivores. The relationship between
food availability and cub survival was examined in a
field experiment on Arctic foxes in northern Sweden
(Tannerfeldt ef al. 1994). Supplementary feeding at

Figure 8.1 An adul Arctic fox
{Alopex lagopus) of the ‘blue’
colour morph in winter fu.
Orignally Braestrup (1941)
connected non-odent eating foxes
in Greenland to the ‘Blue’ colour
morph, more common along
coasts, and rodent eating fores 1o
e "White’ colour morph, more
common in inland areas

@ M.Tannerfeldt.
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colonization of the islands by golden eagles. Finally,
increased urbanization along the southern California
coast reduccd golden eagle habitat possibly displac-
ing them to new hunting grounds on the islands.
This series of complex interactions may have ultim-
ately allowed golden eagles to colonize the islands
and drive istand foxes toward extinction.

As the declines on the northern istands were in full
swing, another catastrophe occurred when canine
distemper virus was introduced to Santa Catalina
Island between late 1998 and to mid-1999 (Timm
et al. 2000). This epizootic caused an estimated
95% reduction in the fox population on the castern
879 of Catalina Island (Timm ef al. 2000). Luckily a
suspected barrier to fox dispersal, and hence to the
spread of the disease, was in place on the western end
of the island in the form of the town of 1wo Harbors.
The fox population on the remaining 13% of the
islandiwest of 1wo Harbours appeared to be unaffected
with 49 individual foxes being captured in 137 trap
nights (36% capture success) (Iimm et al. 2000).
Domestic dogs are hypothesized to have introduced
the virus but the actual agent is unknown,

The fox population on San Clemente Island was
thaught to be in gradual decline since the early
1990, with an estimated 20% chance of extinction in
the next 100 years (Garcelon 1999; Roemer 1999;
Roerner et al. 2001a). However, recent demographic
modelling suggests that the population may be
declining at a much higher rate (Racmer etal. 2000b).
Deterministic cstimates of intrinsic growth rate
(A = 0.956) imply a 4.4% decline in annual popula-
tion size, or a decline of nearly 50% from 1988
(N = 850 foxes) Lo 2002 (N = 457 foxes).

Ihis decline may have been exacerbated by an
interesting endangered specics conflict that is occur-
ting on San Clemente Island (Roemer and Wayne
2003). Over the past decade, a monumental effort
has been undertaken (o prevent the extinction of the
aitically endangered San Clemente loggerhead
shirike (Lanius ludovicianis mearnsi—Juola ct al. 1997;
USDA 1998). Erconeously classified as a separate sub-
species in the 1930s (Miller 1931) based on a flawed
method of systematic classification (Collister and
Wicklum 1996), the San Clemente loggerhead shrike
also has equivocal genetic distinetion (Mundy et al.
1997a,b). As part of efforts to bring this ‘subspecics’
back from the brink of extinction, predator control

Island foxes 181

measures have been instituted that include lethal
temoval, permanent removal to zoological institu-
tions, and lemporary containment of island foxes, an
identified nest predator (Garcelon 1996; Cooper et al,
2001, ‘fen to thirty per cent of the fox population is
placed in temporary confinement each year and/or
repeatedly trapped on consecutive nights during the
reproductive season (Cooper ef al. 2001). Pregnant
and lactating females are contained resulting in pups
being born in captivity as well as dependent pups in
the wild probably dying because of removal or con-
finement of their mother (Cooper et al. 2001). For
example, in 1999, 49 foxes were held temporarily in
small pens (0,55 m?) daring the fox reproductive
scason. Of the foxes held captive, 20 females wore sus-
pected of having dependent pups still in the wild
(Cooper et al. 2001). Adult female San Clemente
island foxes wean an average of 1.25 (SE = 0.015)
pups per reproductive event (Roemer 1999). Thus, an
estimated 25 pups would be expected to have starved
to death as a result of confinement of their mothers.
‘The impact of these measures on the fox population
has not been critically evaluated. Within the last
decade, four island fox populations have experienced
dramatic population declines and a fifth population
is in significant decline. Only the San Nicolas fox
population, the most genetically invariant popula-
tion of all, is currently at high density (Roemer 2000).

Conservation of the island fox

Channel Islands National Park (CINP) has established
several recovery actions lo prevent the extinction of
the northern Channel Island fox populations
(Coonan 2001). In 1998, CINP established an Island
Tox Conservation Working Group, a team of experts
whose expertisc was used 1o guide recovery actions
on the northern Channel Islands (Coonan 2003).
following the recommendation of the Working
Group, CINP contracted the Santa Cruz Predatory
Bird Research Group to begin livecapture and
removal of golden cagles. Erom November 1999 to
June 2002, a total of 22 golden eagles, 20 adult or
subadult golden cagles and 2 chicks, were live-
captured and removed from Santa Cruz Island
(Caonam 2003; B. Latta personal communication).
In 1999, an island fox captive-breeding facility was
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Figure 9.5 An inquistive Santa Cruz istand fox (Urocyon
Jitoraiis santacruzze). This picture was taken by the author
ata distance of ~3 m © G. Roemer.

established on San Miguel and a second facility was
added on Santa Rosa in 2000, In June 2002, there
were 28 foxes in captivity on San Miguel and 45 on
Santa Rosa. Recently, each of these facilities has been
divided into two separate facililies to safeguard
against disease. Genetic information is being used to
establish mated pairs (Gray et al. 2001) and the
health of the captive populations is being monitored
by veterinary examination and disease and parasite
surveys (L. Munson and M. Willet personal comumu-
nication). Releases arc being planned for Santa Rosa
Island in 2003, and demographic modelling is heing
used to guide future recovery efforts (Rocmer et al.
2000b; Coonan 2003).

Monitoring of the Santa Cruz fox population is
continuing (Tig. 9.5). The most recent estimatc of the
number of foxes on Santa Cruzis below 100, Fighty-
two foxes were captured in an istand-wide trapping
effort, with six additional deaths of foxcs owing to
predation by golden eagles occurring in 2000-01
(Dennis et al. 2001). In cooperation with The Nature
Conservancy, CINP bas established a third caplive

breeding facility on Santa Cruz. Following recom-
mended actions from the Island Fox Conservation
Working Group, 4 total of 12 bald eagles have been
released on Santa Cruz Island with another 12 birds
planned for release over the next 4 years (60 bald
eagles total) (Vallopi ef al. 2000; Coonan 2002, 2003).
A feral pig eradication cffort is heing planned and
should be underway by 2003 (Caonan 2001).

The Institute for Wildlife Studies (1WS), funded by
the Catalina Island Conservancy, has initiated a wild
fox vaccination programme against the canine dis-
temper virus on Santa Catalina, and is continuing
monitoring efforts. It has also established a captive
breeding facility (Fimm et al. 2000). Unfortunately,
during the construction of the captive facility, a deci-
sion was made to bring pregnant foxes into captivity
inlate spring 2001, Females gave birth in the facility
and 12 of 18 pups subsequently died, owing to app-
arent stress-related abandonment by the females
(Timm 2001). Currently there are 11 pairs of foxes in
the facility that are adjusting well and captive reared
foxes have been released in late 2001 (). Floberg
personal communication).

On $an Clemente, the WS, funded by the US Navy
and in compliance with actions cnforced by the US
Fish and Wildlife Service, is continuing containment
efforts of the istand fox to protect the endangered
San Clemente loggerhead shrike (Cooper etal. 2001).
‘The fox population is declining. In 2000, monitoring
of the San Nicolas island fox population was resummed
(Roemer 2000) and is being continucd by the [WS
(G. Smith personal communication).

In response to the declines in fox populations, the
IWS along with the Center for Biological Diversity
petitioned the US Fish and Wildlife Service to list
the three northern island fox populations and the
Santa Catalina island fox population as endangered,
riously, both the San Clemente and San Nicolas
island fox populations, the only populations man-
aged jointly by the US Navy and [WS, were excluded
from this petition. ‘The four populations are now
being considered for listing as endangered undet the
Endangered Species Act in a proposed rule by the US
Fish and Wildlife Service (USDI 2001).

The IUCN—Canid Specialist Group has under-
taken an independent assessment of the status of the
island fox (Roemer et al. in press). Using the JUCN
Red List categorics (IUCN 2001), the subspecies on
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San Miguel and Santa Rosa Islands, U. fittoralis fit
toralis and U.littoralis santarosae, are recommended
listed as Extinct in the Wild. The subspecies on Santa
Cruz and Santa Catalina Islands, U. fittoralis san-
tacruzac and U. littoraiis catalinae, are recommended
listed as Critically Endangered and the subspecies on
San Clemente island, U. ittoralis clementae, is tecom-
mended listed as Endangered. The subspecies on San
Nicolas fsland, U. fittorals dickey, is recommended
fisted as Vulnerable (Roemer et al. in press). Further,
it has been recommended that the entire specics, not
just four of the six subspecies, receive protection
under the Endangered Species Act (Roemer 1999).
The ubjective guidelines provided by the IUCN and
used by Roemer et al. (in press) support this view.
isiand foxes are tocated on islands that are man-
aged by public or private resource agencics that are
governed by state and federal laws that mandate the

Island foxes 183

preservation of wildlife. Given that the island fox is
unique in terms of its biofogical, scientific, and cul-
tural qualities, the protection of this critically endan-
gered canid is clearly a high priority
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Figure 9.2 (a) The distabution of male, island fox teritories at
Fraser Point, Santa Cruz Isiand from April o August 1994. The
Jetter and number (¢.g, 1F) represent the number and sex of
pups bom in that season. (1) Empirical disributions (mean

= 15D and 1.96 SD) of the cacfficient of relatedness (r)
for firt order relatives and for mated pairs of island foes.
Soclal relationships among the fuxes were determined fram
observations of spatial distibution or by paternity analysis
using microsatelite loci. Simulated distrioutions of r for
fistorder relatives (1 — 0.5).for distantly refated refatives

(r = 025}, and for unrelated individuals (7 = 0) are shown
for comparison. (Modified from Roemer et l. 2001b).

Island foxes might also be predicted to be monog-
amous given their territorial nature and the general
lrend towards monogamy in the Canidae that
increases with decreasing body size (Geffen et al.
1996; but see Sillero-Zubiri et al. 1996a). However,
LPFs are not uncommaon in island foxes, 4 (25%) of
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16 pups whase parents were identified through pater-
nity analysis were a result of EPFs (Roemer et al
2001b). Three of the four EPFs were by the two largest
male foxes in the study and bite wounds were
abserved on malcs only during the breeding scason
(Roemer 1999). These observations suggest that male-
male competition for mates may be intense. Further,
nearly all paicings occurred between unrelated
male and funale foxes, suggesting that foxes avoid
inbrecding and practice mate choice (Fig. 9.2(b)—
Rocmer ef al. 2001b).

< other canids, island foxes display a relatively
high degree of bi-parental care. Dependent young
accompany parents on forays and have been
observed foraging with their parcnts for insects in
grassland, and for striped-shore crabs (Paclygrapsus
crassipes) in intertidal habitats (G. Roemer personal
observation). Additionally, both parents have been
obscrved transferting arlificially provided food to
dependent pups, and vertchrate prey have been
found outside of traps containing captured pups
(Garcelon et al. 1999). 1t is also not uncommon for
full-grown young to remain within their natal range
into their second year, or for offspring to associate
with their parents after gaining independence
(Roemer 1999). Although helping by independent
young may occur, it has not been observed. The aver-
age number of adult-sized foxes occupying a single
territory on Santa Cruz Island was 3.38 (SD = 1.12,
n = 13) (Roemer et al. 2001).

Finally, because of small size and a finite border, dis-
persal opportunities on smallislands urc more limited
than on the mainland. This reduction in dispersal dis-
tance is predicted to increase the viscosity of gene
flow, creating greater population substructure com-
pared with mainland populations (Roemer et al
2001b). Simiilar to insular rodent populations (Sullivan
1977; Tamarin 1977), island foxes disperse less fre-
quently and over shorter distances than mainland
canids of similar size. On Santa Cruz, five juveniles
(three males and twa females) dispersed to areas with-
in the study site (mcan = 0.99 km, SD = 0.61) and
one male dispersed 3.58 km from the study site. Thus,
onlyone (17%) of six juvenile island foxes successfully
dispersed from its natal area, moving a distance
greater than two average home range diameters (aver-
age home range diameter = 0.84 km) (Roemer et al.
2001b). Tullar and Berchielli (1982, cf. Tritzell 1987)
found that 63Y% of juvenile female and 73% of
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juvenilc malc gray foxes left their natal area. Dispersal
distances of male and female island foxes were
limited compared with those of mainland fox species.
Eight island foxes on Santa Cruz, including six juve-
niles and two young adults that were probably sub-
ordinale offspring, dispersed an average of 1.39 km
(S =1.26) with the longest dispersal distance
recorded beingless than 4 km. In Alabama, Nicholson
e al. (1985) recorded a mean dispersal distance of
15 km (SD = 9.5) for three male gray foxes. The kit
fox, vnly slightly larger than the island fox, has an
average dispersal distance of 11.1 km. (n — 47, range
1.7-31.5) (O'Farell 1984). The longest recorded dis-
persal distance fora gray fox is 84 km (Sheldon 1953)
and for the kit fox is 64 km (O'Neal 1985). The max-
imum beeline distance over which an island fox
could disperse is 38 km, the total length of Santa
Cruz Island. In addition, significant genetic subdivi-
sion was observed on Santa Cruz between two sanm-
pling sites separated by only 13 km, suggesting
restricted gene flow (Nm = 1.6-2.5—Roemer ct al.
2001h). Similar values of Nim are found between pop-
ulations of mainland canids separated by several
hundred kilometres (Mercure et al. 1993; Roy et al.
1994b).

Historic demography and the decline
of the island fox

Prior to Laughrin’s (1977, 1980) work in the early
and mid-1970s, there had been no systematic
attempts to quantify the abundance of island foxes.
Laughrin (1977, 1980) estimated the density of foxes
on all six islands by live trapping along road tran-
sects. Most populations were at moderately high
density (1.2-4.3 foxes/km?), except for San Nicolas
0.1-2.7 foxes/km?) and Santa Catalina (0-0.8
foxes/km?) that were at relatively lower densities
(Laughtin 1980). Santa Catalina had appatently
been ata low density throughout the 1970s whereas
the San Nicolas population had declined between
1971 and 1977. Aithough feral cats were known
competitors and suspected as a potential agent
involved in the declines, the causes of the low num-
bers on Santa Catalina, or of the apparent decline on
San Nicolas were unknown (Laughrin 1980).

In the 1980s, Kovach and Dow {1981, 1985)
employed the first use of trapping grids to estimate
island fox population density and size. Usinga series
of 12 small, trapping grids (30 traps), they trapped
approximately 37% of San Nicolas Island. In 1981,
density estimates varied from zcro to 6.9 foxes/km®
with an estimated population size of 110 foxes
(Kovach and Dow 1981). In 1985, the estimate of
population size increased to 520 foxes (Kovach and
Dow 1985). These data implied that the fox popula-
tion on San Nicolas had recovered from apparently
low numbers in the 19705

A capture-recapture design incorporating large
trapping grids (48-80 traps—see Fig. 9.1) has been
used on San Clemente (1988-97 and 1999-2002),
Santa Catalina (1989 and 1990}, Santa Cruz (1993-99),
San Miguel (1993-99), and San Nicolas Islands
(2000-02) (Roemer etal. 1994, 2001a, 2002; Garcelon
1999; Roemer 1999, 2000; Coonan et al. 2000)
Between the late 1980s and carly 1990s, data from
the capture-recapture studics coupled with anecdo-
tal observations by island residents suggested that
island fox populations on all the Channel Islands
were at relatively high density. Depending on grid
(habitat) and istand, densities varicd from 2.4 10 15.9
foxes/km? (Roemer ct al. 1994; Coonan et al. 2000;
Coonan 2003). Estimates of population size varied
from approximately 350 adult foxes on San Miguel,
the smallest island, to greater than 1300 adult foxes
onSanta Cruz, the largest island (Roemer ef al, 1994,
2001a). It was estimated that there were approxi-
mately 6400 adult foxes distributed among the six
island populations (Roemer et al. 1994)

In the mid- to late-1990s, fox populations on the
three northern islands underwent drastic population
declines (Roemer 1999; Coonan ef al. 2000; Roemer
et al. 2001a). By 1998, mean fox density on San
Miguel and Santa Cruz Islands had dropped to
0.8 (+1.0) foxes/km?, capturc success had decreased
six-fold, from 25.7% (1993) to 4.3% (1998), and pop-
ulation size on bath islands had plummeted. Only
15 adulis were known 1o be alive on San Miguel in
1999 with an estimated 133 foxes remaining on
Santa Cruz. The San Miguel and Santa Cruz fox pop-
ulations were estimated to have a 50% probability of
persistence within the next decade (Roemcr et al.
2001a). Capture success in 1998 on nearby Santa
Rosa ksland was also low (4.8%) suggesting that fox
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populations had declined on all three northern
Channel Islands. These data showed that the three
subspecies on the northern Channel Islands were
aritically endangered and in need of immc
servation action (Mace and Landc 1991;
2003; Roemer et al. 20013, 2002).

Disease was inilially suspected as a contributory
agent, but furtherinvestigation proved that the most
important proximate driver of the fox population
declincs was the presence of an exotic species, the
feral pig (Sus scrofia) (Roemer et al. 20008, 2001a,
2002). Pigs, by acting
mainland golden eagles 10 colonize the northern
Channel Islands and through hyperpredation
caused the decline in the fox papulations. Hyper-
predation is a form of apparent competition whereby
an introduced prey, well adapted (o high predation
pressure, indirectly facilitates the extinction of an
enous prey by enabling a shared predator to
increase in population size (Holt 1977; Courchamp
et al. 1999). Pigs, by producing large numbers of
piglets, sustained the eagle population and because
of their high fecundity could cope with the increased
levels of predation. In addition, as piglets mature,
they eventually cscape predation by growing beyond
the size range that eagles typically prey upon
(Roemer et al. 2002). Foxes, on the other hand, are
small, active during the day, and produce relatively
few young each year. Thus, predation by eagles had

¢ com-
Coonan

an abundant food, enabled
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Figure 9.3 The intioduction of
feral pigs Lo Santa Cruz
represented an abundant food
source that enabled golden eagles
10 colonize the island. Golden
eagles preyed on pigs, foxes and
skunks, but predation pressure
was greatest on the unwary fox.
As foxes were driven to extinction,
skunks were released from fux
competition, and their numbers
increased © G. Roemer.

an asymmetrical effect on the more vulnerable fox,
driving the fox populations toward extinction
(Fig. 9.3).

The presence of pigs had further ramifications
causing a wholesale reorganization of the island food
web. Historically, island foxes were the largest terres-
trial camivores and were competitively dominant to
the istand spotted skunk (Spilogale gracilis amphiaiay
(Crooks and Van Vuren 1996; Roemer et al. 2002).
[hree to four times larger than an average skunk,
afox consumes nearly three times as much insects and
small rodents. Prior to the arrival of eagles, capturc
success of foxes (28.3%, SD = 8.7%) was 35 times
higher than that of skunks (0.8%, SD ~ 1.0%) on
Santa Cruz Island (Rocmer ef al. 2002b). However,
once fox populations declined, skunks were released
from competition with foxes and subsequently
increased. By 1999, skunk capture success had
increased 17-fold 1o 13.9% (SD — 8.5%), and fox
capture success had dropped to an all-time low of
4.3% (SD = 1.99). These community-level dynam-
ics were predicted by a mechanistic model para-
meterized with independent data sets, which also
confitmed that pigs were the indirect driver of this
food web transformation (Fig. 9.4). 1o this case, the
presence of an exotic prey indirectly caused apparent
competition to replace resource competition as
the primary biotic force structuring this carnivore
community (Roemer ef af. 20020).






OEBPS/page-0196.jpg
180  Biology and conservation of wild canids

()

(£ -
f Skunk |
as S+ 4 s
E T (o R e
( Carle
’ ' OF Qi S g€
i = at GF+oS<P
© 30 10) A
1400 1400 -
Vs il
20 1000 7 2011
. - > .
2 t Eaw J F
= 15t 5 / 1
Z S g o3 =
B il 2 2
! ! a0 i
o
200
R { of : g
40 & ET 0 2 © &0 80 100
—Time —» —Time

Figure 9.4 (a) Schematic representation. (b) correspording set of equations, and (c-) demographic relationships among.
island foxos, island spotted skuriks,feral pigs, and golden cagles an Santa Cruz Island. (c) Without pigs, eagles are unable
to colonize the island because of insufficient food, Foxes out-compete skurtks and are the dominant terrestrial predator.

(d) With pigs, eages colonize the island and thiough hyperpredation crive the (oxes toward extirpation. The decline in foxes

refeases skunks from fox competition. (From Roemer ef al. 2002.)

Although pigs were uneyuivocally linked to the
decline in foxes on the northern islands, it was
fucther hypothesized that the ultimate cause of this
Interaction was a result of historic, human-induced
perlurbations to the islands, to the mainland, and to
the surrounding marine environments (Roemer ct al.
2001a). European agricultural practices together with
overgrazing by introduced herbivores reduced vege-
tative cover and probably increased the vulnerability
of foxes to a diurnal, avian predator. Environmental

degeadation of the marine environment then led to
the extirpation of the bald cagle (Haliaeetus leuco-
cephalus) from the Channel [slands by 1960 (Kiff
1980). Bald eagles are primarily piscivorous, forage
aver marine habitats, and are not a significant pre-
dator of the island fox. However, bald cagles are
territorial, aggressive towards conspecifics and other
faptors, and may have competed with golden cagles
for nest sites (Roemer ef al. 2001a). The extirpation of
the bald cagle probably paved the way for
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asmaller average home range size (mean annual home
range = 0.55 km?, SD =02, n— 14) and higher
population densities (2.4-15.9 foxes/km?). Although
they arc distributed as socially monogamous pairs,
island foxcs arc not completely monogamous. Extra-
pair fertilizations (kPEs) accounted for 25% of all
offspring whose parents were defermined through
paternity analysis. This relatively high rate of EPI's
may be related to high population density and the
proximity of suitable pastners other than social
‘mates. Finally, the genetic gradient among fox popu-
lations appears steeper than mainland populations
suggesting that smaller dispersal distances an islands
result in increased population structure.

An insular existence coupled with small popula-
tion size may have also increased the vulnerability of
the island fox to extinction. Over the past decade,
five of the six subspecies have declined and two are
extinet in the wild. Factors contributing to these
declines include predation by golden eagles (Aquila
chrysaetos), the introduction of canine distemper
vitus and predator control efforts aimed at control-
Ting foxes to protect an endangered bird. A multi-
faccted conscrvation strategy that inchudes the
live-capture and removal of golden eagles, the vacci-
mation of faxes against canine distemper virus, the
cradication of feral herbivores and the captive prop-
agation of island foxes is currently underway to averl
the impending extinction of this endemic canid.

Introduction

The bow sliced through the calm waters of the hay
and then quietly slid 10 a stop on the gently sloping
hiach. Limi was glad the journey was half over. The
crossing from Santa Cruz Island to this sheltered bay
at the west end of Santa Catalina sland had been
rough. ‘The swells were half as tall as his tamal was
long, and more than once he had felt they would lose
their cargo. Their safety was critical ta the success
of his trading cffort. He was sute they would fetch
a handsome price, perhaps a few steatite bowls,
soapstone cookwarc coveted by all the tribes of the
Channel Islands, or maybe several sea otter pelts.
Yes, indeed, he was sure these gentle creatures with
their beautiful cinnamon, white and grey caats, their
large hazel eyes, and their inquisitive and playful

nature would bring a handsome price. Limi, of the
umash Indians of Santa Cru Island was about to
introduce an animal that the Gabriclino Indians of
Santa Catalina Island had never seen. The Gabriclino
were about to meet the island fox,

Although fictional, this scene may well depict how.
island foxes colonized the southern most Channel
Islands, a continental archipelago located off the
coast of southem California, USA (g 9.1)
Archacological, cthnographic, morphological, and
genetic evidence support the contention that foxes
were brought to the southern Channel Islands (Santa
Catalina, San Clemente, and San Nicolas) by Native
Americans between 2,200 and 5,200 vae (Collins
1991a)b, 1993; Wayne et al. 1991b; Vellanoweth
1998). Native Americans of the Channel Islands har-
vested foxes o make arrow-quivers, capes, and head-
dresses from their pelts, they ceremonially buried
foxes, conducted an Island Fox Dance and most likely
kept foxes as pets or semi-domesticates (Collins
1991b). Island foxes played a prominent role in the
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Figure 9.1 Island foxes occur on the six largest Califomia
Channel Istands. The three norther islands arc Santa Cruz
(SCZ), Santa Rosa (SRO), and San Miguel (SMI), and the
three southern islands are Santa Catalina (SCA), San
Clemente (SCL), and San Nicolas (SNI). The enlargement of
Santa Cruz Island shows the relative placement and size

of two trapping grds, Fraser Point and Centra) Velley, which
were used to capture island fokes.
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spiritual and personal lives of these istand Americans.
Tossil evidence dates the arrival of foxes to the north-
e Channel Islands (Santa Cruz, Santa Rosa, and San
Miguel) much earlier, from 10,400 to 16,000 ver (Orr
1968). Their actual colonization probably occurred
between 18,000 and 40,000 years ago, when these
northern islands were joined into one large island
known as ‘Santarosac’ (Collins 1982, 1993; Johnson
1983). Atits closest, Santarosae was a mere 6 km from
the North American continent, having reached its
‘maximun: size 18,000-24,000 vsr. It is hypothesized
that sometime during this period, mainfand gray
foxes, the progenitor of the island fox, colonized
Santarosae by chance over-water dispersal, by either
swimming or by rafting on floating debris (Coltins
1982, 1993). As glaciers retreated and sea levels rosc,
Santarosae was subdivided into separate islands. Santa
Cruz Island was formed first, some 11,500 vep, Sca lev-
els continued to tise scparating the remaining land
mass once again, approximately 9,500 vir, to form
Santa Rosa and San Miguel Islands. Native Americans
then colonized the Channel Islands 9,000-10,000
vir, and after establishment of an extensive lrade
route, transported foxes fo the souther islands

The island syndrome

In general, insular populations differ from theit main-
land counterparts in aspects of form, genctics,
demography, and behaviour. They may be dwarfed or
gigantic, they typically have lower levels of genctic
diversity, occur at higher densities, have decreased
dispersal tendencies, and reduced aggression (Stamps
and Buechner 1985; Adler and Levins 1994; Burncss
et al. 2001). Island foxes are no exception. A dwarf
form of the mainland gray fox, island foxes are the
smallest North American canid, varying in body mass
from 1.4 10 2.5 kg, roughly two-thirds the size of a
mainland grey fox (Moore and Collins 1995; Roemer
etal.in press). Further, each insular population differs
in bady mass and morphology (Collins 1982, 1993;
Wayneetal. 1991; Rocmer et . in press). For example,
Santa Catalina has the largestisland foxes (U, littoralis
catalinae), San Clementc’s foxes (U littoralis clementac)
have the smallest craniums and San Miguel foxes
(U. fittoralls littoralis) have the shortest tails, owing to
a reduction in the number of caudal vertebrac
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{Collins 1982; Moore and Collins 1995). Morphology
is so distinctive that cach fox population can be dis-
tinguished from the other solely on osteological
traits. Using 29 cranial and mandibular characlers
measured from 2,207 island and gray fox specimens,
Collins (1982, 1993) correctly classified 91% of all
island fox specimens to their island of origin.
Insularity has also had a profound influence on
genctic diversity and the phylogeography of the
island fox. Founder events, genetic drift, and selection
have played significant roles teducing phenotypic
and genetic variation, and creating six genetically dis-
tinct populations. Island foxes contain about 35% of
the genetic variation observed in mainland grey foxes,
and the fox population on San Nicolas Island is one of
the most genetically invariant wild populations
known (Table 9.1). Genotype profilcs generated from
hypervariable minisatellite and microsatellite DNA
wer identical for all foxes assayed from San Nicolas
(Gilhert et al. 1990; Galdstein ef al. 1999). Of the five

Table 9.1 Genetic diversity at 19 microsatellte loci in
the island fox and a mainland California population of
gray fox

Aleles/ %
Populalion  n  locus  Polymomhic He  HW-He
SanMiguel  17.8 1.7 474 0106 0.155
(0.8) (02) (0.045) (0.048)
SentaRoss 254 25 5719 0.198 0274
0.9) (0.4 (0.056) (0.065)
SenaCc 224 23 519 0200 0284
1) 0.3) (0.047) (0.058)
SenNicolas 264 10 0 0 0
(0.9) (0.0) ©0  ©0)
SonClemente 249 21 526 0228 0248
L1y ©3) (0.061) (0.064)
SantaCatalina 254 25 895 0341 0.405
1.1 ©2) (0.046) (0.043)
Grey fox 119 63 947 0700 0.752
(0.6) (0.5) (0.015) (0.047)

Note: The San Nicolas island fox population i geneticaly invariant at al
foci. . mean sample size per locus (+=SD); Alleles/louus: mean number
of aleles per locus; % Polymorphic: the percentage of foci that had two or
more leles; He: et count of heterozygosity and HW He: heterozygosity
assuning Hardy Weinberg equiliorium in allele frequencies.
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mitochondrial DNA (mtDNA) haplotypes found in
island foxes, none is shared with a nearby mainland
sample of gray foxes and all island fox populations
share a unique restriction enzyme site, a synapomor-
phy that clusters the six populations into a single
monophyletic clade (Wayne et al. 1991). Fach island
fox population contains population-specific restric-
tion-fragment profiles (Gilbert ef al. 1990). Genotypes
generated from 19 microsatellite loci were used o cor-
rectly classify 181 out of 183 island/gray fox samples
to their population of origin (Goldstein et al. 1999).
‘Ihe three northern island populations and the three
southern island populations consistently cluster into
two groups, and the Santa Rosa and San Miguel fox
populations are more closely related than cither is to
Santa Cruz (Gilbert et al, 1990; Wayne et al. 1991;
Goldstein etal. 1999). This phylogeographic structure
supports the view that colonization followed by
vicariant events created the northern island fox popu-
Jations and that human-assisted dispersal aided the
colonization of the southern islands. These morpho-
Togic and genetic differences also clearly justify the
taxonomic classification of the island fox as a scpurate
specics (Wilson and Reeder 1993) and support the
individual subspecific classifications of the six island
fox populations (Hall 1981; Moore and Collins 1995).
Higher densitics are predicted to be characteristic of
island vertebrates (Adler and Levins 1994) and island
foxes have some of the highest population densitics
of any canid. On Santa Cruz, densities from 7 to 8,1
foxes/km” have been recorded (Laughtin 1977;
Roemer et al. 1994) and on San Clemente densitics
at three sites varied from 4.8 to 8 foxes/km? over a
10-year period (Roemer et al. 1994; Garcelon 1999;
Roemer 1999). On San Miguel and San Nicolas Islandds,
the wo smallest islands that harbour foxes, densilics
have varicd from near zero to 16 foxes/km* (Coonan
etal. 2000; Roemer 2000). Densities of mainland gray
fox populations are typically much lower, averaging
1.2 110 2.1 foxes/km? across a range of studies (Fritzcll
and Haroldson 1982). Some variation inapparent den-
sity between specics may arise from methodalogy. For
example, on Santa Cruz Island, the density of island
foxes in 1993 determined with a captuse—recapture
approach was 7.0 foxes/km? whereas density for the
same population determined via home range size was
approximately 35% lowcr or 4.5 foxes/km?,
Regardless of methodology, densities of island
foxes are high compared to mainland foxes and are

probably a result of the small home ranges of island
foxcs. In mixed habitat on Santa Cruz Island, fox
home ranges averaged between 0.25 and 0.33 km?
(n = 12) (Crooks and Van Vuren 1996) and in coastal
grassland seasonal home range size varied from 0.15
to 0.87 km? (1 = 42), with a mcan annual home
range size of 0.55 km? (it = 14) (Fig. 9.2(a)—Roemer
¢t al. 2001b). On San Clemente Island, home ranges
are larger (mean = 0.77 km?, 1 = 11) perhaps due to
the lower productivity of this more southerly island
(thompson et al. 1998). On San Miguel, average
home range size of five yearlings was 2.26 kin®
(range — 1.72-2.91 km?) during a period of low den-
sity (T. Coonan personal communication) and on
Santa Cruz fox home ranges expanded (range =
16-266%, n = 5) as territorial neighbours were killed
by golden eagles, suggesting that density of foxes
and the spatial distribution of neighbours may influ-
ence teritory size (Roemer 1999; Rocmer et al
2001b). The small home range size observed in island
foxes is related to their more insectivorous dict and
to the high resource density common to insular
ccosystems (Macdonald 1983; Stamps and Buechner
1985; Roemer et al. 2001b).

Insular species are predicted to have reduced
aggression and a reduction in territorialily because of
the increased costs of territory maintenance at high
population densities (Stamps and Bucchner 1985).
‘These predictions stem from the diffcrence in ecologi-
cal conditions between insular and mainiand sys-
tems. Insular systems typically have higher resource
densities and lower levels of interspecific competi-
tion owing to a depauperate fauna. These conditions
case higher densities of both territory holders and
non-territorial floaters. An increase in the number of
floaters leads to increased defence costs for territory
holders and ultimately to a reduction in territorial
behaviour. This reduction in feritoriality may be
manifested as: (1) reduced territory size; (2) inereased
temrilory overlap; (3) acceptance of subordinates
within the territory; and (4) reduced intraspecific
aggression (Stamps and Bucchner 1985). Contrary to
these predictions, island foxes are distributed as
sacially monogamous pairs that defend discrete Lerri-
tories (Crooks and Van Vuren 1996; Roemer et al.
2001b). On Santa Cruz [sland, home ranges of mated
pairs overlapped (mean = 85%, SD = 0.05%) signifi-
cantly more than those of neighbours (mean = 119,
SD = 0.13%) (Fig. 9.2(a)—Roemer ct al. 2001b).
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reducing the justification for directing limited
tesources towards its development. IVE becomes use-
ful only for individual males with sperm not vigorous
enough totraverse the female reproductive tract, since
with IVE sperm are placed in a dish with dircet access
10 ova. However, harvesting and maturing those ova
tequie Lhal the female receive hormone stimulation
followed by either surgical or ultrasound-guided
retricval of ova, techniques still not successful in dogs

Because ova da not usually survive freezing, the
only way to preserve female genes at this time is in
cmbryos, These can be created via IVF or more sim-
ply flushed from the uterus following natural ot arti-
ficial insemination. Apart from the desire to preserve
female genes, production or flushing of embryos
is needed for programmes hoping to transter
genes between populations in different countrics.
Although sperm are significantly easier to collect and
handle, sperm viability is compromised by the clcan-
ing needed to insute against transfer of discase.
Embryos, in contrast, are more likely to survive such
procedure and so are more likely to be approved for
international shipment, However, efforts are under-
way to develop sperm washing protocols that satisfy
importation requirements but that do not substan-
tially affect viability.

Reintroductions and translocations

Another tool for enhancing threatened or endan-
gered popnlations is reintroduction, which is essen-
tially: ‘An attempt 1o establish a species in an area
which was once part of its historical range, bul from
which it has been extirpated” (Kiciman and Beck
1994). Reintroductions can be a powerful conserva-
tion tool for canids. For canid reintroductions 1o he
effective, several questions must be answered regard-
ing the need, feasibility, potential pitfalls, and mea-
sures of success before they are initiated (Macdonald
efal. 2002).

1. When should reintroductions be uscd for canids?
Successful reintroductions require that a number of
species-specific, environmental, and bio-political
criteria are mel (Kiciman and Beck 1994). There
should be a necd 10 augment the wild population,
sufficient. founder stock should be available, and

extant wild populations should not be jeopardized
Dby the reintroduction (Kieiman and Beck 1994;
Waoodford and Rossiter 1994). The species’ biology
should be well understood, appropriate reintroduc-
tion techniques should be known, and sufficient
resources should be available for the programme.
The original causes for the species’ extipation
should be removed and sufficient unsaturated, pro-
tected habitat should be available. Reintraductions
should conform to legal requirements, be supported
by both government and non-government agencics,
and have minimal negative impacts on local people
(Kiciman and Beck 1994). Reintroductions of many
IUCN red data book species are not attempted or are
unsuccessful (Wilson and Stanley Price 1994), per-
haps because the necessary requirements for success
are so numerous and difficult to satisfy. Many canid
species are ill-suited for reintroduction when: (1)
their large home range requirements can only be sat-
isfied in extensive protected areas which might not
be available (Woodroffe and Ginsberg 1998), (2)
local people oppose the reintroduction of species
that prey on domestic livestock or threaten humans
(Phillips 1995; Woodroffe and Ginsherg 1999) or;
(3) the extensive planning and implementation
required for reintroductions (Iitts et al. 1997) s pro-
hibitively expensive.

2. When can reintroductions be considered successfil?
Although proposed measurcs of success for seintro-
ductions vary widely, some examples cxist, such as:
(1) breeding by the first wild-born generation;
(2) a 3 year breeding population with recruitment
exceeding adult death rate; (3) an unsupported wild
population of at least 500 individuals; and (4) estab-
lishment of a self-sustaining population (Seddon
1999). Debates ensue about the minimum effective
population size that is required for population sus-
tainability. A minimum cffective population size of
50 individuals has been proposed to avoid short-
term deleterious effects of inbreeding depression
(Soule 1980; Franklin 1980), but some argue that this
number is too small when populations are exposed
to environmental stress (Reed and Bryant 2000).
A minimum population size of 500 is thought to
maintain sufficient genetic variability in quanti
tive characters (Franklin 1980; Reed and Bryant
2000). Lowever, this number has also been debated
extensively. While Franklin and Frankham (1998)






OEBPS/page-0169.jpg
believe an effective population size of S00-1000 is
generally appropriate, Lynch and Lande (1998)
maintain that 1000-5000 individuals should be con-
sidered a minimum. If supportive breeding is used to
supplement wild populations, the effective wild
population size to prevent inbreeding depression
will decrease but the variance effective siz¢, which
represents a minimal loss of helerozygosity, can
potentially increase (Ryman et al. 1995).

Threatencd populations, and species undergoing,
reintroductions in particular, face deterministic and
stochastic factors that, depending on their individ-
ual and combined impacts, may drive populations to
extinction (Lande 1993). Deterministic factors
include: (1) Aliee effects, which may set winimum
population sizes as investigated by Courchamp and
Macdonald (2001); (2) Fdge effects, which may make
patch sizes too small for population persistence or
too isolated to allow for successful dispersal; and
(3) Local extinctions and colonization, which, if habitat
patches for a metapopulation are degraded ot climin-
ated, may cause the extinction of the cntirc popu-
lation. Stochastic factors are: (1) Demographic
sochasticity, where the intrinsic variation in repro-
duction and survival may cause the extinetion of
small populations; (2) Envirommental stochasticity,
which involves continwous small or moderate
perturbations that affect the survival or repraduc-
tion of all individuals and; (3) Random catastrophes,
which are large environmental perturbations that
produce sudden major reductions in population size
at random times (Lande 1993).

Depending on assessments of minimum effective
population size and species-specific life histories,
reintroduced canid populations may need to be
composcd of several thousands of individuals to
be genetically viable. Minimum population sizes
might increase further as the likelihood and magni-
tude of potential demographic or stochastic factors
on reintroduced populations increase.

3. Canid reintroductions using captive-breeding or
translocation Many of the world’s most endangered
canids are not captive-bred and few hiave been reintio-
duced (Ginsberg 1994). However, reintioductions
using captive breeding and/or transtocations have
been attempted with African wild dogs, grey wolves,
red wolves, Mexican wolves, San Joaquin kit foxes,
and swift foxes. Reintroductions of endangered
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African wild dogs (Woodroffe and Ginsherg 1999a)
using captive-bred or wild caught individuals have
been attempted in South Africa, Namibia,
Zimbabwe, and Kenya since 1975 (Woodroftc et al.
1997; Woodroffe and Ginsberg 1999b). However,
nine of the ten attempts have failed to produce
wild offspring (Woodroffe and Ginsberg 1999b;
Mochrenschlager and Somers, in press). Grey wolt
reintroductions of five and four animals in Alaska
and Michigan respectively, failed (llenshaw et al.
1979; Weise et al. 1979) but a translocation of 107
wolves in Minnesota to minimize livestock depreda-
tion was successful (Fritts et al. 1984, 1985). The
recent reintroduction of Canadian grey wolves to
Vellowstone Park in the United States has been effec-
tive, as released wolves have survived, reproduced,
and the population bas increased (Smith et al
2003a). Inan attempt to restore extirpated red wolves
to the eastern United States, a captive-breeding
programme was initiated and 63 animals were
relcased by 1995, By that time 42 animals survived in
the wild, of which 36 were wild born (Philiips 1995),
but the fact that currcnt red wolves are wolf-coyote
hybrids (Wayne 1995) and released wolves hybridize
with coyotes (Nowak 1995), has compromised the
scope of the programme. A reintroduction of San
Joaquin kit foxes in California failed with annual fox
martality rates of 974, primarily because of coyote
predation (Scrivner et al. 1993). Fourteen swift foxes
that were experimentally released into low-density
swift fox arcas in South Dakota dispersed over large
distances and 50% survived, but the programme was
discontinued (Sharps and Whitcher 1984). Although
some reintroduction attermpts have been successful
and Yellowstone wolves are thriving, no canid rein-
troduction has arguably produced a seif-sustaining
wild population to date (Fig, 7.3).

Translocations: the case study of swift foxes

for reintroduction in Canada

With the release of 942 individuals from 1983 to
1997, the reintroduction of swift foxes to Canada
represents the most extensive reintioduction pro-
gramme for canids to date. In many ways, the
Canadian swifl fox reintroduction has met Kiciman
and Beck's (1994) reintroduction criteria. Extirpation
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number of losses, but only to make them mare
acceptable to people (Ciucci and Boitani 1998); how-
cver, in many Furopean countries compensation
schemes are the only conservation tool used to
mediate wolf/livestock conflicts. Finally, control
tools include all means of reducing canid popula-
tions, such as population control and the removal or
translocation of problem animals (Harris and
Saunders 1993; Sillero-Zubiri and Laurenson 2001,
and Chapter 5, this volune). However, Linnell et al.
(1999) eritically reviewed the concept of problem
animals and concluded that there s little evidence
that some individuals or groups in a carnivore papu-
lation kill a disproportionate sharc of livestock. They
suggested that most individuals of large camivore
species will occasionally kil the livestock they
encounter and if this is true, individual control
would need to remave most individuals that might
encounter livestock (Linnell et al. 1997).

However, according to the ‘breeding pair’ hypoth-
esis (1111 and Knowlton 1983), coyote depredation is
significantly greater in pajrs with young, since they
switch to larger prey such as lambs to meet the cner-
getic demands of the pups. The hypothesis was con-
firmed in a recent study of vasectomized male and
tubally ligated female coyotes that maintained terri-
tories but preyed less on sheep than control packs
(Bromley and Gese 2001). These results suggest that
permanent sterilization or reversible contraception
may be reasonable strategies for reducing predation,
at least in some canid species,

Tach of the above tools is potentially useful for
managing conflicts and they have been extensively
discussed elsewhere, buta cautionary note is necded.
No ool seems capable of achieving a long-term solu-
tion ualess it is firmly put in the context of a com-
prehensive management strategy that provides for
prevention, mitigation and, when needed and feasi-
ble, some population control

Contraception

Contraception has been used in zoos for genetic
management and to limit sepraduction of surplus
animals for more than 25 years, but attempts to con-
teol free-ranging animal populations have beer less
successful, Contraception in canids presents prob-
leras beyond those encountered with most other

mammals. Commonly used steroid harmone-bascd
contracepives are effective in canids, as they are in
most other mammals, but in canids, as weil as other
carnivores, they can be associated with potentially
deadiy side-effects (Jabara 1962; Frank et al. 1979;
Concannon et al. 1980; Asa and Porton 1991).

Porcine zona pellucida vaccines that prevent
sperm from attachingta the zona pellucida, the coat-
ing of the unfertilized oocyte, can be delivered by
dart, but booster injections must be given annually.
Although they do not affect general health, they can
cause local damage to the ovary, which may not be
reversible (Mahi-Brown et al. 1988)

Alternative methods are being evaluated and are
hoped to be commercially available soon. The most
promising is a gonadotropin releasing-hormone
(GRI) agonist that suppresses production of
gonadal steroids in both males (testosterone) and
females (estradiol and progesterone), preventing the
production of mature sperm and eggs, respectively
(hertschinger et al. 2001). There are currently no
known or suspected deleterious physiological effects
associated with this treatment.

When selecting a contraceptive method, potential
cifects on behaviour and social Interactions should
also be considered. In this regard, GnRH agonists pro-
duce effects similar to castration or ovaricclomy.
Castration in patticular can cause profound changes in
‘male-typical behaviour, hut this very change makes it
apoar choice for population control, since males with-
out testosterone are unlikcly to seek or remain with
afemale. Not only docs this distupt family groups, but
italsoleaves the femalc available for other intact males
to court and fertilize. Likewise, with the removal of
ovarian steroids in females, the absence of oestrous
behaviourislikely to result in the eventual dissolution
of previously tormed pair honds (see Asa 1996a,b)

The preferted method of fertility controlin canids is
either surgical or chemical vasectomy. This method
spares gonadal hormones and mercly prevents the
passage of sperm during copulation, The only observ-
able change is the absence of offspnng. Although
there has been concern that the absence of young
might result in the dissolution of pairs bonds, distupt-
ing basic social structure, vasectomics of five male
wolves in four packs in Minnesofa demonstrated that
sterile males would continue to hold teritories and
temain with their maes, at least during the 1-7 years.
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these packs wete monitored (Mech et al. 1996)
Sterilization of femaics, although more difficult to
accomplish, was evaluated in red foxes and found not
to effect territory size, dispersal, or survival (Saunders
etal, 2002)

Chemical (Pineda 1977) rather than surgical vasec-
tomy can make field application more practical, but
still requires capture and handling. Because the
efficacy of contraception and sterilization for popula-
tion control has not been widely evaluated, many
questions remain (Tuyttens and Macdonald 1998). In
a computer simulation comparing vasectomy versus
removal for wolf control, Haight and Mech (1997)
found that variables such as rales of immigration
could profoundly affect success,

When canids become threatened—
restoring the few

Captive breeding

The role of captive breeding in conservation contin-
ues to meet with controversy. At the extreme, some
have argued that it is better for a specics 10 go extinct
than exist solely in captivity. While il is true that
captive breeding will nat be necessary or appropriate
for many species, it has been essential (o the recovery
of three critically endangered canids, The red wolf
and Mexican grey woll, considered extinct in the
wild, were successfully bred in zoos, in cooperation
with the US Eish and Wildlife Service, and reintro-
duced back into the wild. Following popuiation
crashes of the island foxes on two of the isiands, all
remaining foxes on those islands were brought into
aptivity to protect them until the cause of the
decline could be identified and controlled. Captive
colonies have been established an other islands as
swell, after population declines were detected. These
captive breeding programs were predicated on the
anticipation of cventual reintroduction. The ques-
tion remains whether  species extingt in the wild,
with no prospect of reintroduction, should be maio-
tained indefinitely in captivity. Fortunately, at least
in the case of canids, we have not been faced with
this decision.
Even z00s, that uscd to see their primary role in
species conservation to he serving as ‘Noah’s Arks',
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now realive that they have a greater responsibility,
including involvement in and support of in situ
conservation projects (1utchins and Conway 1995).
Zoos contribute to conservation by bringing public
attention to the plight of animals, by inspiring an
appreciation for individual species, and by providing
extensive conservation education programs. In addi-
tion, research on captive animals can produce basic
biological data needed for population modelling,
for reintroduction programs, and management of
wildlife reserves, Most new techniques for applica-
tion in the field are also best developed and validated
under the controlled conditions of captivity.
Although it is critical to maintain balance in any
program, this extensive list of contributions made
by 200s addresses another objection to reliance on
captive programs: the concern that they divertatten-
tion and resources from the real reasans for species
endangerment, for example habitat loss, hunting,
cle. (Balmford etal. 1995).

Although most captive brecding programs rely
primarily on zoos, private and governmental facili-
ties are sometimes also involved. The American
Association of Zoos and Aquariums (AZA) coordi-
nates the world’s most extensive captive breeding
program, but there are roughly parailel programs in
other regions, notably Europe and Australia. The
work of the World Association of Zoos and
Aquariums (WAZA) and the Conservation Breeding
Specialist Group (CBSG) of the IUCN helps coordi-
nate these programmes on a more global level.

The structure and operation of AZA programs
serves as a good model for captive brecding pro-
grams. The basie unit of the captive management
program is the Studbook, which contains the pedi-
gree of each specics. The commilices that oversee
captive management and endangered species recov-
ery include the AZA Species Survival Plans (SSP),
Population Management Plans (PMP), Taxon
Advisory Groups (TAG), Scientific Advisory Groups
(SAG), and Conservation Action Partnerships (CAP).

Species survival plans arc cooperative programs
that monitor and manage genctic diversity of all cap-
tive individuals of a specics as a single popuiation. in
the AZA there are currently SSPs for the red wolf,
Mexican wolf, mancd wolf, and African wild dog.
PMPs provide genctic and demographic manage-
ment recommendations for specics with studbooks
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that are not covered by S5Ps. In the AZA there is
currently a PMP for the fennec fox, and one is rec-
ommended for the island fox. TAGs coordinate,
fucilitate, and review cooperative management and
conservation programs for a group of related species.
Canids are covered under the AZA Canid and I lyenid
TAG. A primary responsibility of TAGs is to create
regional cotlection plans that allocate available cap-
tive space among spucies of the taxon in an attempt
o maximize management and conservation goals.
The Canid and Hycnid TAG Regional Collection
Tlan evaluated cach specics and its appropriateness
for a captive programme by using a decision-tree
approach. Key elements included whether there was
a viable captive populalion, the ability to link with
ficid programmes, value Lo conscrvation education
oresearch, and the willingness of individuals to vol-
unteer to lead each programme. The number of
species that can be included is limited by current and
anticipated availability of spacc.

SAG serve as advisors to the other conservation
committees and programmes. They currently include
Behavior/Husbandry, Biomaterials, Contraception,
Data  Management, Nutrition, Reintroduction,
Reproduction, Small Population  Management,
Systematics, and Veterinary Medicine. CAPs coordi-
nate prajects and programmes by region rather than
by taxon. CAPs with canid programmes include

Figure 7.2 Reintroduction of
captive-bred red wolf Canis rufus
© US Fish and Wildiife Service.

varaguay (bush dogs (Speothos venaticus)), Brazil
(maned wolves), and Mesoamerica/Caribbean
(Mexican wolf).

Research with captive animals

Although captivity seldom approximates the condi-
tions an animal faces in the wild, much can be
leamed from captive animals, particularly because
many environmental variables can be controlled.
Pedigree and social history are usually known. In
addition, animals are casily accessible and already
habituated to human presence. These factors facilitate
collection of basic life history data, such as growth
cates, age at puberty, litter size, inter-birth intecvals,
and reproductive lite span. Such data are important
for planning conservation programmes for each
species, since they are the basis for calculations of
reproductive output and for constructing population
models such as Population and Habitat Viability
Analysis (PHVA). Although reproductive data can vary
depending, for example, on nutrition and sacial com-
petition, information from captivity can provide a
basis for comparison with observations from the wild.
‘This s especially valuable for more cryptic specics.
Captive animals also provide the opportunity to
test or validate techniques or equipment 1o be used
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in the field. For example, hormone assays arc
best validated in the controlled conditions of captiv-
ity with samples from known individuals, The devel-
opment of faccal hormone assays has made it
possible to assess not only reproductive condition
(e.g. Monfort et al. 1997) but to study the relation-
ship between ‘stress’ hormones and social status or
degree of disturbance (Creel et al. 1997ab), which
can have important implications for conservation
action.

New equipment designs, such as radio-transmitters
ot collars, can be much more casily tested with
captive individuals than free-ranging ones. IL can be
useful to try lures, marking techniques or traps on
captive animals first. It can also be useful, hefore
embarking on a field study, to become familiar with a
species in a captive environment, where they can be
ly viewed. Ethograms can be constructed, and,
although they will likely need some modification in
the ficld, valuable time can be saved and preparations
made by first obscrving captive animals (wolf: Zimen
1982; golden jackal: Golani and Keller 1975; red fox:
Macdonald 1980a).

eas

Gene banking

Captive animals can serve as a genetic reservoir
themselves bul can also be a source for gene bank-
ing. Because of the success of sperm and embryo
Cryo-preservation for humans and domestic animals,
there is an increasing expectation that gene banking
should be used for endangered species. Unfortu-
nately, these expectations cannot be casily met. The
fundamental problem s the differences among
species in the response of sperm and embryos to
such manipulation. Scldom has it been possible to
transfer a technique from a closely related domestic
species to a non-domestic one without modification.
Compounding the difficuity for canids is that devel-
oping these techniques for the dog has proven more
challenging than for other domestic species. Semen
collection by electroejaculation and sperm cryop-
reservation has been successful in grey wolves,
Mexican wolves, and red wolves, but post-thaw
sperm survival is poor compared with most other
‘mammalian species (cf. Koehler ef al. 1998 for red
wolf). ITowever, there are active tesearch programmes
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for Mexican and red walves Lhat are building on
results from the recent increase in work on assisted
reproduction in domestic dogs.

Assisted reproduction

Other applications of assisted reproduction fech-
niques ta genclic management include artificial
inscmination (AD), in vitro fertilization (IVF), and
embrya teansfer. These manipulations have heen
considered primarily useful within captive popu-
lations, for cxample, to accomplish pairings of
distant or behaviourally incompatible individuals.
However, transferring genes between geographically
separated small populations to effect outbreeding
can be equally important for free-ranging animals
(For reviews see [ewitt and England 2001).
Unfortunately, as with gene banking, assisted
reproduction techniques have proven difficult in
dogs. Further compounding the problems inherent
in developing these methods in canids is that the
approaches that are proving successiul with dogs are
not practical with wild canids because of the regular,
intensive handling required. For example, Alin dogs
requires daily blood samples o detect an increase in
progesterone as a marker of avulation. The female is
wsually inseminated (wice on two separate days
Tollowing each inseminalion she may be held in a
head-down position for 10-20 min to facilitate
sperm fransport into the utcrus. In wild canids, han-
dling for daily bload is not likely to be possible and
although faceal hormone assays can measure proges-
terone, their levels tend to be more variable from day
to day than arc blood levels, making detection of 4
meaningful change more challeaging. In regard to
the inseprination itself, repcated anaesthetisations
may therusclves reduce the chances of fertilization,
meaning that only one insemination may be practical.
In vrder to increase the Jikelihaod of success, the Al
should be intra-uterine, not vaginal, which requires
identifying an insemination catheter apprapriate for
the species. Thus, even if the technique can be made
towark, if it is considered too invasive or disruptive, it
will ot be broadly applied, restricting its usefulness.
Although ir vitro fertilization requires even more
extensive and invasive handling, it does not accom-
plish more for genetic management than does Al
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suitable habitat through, for example, urban spread,
agriculture, or resource-extraction is one of the great-
est thrcats facing canids thioughout the world. Even
protected areas arc often inadequate in maintaining
genetically viable populations of canids that bave
large home range requirements (Woodroffe and
Ginsberg 1998). If suitable habitat is available, the
persistence of canids is also dependent upon €cosys-
lem factors such as prey availability (Fuller and
Sievert 2001) and inferspecific competition (Crecl
et al. 2001), which may or may not be influenced
by human actions.

Conservation is rarely, if ever, accomplished by a
single action on an animal population rather, it
involves multi-stage and multidisciplinary process
that develops thraugh at least four different stages:
(1) research to understand the reasons for the prob-
fem and identify possible solutions; (2) public educa-
tion and information; (3) stake-holder involvement;
and (4) implementation of conservation actions
(Macdonald 2001). As such, conservation requites
an extended range of skills that belong to  variety
of disciplines, from sociology and psychology to
ecology, genetics, and all fields of biology, and in
order for it to be cffective, calls for the application
of several different tools in a coordinated and
inicgrated approach,

Many good books have been written on rescarch
and conservation techniques (c.g. Bookhout 1994;
Krebs 1999; Boitani and Fuller 2000; Sutherland
2000; Elzinga et al. 2001) where a varicty of tools are
descrined in detail and the many potential sources of
methodological crrars are discussed. Tools relevant
to canid conservation arc a subset of those relevant
to any mammalian conservation issuc and can be
found in these generalist textbooks, but we wish to
present here a selection of those we bilicve are most
frequently used in canid conservation. Conservation
tools for canids are as variable as the diversity of
problems they face and the multifaceted approaches
involved in the development of appropriate solu-
tions. I this chapter, we focus primarily on rapidly
evolving canservation tools that use recent advances
in several fields of conservation biology and take
info account sociological aspects. We consider the
use of conservation Lools in (1) assessing the status of
wild canid populations; (2) limiting canids that

become too numeraus; (3) restoring canids that are
threatened; (4) protecting canids in an ecosystem
context; and (5) influencing socio-political change
for canid conservation. As the outlook for many
canid species is increasingly desperate, we urge con-
servationists Lo reach into this conservation toolbox,
apply as many components as possible, and spur on
the development of additional tools so that canids
around the world can co-exist with humans for
generations o come.

Assessing the status of wild can
populatiens

Genetic tools for canid conservation

The expanding knowledge, lechnologies, and appli-
cations of genetic technigues represent one of the
most rapidly evolving and exciting tools for canid
conservation. Conceptually, the scope varies from
the formation of phylogenetic trees across taxa to
the identification of a single individual. A description
of the large variety of molecular techniques that are
utilized for these purposes is covered in depth in
Chapter 3, 50 here we summarize only briefly a sam-
ple of applications. Canservation genetics can be uti-
lized to determine relationships between canid taxa
on genus, species, or subspecies levels. For example,
close relationships have been demonstrated between
swift Vuipes velox and Arctic foxes (Alopex lagopus)
(Gelfen et al. 1992¢; Mercure et al, 1993), as well as
between fennec and Blanford’s foxes (Vidlpes zerda, V.
cana), but significant distances have been identificd
between grey and bat-eared foxes (Urocyon cinicrevar-
genteus, Otocyon megalotis) (Geften et al. 1992).
Numerous and sometimes conflicting methads are
used for conservation genetics to discern species
boundarics (Goldstein et al. 2000}, and their resulls
have profound implications for canid conservation,
For example, Yahnke et al. (1996) determined that
Darwin's fox in Chile (Pseudaiopex fulvipes), previous-
ly thought to be a subspecies of 7. griseus, is actually a
distinet species. Consequently, Darwin’s foxes are
now considered one of the world’s most critically
endangered canids, which will reccive increasing
research and conservation  atiention.

The same
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scenario could unfold for wolves in eastern Canada,
which some argue should be classificd as a distinct
species, namely Canis fycaon (Wikson et al, 2000),

‘Taxonomic differentiation on a subspecies level is
also critical for the conservation of imperilled canid
populations, Tor example, mitochondrial DNA
sequence data support the classification of Mexican
kit foxes as a distinct subspecies (Valpes macratis
zinseri) (Maldonado et al. 1997), thus warranting
particular protection, Conservation genetics has
further uses in determining hybridization occur-
rences. On the one hand, Vila and Wayne (1999)
determined that, while wolf-dog hybrids had been
observed, significant intiogression of dog markers
into the European wolf genome had not occurred.
On the other hand, coyote (Canis latrans) genes have
had significant introgression into the wolf genome
in regions of North America (Lehman ef al. 1991;
Wayne et al. 1992). While conscrvation genctics can
be used to identify the houndaries between canid
taxa, numcros applications also exist to better
understand population demographics. For example,
Randi et al. (2000) found that (talian wolves had a
unique haplotype, whereas 26 wolves from outbred
populations in Bulgaria had seven haplotypes. These
findings confirmed the lack of mitochondrial DNA
variation among Italian wolves, and the combina-
tion of low effective population size with low genet-
ic variability now threatens population viability to
such an extent that a controlled demographic
increase is recommended. Inbreeding can have
physiclogical results and seems to affect the body
size of Mexican wolves (Canis lupus bailei;
Fredrickson and Hedrick 2002).

The potential use of dogs to find faeces for genetic
analyses (Smith et al. 2001), and the extraction of
faecal DNA vields numerous applications on a popu-
lation Tevel (Paxinos ef al. 1997; Mills et al. 2000).
Such methods have, for example, been used to estim-
ate population size and sex ratios of coyotes and the
potential also exists to identify individual wolves
(Lucchini et a. 2002) and their home range sizes. An
examination of microsatellite variation within and
among populations of island foxes (Urocyon littaratis)
on California’s Channel Islands, suggests that the
pattern of variation across unlinked microsafelitc
Joci can also be used to test whether populations
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have been growing or remained constant (Goldstein
et al. 1999)

Finally, within populations, genetic techniques can
be utilized to determine the relationships among indi-
viduals and gene flow. Microsatcllites have been used
to determine kinship (Quefier 1992), and Girman etal.
(1997) were able to establish that African wild dogs
(Lycaon pictus) in Kruger National Park had the expec
ed pack composition of unrelated pait mates, sub-
dominant close relatives, and related offspring of the
brecding pais. Contrary (o expectation, kit foxes that
shared dens in the San Joaquin Valley of California
(V. macrotis mutica) were often unmated neighbours,
that may have been logether during unsuceessful
attempis at pair formation (Ralls el l. 2001). Morc-
over, assessments af relatedness thraughout popula-
tionsarc increasingly utilized toalso estimate dispersal
distances (Girman et al. 1997; Taylor et al. 2000)

Monitoring population status

The status of carnivore populations can be moni-
tored with an array of traditional techniques, which
may differ as one attempts to determine the pres-
ence, distriibution, abundance, or demography of
populations (see Gese 2001). The presence of canids
such as African wild dogs, grey wolves, and red foxes
(Vudpes vulpes), bas been determined using question-
naires, interviews, and sighting reports (Harris 1981;
Fuller et al. 19924; Tanshaew et al. 1997). Hunting
returns of red foxes (Erickson 1982; Heydon and
Reynolds 20004) and rwad mortalities can also be
used to determine the presence and, with caution,
the relative abundance of canids over time.

Aerial surveys have been used to locate dens of kit
and red foxes (Traulman et al. 1974; O'Farrell 1987)
and, with transcct methods, to determine the abun-
dance of coyotes (Todd ef al, 1981). This method is
only effective in selatively open habitats where the
individuals and dens can be seen relatively casily.
Alternatively, ground-surveys can be conducted.
Breeding den counts have been used as an index
of canid abundance. For instance Insley (1977)
surveyed red fox dens, which can be identified
by fresh soil above ground in winter, the smell of
fox urine, faeces, or uncaten prey remains. ‘Irained
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dogs can indicate whether a den is, or has recently
been, occupicd (Reynolds and Tapper 1994).
Vocalization response surveys have also been uti-
lized to determine the abundance of coyotes and
wolves (Okoniewski and Chambers 1984; Fuller and
Sampson 1988).

Scent-station surveys, where a canid is attracted
with a scented tablet or food-item and subsequent
tracks are recorded on 1-m radius sifted dirt or smoked
track plates, can be used to determine relative canid
numbers over time (Sargeant ef al. 1998). Scent-posts
have been utilized to determine the relative abun-
dance of gray foxes Urocyon cinereoargenteus (Conner
etal. 1983) and coyotes (Linhart and Knowlton 1975)
for example. The reluctance of animals to step on
the substrate, misidentification of tracks, seasonal
chianges in animal movements, and loss of scent-
stations due 1o weather can make this method chal-
lenging Lo use (Gese 2001a). Remote cameras can be
used in conjunction with scent-stations and track
plates to identify the species more accurately and, in
the case of visibly tagged animals, to estimate popula-
tion abundance using mark-recapture estimators.

Spotlight surveys are conducted by slowly driving
a truck, shining two spotlights of at least 500,000
candlelight power on both sides of the road, and
identifying observed canids through binoculars. The
subsequent sightings per kilometre index can be

used with program DISTANCE (Buckland et al, 1993)
1o estimate canid densities. This method has been
wsed to compare the relative abundance of coyotes
anud kit foxes between prairic dog town and grassland
areasin northern Mexico over time (Mochrenschlager
and List 1996). The accuracy of spotlight surveys is
dependent upon the sightability of canids in different
habitats and the number of survey replicates (Ralls
and Fhorhardt 1997).

Transects for scat or tracks can be sawpled
opportunistically to determine canid presence.
Reynolds and Tapper (1994) pointed out that red fox
tracks can be counted on dirt roads and firebreaks
while their facces can be located on prominent sites
such as molehills, stoncs, tussacks of grass, and trail
junctions. Systematic transcets for scat or tracks can

also be used as indices of canid distribution and
abundance over time, but the accuracy and preci-
sion of such estimates is highly dependent on
sampling effort, transect length, and weather
(Gese 2001),

Radio-tracking not only allows for the identifica-
tion of individuals, hul it also provides demographic
parameters such as survival, fecundity, dispersal, and
recruitment (Fig. 7.1). Morcover, density estimates
can he estabfished by cstimating seasonal home range
mavements, range averlaps, and habitat use. Radio-
tracking can elucidate the comparative ecology of

Figure 7.1 Radio-collared kit fox
Viipes macrotis © C. Wingert
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geographically separate species such as Arctic, kit
and swift foxes (Tannerfeldt et al. 2003), or the inter-
specific interactions of sympatric canids. Radio-
tracking has shown, for example, that red foxes can
escape coyotes through habitat partitioning (Major
and Sherburne 1987; Sargeant et al. 1987; Theberge
and Wedeles 1989). As the technology of GPS collars
continues to improve in terms of decreasing collar
weight, increasing battery-life, and improved data
retrieval systems, such applications will be increas-
ingly attractive, affordable, and accurale in the
future.

tienetic technigues can also be used to assess and
monitor the presence, abundance and genctic struc-
ture of populations (Gese 2001) opening up new
frontiers in non-invasive sampling that were
unthinkable only a few years ago. Laboratory tech-
niques for obtaining gentic dala from frec-ranging
animals using non-invasive samples such as facces
and hairs arc rapidly heing refined. Although several
limitations still apply (Faberlcl et al. 1999, 2001;
Waits et al. 2001), these techniques provide new pos-
sibilities for examining social structure, dispersal,
and pack interactions while providing insight into
aspects of behavioural ccology that were, until
recently, only possible through direct observation of
the animals (see below). Endocrinological studies,
which are an important component of conservation
efforts, continue 1o explore the use of non-invasive
sampling techniques. For example, the nutritional
condition of frec-ranging wolves has been assessed
from urine collected in the snow by measuring the
urinary urea nitrogen/=creatinine (UN/+C) ratio as
an indicator of nutritional restriction (Del Giudice
et al. 1992; Moen and Del Giudice 1997).

Faccal steroid hormone analysis can aid in distin-
guishing males from females in some canid species
(maned wolf (Chrysocyon braciyurus) Wasser et al.
1995; Mexican wolf: J.E. Bauman, unpublished data)
but likely not in others (e.g. island fox: J.¥. Bauman,
unpublished data). Differentiating pregnant from
non-pregnant females is more challenging, since in
canids an obligate pseudopregnancy, with similar
fevels of estradiol and progesterone, follows ovula-
tion even in females that are not with males (Asa
1998; Asa and Valespino 1998). The maned wolf may.
be an exception, in that Wasser et al. (1995) and
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Velloso et ai. (1998) found a difference between preg-
nant and pseudopregnant females, but that differ-
ence may not be great enough to be used for
diagnostic purposes in individual females. Although
there is a commercially available assay for the hor-
mone relaxin (Synbiotics Corp.) that can diagnose
pregrancy in dogs (Steinetz et al. 1987), Mexican
wolves (I.E. Bauman, unpublished data), and possi-
bly other canid species, it requires a blood sample.

When canids become pests—limiting
the many

Conflict management

The major threat 1o large canid conservation is con-
flict over livestock losses, thus the reduction of this
problem is of paramount importance for canid con-
servation. Here we use the term ‘conservation” in its
Iroad sense of sustainable use of a resource without
compromising the interests of future generations
(World  Commission on  Environment  and
Development 1987). This definition is needed
if we wish conservation to be acceptable to the widest
passible range of stakeholders, because not all species
and/-or populations need to be totally protected,
some may be exploited and others may be managed or
controlied (johnson 2001; Macdonald 2001). Canids
providean extended range of examples for a greal vari-
ety of conflict management schemes. These tange
from the full protection needed for the Aftican wild
dog (Woodroffe et al. 1997) to the flexible system of
wolf control in many Canadian piovinces (Cluff and
Murray 1995) as well as the widespread system of com-
pensation for livestock lasses 1o wolves adopted by
many European countries (Boitan 2000)

Several tools are available for conflict reduction,
but they can be conveniently grouped under three
major headings: prevention, mitigation, and control.
Prevention tools include all means of prechuding
canids from attacking domestic animals and include
fencing, repellents aversive conditioning, husbandry
patterns guard dogs (Sillero-Zubiri and Laurenson
2001; Chapter 5, this volume). Mitigation tools con-
sist mainly of compensation for losses. The purpose
of compensation schemes is never to reduce the
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CHAPTER 8

Arctic foxes

Consequences of resource predictability in
the Arctic fox—two life history strategies

Anders Angerbjorn, Pall Hersteinsson, and Magnus Tannerfeldt

A adult Arctic fox Alopex fagopus female of the ‘white’ polar morh in summer fur. The
Arctic fox has very thick and soft winter fur with two distinct colour morphs, blue’ and
“white’. In winter, the ‘white’ morh is almost pure white, while in summer it is brown
dorsally and light grey to white on its underside. The ‘blue’ moults from chocalate brown in
summer to lighter brown tinged with blue sheer in winter (se Fig. 8.1) © M. Tannerfeldt.

Introduction

Considerable interspecific variations in life history
characteristics are found among mammals. These
include age at maturity, maximum life span, fecun-
dity, gestation length, rates of mortality, and natal
dispersal (Roff 1992). These variations are, in many
cases, species-specific which makes it hard to sepa-
rate adaptation to different habitats (Southwood
1977) from long-term evolutionary changes or
phylogenetic constraints (Stearns 1992).

Considuring the consequences of environmental
variability, characteristics of individual organisms,
for example, natal dispersal, temitoriality, and
reproductive success, can influence population and
community dynamics as well as geographical
range, genetics and tisk of population extinction
(Lomnicki 1988). By intraspecific comparisons
between populations living in contrasting habitats,
the selective forces specifically connected to the
ecological factors that differ between contrasted
habitats can be scparated from the general selection
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areas, the challenge is to adopt a broader perspective
and expand projects in time and spatial scales,
inchuding all components of the ecological and socio-
cconomic contexts. The Carpathian Large Catnivore
Project currently active in Romania for wolf, bear
(Ursus spp) and lynx (Lynx Iymx) conscrvation
{www.clep.ro) is one of the best examples of an inte-
grated conservation development project (1CDP)
inyolving canids and it shows the potential of adopt-
ing this approach. Clark ef al. (2001) convincingly
argue that camivore conservation, perhaps more.
than other conservation projects, needs to be viewed
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asacamplex sysiem of decision making that requires
an interdisciplinary approach and the involvement
of several professional figues. Recognizing this chal-
lenge s the first step to mastering all other conserva-
tion taols
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breeders with established home range boundaries.
The final recommendation was the use of soft-
release pens Lo acclimate animals 1o the refease sites
before they are set free, since survival and reproduc-
tive success were highest for foxes with small
postrelease dispersal distances (Mochrenschlager
and Macdonald 2003).

Canid protection in an
ecosystem context

Protected areas

Drotected arcas are one of the fundamental taols of
nature conservation although the significance of
their role depends on their size, location within the
landscape context, and management efficiency.
Most protected areas do not seem adequate to ensure
the long-term persistence of any large canid species.
Woodroffe and Ginsberg (1998) compared the per-
sistence of ten species of carnivores, including
wolves, dhole, and African wild dogs, with reserve
sizes within the species’ historical ranges. They
found that specics had persisted in reserves above a
critical size, which they identified as varying from
723 km? for dholc (Cuon alpinus) to 3606 km? for the
African wild dogs. They also found that female home
rangesize was a good predictor of critical reserve size,
while population density had no significant effect.
Although these results may have been affected by
several hidden environmental and historical factors,
they point to the varying order of magnitude of
reserve size, which has allowed for the longer per-
sistence of sume canid populations.

However, a far more important and difficult ques
tion is how to define the size of a protected area that
can maintain a viable population. The difficulties
arise first with the definition of a viable population
and the reliabifily of current tools for assessing it
(Beissinger and Westphal 1998; Feberg and Ellner
2000; White 2000; Coulson et al. 2001b), and sec-
ondly with identification of the arca needed to host
that population. Past estimates of minimum reserve
size to protect a large canid population have nevee
been more precise than the ‘sevesal thousand km?*
suggested by Fritts and Carbyn (1995) for wolves and
the 10,000 km? suggested by Woodroffe et al. (1997)
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for African wild dogs. The shape of a protected area
can affect its efficiency in protecting animal pop-
ulations and Woodroffe and Ginsherg (2000) have
suggested that the magnitude of the e effect is
related ta a species’ ranging hehaviour: when a
specics is wide ranging, a relatively larger proportion
of the population is exposed to the cdge effect, com-
pared to a specics with smaller home ranges.
However, in spite of a fow interesting theoretical
insightson the optimal design of protected arcas and
the availability of several priority setting exercises
(Ginsberg 2001), we are still far from having a robust
set of principles to guide the practical implementa-
tion of a reserve network. In short, we have not pro-
gressed much beyond the suggestion that resceves be
as large as possible and with the shortest possible
boundaries.

{f protected arcas are to be an effective conservation
tool for small canids (although we cannot predict
the cffects of population fragmentation), they can-
not be expected to ensure large canid survival unless
they encompass enormous areas—as large as entire
regions. This approach has been proposed for North
America (Soule and Terborgh 1999), wherc its feasi-
bility remains to be seen, but it scems unreal
most of the rest of the world. Generally, conscrvation,
especially of species living at low density and on
Jarge home ranges, can be achicved only through the
integrated management of a reserve network and
coexistence with humans on unprotected land.
However, defining a minimum sct of reserves is
extremely difficult with current tools for setting prior-
ities (Ginsberg 2001) and the paucity of data on
distribution and ecological requirements of many
canid species. Protected arcas will continue to be a
primary tool for canid conservation only if they are an
integral component of more comprehensive conser-
vation strategies that extend over the population’s
entire range and include all aspects of the animal/
human inferface (Boitani 2000; Woodroffe 2001),

c for

Range distribution modelling

Accurate information on population status and dis-
tribution are essential for any conservation strategy
but they are rarely available in the quality and quan-
tity needed for useful conservation action. Fieldwork
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10 gather distribution dala is not feasible, especially
for many small size canids that are nocturnal and
clusive, and a range of modelling techniques has
been proposed to obtain species distribution from
species-habitat relationships (Busby 199t; Morcison
etal. 1992; Corsi et al. 2000). Habitat suitability mod-
els have long been used by government agencies and
conservation organizations, and have grown in accu-
racy and complexity as satellite data and geographic
information systems (GIS) became availablc.

The use of GIS has enabled not only simple identi-
fication of the area, which represents a specics’ total
range, but also analysis of the quality of patches
within this arca. The classic presentation of the distri-
bution ranges of animal species drawn on maps
enclses thearea inwhich an obscrver has achance of
finding individuals. This is generally termed the
species’ Extent of Occurrence (FO). Traditional O is
oflittle use today, as it gencraily lacks an explicit indi-
«cation of the probability threshold used to draw the
boundarics and fails to convey important informa-
tion concerning the distribution pattern within the
species’ range in relation to environmental factors.
The Area of Occupancy (AQ) represents the areas real-
Iy occupied by the species within the EO (Gaston
1991), and is indeed the most crucial picce of informa-
tion needed for implementing an effective conserva-
tion plan. In practice, the concept of AQ represents a
better approximation of the EO, and the robustness
of its representation depends on the species’ biology
and the quality and scale of the data used.

Various strategies have heen adopted to develop
GlS-based distribution models. Habitat Suitability
Tndices have been used to draw species distribution
maps (Donovan ef al. 1987), whereas Gap Analysis
uses the distribution of vegetation types and some
‘umbrella’ species to evaluate biodiversity patterns
(Scott et al. 1993; Hollander et al. 1994). Different
correlation modcls between species distribution and
environmental variables (e.g. vegelation, land use,
altitude, etc.) have been proposed (Miller 1994) and
used ta analyse the ‘internal anatomy’ of distribu-
tion ranges. Corsi ct al. (2000) described the two
basic techniques in modclling distribution ranges,
the deductive and the inductive approach, The
deductive approuch describes the species’ environ-
mental preferences, as derived from available litera-
ture, in terms of environmental variables. Based on

this description, one or more experts provide a rank-
ing of suitability for cach different combination of
cnvitonmental Tayers abscrved within the area
under analysis. The Area of Occupancy appears as a
patchwork of more or less suitable arcas. The induc-
tive approach uses the environmental information
obtained at the geographical location of species’
presence (points and/or areas) to build a function
that is capable of ranking the entire study area
according to a continuous suitability index. Even
though the results of the second approach are
more objective, data on species location are not
always of the quality needed to ensure reliable
modelling outputs.

Using logistic regression hased on two variables,
Miadenoff etal. (1995), Mladenoff and Sickley (1998)
evaluated the wolt habitat in the northern Great
Lakes region and the potential arcas for wolf recov-
cry in the northeastern United States; on the other
hand, Corsi et al. (1999) used the Mahalanobis statis-
tics to assess the area of occupancy of the wolf in
Italy. Both these exercises validated the models
through independent data sets. The Arcas of
Occupancy of all African canid specics have been
assessed by Boitani et al. (1999) as part of a larger
project on the distribulion of all medium and large
mammals of Africa. In this project, the EO was used
to discriminale between expected and possible
presence of the specics and both the deductive and
inductive approaches were used to cover the entire
African continent. Validation of thest models was
carried out through a direct ground-truthing effort
in four African countries (Boitani et al. 1999), In
summary, GIS distribution models, even using data
often limited in quality and quantity, provide a pow-
ertul tool for wide scale analyses that ate urgently
needed if conservation is fo be effectively moved
from a single species (0 a community and ecosystem
approach (Linnell and Strand 2000),

Influencing change

Legisiation and planning context

A ritical set of conservation tools is concerned with
providing the legal and planning context for man-
agement; though these tools are necessary, they
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remain ineffective unless substantiated by real action
on animal and human populations. International
treatiessuch as the Convention on International Trade
of Endangered Species (CITES) or the Convention for
the Conservation of Furopean Endangered Species
and their 1labitat (Hem Convention) provide the nec-
essary mechanism for species comervation 4ctoss
international boundaries. At a national level, specific
pieces of legislation are needed to justify government
action, fund availability, and project implementation.
For cxample in the United States, the Endangered
Species Act has been a fundamental tool for the con-
servation of many species in the last three decades
(Clark 1993}, including thie San Joaguin kit fox, and
for reintroducing wolves into Yellowstone National
Park, while in Furope the Habitat Directive has been
the primary legal tool for obtaining funds for wolf
conservation.

Conservation planning at a species and/or national
levels is the purpose of the IGCN Species Action
Plans. At an international level, these documents
rarely have any legal power and their credibility
relies on the prestige of the issuing organization
(e.g. ITUCN—World Conservation Union). Three
notable examples are the Action Plans for Canids
(Ginsberg and Macdonald 1990), the African
wild dog (Woodroffe et al. 1997), and the Ethiopian
wolf Canis simensis (Sillero-Zubiri and Macdonald
1997). On a national and continental level, Action
Plans provide the comprehensive vision and the gen-
cral framework under which any management
action should be planned and implemented to be
most cffective (e.g. Wolf Recovery Plans in US,
USFWS 1982, 1987, 1989; Wolf in Europe, Boitani
2000). Indeed, Action/Management Plans arc often
highly detailed documents covering all aspects of
a species” management, including zoning systems
that aflow for different management regimes and
accounting for all human dimersion programmes,

Another tool that is often used to support legal
decisions is the Red List of Endangered Species that is
issued annually by the IUCN (2000). All canid
species are currently included and their threat to sur-
vival assessed according to a complex set of demo-
graphic and range size criteria, The Red Listing
system is often applied at a national level and has
entered many national Jaw systems, thus becoming
legally binding.
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Community involvement and education

As canservation is often at the interfacc of habitat,
animal populations and human activitics, con-
sideration for the human dimensions in wildlifc
management canmot be overemphasized. Large canid
management is often more a socio-political issue
than a biological one (Bath 1991) and solutions to
most of the canid ecological and conservation prob-
lems are to be found in socio-economic and cultural
systems (Machlis 1992). While the need for human
dimension studies and management has long been
appreciated by government agencies and conserva-
tion organizations, effective implementation of
these approaches remains a challenge, especially
outside North America. The human dimension
was a large component of wolf restoration efforts
in Yellowstone and great care was taken to study
human values and attitudes towards wolves (Rath
1991; Rath and Buchanan 1989) and o manage pub-
lic consultation and participation in the decision-
making process. Human dimension analyses were
crucial in successfully addressing the issucs and con-
cerns of many stakeholders, and finding the correct
approach to working with them rather than against
them,

In the Yukon, Minnesota, and Wisconsin difficult
choices on wolf management were made successfully
when the local public, through representatives of
various interest groups, were given the authority
to design their own management plans. Conflict
resolution techniques based on careful and profes-
sional management of the decision-making processes
are often used to facilitate the more difficult conser-
vation programmes. Alternative Dispute Resolution
(ADR) is one of the several interesting techniques
used in this field (Wondolleck et al. 1994) and varia-
tions on its approach have been used successtully
to reach a consensus on management of the wolf
in Minnesota and Wisconsin (L. D. Mech and
A. 1. Wydeven personal communication). Where
public involvement has not heen properly planned,
wolf management plans have remained highly
controversial and substantially inapplicable, as in
Alaska (Stephenson et al. 1995), tdeally, canid conser-
vation should b implemented through full collabo-
rative management approaches: the complexities of
the issues involved and the decisions 1o be taken
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make this confrontation ideal ground for more
advanced experiments in public participation
(Borrini-Feyerabend and Buchan 1997; Boitani 2003;
Fritts ef al. 2003)

The direct participation of local groups in the con-
savation decision-making process is not always
possible, but local community involvement should
remain a fundamental tool of any conservation pro.
ject. An extensive programme of information and
education of local people has been an integral part of
the FEthiopian Wolf Conservation Programme
(Sillera-7ubiri and Macdonald 1997) and it has heen
instrumental in raising public awareness of the main
conservation issues as well as raising people’s accep-
tance of the Ethiopian wolf. In Italy, the successful
recovery of the wolf to the current population level
was determined by a combination of factors, of
which one of the most important was the public
information and education campaign, carricd out
forseveral years and througha great variety of means
(Boitani 1992). All these examples point to the need
to make education and information primary tools in
conscrvation, oo often they remain relcgated to a
secondary role constrained hy lack of funds and of
professional competence, Lovels of public participa-
tion can be increased when local groups obtain
direct benefits from conservation, such as revenucs
from sport hunting. Ecotourism is often included
among the tools available for gencrating cconomic
retums for those who also suffer cconomic losscs
from coexistence with large carnivores, particularly
wolves. However, though ccotourism is often feasi-
bleand a potentially significant resourcc, it can only
beapplied to a few select cases, as increasing the offer
would reduce the share of potential revenucs.

Conclusion
A holistic approach

I'he need for interaction of several dimensions is.
now widely accepted but there is no single recipe
for all conservation issues (Clark et al. 1993,
2001b). Collaboration, inlegration and multidiscipli-
nary approaches are increasingly common themes
when complex conservation issues arc discussed as
for most projects on camivores (Gittleman et al.
2001a; Macdonald 2001). This is particularly true for

canids because keys to their conservation very often
Jic in the very intricate interfacc between the species’
biolugy and human interests and atfitudes, and the
latter varics across regions, cultures, and times. A shift
in focus from the single-species to the more inclusive
ccusysiem approach is of paramount importance if
conservation is to be effective and have long-lasting
tesults. Morcover, many canid species show a remark-
ablebiological flexibility and adap to local situations
with often-unexpected behavioural and ecological
solutions. For these species, it is especially true that
every conservation problem must be treated as a spe-
cial case. Case studies provide excellent opportunities
10 learn new solutions to local problems and to study
potential responses of bath animals and humans, but
they should nol be taken as protocols or guidelines
forother situations. Numerous conservation tools are
available Lo the conservationist, but they form a body
of knowledge that has to be digested and used wisely
in order to apply the right mix of tovls to each con-
servation programme. While all levels are important,
it is crucial to remember that people are the biggest
threat to canids (Woodroffe 2001b) and that reducing
the conflict with humans is the most challenging but
also most urgent need for canid conservation.

‘This brief analysis of some of the tools available for
canid conservation must be set within a forward-
looking framework as the future of conservation lics
in a holistic approach. The traditional approach of
focusing on single species and populations was all
the more conspicuous as the species involved were
large and charismatic vertebrates; moreover canids
have been a relatively easy target for this approach
because of their widespread prominence in most
human cultures. A single species approach might be
justified when the species plays the role of keystone
or umbrella species, but the operational uscfuiness of
these concepts is still quite vague and canids do not
fit clearly into either of these specics descriptions
(Linnell et al. 2000b). There is now great consersus
thal focusing on one species only is inadeguate for
reaching long-lasting conservation results and that
conservation tools are most cffective when applied
within the context of an ecosystem approach.
Henee, canid conservation has 1o adopt this strategy
with renewcd energy. Since lasting conservation of
canid populations, especially the large ones, cannot
be achieved at the spatial scale of most protected
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of the species from the northem periphery of its
range in the 1930s substantiated a need for subse-
quent restoration. Populations in the central United
States were apparently healthy and therefore suffi-

cient founder stock was available without jeopardiz-
ing wild populations. Support for the reintroduction
came from government and non-government agen-
cics and swift foxes did not have negative impacts on
cattle ranchers in the selease arcas. One primary
shortcoming was that the species biology of swilt
foxes was poorly understood and specific causes of
the extinction in Canada were largely anccdotal
Consequently, it was not certain whether the original
fuctors causing the decline of the species had been
removed when releases began and the reintroduction
was acknowledged as an experiment in reintroduc-
tion biology.

Although captive breeding was primarily utilized
during the early phases of the swift fox reintroduc-
tion, the question remained whether wild swit foxcs
fiom the United States could be successfully translo-
cated to the Canadian prairie. Dispersal and survival
Tates of 56 Canadian resident foxes were comparcd
{029 Wyoming swift foxes, which were transtocated
to Canada between 1994 and 1996 and tracked
for up to 850 days, respectively, after rlease
{Moehrenschlager and Macdonald 2003). While only
36.4% of resident juvenite foxes had dispersed from
natal home ranges at 9.5 mouths of age, 93% of

Figure 7.3 The ey wolf Canis
lupuss re-introduction to Yellowstare
one of the few successful

¥  reintroductions of canids

© W, Campheil

translocated foxes dispersed, normally within the
first week after celcase. Translocated adults moved
further than juveniles and daily movement rates
were significantly greater than those of established
resident foxes for the first 50 post-release days. After
only 4 days, translocated foxes had dispersed
17.3 ki on average, already exceeding final mean
dispersal distances of resident male and female foxes.
Survival rates of translocated foxes were significantly
greater among males than females and, regardless of
sex, smaller as dispersal distances increased. Since
foxes that dispersed over large distances frequently
died, successful foxes had smaller mean and total dis-
persal distances than non-breeders

As survival rates of translocated foxcs were similar
to those of resident foxes and greafer than captive-
bred foxes in previous trials, It was coneluded that
translocation could serve as a highly effec
introduction lol. Several recommendations emerged.
First, since survival rates were lower for fomales than
males, female-biased release coharts may provide a
more balanced sex ratio for founding breeders within
the population. Second, translocating juveniles
could be effective because, having lower dispersal dis-
tances than adults, they are more likely to establish
tocalized populations within small, protected prairie
patches. Furthermore, removing juveniles during the
dispersal period may he less damaging to source pap-
ulations than the removal of expericnced adult

e e
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researchers must work over relatively large spatial
scales {Table 12.1) and populations are often per-
turbed (e.g. Harris and Saunders 1993) so obtaining
long-term data on individuals is problematical, But
perhaps the most fundamental problems are identi-
fying the imporlant resource(s) and the critical
perind, and quantifying long-term patterns of resource
availability, particularly during the critical period.
Foxcs lake a wide variety of food types (¢.g. Baker and
Harris 2003) and will use many different localities
for resting and breeding (e.g. Haris 1980; but see
Lucherini et . 1995). Such flexibility means that it is
often difficult to identify which resource(s) need to
be measured,

In urban areas, however, foxes are often reliant on
food derived from human sousces, mainly food delib-
erately supplied by householders; in Bristol, this com-
prised 60% of the diet by volume (Saunders etal. 1993).
Temporal trendsin the availability of food deliberately
supplied was, therefore, quantifiable by questioning
houscholders about their feeding practices. By ques-
tioning householders over a number of years, it was
also possible to determine temporal trends in food
availability throughout the period of study; these
could then be compared to observed changes in group
size and territory size (Baker et al. 2000)

Group size and territory size were not linearly
related (Baker et al. 2000). There also appeared to
have heen a consistent increase in the amount of
food supplied by householders in several terrilories,

Redfoxes 211

and this was matched by an increase in the size of
some social groups. Other studics have also docu-
mented changes in group size but not territory size in
selation 10 changes in food availability (von Schantz
1984a; Lindstrom 1989; Zabel and Taggart 1989;
Meia and Weber 1995)

During the study, two territories divided 1o form
two new groups. In both cases, females budded off
part of their natal teriitory from their parent(s). For
cach of the new tetritories occupied by the parent(s),
the amount of food available each week was broadly
similar and approximately equal Lo the basic encr-
getic requirements of a pair of foxes. However, the
absolute number of houses supplying food varied
markedly (range 14-49) (Baker et al. 2000). By con-
trast, Macdonald (1981) found that territories in
Oxford, UK contained similar proportions of human-
associated habitats and houses, but the amount of
scraps provided per week varied considerably between
territories (range 4.7-8.9 kg).

The results from Bristol are, therefore, only par-
tially consistent with the RDH. Territories would not
have been expected to divide within the lifetime of
a dominant individual, as any teduction in territory
size in response 1o a short-term increase in faod avail-
ability would make the territory untenable in the
long term: territory holders would experience dlevated
costs as they fought to increase their ferritory size in
respanse to subsequent declings in food availability
(von Schantz 1984b). We were not able to ohserve

Figure 12.2 Red fox, Vulpes vuipes
® D.W. Macdonald.
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whether these costs were realized in Bristol as the
population subscquently declined because of an epi-
zootic of sarcoptic mangc (Baker et al. 2000, 2001b).

However, during this decline, dominant foxes
increased territary size in the absence of any decline
in food availability (Baker et al. 2000). At present,
territories are still of a comparable size to those seen
at the end of the mange cpizotic (Table 12.2).
Therefore, under some circumstances, dominant
individuals may defond tercitories larger than the
minimum required Lo meel their own requirements.
This would suggest one other mechanism by which
subordinates could survive on the ferritory of a dom-
inant pair. Previously, this has been considered
unlikely since, in the absence of concomitant bene
fits from subordinates, larger territories would
impose additional defence costs (¢.g. Blackwell and
Bacon 1993). Yet non-minimal territories may not be
atypical for a species that is susceptible to diseases
such as rabies and sarcoptic mange (Chautan et al.
2000; Forchhammer and Asferg 2000), which is
widely culled (Harris and Saunders 1993), and where
territory size may be govemed by interspecific
processes (Sargeant ef al. 1987). Non-minimal terri-
tories would always increase the food security (Cart
and Macdonald 1986) of the dominant pair, and
would be favoured where the benefits exceeded the
costs of territorial defence. However, we currently
know very little about the costs of terrilorial defence
in this species, and how this varies wilh territory size
and population density.

Although the RDH and non-minimal territories
propose different mechanisms by which teritories
may support subordinates in the absence of coopera-
tive benefits, they do not consider the fundamental
question of whether subordinate animals exert
a cost. Tor example, subordinate animals may
enhance the likelihood of discasc transmission.
Subordinates may also inerease the foraging burden
on dominant animals through serial cxploitation of
food patches. Dominant animals would, therefore,
need to expend more time and energy foraging, even
where there was enough food to feed all the foxes on
aterritory, and this may in turn increase the mortal-
ity rate of dominant animals, for example, through
decreasing physical condition and/or increasing
exposure to certain mortality factors. To identify
whether such costs exist, it would be necessary to

compare the movement patterns and survival rates
of dominant animals in the presence and absence
of subordinates for constant levels of resource avail-
ability. Such comparisons may ultimately require
group-manipulation ¢xperiments, where subordi-
nate animals are removed temporarily, to control for
ditferences between territories,

In summary, it is still unclear how resource avail-
ability interacts with territory defence economics
and strategics to promote group living in this species,
In particular, there is the need for experimental
manipulations to test some of the predictions arising
from the theoretical studies into the possible effects
of spatio-temporal variation in resource availability.
Urban fox populations may be particularly amenable
to such field tests. Furthermore, there has been
little focus on the costs of group living, However, all
these aspects need to be addressed in populations
under a range of ecological conditions.

Does habitat saturation increase the costs.
of dispersal?

The most plausible explanation for the evolution of
natal philopatry in the red fox is habitat saturation.
A saturated habitat would increase the costs of dis-
persal by reducing the opportunities for dispersing
individuals to find vacant positions (Emlen 1982),
although dispersers may be able to oust cxisting
dominantanitais and the success ratc of this strategy
may be dependent on individual quality tather
than density. For example, in Bristol, some dis-
persing males managed to become the dominant
animal in & group even where natal males were
present (Baker et al. 1998). This would also facilitate
outbreeding

Generally, there is a paucity of quantified informa-
tion concerning the costs and benefits of dispersal to
individuals. The costs are gencrally believed to be
associated with the act of dispersing itself, such as
the risk associated with crossing unfamiliar terrain
and through conflict with existing territory holders
Thesecosts may, therefore, be manifested as elevated
mortality rates, a decline in physical condition and
risks of injury. Benefits arc correlated with the attain-
wentof breeding status in a non-natal group andarc,
therefore, associated with an increase in the number
of dependent offspring produced.
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Ultimatcly, however, the costs and benefits of
dispersal should only be considercd in comparison
with the costs and bencfits of natal philopatry:
when the net benefits of dispersal exceed the net
benefits of remaining, juveniles should disperse,
and vice versa. Therefore, to compare these two
strategies, all the elements of both dispersal and
philopatry need to be quantificd concurrently. For
most studies this has proved logistically difficult. For
example, our studies in Bristol have tended to focus
on philopatric individuals since these, by definition,
have remained on the study site. By contrast,
although we have quantified many aspects relating
to dispersal (c.g. Harris and Trewhella 1988;
‘Trewhelta et af. 1988; Woollard and Hanis 1990;
Harris and White 1992), we have not been able to
quantify, for example, the mortality risk associated
with extra-teritorial movements and the rate with
which dispesing animals become the dominant
animal in a non-natal group. Recent advances in
technology (e.g. satellite radio-tracking and DNA
analysis) should facilitate such studies, as they will
increase the amount of data that can be collected on
individual fife historics and movements. However,
it is currently unclear how dispersal costs vary with
mortality rates and population density, and under
what conditions habitat saturation would promote
natal philopatry.

Do alloparental care and territory
inheritance enhance subordinate fitness?

Subordinate foxes perform a number of alloparcntal
behaviours, including babysitting and provisioning
nutritionally dependent young with food (Macdonald
1979a). For such behaviours 1o increase individual
inclusive fitness, it is necessary that (1) cubs and allo-
parentsarcrelated and (2) the care given by alloparents
inereases cub survival

Intra-group relatedness

Fox groups are gencrally characterized as comprising
a monogamous brecding pair and related subordi-
nates, typically offspring from previous years
(e.5. Macdonald 1983). Under such a system, allo-
parents would generally be related to cubs by a factor
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0.5 In Bristol, all subordinates whosc origins were
known (i.¢. tagged as cubs) were philopatric cubs or
older females that had lost their dominant status
(Baker et al. 1998), although we were not able to doc-
ument the origins of all subordinates and some
immigrating animals from outside the study site
would not have been detected using our method-
alogy. Niewold (1980) also found that subordinates
were offspring retained from previous years, and this
is consistent with a number of tagging studies (c.g.
“Irewhella ef alf. 1988). By contrast, in Zabel's (1986)
study, subordinate animals were unrelated to the
dominant pair.

Relatedness hetween helpers and cubs may also be
complicaled by variations in patterns of mating,
Many studies have documented that more than one
litter may be produced by groups where food avail-
ability permits (e.g. Macdonald 1979%; von Schanlz
1984a; Zabel and Taggart 1989; Baker ef al. 1998).
Furthermore, it is often proposed that subordinates
may regularly become pregnant as an insurance
against the death of the dominant female (e.g. von
Schantz 1981), but that this litter is typically lost
through infanticide (sce Horris and Smith 1987).
Dominant males may find it hard to monopolize
access to all females in their geoup where several
females conceive, Under such circumstances, pater-
nity assurance mechanisms such as mate-guarding
and post-copulatory locks may evolve, and both are
seen in foxes. The presence of such mechanisms
indicates an evolutionary history of male. male com-
petition for access to fernales. In addition, males are
known to make extra-territorial movements during
the brecding season (e.g. Zimen 1984; White et al.
1996). Such observations suggest that cuckoldry may
be common in this specics.

“To investigate the pattern of paternity in Bristol's
foxes, we collected tissue samples from cubs born
during 1992-94 for DNA analysis. At this time,
population density was very high and comprised
cqual numbers of subordinate males and females
(Bakex et al. 2000). Analyses of these sample with
colleagues at the Tnstitute of Zoology have shown
2 complex mating strategy, with dominant and sub-
ordinate males siring cubs both in their own and
neighbouring groups, and that mixed paterity
litters were present (Baker ef al. in press). Such
patterns of mating mean that, although we are
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CHAPTER 12

Red foxes

The behavioural ecology of red foxes in urban Bristol

Philip J. Baker and Stephen Harris

Red foxes Vulpes vulpes, adult sisters © J. M. Macdonald.

Introduction

The red fox (Vulpes vulpes) is the most widely
distributed extant canid species, and is present in a
broad range of habitats ranging from arctic tundra to
deserts to city suburbs. Throughout its range, the gen-
cral social system isa territorial breeding pair accompa-
niicd by up to eight subordinate individuals. However,
there is substantial plasticity in social organization (c.g.
Newsome 1995; Cavallini 1996), principally through
varialion in territory size, group size, and group struc-
ture (Table 12.1). Such differences represent the
optimal response to changing ccological conditions
(Macdonald 1983) and mortality rates (e.g. Macdonald
and Carr 1989). Because of this variability, and hecause
individuals do not forage cooperatively, the red fox
represents one model for investigating mechanisms
promoting group formation per se, and for the
evolution of group living in this taxon specifically.

Several evolutionary steps are required to move
from the ancestral system of intra-sexual territo-
iality shown by most solitary carnivores (Sandeil
1989) to the system that red foxes exhibit today
(Fig. 12.1). These include the evolution of patermnal
care, the existence of territories that subordinatc
animals can share without any a priori need for
benefits from group living, an increase in the costs
associated with dispersal and the evolution of mech-
anisms that enhance subordinates” inclusive fitness
in the absence of direct reproduction. To date,
research has tended to facus on two stages within
this pathway. Resoutce-based hypotheses have
cemphasized the importance of spatio-temporal pat-
ferns of resouce availability in leading to the forma-
tion of territories that can support subordinates at
little cost to the breeding pair (e 4. Macdonald 1981;
Carr and Macdonald 1986; Bacon et al. 1991a,b)
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Table 12.1. intraspecific vanation i red fox social arganization. Studies are ranked by increasing home range size

Subordinate
Home range size (hia) Group size sex ratio

Reference Country Habitat  Mean Range N Mean Renge W L
Baker et al. (1998, 2000) England. Urban 18 828 8 45 2110 8 51 43
Macdonzid (1981) England Urban 45 1912 7 44 25 5 0 100
Adkins and Stott (1988) Canada Urban 53 24-75 6 23 2 o 100
Meia and Weber (1995, 1996)  Swizerland Rural 106 49-248 13 50 3-8 i 36 64
Kolb (1986} Scotland Urban 116  61-233 g8 24 2 © 100
Mulder (1985) Netherlands  Rural 153 105200 56 7  2-4  Séfoes O 100
Isukada (1957) Japan Rual  ~200 ~100-300 14 ? 25 7 50 50
Poulle et al. (1994) France Rural 203 48-376 G 7 2-5 6Gadus 0 100
Reynolds and Tapper (1995) England Rural 245 70-360 8 21 13 8 0 100
Phillps and Catling (1991)  Australia  Uiban 368 120530 3 2 12 3 ? ?
Cavallini (1992) Mountain 494 357-631 5 3 - 1 0 100
Macdonald et al. (1999) Desert 852 ? 31 30 24 9 9 91
Niowold (1980} Netheriands ~ Rural 98 7 5 24 7 2 >90
Jones and Theberge (1982)  Canada Tnda 1611 277-3420 7 ? - - = o

Individual-fitness based hypotheses have emphasized
the cost-benefil trade-off hictween remaining on a
territory as a non-brecding subordinate versus dis-
persingand attempting (o become the breeding indi-
vidual in a non-natal group (c.g. Lindstrom 1986
Macdonald and Carr 1989). Occasionally these have
been viewed as disparate entitics (c.g. Rlackwell and
Bacon 1993). While it is the casc that without suffi-
cient resources subordinates could not survive on a
territory, in the absence of fitness hencfits selection
would favour subordinates that dispersc. Therefore,
both processes are fundamental to the variability in
social organization seen in the red fox. Consequently,
1o identify the ultimate and proximate mechanisms
underlying this plasticity, data are required on indi-
vidual reproductive success from populations under
different ceological conditions monitored over time.

Urban foxes represent an ideal subject for such
long-term studies since teritories ate small, group
sizes are large, they ave easily trapped (Baker ct al.
2001a), they can be radio-tracked at close quarters,
secovery rates of dead animals are high, and detailcd
information on individual foxes can be obtained
from resident householders who regularly sce the

foxes in their garden. Thercfore, it is possible to
obtain detailed life histories of known individuals. In
this chapter, we review the work undertaken in
a long-term study in Bristol, England investigating
the mechanisms and benchis of group formation in
apapulation of urban red foxcs.

The Bristol fox project

Bristol’s foxes have been studied continuously since
1977. Early studies focused on population-level
processes such as abundance and distribution (Ularrs
1981; Harris and Kayner 1986), demography (llareis
and Smith 1987), and dispersal (Harris and Trewhella
1988; Trewhella and Harris 1988; Woollard and
Harris 1990; Harris and White 1992), partly to develop
a rabies contingency plan for Britain. Since the
19905, the project has focused on individual patterns
of behaviour within a small number of social graups
in the north west of the city (e.3. Saunders etal. 1993,
1997; White and Harsis 1994; White et al. 1996,
Baker et al. 1998, 2000, 2001b).

A summary of the changes occurring in this
population s given in Table 12.2. Prior to 1990, spring
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Venezuela, 19,27, 131
versatility, 6, 109
viability analysis, 133, 150, 357 see
also modclling
viable population, 144, 155, 324
vigilance, 93, 237, 240, 330, 333-4
vialet glands, see supracaudal
glands
Vitex payos, see chocolate berry
Viverravidae, 41
vixen, 88, 97, 102, 167, 170-1
vocal
oppanent, 112
signal, 6, 256
vocalization, 7, 146, 169,
256, 281
vole, 99, 140, 164, 224, 273,
276,279
Vulnerable species, 14, 18, 28, 54,
81,88, 112, 119, 143, 179,
183, 187, 194, 205, 276, 293,
33940, 354-5
Valpes
bengulensis, see Indian fox
cana, see Blanford's fox
chama, see Cape fox
corsac, see corsac fox
ferrilata, see Tibetan fox
macrotis, see kit fox
macrotis mutica, see San Joaguin
kit fox.
macrotis zinseri, see Mexican kit
fox
pallida, sce pallid fox
rucppelli, see Ruppell’s fox
velox, see swift fox
vulpes, see red fox
zenda, see fennec fox
vulpine canids, 6-7, 9, 29, 46, 201,
208, 242, 358 see also Vulpes

warthog, 338, 341
waterberry, 2634
water buffalo, 16
weaning, 88, 94, 96, 103, 165-7,
169, 192-3, 319, 32
webbed feet, 27
wlielping, 192, 2356, 238-9,
259, 268-9, 274,
321, 340
whities, 6
whistle, 22, 235
white-tailed deer, 16, 18, 272, 289,
302, 308
while-tailed sca-cagle, 166
whitneyan, 40, 43
whorled dropseed, 341
wild
dog, see African wild dog
pig, see feral pigg
wild-born animals, 152, 300,
305, 308,
wildeheest, 338
winter
coal, 200
culling, 112
den, 170, 220
fur, 163, 165
Diybemnalion, 21, 226
insects, 225
lethargy, 218-20
shooting, 121
snow height, see snaw height
studies, 273-79
Wisconsin, 119, 157, 283, 301, 303,
306, 308
wolf, see grey wolf
conservation programmes, 115,
158, 357, 361, 368
control, see predator
control

depredations, see depredation
on livestock
predation, see predation
Wolf Forum for the Southern
Rockies, 361
wolf-like canids, see vulpine
wood mousc, 164
wow-wow call, 7 see also
howling
Wyoming, 76, 78, 116, 154, 193,
71-2, 274-8, 280-2, 301,

X-chromosome, 68
Xenocyon, 40, 52
Xenodiagnosis, 129, 131

Y-chromosome, 60, 68, 73

yearling, 21, 91, 95, 97, 102, 135,
168-9, 171, 173, 176,192,
204,223, 229, 273, 279,
340 2, 347-9

Yellowstone National Park
(YNP), 271-3, 282-3,
304 sec also Greater
Yellowstone area

Yemen, 357

young, see cubs

Zacatecas, 186

Zambia, 361

Zimbabwe, 6, 10, 13-14, 64-5,
89,95, 115, 120, 153,
255-8, 260, 263, 267-9,
357, 361, 364

teak, 258 see also teak

Zimbabwe, southwest,
258

zona pellucida vaccine, 148

200moses, 123, 142, 359
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Figure 12.1. Potential pathway for the evolution of group
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dispersal, such that some individuals may opt to remain on
their natal group. Such primitive groups may then act as a
catalystfor the evolution of behaviours such as alloparental
care, which would enhance the inclusive fitness of
subordinate foxes.
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density (ie. adults and cubs) was approximalcly
20-30 foxes per km’. Between 1990 and 1994, adult
fox density increased dramatically, peaking at
37 foxes per km” in 1993; total fox density was high-
est in 1993 (> 60 animals per km?). These changes
arose from increases in group size, the number of
groups per unit area and the number of females
breeding per group. In spring 1994, sarcoptic mange
was detected in the population, and this triggered a
dramatic decline in fox numbers; currently, fox den-
sity is approximately 10% of pre-mange numbers,
For the purposes of this chapter, we will confine our
discussion to the pre-mange period 1990-94, except
where explicitly stated. During 1990-94, the study
site comprised an area of 1.5 km? of predominantly
medium-density housing; other habitat types
include playing fields (21.3% of area), allotment
gardens (2.1%), woodland (0.1%), and a cemetery
(5.8%). During the mange outbreak, and up to the
present day, the study area has been expanded to
cover an area of approximately 9 kin’,

For each sacial group, we have attempied to obtain
detailed information on the history of cach fox born
on the study site and those that moved into the
study groups. Three gencral methods have been
employed. A capturc-mark-recapture. programme
has been used to obtain information on survival
Tates. Animals were cage-trapped (Baker et al. 2001a)
and marked with car tags. In particular, we tried to
mark animals as cubs so that we could determine
each fox’s natal gronp. In addition to trapping, we
requested that local househalders supply informa-
tion on foxes that they saw in their garden. To facili-
tate this process, full-grown foxes were fitted with
radio-collars covered in coloured electrical insulat-
ing lape; in recent years, we have also marked foxes
with unique combinations of colour-coded ear tags
to help householders identify individuals.

Radio-tracking was used to quanlify range
wtilization patterns and to delimit territorial bound-
aries. Daylime rest sites were used to monitor
whether individuals had dispersed from a group, All
animals reported dead were recovered for post
mortem examination to obtain information on diet
and fernale productivity rates, and to identify the
fate of marked individuals. To maximize the number
of foxes recovered, leaflets were delivered to every
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Table 12.2 Summary of changes occuring in the Bristol fox population between 1980 and 1999. Reproduced with

permission from Baker et af, (2001b)

Spring,  Spring

Spring

1980 1990 1993
Mean tertitory size {na) 24 29 18
Group density {groups/ km?) 11 34 56
Mean group size (adults) 34 23 46
Adult densily (aduits/km?) 138 78 258
Mean 00, of females breeding pergroup 1.0 1.0 1.6
Mean emergent itter size 38 a8 43
Cub density (cubs/ km?) 156 129 385
Total fox density (foxes/kn') 295 207 643

Sping  Summer Autumn  Winter  Summer  Autuma
1994 1995 1995 1995 1998 1999
18 27 & 210 131 169
56 37 il 05 08 06
66 27 18 17 19 18
370 100 22 09 15 11
10 10 10 10 10 10
38 34 28 220830 21
213 126 34 11 24 16
583 226 56 20 39 27

house on the whole study site in several years
tequesting reports of foxes found dead. To date, we
have ear tagged > 2350 foxes, of which approx-
imately 280 have been radio-collared: we have recov-
ered > 3200 foxes dead for post mortem examination,
of which 1070 were tagged (46% of those lagged).

We have four goals in this chapter: (1) ta summa-
rize the hehavioural ecology of this population;
(2) to draw comparisons with other studies in other
habitats; (3) 1o synthesize the information curcently
available for this specics; and (4) to identify areas
for further rescarch. In particular, we address the
Following questions:

1. Does resource availability allow subordinate
animals to exist on a territory at little or no cost to
the dominant pair?

Does habitat saturation increase the costs of
dispersal?

Da patterns of behaviour such as alloparcntal care:
and teritory inheritance mechanisms enhance
the fitness of subordinate animals?

Does resource availability allow subordinates
to exist on a territory at little cost?

The Resource Dispersion  Hypothesis  (RDH
Macdonald 1981) suggests one mechanism by which
subardinate animals arc able to occupy a territory at
little or no cost to the dominant pair. Specifically it
proposes that dominant animals configure their

territary in relation to their resource requirements
during some critical limiting period so that, on
average, outside the critical period, there are more
resources than required by the brecding pair. Such
territories would, therefore, be able to support subor-
dinates under soriie circumstances

Under this hypothesis, group size and territory size
will gencrally not be linearly related, as group sizc is
dependent on average resource availability, while
Leritory size is comelated with the spatial distribu-
lion of resources during the critical period. Groups
should also be more prevalent and larger in highly
variable environments, as dominant animals would
need to defend territories with greater average
resource availability to compensate for the temporal
variation (Carr and Macdonald 1986). Lastly, territ-
ory size should remain constant despite short-term
variation in the pattern of resource availability; for
cxample, if the period of lowest food availability to
which territory size was geared was the animal’s life,
then temtitory size would be expected to remain con-
stant within the lifetime of a dominant individual.
Howcver, group size may vary as resources fluctuate

This hypothesis appears readily testable. For
example, Kruuk and Macdonald (1985) proposed
that removing a single key fond patch during the
aritical period would make a teritory untenable, and
as a result the dominant pair would need to enlarge
their territory, Yet, few such manipulation experi-
ments have been undertaken, and there are several
reasons for this. For example, territory sizes infer
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than do wild canids. That emotion can be enchantment and fascination, but it can also be
Joathing, because the opportunism that is the hallmark of the dog family also leads them
into conflict with humans. While most people may be familiar with only the better known
members of the dog family, such as the grey wolf and the red fox, there are in fact 36
species of wolves, dogs, jackals and foxes.

This book brings together in a single volume an astonishing synthesis of research
from the last twenty years and is the first truly compendious synthesis on wild canids,
Beginning with  complete account of all 36 canid species, there follow six review
chapters that emphasise topics most relevant to canid conservation science, incluiding
evolution and systematics, behavioural ecology, population genetics, disea:
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density, see density
dynamics, 66, 113, 126, 141, 164,
195, 290, 307-8, 337-8, 340,
347-8, 350
effective size, sec effective
population size
fluctuation, 12, 22, 29, 31-3, 104,
164-5, 170-1, 238, 253, 261,
285, 291, 334, 342
genetics, see genetics
growth, 62, 140, 318, 338, 346-7,
350
habitat, sec habitat
management, 66, 149-50, 322
370
monitoring, sec monitoring
peaks, 164
recovery, see recovery
regulation, sce regulatory
mechanisms
Sex ratio, see sex fatio
sink, 67
stable, see stable
stochasticity, see stochastic
population projection
threal, 13, 15-16, 18-19, 22,
24-6, 27-8, 30-3, 36
viability, 133-4, 145, 198, 292-3,
295, 307 see also modelling.
post-carnassial, 226, 326 sce also
carnassial
post-copulatory, see aisa copulation
lock, see copulatory lock/tic
play, 230
post-weaning, 169, 319 see also
weaning
posture, see standing posture
poultry, see killing
prairic
do, 146, 187, 194, 196-7 see also
Cymamys
fox, 338
habitat, 15, 34, 109, 154, 186,

predation, 26, 53, B8, 93, 110-13,
117 19, 148, 179, 185,
195-7, 244-5, 252-3, 276-8,
288-90, 302, 308, 365-6, see
also killing

in groups, sec group hunting

predator, 11, 19, 21, 23, 25-6,
39,43-4, 514, 111-13,
116-19, 164, 166, 180, 192,
196, 201, 205, 234, 240, 244,
312-13, 319, 326, 358,

370 1
conflict, 3634, 367

control, 15, 67,71, 73, 81,
107-22, 174, 181, 253
defence, 171
guild, 53
interaction with prey, 291, 323,
371
Loss, 110,
mass, 87, 105
nest, 181
opportunistic, see opportunistic
problems, 362
loxicant, 195
predictable, 164, 166 72,198, 316,
330, see also unpredictable
food
envirouments, 165-70
pre-dispersal, §
preference
habitat, see habitat preference
prey, see prey preference
pregnancy, 5, 94, 96, 104, 147,
166-7, 170-1, 233, 239, 241,
an
abortion, see abortion
control, see fertility control
false, see pseudopregriancy
premolars, 16, 39, 41, 44-5, 256, 273
pre-natal
litter size, 170, 239
losses, 170
pre-saturation
prevalence (of disease), see disease
prevention, see vaccination
prey, 6,9, 18-20, 22, 27, 35, 48,
52-3, 67, 69-70, 74, 85, 89,
104, 106, 109-11, 114, 116,
148, 152, 179, 187, 195, 224,
237, 244, 246, 248-9, 253,
259,277, 291 2, 308,
313-14, 327, 358, 360,
364-5, 371
abundance, 4-5, 8, 104, 194, 196,
203, 245, 283, 287, 289, 294
acquisition, 89, 92
availability, 9, 16, 29, 32, 144,
164, 244-6, 249, 251-2, 283,
302,322
biomass, 16, 54, 85, 87, 105, 246,
249,274, 276, 279, 315
consumption, 247-52
density, 168, 244, 246, 252, 283,
289,324
dispersion, 204, 279
prefercace, 327-35
selcction, 112, 244-7, 250-2
size, 9, 73, 90, 104, 237, 292
prey-predator, sec predator
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primary occupant, 98 see aiso
territory.
prioritization, 355-62, 37, 369, 372
“prablem’ animals, 115-120
Procyon lotor see raccoon, 54
procyonids, 39, 41, 44, 47, 51
productivity, 92, 104, 108, 112,
121, 164, 176, 209, 214,
218-19, 222, 231
progesterone, 147-8, 151, 222
pronghorm antelope, 272
protected
arcas, 14, 20-2, 33, 63, 83,
109, 115, 124, 144, 152,
155, 169, 322, 324,
328-9, 340, 356, 360-1, 370
from hunting, 63, 73, 76, 114,
120,132, 147, 171, 195,
206, 338
protein electraphoresis, 186
Protepicyon, 40
protocone (protoconid), 43
Protocyon, 45-6, 51
Protomarctus, 40
protostylid, 43
provisioning trips, 214 see also food
provisioning
Psalidocyon, 40
Pseudalopex, 11, 46, 49 50, 107
cirlpacus, see culpeo
fulvipes, see Darwin'’s fox
griseus, see chilla
Qymuocercus, see Pampas fox
securae, see Sechuran fox
vetulus, see hoary fox
pseudopregnancy, 96, 147, 321
plarmigan, see tock ptaimigan
Prerocarpus spp., 341
Puma concolor (puma), 53-4, 110,
117, 120, 126, 253, 308
pup, see also allosuckling, neonatal,
and infanticide
guarding, 95, 333-4, 338, 344
pup reating, see nursing
pup survival, sce cub survival
Python sehae (python), 229, 234

rselection, 172
rabbit, 18, 112-14, 253, 320
Luropean, see Furopean rabbit
jackrabbit, see black-tailed
jackrabhit
rabies, 7-8, 14, 17-18, 22, 28, 35,
63, 110, 123-7, 132-6, 138,
140, 193, 198, 205, 208, 212,
228-9, 268-9, 317, 322,
39, 359
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suggested that Blanford's foxes foraged more for water
than for cnergy because metabolic needs are met
before water requirements when feeding on inverte-
brates. Blanford’s foxes in lsracl consume more fruit
during the hot summer, which compensates for def-
ciencies in body water (Geffen et al. 1992a,b).

In Israel, Blanford's foxes are strictly nocturnal
year-round. Geffen and Macdonald (1993) hypothe-
sized that this activity pattern is an anti-predator
response to diurnal raptors. The onset of activity is
governed largely by light conditions, and closely fol-
lows sunset. Foxes were active ¢.8-9 h/night, inde-
pendent of duration of darkness. Average distance
(= SD) travelled per night was 9.3 + 2.7 km, and size
of nightly home range averaged 1.1+ 0.7 km?
(Gelfen and Macdonald 1992). Significant seasanal
or sexual differences in duration of activity, nightly
distance traveled, or nightly home range were not
detected. Except at their extiemes, climatic condi-
tions at night in the desert of Israel appeared to have
little direct effect on the activity of Blanford’s foxes
(Geffen and Macdonald 1993).

Social organization and reproduction

Data from 11 radio-tracked Blanford’s foxes studied
over 2 years indicated that they were organized as
strictly monogamous pairs in territories of ¢.1.6 km?

Figure 11.5 Blanford's fox Vaipes
cana © C.andT. Stuart,

that overlapped minimally (Fig. 11.6; Gefien and
Macdonald 1992). Locations and configurations of
fome ranges were stable during that study. A shift in
location of home range was observed only once fol-
lowing the death of a pair member. Three of five ter-
ritories contained ane, non-hreeding yearling female
during the mating scason, but there was no evidence
of polygyny (Geffen and Macdonald 1992).
Monogamy may be advantageous in this species
because the dispersion of their prey is such that to
accommaodate additional adults would generally
tequire territorial expansion that would bring
greater costs than benefits. The food resources in
observed territories may be sulficient to support only
asingle breeding female.

Dens used by Blanford's foxes in [sracl were usual
Iy on mountain slopes, and consisted of large rock
and boulder piles or screes. The foxes appeared to use
only natural cavitics, and never dug burrows. Dens
were used hoth for rearing young during spring and
for day-time shelter throughout the year, During
winter and spring, both members of a pair frequently
occupied the same den, or adjacent dens at the same
site, while during summer and autumn they often
denned in separate locations. Changes in location of
den from day 1o day were most common in summer
and autuma (Geffen and Macdonald 1992).

Females are monoestrus and come into heat
during January-February (in Israel). Geslation lasts
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rabies (cont.)
and mortality, 234-5 see alsu
catastrophe
vaccination, 136, 139, 141, 205
raccoon, 54
raccoon dog, 10, 18, 21, 46-51,
105, 127, 217-26, 354
chromosomes, 226
diet, 224-5
evolution, 218-19
habitat use, 2234
parental care, 222-3
seproduction, 221-2
skull and tooth, 225-6
Ussri (Finn.), 217-25
radio-activated guard (RAG), 119
radio-tagging, see collar
radio-telemetry, 80, 115, 128, 260
radio-tracking, 3, 8, 146, 208-9,
213, 222, 243, 261 see also
collar
rainbow trout, 303
aainforcst, 13, 20, 27, 81-2, 199
Rajasthan, 324-5
Ralius longirostris, see clapper rail
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Range distrihution modelling, see
modelling
Rangifer tarandus, see caribou
Raphicerus campestris, see steinbok
raptor, 54, 93, 180, 204
rarity, 122, 269, 355~
raven, 16, 92, 287, 202
reaction norm, 166, 170
recapture, see markerecapture
recolonization, 15, 34, 108, 116,
253, 306, 339, 360-1
recovery, 23, 31, 68, 108, 111, 126,
132-3, 138-9, 140, 149, 156,
158, 170, 195, 208-10,
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future, 302, 307
paradigm, 367-8
plan(s), 157, 181-2, 296,
208-301, 303-5, 360, 364
problems of, 308
recruitment, 133, 140, 146, 164-5,
230, 269, 287, 2034
Recurvirostra avosctta, see avocet
red deer, 111, 288, 356, 360, 371
red fox, 4-12, 34, 45, 48-9, 57-8,
76, 83,97, 99, 113-15, 126,

368-9

130,132, 149, 1968, 201,
207-16, 246, 354, 358, 362,
364, 370
red lechwe, 341
fied List of threatened specics, 354
see also endangered canids
Ked Sea, 61, 202
red wolt, 3, 11, 17-18, 57-8, 71-3
108, 149-50, 298-303, 305,
354, 360-1
conservation, 149-50
coalition, 361
and coyotes, 303-3
recovery, 300-3, 309, 361 see alsa
recovery
red list assessment, 354
reduction of habitat, 19
Redunca arundinum, see
reedbuck
reedbuck, 314
segulated trapping, 26
regulatory mechanisms, 113, 115,
121, 16425, 170, 172, 195,
253,272, 278 9, 288, 290,
340
segurgitation, §, 7, 93, 95, 205,
231, 237, 240, 242,
319-20, 333, 344
reindecr, 16 see also dect
reintroduction
pathogens, 124, 127, 131-3, 135,
137, 140
species, 10, 21, 24, 34, 63, 66,
71-2, 77-8, 81-3, 93,
111-14, 118, 124, 150,
1524, 179, 187, 195,
21819, 253, 286, 2967,
300, 302, 304-6, 358, 371
Reithrodontomys ravirentris, see salt
warsh harvest mouse
relatedness, 60, 72-3, 77, 80, 101,
145, 177, 198, 213-15
240-1,319
reproduction, 9, 121, 192-3, 204-5,
221-2, 240, 242, 259, 279,
340, 343-6, 371
assisted, see assisted reproduction
number (Rg), 131
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age, 344
behaviour, §, 97, 326, 333
competition, 317
condition, 151, 317
conts, 9, 88, 170, 218, 222, 232-3
see ulsi female
isolation, 74
output, 9, 150, 170-1, 282, 321

proteins, 139
strategies, 164, 170-1
success, 94, 97, 104, 155, 163,
168,171, 208-9, 230-1,
2356, 240, 242, 272, 282,
317, 338, 345-6, 357
suppression, 6, 9, 97, 139, 240
research, 285, 289, 324, 350, 353,
355-6, 358-9, 362-3, 366-72
paradigims, sée recovery paradigm
reserve size, 155
reservoir (of discase), 63, 125-7,
129,132, 139, 142, 268,
366-7
capacity, 131
host, 125, 127, 1334, 138, 140
resident(s), 34, 67, 92, 100, 113-14,
120, 154, 178, 258, 271-5,
278, 2803, 316-17, 340
resistance, see disease
resource
availability, 9, 98-9, 1034, 166,
207, 209-12, 215, 238 see
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partitioning, 278 9
Resource Competition Hypothesis,
179,242
Resoutce Dispersion Hypothesis
(RDH), 87, 98-100, 171, 210,
237-8, 262, 292,334
testoration, 73, 77, 81, 111, 149,
153-4, 157, 300, 302-7,
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(RELP), 58, 176
Rhizocyon, 40
Rhizomidac, see molerat
tingtail, 200
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222,224, 229
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cricetine, 250, 252
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Figure 11.6 The spatial organization of home ranges (80%
minimum polygon) of 10 Blanford's foxes at Ein Gedi during,
1987. Solid lines represent home range boundaries of males
and dashed lines of females. (Modified from Geffen and
Macdonald 1992.)

€.50-60 days, and litter size is onc to three pups.
Females have 2- active teats, and the lactation period
is 30-45 days. Neonates are born with soft black
fur. Based on repeated measures of body mass of
three young barn in captivity, a neonate body mass
of 29 g was estimated (Geffen 1994; Mendelssohn
et al. 1987). At 3-4 months old, subadults weight
700-900 g. At c.2 months of age the young start
ta forage, accompanied by one of the parents, and at
3 manths of age they start to forage alone. Juveniles
have similar markings to the adult, but their coat is
darker and more greyish. Sexual maturity is reached
at 10-12 months of age (Geffen 1994). Offspring
often remain on their natal homerange until
autumn (Octoher-November).

One to three cubs are born in spring (March).
Young ace entirely dependent upon their mother's
milk for food and water until they begin 1o forage for
themselves. Adult foxes have never been observed
cartying food (o the young and only one den was
found with remains of prey at the entrance (Geffen
and Macdonald 1992). As for other vulpine canids,
therc is no evidence that Blanford’s foxes regurgi-
tated to their young. Geffen and Macdonald (1992)
had no indication that the male provides food cither
to the femalc or to the cubs, although they observed
males grooming and accompanying 2-4 month old
juveniles. Fucther, non-breeding adults were never

Blanford's foxes 205

observed to piovide for the cubs in any way.
Therefore, it appears that the dircct contribution to
survival of the young by any individual, other than
the mother, is probably minimal. The issue of pater-
nal and matemal investment is of special interest
because previous observations have suggested that
food is nal provided 1o the female and cubs by the
male. In such a system, polygyny is favourcd because
litters are small and paternal investment secins to be
minimal. However, the fact that monogamy is the
observed social syslem suggests that other, yct unde-
tected energetic constraints may play a ole, Au eco-
physiological study of energy expenditure in
breeding pairs may elucidale why these foxes arc
monogamous.

Mortality, pathogens, and conservation

In Israel, old age or rabies were the primary causes of
death (Geffen 1994), Maximum life span of
Blanford's foxes in the Isracli populations was esti-
mated as 4-5 years, but in captivity they may live
longer (6 years; Geffen 1994). The potential preda-
tors of Blanford’s foxes are leopards (Panthera par
dus), red foxes, eagle owls (Bubo bubo), golden eagles
(Aquila chrysactus), and Ronelli’s eagles (Hieracetus
fasciatus). Blanford's foxes were observed to flec from
ared fox; the only known case of mortality from pre-
dation was probably attributable to a red fox.
However, occasionally individuals will stand at a safe
distance and bark at larger potential predators
(e.4 leapard and human).

Blanford’s faxes are thrcatened by rabies. During
1985-89, 11 Blanford’s foxes were found dead in the
two studied populations in Isracl, of which two fresh
carcasses Lested positive for rabies (the remaining
carasses were too decayed to yield Tesults). All these
individuals wete marked adults. Considering that
the Fin Gedi reserve may support only 7-10 breeding
pairs, rabies could substantially diminish the popu-
lation there. Rabies is a common disease throughout
the Middle East, and in south-castern Isracl a few
cases arc reported every year, Oral rabies vaccination
of wildlifc is now being implemented in fsael. This
may prove an important conservation measure for
the seemingly fragmented, and thus vulncrable,
populations of Blanford’s foxes,
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370-1
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Only a single poisoning record of three Blantord's
foxes and two red foxes is known from the United
Arab Emirates. Probably poisoning is a rare cause of
‘mortality in this species. Road kills alsa appear to be
insignificant (none has been reported from lsracl or
the United Arab Emisates, and one from Saudi
Arabia; Al Khalil 1993).

Ihe Blanford's fox has been known for its hixurious
coatand its pelts are occasionally sold in the bazaars of
south-western Asia (e.g. Hassinger 1973; Roberts
1977). Records compiled by the Convention on
International Trade in Endangered Species indicated
that no Blanford’s fox pelis were exported during
1983 and 1985-86; in 1980 and 1982 seven were
exported; and in 1981 ¢.30 skins were exported from
Afghanistan, However, in 1984, there s a clearly ano-
malous record of 519 Blanford's fox skins exported,
mostly from Canada (Ginsbergand Macdonald 1990).
In Tsracl, the species is completely protected by law,
whereas in Jordan, Oman, and Saudi Arabia it is pro-
tected anly within reserves. The issue of lrapping
is significant in this specics because Blanford’s foxes
are not fearful of traps. Both Geffen e al. (1992d)
and Smith ctal. (2003b) emphasized that foxes at their
study site readily entered box traps. In Isracl, mean
trapping successwas 30.3%and 15.3%, and the mean

yumber of recaptures during the studywas 8.0 L 4.9
and 6.7 + 3.5 for Ein Gedi and Eilat, respectively.
These data indicate a potential to harvest rapidly a
local population using only a few box traps. Unlike
many other fox specics, for which intensive trap-
ping cifort and elaborate techniques are required in
order to cradicate a population, the Blanford's fox
could easily be extirpated locally using simple
means.

Finally, the threat from habitat loss is limited as
most of the area where this species oceurs in Israel is
anature reserve. Political developments may change
the status of the northern Judaean Desert. Human
development along the Dead Sea coasts may also
pose a considerable threat to that habitat. Similar
concerns exist for the populations in the United Arab
Emirates. Large scale quarrying in Wadi Siji (one of
the capture sites in the UAE) and the construction of
aroad through that wadi is the most likely reason for
the lower density of foxes in the area. The rugged arid
mountain ranges throughout the distribution of the
Blanford’s fox are low impact, and the present over-
all concern about habitat loss is minor. However, spe
cific localities where Blanford’s fox density is high
should be protected from ecological alterations
(c.g agriculture, grazing) and habitat loss.
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during winter and can thus invesl heavily in
reproduction (Kauhala 1996b). Because they arc
extremely omnivorous, they always find something
to cat and The litter size is only slightly affected by
varying food conditions. Finally, raccoon dogs are
strictly monogamaus in Finland and the female can
rely on the help from the male in pup rearing. Litter
size is similar (mean — 9) in SE Russia (Judin 1977).

Productivity of the population in Finland

The proportion of breeding females in  the
population averaged 80% (Helle and Kauhala 1995;
K. Kauhala, unpublished data), being highest in
SW Finland (85%) and lowest in NE Finland (67%).
The productivity of the raccoon dog population was
thus 7.2 pups/all adult females in the population.
“The productivity was highest in SW Finland (7.9)
and lowest in NE linland (4.7).

Climate seems to be the most important factor
affecting productivity of the raccoon dog papulation
in Finland (Kauhala and Helle 1995). The onsct of
spring determines the time of ovulation and, thus,
the time when pups are born. In southern Finland
pups are born earlier and have a longer time to grow
and gather fat reserves before the onset of winter
lethargy than do pups born in more northern arcas.
Therefore, young females are much heavier in late
autunn in southern than in northern Finland and a
larger proportion of them reproduces the following
speing, Climate thus atfects the proportion of reprodu-
cing females in the population, which is very impor-
fant for the total productivity of raccoon dogs
(Kauhala and Helle 1995).

Mcan weight of raccoon dog pups at birth in
Finland is 122 g (Kauhala 1996b). Mean litter weight
is thus 1080 g, which is 21% of the mean weight of
the female. These figures show that raccoon dog
females invest heavily in reproduction, compared
for instance with the red fox; the weight of a fox
Jitter is 10-13% of the mean weight of the female
(Kauhala 1996h).

Reproduction of the Japanese raccoon dog

‘The basic reproductive physiology of the raccoon
dog is similar to that of other canids, and they too

have @ copulatory tie (keda 1982). Testosterone
levels in males peak in February-March in Japan, and
progesterone levels in females coincide, even in the
absence of males, suggesting that the raccoon dog is
a monoestrous, seasonal, and spontaneous ovulator
(Yoshioka ef al. 1990). Raccoon dogs Teach sexual
maturity at 9-11 months, although yearling females
tend to ovulate later than older females (M. Saeki,
personal observation). Mean weight of 109 gat birth
were reported in Japan (Ikeda 1983). The litter size of
the Japanese raccoon dog is around 4 (2-5) (Okuzaki
1979; Tkeda 1983). Kinoshita and Yamamoto (1993)
reported one female with 10 embryos in a sample of
43 female carcasses. In this wrban environment the
average number of ¢ lutea was 6.3 (n = 6, range
4-9.+) from the carcasses, mostly road-kills, collected
in Kawasaki-city.

Home ranges, mating system and
parental care

Finnish raccoon dog

In Finland, there is no evidence of raccoon dogs
living in groups, other than a pair and their pre-
dispersal juveniles. Rather, raccoon dogs are mono-
gamous, the pair sharing their home range and
usually also moving together throughout the year
(Kauhala cf al. 1993a). ‘The core arcas of the home
ranges of different pairs do not overlap, especially in
the breeding season. In the autumn, peripheral areas
may averlap, but non-paircd adults were never located
nearer than 500 m of cach other. The maximum
(95-100% utilization) harmonic mean home range
size, revealed by radio-tracking (31 individuals) in
southeen Finland, was 184-950 ha and that of the
core arca (80-85% utilization) 80-340 ha, depend-
ing on the area and season (Kauhala et al. 1993a;
K. Kauhala and K. Holmala unpublished data). The
outer convex polygons were 187-700 ha. There were
no significant annual or sexual differcaces in the
average home range sizes, but the maximum home
ranges, especially those of males, were larger in
autumn than in summer. The home ranges of adult
pairs were stablc from year to year, only minor shifts
oceurring between seasons. In one case, following
the death of its mate, an adult male moved to an arca
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6 km from the pairs’ former range. The home ranges
of juveniles in autumn were larger than those of
adults, the maximum home ranges of juveniles
averaging 15.7 km?, core areas 5.4 km” and polygons
14.2 km?.

Dispersal usually occurs between August and
October, and we have no evidence of juveniles
remaining in their natal range over winter, Greatest
juvenile dispersal is >150 km, but most (79%) were
found within 20 km from the marking location,
None of the adults was discovered further than
10 km from the location at which they were lagged
as adults (Kauhala and Helle 1994).

Both male and female participatc in pup rearing;
the male usually spent more time at the den with
pups than did the female (Kauhala et al. 1998a). The
female nurses the pups and forages for herself,
because food items are small and are not usually
carricd 1o the den. While the female is foraging, the
male stays with the pups. At night, malcs and
females spent 61% and 50%, respectively, of thir
time at the den, but by day the comparable figures
were 80% and 60%. Pups were seldom left ajone dur-
ing the first month of their life. At night, the parents
took turns of habysitting: when one entered the den,
the other left.

Observations in an enclosure revealed that a male
spent more time with the pups outside the den than
did the fermale, and also carried food (small fish) to
them (Hutlunen 2001). The female nursed the pups,
but otherwise kept well away from them.

Japanese raccoon dog

Evidence from Japan suggests that there too the
raccoon dog is basically monogamous, and pair
bonds mag endure through consecutive years
(Yashiki 1987; Yachimori 1997). The mating period
falls between February and April, and gestation lasts
61-63 days. Again, both parents tend the pups
(Okuzaki 1979; Ikeda 1983; Yamamoto 1987), taking
turns to attend the den for 30-50 days (Fukue 1991;
Saeki 2001) although the male spends more time
there (Saeki 2001). After weaning pups forage with
their parents until dispersal starts in autumn.

Home range sizcs varying between 6.9 and 610 ha
have heen recorded (Ikeda et al. 1979; Ikeda 1982;
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Ward and Wuster-Hill 1989; Fukue 1991; Yamamoto
1993; Yamamoto et al. 1994). The most detailed
study, by Sacki and Macdonald (submitted) was in
countryside known as satoyama (‘a landscape of core
forests and the surroundings, which have been main-
tained through utilization and disturbance by local
people with their daily life, self-sustainable agricul-
ture, and other traditional industries’ (Osumi and
Fukamachi 2001) ). There, seasonal home-range sizes
were calculated by 95% MCE, 95% kemel estimates
and range span for each animal in each season
(X =782 + 12,0 ha for 95% MCP; X ~ 63.3 + 7.34
ha for 95% kernel; X = 1533.6 + 110.6 m for range
span; n=54). Descriptive statistics suggested thal
ranges were largest in the autumn (95% kernel
cstimate: Kruskal-Wallis Test, H =7.09, DE =3,
P~ 0.069), yearlings had significantly larger home
ranges than did adults (H — 6.11,DF — 1,p — 0.013),
and there were no apparent differences hetween sexes
(H = 0.67,DF = 1,p = 0.412).

The mean percentage of overlap (95% and 100%
MCPs) decreased in the order of pair, yearlings,
adult-yearling and adults (Saeki and Macdonald
submitted). There was no overlap between the core
ranges of neighbouring breeding pairs, nor hetween
the 50% springtime MCPs of non-pair adults or
adults and yearlings. Mean percentages of overlap
between yearlings were 27.7 + 182 (n = 4) and
762+ 0.64 (n—2) within breeding pairs. In a
subalpine area Yachimori (1997) reported similar
patterns of range overlap.

In Japan, dispersal of young occurs from late
autumn to the following early summe, and unlike
the Finnish raccoon dogs, some individuals may stay
or return to their natal areas (Sacki 2001).

Habitat use
Finnish raccoon dog

In southern Finland, the proportion of barren heath
in the core areas of home ranges was greater in early
summer than in midsummer or autumn, while the
proportion of moist heath was higher in late summer
(Kauhala 1996a). Raccoon dogs used lake shores
more than expecied in both seasons, particulaily in
carly summer. This habital provides frogs, lizards,
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dogs hibernate in winter and are able to gather large
fat reserves in auturna. The volume of the stomach is
larger and insulation of fur better in Finland than in
Japan where raccoon dogs do not hibernate. Finnish
raccoon dogs are also bigger than Japanese specimens.
‘Fhe raccoon dogs are monogamous in both areas and
the male participates in pup rearing, but the litter size
islarger in Finland; females save energy during winter
lethargy and can thus invest more in teproduction.
Differences in chromosome numiber and skull and
tooth morphology suggest that the Japanese raccoon
dog has adapted genetically to a new environment, a
conclusion supported by aspects of their physiology
and reproductive and behavioural biology. The
species status of the Japanese raccoon dog should thus
be seriously considered.

Introduction

Raccoon dogs in Japan have been isolated from those
on the Asiatic mainiand for 12,000 years or so. After
the last glacial age (25,000 15,000 years ago), domi-
nant forests of Japan changed drastically from boreal
and temperate coniferous forests about 20,000 years
ago to warm-temperate, evergreen broadleaf forests
about 13,000 6000 years ago (Tsukada 1984;
Matsuoka and Miyoshi 1998). The Japanese environ-
ment ditfers greatly from thaton the mainland, raising
the question of whether the Japanese raccoon dog is
onits way to, or has achieved, species status. Our stud-
ies have focused on raccoon dogs in Finland (intro-
duced from the Russian Far East only in the last
century and known as the ‘Ussuri raccaon dog) and
Japan. In the Far East, the Ussuri raccoon dog lives i

small broagleaf forests, shrub thickets, marshy arcas,
meadows, and on shores of lakes and streams, but
avoids large coniferous  forests  (Novikov  1962;
Stroganov 1969). Asin the Far East, in Finland raccoon
dogs prefer habitats with dense undergrowth along
Takes and tivers, but they also inhabit coniferous and
mixed forests (Kauhala 1996a). The climate is much
colderin Finland than in Japan (cxchuding Hokkaido),
the mean temperature of the year being 2-5°C in
southern and central Finland. Winters are harsh, snow
covers the earth from November to mid-April and the
air temyperatuce can full below —20°C. The climate in

{he Russian Far EasL is similar to that in Finland, hut
winters can be even colder (Bartholomew and Son
1987). The climate of the Japancse Archipelago is
diverse with the mean annual temperature ranging
5.9-22.4°C, however, the monthly mean tempera-
ture seldom falls below freezing point except for
flokkaido and high-altitude areas, and the annual
precipitation averages 1852 mm (Observation Depart-
ment 1992). Net Primary Productivity is higher in
Japan than in linland, for cxample, 15.5 ton/ha/year
in Chiba in Honshu (Scino and Uchijima 1988)
and 10 ton/ha/year in southern Finland. The differ-
ences between Finnish and Japancse raccoon dogs are
likely to be attributable largely to the different selec-
tion pressures they have experienced by their ances-
tors during the past 12,000 years in Japan and in the
Russian Far East. Adaptation to the Finnish environ-
ment during the past few decades may, however, also
have affected the characteristics of Finoish raccoon
dogs. To cvaluate the progress of Japanese raccoon
dogs towards speciation we compare here different
features of Finnish and Japanese raccoon dogs.

Evolutional history

The natural range of the raccoon dog spans much
of China, north-cast Indochina, Korea, Amur,
and Ussuri regions of Eastern Siberia, Mongolia and
Japan (Fllerman and Morrison-Scott 1951; Ward and
Warster-Hill 1990; Henry Max, personal communi-
cation; Fig. 13.1). One sub-species, N. p. ussuriensis
originally from south-cast Russia has been intro-
duced to eastern and northern Europe (Lavrov 1971),
and now occurs in, for example, Finland, Russia, the
Baltic States, Poland, and Germany (Mitchell-Jones
e al. 1999). Five or six subspecies have been
described including N, p. viverrinus in Japan (exclud-
ing Hokkaido) and N. p. albus in Hokkaido (Ellerman
and Morrison-Scatl 1951).

The forerunners of raccoon dogs were widely
distributed throughout Europe and Asia during the
mid-Pliocene (Ward et al, 1987), when Nyctereutes-
species also occurred in Africa (Werdelin 2001).
‘The earliest known Nyctereutes fossil from Afica (c.3.7
million years old) is from Northern lanzania (Laetali),
Nycterentes donmezani was found in Eurape 4 million
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Figure 13.1 A map showing the natural range of the raccoon dogin

the Far East and the range in Lurope. (Modified from Ward and
Nurster-Hill 1990.)

years ago (Kurlén 1968). Nyctereutes megamastoides,
alarge ancestor of raccoon dogs, lived in Eutope and
a similar form, Nyctereutes sinensis in China during
the Pliocene and the carly Pleistocene (Kurtén 1968;
Ward et al. 1987). The distribution of the genus
decreased during the Picistocene; N. megamastoides
became extinct, while N. sinensis became smaller,
and the Later Pleistocene Chinese forms evolved to
the modern species (Kurtén 1968).

The ancestors of the Japancse raccoon dog
(N. p. viverrinus), which today inhabits Japan exclud-
ing Hokkaido, and the Ezo raccoon dog (N. p. atbus),
inhabiting [iokkaido, probably colonized Japan
between 0.4 Ma and 12,000 years ago either through
the Sakhalin or Korean peninsulas (Ward etal. 1987;
Kawamura 1991; Dobson and Kawamura 1998).
N. viverrinus nipponicus occurred in mid-Tleistocene
in Japan, and was probably the link between N. sinensis
and modern Japanese raccoon dogs (Shikama 1949;
Y. Kawamura personal communication). When the
Japan Sea opened about 12,000 years ago, Japanese
raccoon dogs became isolated from the populations
in the Asiatic mainland and adapted to a mild
marine climate. These conditions differ greatly from
Mose in SE Russia from where N. p. ussuricnsis was
translocated to Furope. Since more than 9000
raccoon dogs were intraduced to European parts of
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Latltude Longitude KPP Home range Reference

3633 13633 126 63 Fukue(1991)
3314 12066 1713 103 feda(i982)
3141 13058 176 30 heda (1982)

3531 1394 158 307
3141 1351 176 49
3948 18013 111 59

Yamamoto (1993)
Ward and Wuster Hill (1989}
W and Wustar (1989}

320 1402 155 278 004 2001
3555 1881 122 6095  Yamamotoeral (1994)
5 950 Kauala
10 700 Kamala
ton/hafye

Peasun carelation
(— ~0767(0=10)
=030 (1=5)

NP data from:
Seino and Ushijms (1588): Mesh maps of nel prirary productiity
ofnatural vegetation of Sapan (BCP 88.1:2-2).NAFS, Japan,p 131
NIAES: National Insule of Agro-Ensunnental Sacrces.

Russia, founder effects are unlikely to have had a
major cffect on the gene pool of Finnish raccoon dogs.

Introduction to Europe

Motivated by the value of their fur, N. p. ussuriensis
from SE Russia were introduced to European parts of
the former Soviet Union during the first half of the
wenticth century (Laviov 1971). It spread rapidly
(Fig. 13.2) and was first detected in Finland in the late
1930 (Siivonen 1958). During the 1940s, raccoon
dogs were reported only occasionally in Fintand,
including Lapland, but they invaded in substantial
numbers from the southeast during the 19505 and
1960, and by the mid-1970s were widespread
throughout the southern and central parts of the coun-
try (Helle and Kauhala 1991). The Finnish population
peaked in the mid-1980s, and remained stable there-
after (Kauhala and Helle 1995). Raccoon dogs are now
among the most numerous carnivores in Finland.

Winter lethargy

Raccoon dogs are unique among canids: they
ibernate in areas where winters are harsh—like
SE Russia and [inland—but remain active in arcas
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Figure 13.2 A map showing how the raccoon dog spread over southern and central finland since the early 1950s. The arrow
indicates the main roule of colonization. The squares shaw the places of early observations of raccoon dogs uring the 1930s

and 1940s. (Siivonen 1958; Helle and Kauhala 1891)

with milder winters, Winter lethargy lasts usuatly
from November until March in Finland, depending
especially on snow conditions. During mild weather
raccoon dogs may be active in mid-winier, especially
in southern Finland. Soft, deep snow impedes the
raccoon dog's movement, whercas they can move
around when snow is scant or hard (and they follow.
1oads and ski tracks in winfer). Adults retreat fo their
dens eatlier in autumn than do juveniles. The winter
dens are usually in the middle of home ranges,
although some raccoon dogs choosc a winter den
outside their normal home range (Kauhala et al.
1993a). An individual may use up to five different
dens duting winter.

Winter lethargy enables raccoon dogs to live at
northem latitudes where almost no food would be
available during winter. Badgers (Mefes micles) are
similarly inactive in winter, but the red fox (Valpes
vulpes) forages thioughout. These traits reduce com-
petition during the harshest season, but winter
fethargy also determines the northern limit of the
raccoon dog’s distribution, as they need sufficicnt
summer Lo gather enough fat before the winter to

survive. Juveniles must first grow, and only after
reaching adult budy length, usually in Octaber, can
they accumulate fat reserves (Kauhala 1993). Adult
taccoon dogs almost double their weight between
early summer and late aulumn; in late autumn, the
mean fat content of individuals is 3.5 kg (43% of the
total weight; Kauhala 1993). In addition to a thick
layer of subcutaneous fat, fal reserves in the body cav-
ity average 134g (17-2245 n=138) and 84g
(0.5-329 g, n = 675) for adults and juveniles, respec-
tively. The stomach volurme of Finnish raccoon dogs is
larger than that of Japanese specimens (160 and 75 ml,
respectively), enabling them to eat more at a time
(Kothonen etal. 1991); this may be connected to their
ability to gather larger fat reserves. Also the insulation
of fur is better in Finnish than in Japanese raccoon
dogs; the amount of heat required to keep body tem-
perature constant is in Japanese raccoon dogs 35-40%
greater than in the Tinnish raccoon dogs (Korhonen et
al. 1991). in the mild, maritime climate of Japan, rac-
oon dogs do not show swinter lethargy, and they have
Jess dense fur and show no evidence of gathering the
large fat cescrves typical of Finnish (Ussuri) specimens.
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Body size and weight

‘Themean body weight of adult Finnish raccoon dogs
is 5.0kg (3.1-7.3kg, n—36) in carly summer
(May-June) and 8.1kg (3.9-124%g, n=64) in
October when they are at their heaviest (Kauhala
1993, 1996b). The mean body weight of juveniles
is 7.0 kg (3.3-9.7 kg, n = 273) in November when
they are heaviest. The mean head and bady length
of adult raccoon dogs in Finland is 59.8 cm
(51.5-70.5 cm, 11 = 760) for hoth sexcs (Kauhala
1993, 1996b). Body weight/size thus differs between
seasons and age groups but ot between sexes.

Similarly, in Japan there is no sexual dimorphism
in body weight or length, The mean body weight of
aduit Japanese raccoon dogs is 4.5 kg for both sexes
(2.5-6.25 kg, n — 64), peaking at a mean of 5.0 kg in
February and falling to 3.95 kg in May, and their
mean head and body length is 56.7 cm (n = 43)
(Kauhala and Saeki in press)

The smaller body size in Japan may indicate an
adaptation 1o a milder climate, as mammals tend to
be larger in colder arcas (James 1970).

Reproduction
Methods in Finland

We cxamined 2647 female carcasses collected
from hunters, including 599 = 1 year (raccoon dogs
reach sexual maturity at the age of ¢.10 months).
To estimate the date of ovulation we examined the
size and configuration of uterine horns and weighed
and measured the foetuses. The number of corpora
Jutea was counted from histological sections and was
considered an estimation of the number of ova, that
is, fecundity. The embryonic and birth litter sizes
were determined by examining the number of
placenta and foetuses (spring samplc) or placental
scars (autumn sample; Helle and Kauhala 1995).

Time of ovulation in Finland

Fernales (1 = 109) ovulated between 12 January and
18 April (Helle and Kauhala 1995; K. Kauhala,
unpublished data), the mean date being & March
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(SD =139 days). Only 2% of females ovulated
in January and 25% before the | March, 69% by
18 Maurch and 95% before the end of March. Since
gestation lasts 2 manths, most pups are born during
the first half of May,

Temales in SW Finland ovulated carlier than those
in SE linland; 46% of females ovulated by the
1 March and 85% by the 15 March in SW coast of
Finland, the corresponding figures being 11% and
63% for SE Vinland. This difference is due to the fact
that climate is milder and winters shorter in
SW Finland, and consequently, raccoon dogs
become active earlicr after their winter lethargy in
SW Finland.

Fecundity and litter size in Finland

‘The mean number of ¢. iutca, of embryos and litter
size at birth was higher in SW Finland than in
NE Finland (lable 13.1; Helle and Kauhala 1995;
K. Kauhala, unpublished data). The mean condition
index (body weight/head-body length?) of females
in each area corcelated positively with the mean
number of ¢. lutea {r = 0.94, p = 0.060), the mean
number of embryos (r ~ 0.99, p ~ 0.013) and the
mean litter size (r ~ 0.9, p ~ 0.002).

The very high litter size in Finland probably is
due to three features in the species’s ecology: winter
lethargy, omnivory, and monogamy. Because
raccoon dogs are inactive in winter and have large fat
reserves, they pass the winter in good condition
regardless of the weather and food availability

Table 13.1 The number of ¢. iutea, embryos and pups
at birth (mean = SD) in southwestern and
northeastemn parts of the raccoon dog range in Finland

Corpor Litter size
Aeea lutea Embryes atbith
SWhnland  12.8(*36)  104(*31)  95(+32)
NEFinland  10.4(+26)  9.0(34)  7.0(:26)
Mean 11.4(+29) 6(£25)  89(=26)
Range. 5-23 1-18 116
N 220 430 371
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confident that most subordinates were offspring
from previous years, it was not casy to assess the
degree of relatedness between adults in a social group
and between helpers and cubs. Such assessments
were further complicated by the pooled rearing of
cubs, 50 that often it was not possible to determine
even mather-offspring dyads. Similar maternity-
paternity studies in other populations are also
required to determine whether the pattern observed
in Bristol is typical of the red fox, or whether the
degree of cuckoldry is related to population density.
If this is the case, then the retention of offspring
from previous years does not necessarily imply that
alloparent cub relatedness is high.

Group size and cub survival

The effect of alloparental care on cub survival has
typically been measured by comparing the number
of adults with the number of cubs surviving to a cho-
sen age (e.g. Mochlman 1979). Yet, such compar-
isons may be confounded if all adults do not help to
the same degree. For example, von Schantz (1984a),
and Meia and Weber (1996) both recorded adults
that did nol provision cubs to any degree, and this
was also evidenl in some groups in Bristol. Therefore,
amore appropriale measure would be, for example,
the number of pravisioning trips versus the number
of surviving cubs.

In Bristol, such an analysis showed that the num-
ber of provisioning trips for cach group was con-
sistent, but that in larger groups each individual
simply worked less hard. Consequently, there was
o observable effect of alloparcntal care on cub sur-
vival (Baker et al. 1998), and it is yet to be shown that
alloparental care increases cub survival in any study
of red foxes, although Zabel and Taggart (1989)
documented an increase in the number of cubs
produced by each female in polygynous versus
monogamons groups. The bencfits of alloparental
care are most likely to be evident where the costs of
central-place foraging are high. ‘This is likely 1o be
the case where foraging for appropriate sized itcms
is difficult and territory sizes are large. This may now
be the case for Bristol's foxes, where territory sizes
are approximately nine limes larger than before the
outbreak of mange (Baker et al. 2001b). Comparable

data are, theretore, required for this post-mange
population, as well as from other studies. Food-
provisioning behaviour can also be casily manipulated
by artificially supplying food that parents and
alloparents can or cannot take back to the cubs.

Territory inheritance
In the absence of cooperative gains, a subordinate
may benefit simply by remaining at home and wait-
ing to inherit the territory from its same-sex parent
(Lindstréim 1986). For such a strategy o be selected,
the likelihood of a subordinate attaining dominant
status must be greater by philopatry than by dispers-
ing. An individual’s decision to remain will, there-
fore, be partly dependent on the mortality rate of
subordinate animals relative to the mortality rate of
dominants. In Bristol, subordinate foxcs appeared
to have a significantly lower life expectancy (mean
(+SD) age at death 2.1 + 1.1 years) than dominants
(4.5 = 1.1 years) (Baker ef al, 1998). Most subordi-
nates, therefore, would not outlive their parents and,
given that group sizes were large, most survivors
would pot inherit a territory either. Furthermore, the
data we have suggest that the costs for those animals
that dispersed were not extreme (Baker et al. 1998),
It is not clear, therefore, why so many animals
remained on their natal groups, although cub pro-
ductivity in this population was high and subordi-
nates may have benefited by being able to reproduce
on their natal ranges; based on observational data
(i.e. not DNA analysis), we estimated that 22 litters
were produced in 15 group-years where subordinate

females were prescnl, an average of 1.5 litters

per group (Baker et al. 1998). Turthermore, there was
evidence of a relationship between fox numbers and
food supplied by householders, with more food
being supplied in response t the number of foxes
Temaining in a territory. Under such conditions, the
costs of natal philopatry would have been further
reduced.

Conclu:

ns

It is apparent that we still understand very little
about the complexity of social organization in the
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red fox and we need more long-term studies on indi-
vidual populations, such as we have undertaken in
Bristol. In this study, there was a clear relationship
between average food availability and the size of
some social groups, but the relationship between
territory size and food availability was less clear
(Fig. 12.3), Prior to the outbreak of mange, two teri-
tories divided in response to an increasc in the
amount of food supplied by householders, and fol-
lowing the outhreak of mange, territories inereased
in size despite no apparent decline in food avail-
ability. This flexibility in territory size within the
lifetime of territory holders is generally not consis-
tentwith the ROH. In particular, we have shown that
dominant animals will defend tersitories larger than
tequired solely o meet their own requirements
Such a strategy would cnhance the effects of habitat
saturation, as it would constrain the number of terri-
tories that could be accommodated in  given area.

We could detect no effect of alloparental care on
cub survival (Fig. 12.3). This may have arisen from
the complex pattern of mating which affected relat-
edness between cubs and helpers, even though most
helpers were philopatric offspring from previous
years. The major benefit accruing to subordinates
appeared to be the opportunities for direct breeding
in their natal group. However, we have not yet been
able to quantify the costs associated with competi-
tion for food within groups and the costs of dispers-
ing in @ high-density population.

Theretore, we believe thal future research on red
fox sacial systems should focus on (1) the costs of
group living, (2) the costs of dispersal, (3) mating
strategies, (4) the benefits of alloparental care, and
(5) teritory defence strategies in relation to resource
availability. Most usefully, comparable data arc need-
ed from 4 broad spectrum of ecological conditions.
From the perspective of the Bristol study, we are
quantifying these factors following the outbreak of
sarcoptic mange: current projectsinclude the spatio-
temporal patterns of food availability (R. Ansell
personal communication), male mating behaviour
{G. Tossa personal communication) and dispersal
behaviour (C. Salsbury personal communication).
Such data will enable us to compare the effects of
food availability, population density, and mortality
rates on the costs and benefits of group living in this
species.
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Figure 12.3 Summary of the mechanisms promoting group
formation i Bristol's foxes. During 1990-04, there was a
clear increase in the amount of food delineratly supplied by
householders. This in tar led ta an increase in group size and
the nusber of social groups. Increased fox density also
contrbuted to more householders feeding the fores. We wore
not able to identify whether the costs of dispersal were a
significant contributory factor in promoting the level of natal
philopatry observe. Alloparental care did ol appearto
increase cub survival, and most subordinate animals would
ot have benefited from the inheritance of their natal terrtory.
The major beneit to subordinate males and femaes
appeared to be the opportunity for direct breeding.
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CHAPTER 13

Raccoon dogs

Finnish and Japanese raccoon dogs—
on the road to speciation?

Kaarina Kauhala and Midori Saeki

fRaceoon dog Nyclereutes procyonaides. © Great Tanuki Club.

Japanese raccoon dogs (Nyctereutes  procyonoides
viverrinus) have been isolated from the populations
{c.g. N.p. ussuriensis) on the mainland of Asia for about
12,000 years. Since the environment and climate of
Japan differ greatly from that on the mainland, dif-
ferent sclection pressures hiave affccted the two popu-
lations. Several features of Finnish (N, p. ussuriensis,
originally from SE Russia) and Japancse raccoon
dogs were compared in order to evalnate the pro-
gress of the Japanese raccoon dog towards speciation.
We reviewed the chromosome nusmber, skull and
tooth morphology, body size and weight, the ability to

hibernate, reproduction, home ranges, habitat usc and
dietof Japanese and Finnish raccoon dogs.

Japanese raccoon dogs have fewer chromesomes
than Finnish specimens, the difference being duc to
centric fusions. Skulls and teeth also scparate well
the specimens from the two provenances; the skull
is larger and mandible is morc robust in Finland, indi-
cating that Finnish taccoon dags are more carnivorous
than Japanese raccoon dogs. The longer tooth rows
and larger molars of Japancse raccoon dogs also sug-
gest a more insectivorous/lrugivorous diet in Japan.
Since the climate is colder in Finland, Finnish raccoon
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The timing of swift fox hreeding ds dependent
upon latitude, occurring December to January in
OKlahoma (Kilgore 1969), January to Tebruary in
Colorado (Scott-Brown et al. 1987; Covell 1992),
February to early March in Nebraska (Hines 1980), and
in March in Canada (Pruss 1994; Moehrenschlager
2003). Swift foxes may produce young in the year
following their birth (Kilgore 1969; Table 10.1). The
mean gestation period is 51 days (Schroeder 1985)
after which Jitters with up to 8 kits (Moehrenschlager
2000), averaging 2.4-5.3 young (Covell 1992; Olson
et al, 1997; Moehrenschlager 2000) are horn. Pups
open their eyes at 10-15 days, emerge from the natal
den at about 4 weeks, and are weaned al 67 weeks of
age (Kilgore 1969; Hines 1980). Like kil foxes, addi-
tional swit fox females are occasionally observed at
den sites, and likely act as helpers in pup-raising
{Kilgore 1969; Covell 1992; Olson et al. 1997; Sovada
et al. 2003). In Colorada, litter sizes were greater for
mated pairs that had helpers than pairs that did not.
(Covell 1992). The only difference in reproduction
thatwe can detect between swift and kil foxes is that
swift foxes tend to breed later at northern latitudes;
however, southern swift foxes such as those in
OKlahoma breed from December to Jannary like many
kit fox populations.

Dispersal
Mean kit fox dispersal age on the Naval Petroleum
Reserves in California was about 8 months, and many
juveniles may not live long enaugh to reach dispersal
age (Koopman et al. 1998). Koopman ef af. (2000)
found [hat 0-52% of pups dispersed, males were morc
likely 1o disperse than females, philopatric kit fox
females were significantly heavier than dispersing
femnales, 62.5% of pups died within 10 days of depar-
ture from natal home ranges, and survival tended to
be higher for dispersing than philopatric malcs.
Scrivaer et al. (1987) found that juveniles and adults
dispersed 8.0 + Lakm and 48 = 0.8 km, respect-
ively. Although most dispersal movements probably
are less than 10 km (Koopman et al. 1998), kit fox
young in Utah dispersed as far as 64 km (('Neal et af.
1987) and dispersals of over 100Kkm have been
recorded in California (Scrivner et al. 1993).

Swift fox dispersal commences in August or
September in Oklahoma (Kilgote 1969), September/
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Octoher in southern Colorado (Covell 1992),
October/November in Kansas (Sovada ef al. 2003),
and Augustin Canada (Pruss 1994; Moehrenschlager
2000). As many a5 67% of juveniles in Canada
still remained in natal home ranges during the
1.5 months that precede the subsequent breeding
season. By comparisan, all foxes thatwere 18 months
or older had dispersed from natal territories
(Moehrenschlager and Macdonald 2003). Although
swift foxes that were translocated from Wyoming to
Colorado had dispersal distances of 27.2 + 14.2 km
for adults and 19.3+ 159 km for juveniles
(Mochrenschlager 2000), average dispersal distances
for naturally dispersing swift foxes in Colorado,
Kansas, and Canada were less than 15 km (Table
10.1). As additional dala become available, differ-
ences in swifl and kit fox dispersal may emerge but
{hese are nol currently apparent.

Survival

Annual mortality rates for adult kit foxes range
fiom 0.44 to 0.61 between areas and similarly
mortality rates for swift foxes range from 0.47 t0 0.63
(Table 10.1). Juvenile kit fox survival ranges from
0.14 to 0.55 and that of swift fox juveniles ranges
from 0.13 10 0.69 (lable 10.1). Cypher et al. (2000}
found that annual survival of kit foxes is variable and
influenced by factors such as food availability and
competitor abundance.

Mortality rates of both species ase primarily altrih-
utable to predation or direct human causcsand these
are further discussed below; regardless of cause, sur-
vival rates are variable within study arcas over time,
among species, and, given this variability; are broadly
similar between the fox specics for both adult and
juvenile cohorts.

Serum antibodics against a number of infectious
diseases have been detected among kit and switt
foxes (lable 10.1). However, there is no evidence
that discase is an important mortality factor,
although circumstantial evidence suggests that
1abies could have contributed o a decline in one
population of V. macrotis mutica (Whitc et al. 2000).
No significant disease outbreaks have heen docu-
mented in swift fox populations to date; however,
Olson (2000) reported deaths of two swilt foxes to
canine distemper.
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Annual
survival

Aduts 0.53,
juveniles 0.2°

Adutts
0.58-061;
[uvenlles
0.21-0.41°

Adults
0.44 +005;
Juvenies

014 £0.03°

Adults 0.56;
juveniles 0.55

No collared
foxes died
duing study
but 3 lost their
colars (mean
tracking period
257 days)”

Causes
of death

Vehicles,
predators,
shoobig?

Snooting, pup
starvation,
veficles
Larger canics,
mainiy cootes
{T5%)°

Larger canids,
mainly coyotes
(78%)*

Mainly predators,
prmarly
copotes;
vehicles®

Mainly predators,
prmarly
copotes, also
dogs and
bobats; venicies

Non-collared
faves found
dead:
copte = 2,
car=1,
poisaned
unknown 2°
Vafiicles,
shooting

Home range
see

31 km?

2652 km?

116 + 009
km®
MCP

46 £ 04 ke
MoPe

582 +
0.45 km?,
95% MCP

1098 = 4.6
K MCPE

Genetic
relaonships

Pair
members
unielated;
female
neighbours
often related®

Dispersal

Jimenie
24-64 kin

Juvenies
50=09
miles; aduts
30-05
milest; 0-52%
juvenies
disparsed,
more

&3 than 99¢

Disease

Fleas, ks>

Fleas, icks, e,
tapeworms,
nematodes

Fleas, ticks

Rabies”
Fleas'
Parvovirus,
disterper,
toroplamosis,
leptospirosis,
canine
hepatitst

Tleas

Peas’

Panvavinus, canine
hepatits, disternper,
twlaremia,
brucsllosis
toxplasmosis
coczidioidomycosist

Fleas, icks,
cestodes,
nematodes

Source

3. Egoscue (1956)
b. Egoscue (1962)
©. Egoscue (1975)
ONeal et &l {1887)

Monell (1972)

3. Logan et o, (1982)

. Whit ef . (2000}

. Standley et al.
(1992)

d. Spencer et al
(1992)

e. Reese et al, (1992)

1. Spencerand
Egoscue (1992)

& Standley and
MoCue (1997

8. Ralls and Wt
unpublished

b.White el . (1995}

< White and Relks
(1933

3. Rals ang white
(1995)

e. Rl etaf. (2001)

a. Cypher et a.
2000)

b. Koopman et ai
(1998)

. Scrvner et i,
(198/)

d.Listetal
(2003)

e Zoellick ot ol
(in press)

1. Egoscue (1985)

£ McCug and
OFarell (1988)

Spiegel (1996)

o, List (1997)

b. Personal
obsenations

o Listand
Macdonald (2003)

Kilgore (1969)
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Aardwol, 99
Abies halsamea, see balsam fix
abiotic factors, 289
abundance, 356

canid, §, 25,104, 117, 113,

145-7, 178, 185-7, 194, 196,
201-2, 291, 315, 356

PIey, S, 69, 104, 164, 194, 196,
245,279, 283, 287, 289, 294
relative, 145, 146, 186, 338
rodent, 25, 114, 168, 170-1,
314
threats to, 194
Abyssinian wolf, sc Ethiopian woll
Acacia, 340, 342
drepanolobium, 341
erioloba, 258, 340
fleckii, 258
nigrescens, 340, 342
tortillas, 228
woodlands, 73, 74, 256, 261
acclimation pen, 304
Acinonyx jubatus, sec cheetah
action plans, 157, 185-6, 348,
353-0, 300, 362, 367, 37
activity patterns, 256, 259
prey, 246, 315
nocturnal, 109, 204
adaptations, 4, 45, 74, 84, 163, 171
reproductive, 5
defensive/predatory, 6, 27,
436,93
nocturnal, 26
climatic, 26, 35, 73, 201, 218,
221, 256, 267
dental, 44, 226
adaptive kernel estimator, 330
Adirondack State Park, 305
adult mortality, 92, 167 see also
mortality
adult sex ratio, 8, 9
adult survival, 166 7, see also life
history
Aelurodon, 40, 424
Acpyceros melampus, se¢ impala
Afghanistan, 29, 201, 206
Africa, 10-15, 17, 20-2, 30-5, 46,
57, 58, 62, 65, 66, 74, 75,
127, 156, 218, 242, 255, 256,
266-8, 313, 355, 357, 260,
361,372
Aftica, North, 33-4, 357

Africa, north cast, 14, 255-6
Africa, west, 65-6, 357
evergreen forest, 330
Afsican buffalo, 341
African wild dog, 11, 20, 21, 38, 47,
50-1, 57, 63-6, 85, 86, 91,
132, 134, 136, 337, 354
African brittle grass, 341
Afroalpine ecosystem/habitats, 18,
100, 311-16, 322
age, 129,273, 320, 341, 342, 344-7
of 15t ovulation, 97, 221 see also
sexual maturity
of breeding female, 335
classes, 328
of dispersal, 193, 229
of foraging, 205
life expectancy, see life
expectancy
and reproductian, 97, 221, 344,
345
structure, 246, 291, 348, 372
of survival, see iifespan
age-specific
fecundity, 343, 344
lite table, 167
survival, 167, 342
aggression, 10-11, 53, 72, 109, 118,
176,229
in females, 372
interpack, 316
intraspecific, 120, 176
same-sex, 317
aggressive encounters, 92, 316, 317
Agouti paca, see paca
agriculture and canids, 14, 18, 25,
110-13, 194-5, 197, 208
Ailuridae, 39
ajag, see dhole
Alaska, 5, 15, 67, 70, 72, 100, 104,
113, 364
Alaskan
grey wolves, 8, 70
pectoral sandpipers, 118
Alberta, 34, 67, 126, 186, 187, 192,
194, 196, 197, 304, 306
Alces alces, sce moose
Allee effect(s), 98, 153
alicle, 56-71, 175
Alligator River National Wildlife
Refuge, 299, 300, 360
allometry, 87, 88, 103, 104, 237

alloparental behavious, 9, 14, 17,
88,94, 95, 204, 213-15, 338
allopatry, 240, 244, 246-51, 267
allosuckling, 95-7, 240, 321-2
allozymes, 57, 83
electrophoresis, 47
hetecosygosity, 69, 79
polymorphism, 56, 83
Alopex lagopus, see Arctic fox
alpine tundra, 12
altcrnative dispute resolution,
157
Alto Purus Reserved Zone, 358
Amazon, 13, 127-8
America, Notth, 10-12, 15, 27-8,
34 5,39, 45 6, 49,514, 67,
70-3, 83, 108-10, 112,
1201, 126-7, 140, 145, 157,
173,175, 185-6, 197, 272,
285-6, 290, 295, 298-9, 306,
309
dire woll, see dire woll
American Association of Z00s and
Aquariums (AZA), 149
American bison, 272, 275, 298
American gray fox, sec gray fox
Amphicgonidae, 39, 41, 51
amplificd fragment length
polymorphism (AFLF), 60
anal sacs, 7
ancient mythology, 14
Andes, 23, 24, 27, 245
Andropogon gayanus, see
grass.
Augola, 30, 64, 255, 357
angular process, 46
animal
husbandry, 122, 368
welfare, 116, 118
animals,
alpha, 95, 230, 272-5, 277-83,
318
beta, 272, 273, 277-83, 318
captive, 68, 69, 81, 149-5
264, 293
dowestic, 107, 110, 128, 147
dominant/subordinate, 96, 97,
102, 207-15, 230-3, 240,
318, 320
guarding, 115, 118
“probleny’, 115-20
anoestrus, 97

153,
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Table 10.1 (Continued)
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Antelope cervicapra, see lackbuck
antclope
anthrax, 124
anthropogenic mortality, 18, 24,
29, 195 see ulso mortality
Anfilocapra americana, see
pronghorn antelope
anti-predator behaviour, 93, 204,
319
antlers, 329
Anubis, 14
Apache National Torest, 305
Apodenmus sybvaticus, see wood
mouse
apparent competition, 179
Aguita
hrysactos, see golden cagle see
also eagle
rapax, 319 sec tawny eagle
verreaiexi, 319 see verreaux
eagle
Arabian Peninsula, 14, 33, 357
Archacacyon, 40, 44
Arctic Circle, 34
Auctic fox, 4, 12, 13, 57, &3, 100,
163-172
allosuckling, 95
ancestry, 47-9
cub survival, 77, 164-5
group composition, 95-7
“helping’, 96, 97
interspecific, relations, 10
maximum likelihood, 201
Mednyi, see Mcdnyi Arctic
fox
natal dispersal, 167
phylogeny and geographical
distribution, 76-8
social unit, 168
trapped, 143
Acctic tundra, 12, 207
Arctoldea, 39, 41
Argentina, 19, 24, 25,27, 46,
110-17, 131, 243, 244,
250-3, 366
Argentin gray fox see chitla
Arikarcean, 40, 43, 44
Arizona-Sonora Desert Muscum,
304
arthropods
Coleopters, 225, 263
Orthoptera, 225, 228, 263
artificial insemination (AD, sec
assisted reproduction
Arunachal Pradesh, 324,
325
Arvicanthis blicki, sec grass rat

Asia, 11, 16, 20, 457, 50, 51,
70, 71, 110, 127, 130,
201, 202, 206, 217-19,
124, 355
Asia, southwest, 201-2
Asia, west, 201-6
Asian wild dog, se¢ dhole
Asiatic wild dog, see dhole
assisted reproduction, 151, 152
Atacamia, 24
Atelocynus microtis, see short-eared
dog,
Atlantic
coast, 27, 30, 298
forests, 19
attacks
by canids (predation/defence),
277,278, 282, 335
on canidy, 10, 24, 25, 169, 234,
330, 335
o hurnaus, 92, 109, 110, 115,
369
on livestock, 23, 116, 118, 119,
147, 253
attitudes towards canids, see umuan
attitudes
Australia, 11, 16, 34, 39, 83, 113,
120,121, 140, 208, 215,
355
Austeatia, southwest, 16
availability
food, see food availability
habitat, see habitat availability
resource, see resource availabilily
aversive
conditioning, 119, 147
stimulus, 119
avouet, 364
awareness, public, 158, 295, 323,
361, 364
Axis axis, see chital

babysitting, 95, 213, 223, 320
badger, 88, 98-9, 192, 242
Furasian, 120, 139, 220
honey, 319
baibak, 31,202
Baikiaca plurijuga, see Zimbabwe
teak
baited tracking, 356
baits, 120, 126-7, 136, 139, 140
bald eagle, 180, 182, 358
Bale Mountains, 18, 61-3, 100, 139,
31213
National Park, 61, 115, 13940,
313, 357, 360
Balsam fir, 290-1

Bandipur, National Vark/Tiger
Rescrve, 20, 326-7, 329-31,
333-5
Bangladesh, 324
banteng, 354, 360
barking, 6, 7
Barstovian, 40, 43-4
basic reproductive number (Rq),
124-5, 127, 131
basined talonid, se¢ hicuspid
Bassaricus astutus, see ringtail
bat-cared fox, 10, 22, 45, 48-50,
Y2-105, 227-42, 354
B-chromosome, 226
bear.dag, see Amphicyonidac
bears, 44, 47, 51-3, 56, 110, 113,
116, 118, 120, 126, 240, 289,
308
polar, see polar bear
beaver, 286
beetles, 203, 228, 232, 235, 249,
263, 327
larvac, 235
lngicorn, see longicom
beetle
behaviour, 3-6, 8, 9, 21, 98
affiliative, 102
aggressive, 10-11, 53, 72, 109,
118, 176,229
alloparental, 95-6, 213
foraging, 314
island syndrome, 175-8
marking, 316
predator, 934
“problemy’, 115-20
repraductive, 97, 230, 236
suppression, 97
wild, see aggressive
behavioural
activity budgets, 275
selective pressuses in group
living, 88
benefits
of alloparental behaviour, 94, 96,
214
costs and, see costs and benefits
dispersal, 171, 213
economic, 115
of education, 116
fitness, 208-9, 215
of group-living, 8, 88, 207, 238,
240, 345
Liengal fox, see Indian fox
Bering Sca/Strait, 38, 92
bicuspid, 42-5, 51
bighorn sheep, 140, 272
bilberry, 224
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biodiversity, 122, 127, 156, 361
Biodiversity Impact Compensation
Scheme, 368
biological conservation, se¢
conservation
biomass, 244, 246 52, 262-6,
273-4,279, 315-16,
328, 342
bird cliffs, 165
birth, 124, 167-8, 170, 162, 193,
221-2, 231, 236, 240, 269,
340, 342
Bison bison, see American bison
black hear, 54
black-backed jackal, 8, 10, 16-17,
48,57, 62, 73-6, 89, 94, 102,
124, 234, 255-69, 354
black-naped hare, 330
Dlack-tailed
jackrabbit, 114, 187, 279
prairic dogs, 187
blackbuck antelape, 114, 327
Blancan, 40, 45-6
Blanford's fox, 4, 29-30, 199-206,
259
Blue Range Wolf Recovery Area,
360 see also recovery
bobeats, 28
bobwhite quail, 302
body.
far, 170
mass, 4, 29, 52, 54, 87, 104,175,
199, 205, 246, 251
size, 4,7.9, 12, 21, 28, 34, 514,
56,79, 81,85, 87-8, 104 5,
145,177, 196, 221, 225,
236 7, 246, 252
femperature, 220
weight, 6, 9, 12, 13-36, 87, 92,
103-6, 220-2, 2334, 251,
267,330
Bolivia, 13, 19, 25, 358
Bolivian Chaco, 25
Bonelli's eagle, 20
border, see also territorial
latrines, 92
patrol, 4, 67, 316-17
Borneo, 324
Borophaginae, 3940, 42, 44 5, 51-3
Borophagus, 40, 42, 44
Bos
gaunus, see gaur
Javanicus, see banteng
Bosclaphus tragocamelus, see nilgai
Botswana, 22, 64-5, 228, 242, 256,
337, 340-50, 357, 361
bottleneck, 68 9, 84, 239, 279

bottom-up process, 200-1 sec alsa
top-down
bounties, 20, 116, 121, 244, 298
bounty schemes, 121
hox lrap, see traps
Rrachystegia spp., 64-5, 257, 341
Brazil, 6, 13, 19, 26-7, 82, 115,
127-8, 130-2, 150, 356
breeding, 8-9, 16, 24, 34, 63, 67-8,
84,100-3, 108-9, 114, 145,
152-3, 193, 209, 211, 215,
229, 241, 266, 282
biology, 33
captive, 69, 73, 81-2, 149-50,
153-4, 181-2, 299-300,
308, 361
cooperative, 93-6, 169,
319-21
dens, 31, 145, 166, 169-70, 230
depression, 293 4
pack, 68
pairs, 69, 102, 128, 145,
148, 168-9, 171, 205, 207,

210,213, 223, 236, 259,
266, 301
season, 166-9, 171, 177, 213,

222, 228-¢
280-1, 334
status, 100, 111, 212
success, 91, 209 sce aiso
reproductive
“brceding pair’ hypothesis, 148
British Columbia, 117, 304, 306
brook trout, 303
brown
bear, 47, 54, 56
hare, 113, 248-9
hyaena, 99, 278
brucellosis, 124
Bubo bubo, see cagle owl
buffer zones, 140, 359, 361
bullar septum, 41
Burhinus oedicremus, see stonc
curlew
burtows, 5, 27, 33, 35, 192, 204,
315
bush dog, 5-6, 8-9, 27, 48-9, 51.
52,96, 100-1, 326, 354, 356,
358, 362

, 242, 258, 266,

Caedocyon, 40

Cafideis melanolos, see Alaskan
pectoral sandpipers

California, 27-8, 32, 38, 76, 78,
B0-1, 113-14, 141, 145, 153,
173-5, 181, 186-7, 193-8,
356,358, 364

Index 433

California Channel lands, see
Channel Islands
camera trap, see traps
Cameroon, 33
camouflaging, 13
CAMPFIRE, 121
Canada, 12, 15, 27, 34, 57, 70-2,
126, 145, 153-4, 185, 187,
192-7, 206, 208, 304-6, 356
Canidag, 4, 811, 20-36, 354, 369
see also canids
community ccology, 358
evolutionary ecalogy, 39-54
taxonomy and morphology,
326
canids, 4-36, 39
action plan, see action plans
Canid Specialist Group (CGSG), see
IUCN Canid Specialist Group
case studies, 163-352
communication, 6-7, see also
bark, growl howling, snarls,
whistle
communities, 10, 87
conflict, see human-canid
conflict
conservation, s¢e conservation
diseases, 123-42 see also
management
diversity, 5 6, 11 12,42 4,51 3,
64,67, 79,175
evolutionary history, 39-54
geography, 11-12
glands, see glands of canids
large, see large canids
lupine, see lupine canids
management and control,
107-22, 182 see also
management
medium sized, see
mediun sized
mythology, 14
population and conscryation
genetics, 55-84
predation, see predation
small, see small canids
social systems, see social
sociality, see sociality
society, 85-106
vulpine, see valpine canids
Caniformia, 39, 47
Caminac, 45-7
canine distemper virus (CDV), 22,
24,28, 81,123,132 4,
136-9, 141-2, 174, 181-2,
198, 339, 340, 359
canine parvo virus, 302
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Canyon Maneuver site in Colorado averaged
22.8 km? from 1986 to 1987 (Andersen et al. 2003)
and 7.6 km”* from 1997 to 1998 (Kitchen et al. 1999).

Home ranges of adjacent kit fox family geoups
frequently overlap, but core areas of concentrated
use are generally used exclusively by a given family
(White and Ralls 1993; Spicgel 1996). Andersen etal.
(2003) reported nearly total exclusion of a swift fox's
core activity area to other same-sex individuals
Pechacek et al. (2000) and Sovada et al. (2003) found
that adjacent family groups had minimal home
tange overlap and exclusive core areas. In Canada
Mochrenschlager ef al. (s
fox home ranges overlapped by 77.1% among mates
and 21.4% between neighbours. Despite variation in
home range sizes in time and space, we find that
intraspecific partitioning of space is similar between
swift and kit foxes.

bmitied) reported swi

Den use

Swift and kit foxes usc dens virtually every
aping
predators, avoiding temperature extremes and
excessive water loss, diurnal resting caver, and rais-
ing young (lannerfeldt et al. 2003; Cypher et al
2003). Most dens are earthen, but man-made struc-
tures such as pipes, culverts, buildings, and rubbic
piles may also be used. Kit and swit foxcs frequent-
1y enlarge rodent burrows and badger digs, but can
readily dig their own dens (Cutter 1958b; Kilgore
1969; List and Cypher in press). Kit fox dens vary in
the number of entrances and internal intricacy, but
dens used for pup-rearing typically have multiple
cntrances (Egoscue 1962). Swift fox dens can have as
manyas 17 branches and up to 2 chambers at depths
extending (o 1 m (Kilgore 1969). An individual kit
or swift fox will usc multiple dens, and these dens
typically are distributed throughout an individual’s
home range, which facilitates predator avoidance.
From Mexico to Utah, the number of dens utilized
by kit foxes per vear vary from approximately 7 to
25. Simitarly, individual swift foxes from Colarado
(o Alberta may utilize more than 20 dens per year
{Table 10.1). Based o the available information, we
cannot discern compelling differences between
swift and kit foxes in terms of den stouctare or
utilization.

of their lives. Both species use dens for s

Reproduction

Kit and swilt foxes are monestrous and primarily
monogamous with occasional polygyny (Egoscue
1962; Kilgore 1969; Ralls ef al. 2001), as is common
among small canids (Mochlman 1989). Pairs usually
mate for life (Egoscue 1956). Kit foxes mate from mid-
December (o January and whelp from mid-February
tomid March after a gestation of 49-55 days (Egoscuc
1956; Zoellick et al. 1987). Litter size ranges from 1 to 7
and averages about 4 (Table 10.1). The proportion of
kit fox females successfully breeding varics anoually
and appears to vary with food availability (White and
Ralls 1993; Spicgel 1996; Cypher et al. 2000). Adult kit
fox success can be 1004 in some years (Table 10.1),
but success among yearlings is gencraily lower even
in optimal years. Pups emerge from dens at about
4 weeks, are weaned at about 8 weeks, and become
independent atabout 5-6 months (Morrell 1972; List
and Cypher, in press). Pups, particularly females, may
delay dispersal and remain in natal home ranges.

Some of these individuals may assist parents in rear

ing the next litter of pups (O'Neal ot al. 1987; List
1997; Koopman et al. 2000)

Figure 102 Kit foxVuipes macrotis in Mexico © R. List.
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CHAPTER 10

Swift and kit foxes

Comparative ecology and conservation
priorities of swift and kit foxes

Axel Moehrenschlager, Brian L. Cypher, Katherine Ralls,
Rurik List, and Marsha A. Sovada

Kit fox Vulpes macrotis pups © C. Wrigert.

Leading causcs for the endangerment of many canid
populations arc habitat loss, persecution and, in
some circumstances, intraguild killing by other car-
nivores. Kit foxes (Vulpes macrotis) and swift foxes
(V. velox) are affected by all of these factors as North
America’s grasslands and deserts are increasingly
threatened, foxes are occasionally trapped or poi-
soned, and competition or predation by coyotes
(Canis latrans) and red foxes (Valpes vulpes) impacts
their populations. Consequently, swift and kit fox
populalions are nationally or regionally threatened
from Canada to Mexico

Kit and swift foxes, which are currently classificd
as separate species, exhibit morphological and
genetic differences. Traditionally, separalc research
priorities and action plans would be designated, and

we questioned whether species differences would
warranl this separation. Our objectives were to:
(1) compare life history and ecological parameters of
kit and swift foxes; (2) compare ecological factors or
anthropogenic threats that impact species abundance
and/or distiibution; (3) recommend species-specific,
topic-specific, or area-specific research priotities for kit
and swill foxes. While variation in diet, home range
use, den usc, dispersal, and survival was high in space
and time within species, we could not discern substan-
tial differences in these parameters, or in population
threats, between the species. Curient data gaps illus-
trate that swift and kit fox conservation would benefit
from increased research on: (1) defining habitat dis-
turbance thresholds that lead (o swift/kit fox exclu-
g processes that determine the

sion; (2) understan
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relative abundance of swift/kt foxes, coyotes, and red
foxes in arcas of sympatry; (3) population geneti
and (4) discase threats, Due Lo similarities in the ecolo-
gy and population thcats of swift and kit foxes, we
propose that collaborative research and concerted
action planning will maximize the cfficiency of finan-
ciak and palitical resources to develop applicd conser-
vation solutions for both specics.

Introduction

Swift foxes and kit foxes occur in relatively flat, arid
tegions of North America, Historically, swift foxes
occupied the mixed-grass and short-grass praities
from central Alberta to central ‘Texas and castern
North Dakota to central Colorado (Fig. 10.1;
Allardyce and Sovada 2003). Swift foxes are separated
from kit toxes by the Rocky Mountains, but inter-
breeding does occur within a limited hybridization
7one in New Mexico (Rohwer and Kilgore 1973;

— Country Boundary
| istorical swift fox range

Mercure et al. 1993). Kit foxes range from southcrn
Idaho and Oregon in the United States to northern
Zacatecas and Nuevo Leon in northern Mexico
(Fig. 10.1; McGrew 1979; Hall 1981; Moehrenschlager
and List 1996).

Swift and kit foxes are phenotypically similar
although kit foxes have slighily longer, less rounded
cars (Dragoo et al, 1990) and weigh less than do swift
foxes (Moehrenschiager ef al. submitted), Although
carly morphometric comparisons and  protein-
electrophoresis suggested that these foxes constitute
the same species (Ewer 1973; Clutton-Brock et al.
1976; Hall 1981; Dragoo et al. 1990; Wilson and
Reeder 1993), more recent multivariate morphomet-
ric approaches (Stromberg and Boyce 1986) as well as
mitochondrial DNA (mtDNA) restriction-site and
sequence analyses (Mercure et al. 1993) have con-
cluded that they are separate species. The San Joaquin
kit fox (V. macrotis mutica) in southern California is
topographically isolated from the main kit fox con-
tinuum and genetically distinet from other kit foxes

State/Province Boundary.

Present swift fox range
Present kit fox range.

il i s Figure 10.1 Disfribution of swift

and kit foxes in North America.
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(Mercure et al. 1993). Kit foxes in northern Coahuila,
Mexico, (V. macrotis zinseri) are also genctically
unigue, although they are closely allied with popula-
tions of kit foxes west of the Rocky Mountains in the
United States (Maldonado et al. 1997). Subspecics
dlassifications for swift foxes are likely unwaranted
(Stromberg and Boyce 1986; Mercure o al. 1993)
Whether oneregards them as separate species or well-
defined subspecies, it is clear that kit and swift foxes
exhibit morphological and genetic differences and
tend to inhabit ditferent habitats,

Swift foxes are imperilled throughout their range
and it fox populations in California and Mexico are
endangered. The swift fox was cxtipated from
Canada from the late 19305 until a reintroduction
programme was initiated in 1983. Subsequently the
population has grown (Mochrenschlager and
Mochrenschlager 1999, 2001; Mochrenschlager etal.
2002) and, although the specics is no longer consid-
ered extirpated, it is federally ‘endangered” (COSEWI
1998). Current estimates for the United States sug-
gest that swift foxes are located in 39-42% of their
historic range depending on how that is delineated
(Sovada and Scheick 1999—nevertheless, a petition
to declare swift foxes federally endangered (U.S. Fish
and Wildlife Service 2001) was deemed unwarranted
and an alternative threat designation has not been
assigned. San Joaquin kit foxes are federally endan-
gered in the United States and the kit fox is deemed
vulnerable in Mexico,

To aid swift and kit fox conservation, our objec-
tives are to: (1) compare life history and ecological
parameters of swift and kit foxes; (2) compare
ecological and anthropogenic factors that impact
the abupdance and/or distribution of these species;
(3) recommend future species-, topic-, or area-specific
rescarch priorities.

Life history and ecology comparisons
Diet

Kit foxes are opportunistic foragers. Kit foxes consume
awide variety of prey items, although rodents and lep-
orids usually constitute the bulk of the diet. In many
locations, kangaroo rats (Dipedoniys spp. ate prefer-

red food (Tisher 1981; Cypher et al. 2000; Koapman
et al. 2000). In other locations, ground squirrels
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(Spermophitus spp., praisie dogs (Cymomys spp.), black-
tailed jackrabbits (Lepus californicus), #nd cottontails
(Sylvitagus spp.) are important prey (Table 10.1). Other
frequently consumed items include pocket mice
(Perognathus spp. and Chuetodipus spp.), deer mice
(Peromyscus manicalatuss), birds, and various insects.

Like kit foxes, swift foxcs are opportunistic for-
agers, fecding primarily on a variety of mammals, but
also birds, inscets, plants, and carrion (Cutter 1958a;
Kilgore 1969; Hines 1980; Uresk and Sharps 1981;
Cameron 1984; Hines and Case 1991; Zimmerman
1998; Kitchen et al. 1999; Mochrenschlager ef al. sub-
mitted; Sovada et al. 2001). Teporids have been
reporfed as a primary prey item in several studies
(Cutter 1958a; Kilgore 1969 [winter); Cameron 1984;
Zumbaugh et al. 1985). [n South Dakota, mammals
accounted for 49% of prey occurrences with black-
tailed prairic dogs (Cyromys ludovicianus) as the pri-
mary prey item (Uresk and Sharps 1986). Sovada et
al. (2001) in Kansas, and Hines and Case (1991) in
Nehraska, found that murid rodents were the most
frequently occusring prey of swift foxes. Several stud-
ies have reported a high frequency of insects, but
insects fikely constituted a small portion of biomass
(Kilgore 1969). Birds and bird eggs have been iden
fied as a food for swift foxes (Cutter 1958a; Kilgore
1969; Uresk and Sharps 1981; Moehrenschlager et al.
submitted; Sovada et al. 2001). Prey species and their
telative consumption may differ between seasons
and arcas, but prey classes are generally similar for
swift and kit foxes.

Home range

Home range size of kit foxes ranges from 2 to 12 km*
and swift fox home ranges vary from 8 to 43 km?
(Table 10.1). Since swift fox home range sizes in
Nebraska (Hines and Casc 1991), Kansas {Sovada et al.
2001), and Alberta/Saskatchewan (Mochrenschlager
et al. submitted) exceed those of kit foxes, this could
suggest that swift foxes generally have larger home
range sizes. However, differences in sample size, cal-
culation method, and tracking duration blur such
comparisons. Llome range sizes do not only differ
between arcas or species but, indeed, also within
areas over time. For example, adaptive kernel home
ranges estimated for swift foxes on the Pifion
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Table 10.1 Ecological and life-history parameters of swift and kit fores
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Vm mutica
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Beaver Co, 0K
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pale yellow on the belly. The winter coat is soft and
woolly with dense, black underwool. Its dorsal
region s speckled with white-tipped hair (Fig. 11.1).
The summer coat is less dense, paler, and the white-
tipped bairs less apparent, Specimens from the cast-
erm part of its distribution may be predominantly
rey. A distinctive mid-dorsal black band extends
g a mid-

from the nape of the neck caudally, becom
dorsal crest throughout the length of the tail. The tail
is similar in colour ta the body. The dark mid-dorsal
band, which isa distinctive feature of the Isracli spec-
imens, is less evident in specimens from Oman,
although the black tail markings are equally devel-
oped (Hasrison and Bates 1989). A distinctive dorsal
black spot (violet gland) is present at the base of the
tail, which usually has a black tip, although in some
individuals the tip is white (4% in Istael and 26% in
UAE; Smith et al. 2003b). The forcfect and hind feet
are dorsally pale yellowish-white, while posteriorly
they are dark grey. Unlike the other fox species in the
Arabian desets, the blackish pads of the feet and dig-
its are hairless and the claws arc cat-like, curved,
sharp, and semi-retractile (Geifen et al. 1992d). The
head is orange buff in colour, especially in the winter
coat. The face is slender with a dark band extending
from the upper part of the sharply pointed muzzle to

the internal angle of the eyes. The cars are pale
brown on both sides, with long white haits along the
antero-medial border, and intermediate in length
between those of the red (Vlpes vuipes) and fennee
foxes (Harrison and Bates 1991; Geffen et al. 1992d;
Geffen 1994; Roberts 1977).

Compared with other small canids occurring in
the Saharo-Arabian deserts, the relatively large and
long tail of Vulpes cana is unique. Most canids arc
cursorial terrestrial carnivores, capable of prolonged
trotting at a maoderate speed (Taylor 1989), and
adapted to long-distance travel over horizontal
ground. Blanford’s fox and the Arctic fox are the onily
canids known regularly 1o utilize both horizontal
and vertical habitals. The only species that routinely
climbs trees is the gray fox, Urcyon cinereoargenteus
(Fritzell 1987). 1arge tails are typical of tree-dwelling
camnivores such as stone martens (Martens foina) and
ringtails (Bassariscus astutus). Jumping is usually an
integral part of the locomotor pattern in fast-moving
arboreal mammals and the large tail is probably
an important counter balance during jumps and
may function like a parachute (Taylor 1989).
Mendelssohn et al. (1987) described the jumping
ability of Vulpes cana as astonishing; captive individ-
uals bounced from one wall to another or jumped to

Figure 11.1 Blanford's fox Vuipes
cana in Ein Gedi, Israei
© S. Kaufman,
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mammals, 6, 12, 15, 22 3, 34,
A Sa, 60, 87, 94, 100,
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163, 165, 187, 200 1, 221,
224-5, 228, 237, 241, 243,
248-9, 256, 2614, 272-3,
275-9, 283, 312 13, 362,
469
‘management
aclive, 360, 371
canid, see canid management
captive, 149 see also captive
breeding
co-management, 114
conflict, see contlict
disease, 125, 133, 13842
cducation and, see education
genetic, 66, 77, 81, 151
plans, 360 see ulso action plans.
population, see population
Tecovery, see recovery
Manas Tiger Reserve, 324-5
Manchuria, 31
mandible, 217, 225
maned wolf, 4, 11, 19-20, 23, 46,
48-50, 87, 104, 147, 149,
326, 354, 358
mange, 103, 124, 132, 140, 209,
212,214.15, 359
mark-recapturc, 80, 146, 151, 176,
178, 209, 358, 362
marmot, se¢ baibak
Marmota bohac, see batbak
Martens foina, see stone marten
Martes martes, see pine marten
martial eagle, 234
Masai Mara Game Reserve, 64-6,
75,97,135-6, 278
mate, 88, Y3, 97, 120, 148, 231,
272, 280, 263, 344
guarding, see copulatory lic
selection, 171, 177, 318, 361
mated pair, 72, 74, 80, 89, 176-7,
182,193, 203, 259
maternal
antibodies, 96, 240
fetal interactions, 60
inheritance, 58-9, 60, 71, 286
investment, 205 see also female
cnergetics
metabolism, 2334
parity, 242
weight, 104, 233
mating, 192, 226, 259 see also
copulation
indiscriminate, see incestuous.
mating

systern, 72, 240 see also male
mating
metabolism, see maternal
metabolisin
Mauritantia, 33
magimum lifespan, see lifespan
Mbaracayii Forest Biosphere
Reserve, 358
medial pterygoid, 46
medium-sized canids, 8, 18, 19, 25,
27,73, 83, 106, 108-9, 13:
255-6, 311, 324
Medayl Arctic fox, 4, 7, 92-7, 100,
103, 132, 359
Meghalaya, 324-5
Meleagris galiopavo, see turkey
Meles tmetes, see Durasian badger
Melivora capensis, sec honey
badger
mesocarnivory, 41, 52, 54
Mesocyon, 40
metabolic
mass, 105, 233 4
needs, 79, 87-8, 105-6, 204, 237
see also matecnal metabollsn
rate, 237
metacone, 27, 43
metaconid, 43
meta-populations, 153, 301, 361,
370-1
Metatorarctus, 40
Mexican
Kit fox, 77, 145, 188, 194
prairie dog, 194
wolf, 145, 353, 356, 357 sec also
recovery
Mexico, 6, 15, 32, 34, 46, 57-8, 71,
76-8, 146, 1857, 192, 194,
196-7, 298, 303-7, 356
360-1
MHC, 57, 60, 73, 79, 339, 361
Miacidae, 39, 41
Michigan, 153, 296, 301, 303, 306,
308
Microhodotermes, 22
microsatellite loci, sce DNA
mictosatellite
Microtus spp., 164 see alsa vole
middle ear, 41
Middle East, 14, 29, 109-10, 199,
201-2, 205, 313, 357
migration, 5, 8-9, 55, 60, 66,
68-70, 83, 100, 238 see also
dispersal
minimum
convex polygon method, see
convex polygon

clfective population size, see
effuctive population size
reserve size, 155
Minnesota, 6, 67, 71-2, 92, 102,
120, 133, 148, 153, 157, 298,
301, 303, 306, 308-9
Miocene, 39-40, 43-6, 49, 5
131
miomibo forest, 64-5, 256-7, 341
gation, 147-8, 363, 368
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DNA (ntDNA), 56-71, 73-6, 79,
82,175, 186, 201, 311, 313
genes, 47-8, 56, 58-9, 326
mobbing, 92-3, 234, 335
modelling, 8, 121, 125-6, 134, 139,
149, 155-6, 181 2, 195, 253,

292, 357, 363
moist deciduous farest, 20, 324,
331

molars, 20, 22-3, 39, 41-5, 51,217,
226, 228, 256, 326-7
molecular

analyses, 3, 27, 45-6, 69, 734,
79, 84, 293, 356
clock, 474

gl 4
genetics, 56-60
phylogenies, 49-50
systematics, 47-9
techniques, 144, 202, 362
molcrat, 313-15
Mongolia, 20, 31, 218
mongoose, 47, 234
monitonng populations, 145-7,
182, 296, 303, 308, 3568,
362, 364
monoestrus, 204
monogamy, 5-6, 8, 24, 28, 30, 80,
94,104, 128, 168, 174,
176-7, 192, 204-5, 209,
213-14, 218, 221-3, 237, 344
monomorphiso, 79
moose, 16, 69, 92, 113, 285-9
364
mopanc, 340, 364
false mopane, 258
morphology
cranial, 16, 41, 225-6, 267
dental, see dental morphology
wolf-like, see wolf-like:
morphometric comparisons, 16,
186
mortality, 12, 16, 18, 20-2, 25,
28-9, 32, 35, 92-3, 100, 103,
120 1,132, 134,137, 166-7,
171, 193-7, 205-6, 234, 253,
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the highest ledges (2-3 m) in their cage with semark-
able ease and as part of their normal movements,
Their small feet and naked pads provide sure footing
even on the narrow ledges of a vertical wall. In the
field, we observed foxes climbing vertical, crumbling
dliffs by a scrics of jumps up the vertical sections.
‘Their sharp, curved claws doubtless enhance trac-
tion on the more difficult vestical ascents

Phylogeny and taxonomic status

Your fox species are common in the desert regions
of the Middle East and northern Africa: Blanford's
fox, the fennec fox, Ruppell’s fox (Valpes rueppelii),
and the red fox (Vidpes vulpes). Recent phylogenctic
analysis of mtDNA sequences shows that the former
two taxa are a monophyletic clade distinct from the
other fox-like canids (Fig. 11.2; Geffen et al. 1992e),
However, the sequence divergence between the fen-
nec fox and Blanford's ox is large, approximately
7%, indicating an ancient divergence as much as 3-4
million years ago (Ma). This divergence is coincident
with the appearance of desert regions in the Middle
¥ast and northern Africa (Wickens 1984), and sug-
gests that a fox-like progenitor entered these regions
and diversified into two lineages. The fennec occu-
pies a habitat in shifting sand dune environments
whereas Blanfords fox is restricted 1o steep rocky

Grey fox

————- Bareared for

= — Red fox

— Ruppells fox
Swift o

L et fox

Corsa fox

— - Capefx
Blanford's fox
Fennec for

Figure 11.2 Phylogenetic tree generated by maximum-
fikelihood method (sec text). Iransitiony/transversion

fatio = 5.0, Ln Likelihood — —1852.3. All branch lenglhs are
significantly different from zero (P < 0.05). (Modified from
Geffen et al. 1992¢)
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stapes. Each specics shows distinct morphologic
adaptations for these habitals. Eor cxample,
Blanford’s fox has hairless fect adapted for climbing
on hare rack and the fennce has fusred pads for loco-
motion an shifting sand. Whereas other fox species
usually occupy a range of habitats, the fennec and
Blanford’s fox, which are the smaltest of all canids,
show a strong affinity to a single, specific habitat.
“Their small size may be associated with their special-
ization to the arid, poorer quality habitats of the
Arabian desert. Both Ruppell's fox and the red fox are
1.5-3 times larger than the Blanford's fox or the
fennce, and do not persist in the poorer quality habi-
tats where the latter two species occur (Mendelssohn
etal. 1987; Harrison and Bates 1991).

Generic distinctions should be based on mono-
phyletic groupings of taxa. The results of Getfen et al.
(1992¢) suggest that the fennec and Blantord's fox
comprise a separate taxonomic entity since they
define a consistent monophyletic group within the
clade of the Vilpes like foxes (Wayne et al. 1997). In
fact, these analyses ciearly indicate that the taxo-
nomic division of the fox-like canids into Alopex,
Fennecus, and Vulpes do not reflect genuine phyloge-
netic divisions within the clade; in evolutionary
terms all vulpine-like species might more appropri-
ately be classified within the genus Valpes.

Distribution and abundance

Until recently the Blanfords fox was thought to be
confined ta mountainous regions in Iran (Lay 1967),
Afghanistan  (Blanford 1877; Llassinger 1973),
Pakistan (Robetts 1977), and Turkistan (Bobrinskil
et al. 1965; Novikov 1962; Fig. 11.3). The species was
considered as ane of the rarest predatory mammals
in southwest Asia (Novikov 1962). Itis seldom repre-
sented in scientific collections (Lay 1967), and trade
in its fur is minimal compared with some other fox
species (e.g. red and Arctic foxes; Ginsberg and
Macdanald 1990). In 1981, it was discovered in Isracl
(Geffers et al. 1993; Nany 1983), and since then in
Egypt and Sinai (Geffen ef al. 1993; Peters and Rsdel
1994), Jordan (Amr et al. 1996; Amr 2000), Oman
(Harcison and Bates 1989), Saudi Arabia (Al Khalil
1993), and the United Arab Emirates (Stuart and
Stuart 1995; Fig. 11.3). The current patchiness of its
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259, 269, 282, 204, 308, 321,
3389
catastrophic, see catastrophic
rate, 15, 34, 129, 140, 153, 193,
212-15, 241, 280, 287, 293-5
mountain nyala, 314
mounting, 101, 230, 241, 244, 333
mozambique, 255-6, 357, 361
mtONA, see mitochondrial DNA
mule deer, 272, 308
wultiannual fluctuations (MAR), 291
multiple paternity, 9, 62, 80, 97,
103, 318, 335
multivariate morphometric
appraach, 186
Murida, see grass rat
Mus mussculus, séc house mouse
musculo-skeletal adaptations, 4
Mustelidae, 39, 47
mutation rate, 56, 59, 313
Myanmar, 14, 324, 326
Myocaster coypus, see coypu
Myriapoda, 225
Mysore Flateau, 324-6, 329
mythological aspects, 14

Nahuelbuta National Park, 234,
82, 356-7, 359

Namibia, 64, 66, 124, 135,
153, 361

natal
area/range/territory, 8, 94, 101-2,
128, 154, 168, 171,177-8,
192-3, 205, 209, 211-15,
223, 229, 241-2, 256, 259,
317
dens, 12,193, 231
dispersal, 163, 167-8, 317
group, 88, 100, 209, 214-15,
229-30, 317, 319, 338
philopatry, 101, 209, 212-13,
215, 229, 235, 241, 317
national parks, 19, 23, 24.5, 61, 72,
75,82, 84,97, 112, 114-15,
120, 124, 136, 139, 140-1,
145, 157, 181, 228, 244-6,
249, 258, 260, 271-2, 275,
283, 285-6, 288, 290, 295,
297-8, 301, 304, 306, 313,
329,331, 334, 337, 341,
356-61
Native Americans, 78, 174-5
natural selection, 83, 138
naturalists, 311, 324, 334, 365
see also cnvironmentalists
Nature Copservancy, 182
Near Threatened, 354-5

neighbouring
den, 169
pairs, 223, 228, 258
population, 69, 72, 97, 101, 213,
316-19, 340
teritory, 169, 171, 229
aconatal, see afso pup
body mass, 9, 103-4, 205, 233
dependency, 103
Nepal, 29, 32, 326
New Mexico, 34, 76, 78, 186,
305, 307
New York, 114, 305
Niassa Game Rescrve, 361
niche, 39, 45, 106, 225, 266, 313
breadth, 265
complementary hypothesis, 252
overlap, 243, 246
separation, 256
Nigeria, 33, 64
niigai, 327
Nilgiris, 320-30
tahr, 327
nocturnal snap trap, see traps
Noel Kempft Mercado, 358
non-breeding
adults, 229, 259, 31920, 344
females, 94, 169, 205 see also
subordinate
helpers, 94, 103, 317, 320-1
yearlings, 171, 204
non-dispersers, 171
non-imvasive sampling, 73, 147, 358
non-lethal control, 110, 114, 116,
122, 364, 372
non-occupied lereilories, 171
North Caralina, 18, 71, 296, 300,
302-3, 360
North Dakota, 186
northern dhole, 326
Northern Rocky Mountain wolt,
298, 301, 303
recovery plan, 303, 307
auclear genes, 47, 56, 59, 60
Nuevo Leon, 77, 186
nursing, 223, 231, 237, 239-44,
316, 320-1, 335 see also
lactation and patental care
communal, 96-7, 231, 241
energy cost, 233
tine, 321
nutria, see coypu
nutritional constraints, 170
Nyctea scandiaca, see snowy owl
Nyetereutes, 11, 49-51, 218
athus, see Tizo raccoon dog
donmezani, 46, 218
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megamastoides, 219

procyonoides, sce taccoon dog,

procyonoides viverrinus, sce
Japanese raccoon dog

sinensis, 219

Viverrinus nipponicus (N.
sinensis + N. procyonoides),
219

assuriensis, see Ussuri raccoon
dog

occupied tertitories, 169, 171
Oceania, 12, 355
Ochotora, see pika
Odecoilens
hemionus, see mule deer
virginianus, see white-tailed deer
offspring, see pup
olfactory, 67, 256, 282
Oligocene, 40, 425, 51
Olympic National Park, 306
Oman, 357
ommivory, 4, 14, 23-4, 26, 28-9,
414, 512, 221-2, 224, 245,
256, 262
Oncorynchus (trouts)
clarki, see cutthroat trout
gilae, see Gila trout
mykiss, see cainbow trout
opportunism, 6, 13, 17, 52, 108,
262-3
opportunistic
diet, 24, 29, 53
foragers, 34-5, 187, 262
predators, 243, 272, 341, 364
oral vaccination, 205, 269, 348
Oregon, 27, 186, 195, 306-7
Orellan, see Oligocene
Onthoptera, see arthropods
Oryctolagus cuniculus, see
Luropean rabbit
Osbornodon, 40, 42 4, 51
osteachondroma, 44
Otarocyon, 40, 44
Otocyon megalotis, see bat-eared
fox
virgatus, see bat-eated fox
otter, 47,99, 174
over-exploitation, 13, 358, 367
overla, territorial, see teritorlal
averlap see also home range
overlap
diets, see dictary ovevlap
Ovis
aries, see domestic sheep
canadensis, see bighorn
sheep
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ARABIAN
st

known distribution in the Middie-East profubly
teflects the inadequacy of records more than it docs
the species’ real range. The clusive habits of
Blanford’s foxes, and their inaccessible habitat, make
them hard to detect. It would not be surprising,
therefore, tofind this fox in northwest India or along
the western Red Sea shore south to Ethiopia, These
areas would certainly provide suitable habitat and
climate. During the icc ages, when sca lovel was at a
minimum, these foxes could have crassed overland
to Africa via the Hormuz Straits and the Gulf of Suez.
In fact, it is not clear whether the species radiated in
to the Middic East or out from it into southwesterm
Asia. An ongoing phylogeographical study on the
routes and time frames of the species’ expansion into
the Middle East and Africa using DNA from museum
skins collected throughout the range and current
molecular techniques may allow us to answer these
questions,

The Blanford’s fox is confined to mountainous
regions (Lay 1967; Roberts 1977). Hassinger (1973)
concluded that they are generally found below
2000 m in dry montane biotopes. All the records
collected on the Persian Platcau are from foothills
and mountains in the vicinity of lower plains and

£

30

20
Figure 11.3 Distibution map for the
Blanford's fox. Fil circles represent

15 collection localities on the traditional range.
in southwestern Asia (before 1981). Empty
circles represent callection loalites after

10 the discovery of the first individual in istael
(1981)

hasins (Hassinger 1973; Roberts 1977). In that region,
{he habitat of Blanford’s foxes camprises the sopes of
rocky mountains with stony plains and patches of
cultivation (Lay 1967; Raberls 1977). In the Middle
East, this fox is confined to mountainous desert
ranges, and inhabits steep, rocky slopes, canyons,
and cliffs (Harrison and Bates 1989; Mendelssohn
etal. 1987). In Isracl, it s distributed along the west-
o side of the Rift Valley and in the central Negev.
Specimens from the central Negev were found in
crecks that drain into the Rift Valley (Geffen et al.
1993). Apparently, V. cana can aceur on various rock
formations provided its other requircments are met.
The distribution of Blanford’s fox in the Arabian
Desert is not limited by access to water (Geffen et al.
1992a). In Israel, it inhabits the driest and hottest
regions. The densest population is found in the
Judaean Desert at clevations of 100-350 m below sea
level. This is in contrast to Roberts’ (1977) remark
that the specics avoids low, warm valleys in Pakistan,

In the suilable habitat across southeastern Israel,
extrapolations from the home-ranges of Blanford's
foxcs at two sites (kin Gedi and Eilat) suggest
their population deusity ranges between 0.8 and
1.0 individuals/kni? (Geffen etal. 1992¢). Comparable
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estimates for other sites are niot availabl
in the United Arab Emirates estimated, based on
catch per unit cffort, suggests that Blanford’s foxes
are locally abundant in the north-eastern mountain
range (Smith et al. 2003b). Although surveys in Isracl
and the United Arab Emirates indicate that
Blanford’s fox can be relatively common in its spe-
cific desert habitat, only about 10% of its known
range has been surveyed. Additional surveys across
its range are dearly necessary to provide a more
comprehensive assessment of the distribution,
abundance, and status of this canid,

but research

Diet, energy expenditure, and
habitat selection

Blanford's foxes in Israel are primarily insectivorous
and frugivorous (Geffen et al. 1992b; llany 1983).
Invertebrates are the major foud, with beetles,
grasshoppers, ants, and termites eaten most often
(Geffen et al. 1992b). Plant foods consist mainly of
the fruit of two species of caperbush, Capparis carti-
laginca and C. spinosa. Fruits and plant material of
Date Palm (Phocnix dactylifera), Ochradenus baccatus,
Fagonia mollis, and various species of Gramineae are
also eaten. Blanford’s foxes in Pakistan are largely
frugivorous, feeding on Russian olives (Eleagnus
bortensis), melons, and grapes (Roberts 1977). In
Istacl, remains of vertebrates occurred in ca. 10% of
fecal samples, and although neither scasonal nor
individual differences were detected, the dict differed
Between the two sites examined (Geffen ef al. 1992b).

Blanfords foxes almost always forage solitarily
(92% of 463 observations; Geffen et al. 1992b)
Mated pairs, which shared home ranges, differed
significantly in the time of arrival at fruitful food
patches and in the pattern of use of their home range
{Geffen and Macdonald 1993).

‘The annual size of home ranges of Blanford’s foxes
in Israel was estimated at 0.5-2.0 km?, with neither
scasonal nor sexual differences (Geffen et al. 1992¢)
Dry creekbed was the most frequently visited habitat
in il home ranges, and foxes spent significantly more
time in this habitat than expected if their move-
ments had been random. Home ranges (in km?) at
Fin Gedi, Isracl encompassed an average (+ SD) of
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63.44 = 3.22% gravel scree, 3.63 + 2.59% houlder
scree, 28.38 L 4.05% dry creekbed, and 4.54 + 3.46%
stream and spiing. Average lime (= SD) spent by
these foxes al Ein Gedi in gravel scree was
1488 = 100.8 min/night, 46.0 + 63.8 min/night in
boulder serce, 3599+ 141.9 min/night in dry
creckbed, and 13.0 & 27.9 min/night near a water
source (Geffen et al. 1992¢). Diy creckbed provided
substantially more abundant prey for the foxes than
did the other habitats, and sparse cover for inverte-
brates (Geffen ¢t al. 1992b). Creekbed patches were
used in proportion to their size, so that laige patches
were heavily used while small ones were rarely visited.
Both the available area of creekbed in each range, and
the area of creckbed patches used by the foxes, were
independent of home range size. However, variance
in size of home range was explained by the mean dis-
tance between the main denning area and the most
frequently used patches of creekbed (Figs 11.4 and
11.5; Geffen ctal. 1992c).

Daily energy expenditure of free ranging Blanford's
foxes near the Dead Sea was 0.63-0.65 kg 'day
with no significant seasonal difference (Geffen ef al
1992a). Mean rate of water intake in Fin Gedi was sig-
nificantly higher in summer (©.11 = 0.02 mig
day ) than in winter (0.08 = 0.01 mlgday ).
Geffen et al. (1992a) conchided that foxes maintained
water and encrgy balances on a dict of invertehrates
and fruits without drinking. Furthermore, this study

Mean distance
=
8
g

0 1 2 3
Mean pair home range size
Figure 11.4 Mean distance (m) of the five most intensively
used creekbed patches from the main denning aren versus
mean pair home range size (80% polygon; km?). r = 0.94,
Z = 3.47,P < 0.001. (Modified from Geffen et al. 1992c.)
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The strength of interspecific competition likely
varies with prey abundance (Creel et al. 2001),
which could explain some of the variation in results
among studies conducted at different times and
places. For example, kit foxes in Chihuahua,
Mexico, which prey on the world'’s largest remain-
ing prairie dog population were rarely killed by coy-
ofes (List and Macdonald 2003). Fox survival
differences between Canada and Mexico were
assessed relative to intra- and interspecific spatial
patterns, dynamic interactions, dict, and predator
avoidance habitats (Mochrenschiager and List
1996; Moehrenschlager et al. submitted). Although
in Canada, coyotes and foxes were heavier than
their Mexican counterparts, interspecific body size
fatios were similar hetween the countrics, suggesl-
ingsimilar energetic pressures for interspecific com-
petition. Fox home ranges were significantly larger
in Canada than Mexico, coyote home ranges were
similar between countries, and ratios of coyote/fox
home ranges were approximately four times larger
in Mexico than Canada. Differences In interspecific
home range size ratios and escape hole availability
between countries were likely caused by differences
in the abundance and diversity of prey. These
factors probably caused observed differences in
fox—coyote encounter rates and, consequently, fox

Figure 10.3 Coyote Canis latrans
©R. List

mortalities between countries (Moshrenschlager
etal. submitted).

Coyote controf on the Naval Petroleurn Reserves
in California did not result in increased fox abun-
dance or survival and coyote abundance was not
consistently related to kit fox abundance (Cypher
et al. 2000). Similarly, intensive coyote killing by
Iandowners in Alberta and Saskatchewan apparently
caused decreased coyale-caused mortality of swift
foxes, but subsequent predation by golden eagles
(Aquila chrysaetos) prevented fox survival rates from
improving (Moehrenschlager et al. submitted).

The relationship between coyates and kit foxes is
complicated when ted foxes, which are intermediate
in size, are also present. In fact, red foxes may pose
a greater threat o swift and kit foxes than coyotes
Red foxes have been able Lo displace smaller Arctic
foxes (Alopex Jagopus) in Scandinavia (Herstcinsson
and Macdonald 1992; Cypher etal. 2001; Tannerfeldt
ctal. 2003).

Red foxes are known to kil kit foxes (Ralls and
White 1995; Clatk 2001) and swift foxes in Canada
have greater dictary overlap with red foxes than coy-
otes (Mochrenschlager unpublished data), which
iy allow red foxes to competitively exclude swift
foxes. Since red foxes tend to exist at higher densities
than coyotes, the likelihood of red fox-swift fox
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female (cont.)
monogaimy, see 1onogamy
nursing, sce auising
polygyny, see polygyny
pseudopregnant, see
pseudopregnancy.
sterilization, 139, 148-9
subordinate, see subordinate
survivorship, 343
weight, 9, 1034, 343
female-biased
dispersal, 237, 317, 319
groups, 9, 1034, 154, 23
sex ratio, 5, 8, 231
fencing, 113, 115-18, 133, 140-1,
147
fennec fox, 4, 29, 35-6, 48, 104,
150, 199-201, 354, 357
Fennecus rerda, see Fennec fox
Tennoscandia, 12-13, 83, 288
feral pig, 179-80, 182, 358, 327, 335
fertility, 226
control, 138-9, 148-9, 3023,
360,371
field
surveys, 356
techniques, 356-7
fingerprinting, see DNA fingerprints
Finland, 21, 68, 217-26, 359, 361
Finnish raccoon dag, see Ussuri
raccoon dog
furst breeding (scason), 166
fish as diet, 13, 2234, 230
Fisher's exact test, 168, 343
fitness, 8, 60, 66, 73, 84, 100, 103,
168, 208-15, 282-3, 2934,
320-1
fadry, 118
flagships, 116, 367
floater females, 316-17
fluctuating
food resource, 164-5
population, 165, 291
fovtus, 221
folklore, 19, 21, 109
faod
additions, 165
availability, 4, 104, 164, 166, 169,
171, 210-13, 215, 237-9,
244, 246, 249, 253, 259,
262-4, 272, 278-9
caching, §
provisioning, 93-5, 213-14, 236,
319-20, 334, 348
resources, see food availability
superabundance, 170
web, 179-80, 289

foraging, 21, 203-5, 214, 223, 230,
232,235, 314
age, 205
dimensions, 233-6, 238, 260-1
ecolugy, 276-8, 327
economics, 291-2
habitat, 262
Lévy behaviour, 261
parameters, 282
solitary, 314
success, 88, 91, 344
theory, 292
time, 237
sce also apportunistic foragers
Torest Survey of India, 325
founder, 68, 71, 81, 83, 101, 152,
154, 175,219
founding event, 69, 175
fox, 4-12, 19-35, 45-50,
57-8, 132, 163-216,
227-54, 354-9, 3614,
366, 370
hunting, 115, 121, 166-7, 169
fox-like canids, S, 16, 24, 30, 42,
44-5, 49, 83, 201
fragmentation, 32, 62-3, 66-7,
69,73, 155, 194, 197-8,
313,339
free-ranging, 119,127, 134-6,
151,294
frontal sinus, 46
frugivory, 4, 30, 203, 217, 226
fruil diel, 4, 19, 22, 30, 53, 104-5,
126, 2034, 224-5, 258,
2615
functional morpholagy, 44
fur, 12, 19, 21, 25, 105, 163, 165,
205, 218-20), 359, see also
pelts
Tnting, 13, 111, 252
trading/farming, 109, 111, 121,
201, 244
traps, sec traps
winter, see winter fur
furbearer, 23, 35

Gallus sonnerati, see grey jungle
fowl
Gamba grass, 341
game, 48, 107, 112, 119, 360
areas, 13-14
birds, 112, 121, 366
ranching, 115, 364
reserve, 75, 341, 361
species, 12,15, 110, 112, 359
gamekeepers, 112, 114-15, 121,
370

Gap Analysis, 156
gassing, 17, 126 see also shooting
and trapping
gaur, 327
Gazella
grantii, see Grant's gazelle
thomson, see Thowson's gazelle
gone, 47-8, 556, 59-60, 71, 84,
127, 140, 145, 152, 303,
326
banking, 151-2
complex (MIIC), 359
flow, 56, 58, 63, 65-7, 72-3, 79,
83,145, 177-8, 194, 295
sampling, 61
genetic
analyses, 56-8, 62-3, 66, 68,
71-2, 84, 103, 109, 145, 305
distance, 66, 76
diversity/variation, 55, 62-5,
67-71, 73, 76, 78-9, 81-2,
175,293, 313
dnift, 175,295, 313
fingerprinting, 72
morphometnc analyses, 186
structure, 23
techniques, 59, 73, 145
touls, 144
genetics, 55-85, 103, 109, 127, 140,
145, 151-2, 177-8, 194, 295,
403, 305, 326
molecular, 55-84, 288 see also
molecular
population, 55-84, 288 see alsa
population
genotype, 60, 68, 80, 175-6
Geographic Information Systems
(GIS), 358
geographical variability, 4
Geothelphusa dehaani,
sée Japanese stream crab
gestation, 94, 103, 170, 192-3, 204,
221, 223, 230, 234, 281, 345,
348
giant molerat, 314-15
Gila National Forest, 305
Gila trout, 303
Glacier National Park, 304
glands
of canids, 7
interdigital, 7
golden
cagle, 28, 174, 176, 179-82, 205,
358
hamster, 242
jackal, 5, 6, 11, 14, 15, 48, 57, 58,
62, 73-5,89, 91,94, 107,
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encounters would be higher than coyote-swit fox
encounters. Preliminary results from an experimen-
tal study examining the swift fox-red fox relation-
ship suggest that red foxes can be a barrier Lo swifl fox
populations expanding into unoccupicd, but suitable
areas (M. A. Sovada unpublished dala). Within anc
day, a family of red foxes in Saskatchewan took overa
den that had been used by a swift fox for at least 2
weeks prior. Moreaver, ted fox dens in Alberta and
Saskatchewan were significantly closer to human
habitation than coyote dens while swift foxes dens
were found at all distances (Mochrenschlager 2000)
As coyotes avoid high human activity areas, red foxes
may utilize these sites to begin theit invasion of swift
fox home ranges. While coyotes reduce swift fox
numbers thiough direct, density-dependent killing
within the swift fox range, red foxes could potentially
exclude swift foxes through a combination of inter-
ference and exploitative competition. As such it is
possible thal coyotes sometimes have a beneficial
cffeet on swilt or kit foxes by excluding or reducing
red foxes, since coyotes tend 1o exclude red foxes but
not swift/kit foxes from their home ranges (White
etal. 1994; Ralls and Whitc: 1995; Cypher et al. 2001).

Conclusions and recommendations

We compared swift and kit foxcs to see if morpho-
logicaland genctic differences might also beindicative
of differences in life history, ecology, or population
threats, We found that temporal variation in ccalogi-
cal parameters can be high as environmental condi-
tions within respective study areas change scasonally
or annually, Spatial variation also exists within study
arcas as swift or kit foxes ulilize available hal
different extents. Across the range of each species, the
variability of these parameters is likely a product of
temporal variability at individual sites, small-scale
spatial variability at such areas, and large-scale geo-
graphic or climatic differences between regions. Yet,
swhen this amount of variation for individual parame-
ters is accounted for within cach species, we cannot
discern substantial differences between swift and kit
foxes in diet, home range use, den use, teproduction,
dispersal, or survival

The distribution and abundance of kit and swift
foxes has been depleted since Europeans began set-
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tling in North America, Three primary causes have left
swift and kit foxes imperilled locally or nationally:
(1) habitat loss and fragmentation; (2) human-caused
mortality; and (3) predation and competition. These
threats continue to persist today for both species
although their causes, nature, and effects vary relative
to historic times and differ between regions of the
swift/kit fox complex.

We found that the threat of habitat 1oss due to crop-
fand agriculture is slowing in Canada and the United
States, but prairie dog towns and associated kit fox
areas in northern Mexico continue to be lost at an
alarming rate. Habitat fragmentation continues to be
auniversal threat as usbanization, industrial develop-
ments, and roads increasingly expand into swift and
kit foxareas. Habilat degradation in prairie and desert
tegions is increasing as exotic species and changing
agricultural practices limit the amount of suitable
habitat for both species. The thieat of human-caused
mortality may be decreasing as legalized trapping is
increasingly restricted throughout the range of swift
and kit foxes. However, vehicle-caused mortality may
beincreasing as road networks increase in both prairie
and grassland habitats. Incidental poisoning of north-
e swift foxes will likely increase in Canada as com-
pound 1080 is regionally legalized. ‘The threat that
coyotes currently pose to swift foxes remains, but the
threat of expanding red foxes on both swift and kit
foxes isincreasing

Since swift foxes in Kansas and kit foxes in the San
Joaquin Valley of California have shown an ability to
adapt to some agricultural systems, while foxes in
other regions have not, the question ‘what levels of
habitat loss, degradation, and fragmentation can
swit and kit foxes tolerate?” arises. While individual
foxes occasionally utilize human-modified habitats,
one needs to understand which ratios of modified to
pristine habitat, which degrees of connectivity, and
what changes in habilat quality can swift and kit fox
populations can tolerate.

We believe that the effcct of habitat disturbance or
other human-caused stressors on swift and kit foxes
must be evaluated in terms of interactions with coy-
ates and red foxes. As red foxes adapt well to human
habitation and farming, the question needs to be
addressed to what extent they exclude swift and kit
foxes from agricultural or natural arcas that these
smaller species could otherwise utilize. The fact that
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130, 131, 234, 255, 256, 207,
354, 357
gonadotropin releasing hormone
(GuRID, 148
gooseberry, 258
goshawk, 234
GPS collars, 147 see also collar
Grant's gazelle, 80-90, 338
grasshopper, 203, 235
grasslands, 4, 6, 17, 19-20, 25-30,
65, 115, 146, 176-7, 185,
194, 197, 228, 256-8, 261-2,
276, 312-16
grass rat, 313, 315
gray [ox, 27-8, 45, 49, 78, 812,
137, 144, 146, 175-6, 178,
200-1
American, see gray fox
Argentine, see Argentine gray fox
dwarf form, 28
at Lakes wolf, 70
Great Smoky Mountains National
Park, 299, 302
Greater Yellowstone
area (GYA), 308 see also
Yellowstone
ecosystem, 304
Greenland, 12, 165
grey jungle fowl, 327
grey partridge, 112, 120, 364
density, 113
grey wolf, 4-8, 10-12, 15-20, 38,

354-61, 371

Alaskan, 8, 70
grid traps, see traps
ground scratching, see
scent-marking
ground squirrel, 31, 187, 272,276
group
defence, 92-4, 334
formation, S, 8-9, 98, 104, 209,
215, 229, 240, 259
hunting, 88-91, 94-5,
266, 291-2, 327-8, 330, 335
living, 88-92
membership, 238, 240
metabolic necds, 88
aced for, 88
pressures, 88-103
protection, 91
relations within, 213-14
size, 90-2, 98-100, 104-5,
208-11, 214, 229, 235,
238-9, 292, 315-16

structure, 77, 105-6, 169, 229,
259
suckling, 94, 96, 239-40
growling, 6-7, 231
growth rate, 181, 291, 338,
346-8, 350
guarding
catlle, see livestock guarding
den, see den guarding
mate, see copulalory lack
pup, see pup guarding
Guibortia coleosperma, sec false
mopanc
guild, 10-11, 53, 92-3, 11314,
185, 245, 253, 358, 366

habitat, 4, 128, 140, 164, 194, 197,
199-201, 203, 208, 223,
243-5, 252 3, 259, 261, 276,
312-13, 315-16, 322, 324,
3301, 340-1

availability, 194-5, 316

dircctive, 157

loss, 13, 18, 26, 27, 30, 33, 54,
624, 66-8, 71, 83, 149, 194,
197-8, 206, 309, 324, 356

partitioning, 147, 192, 266,
278-9, 335

preference, 10, 128, 156, 224,
255, 262

saturation, 8, 209-10, 212-13,
215, 317

suitability models/indices, 156

use, 146, 2234, 246, 261-2,
330-3

hair, 50, 60, 147, 200-1, 327, 356,
358, 362 see also fur

Haliacetus lencocephalus, see bald
cagle

haplotype, $7-79, 83, 145, 175,313

harmonic mean estimator, 222, 330

harvest, 33, 113, 115-16, 121, 195,
289, 308, 364

harvester termites, 26, 228, 238-9

head and body length, 13-36, 221

helpers, 8-9, 93-7, 193, 213-1
319 21 see also non-brecding

helping behaviour, 94-7, 171, 334

Hemingfordian, 40, 44

Temiptera, 225

Hemitragus hylocrius, sce Nilgiri tahr

Hemphillian, 40, 45

herbivory/herbivotous, 44, 53, 174,
253, 290, 312, 330 see also
fruit diet

Hermes and Cerberus, 19

Uerpestids, 47, 240
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Hesperacyon gregatious, 41-2
Hesperocyoninac, 3945, 51-3
heterosygote, 60
hibernation, 21, 219-20, 226, 276
Hicracetus fasciatus, see Bonelli's eagle
high risks, 171, 354
limalayan foothills, 324-5
Himalayas, 29, 32, 70
Hipputragus niger, see sable antelope
Iuhluwe Umfolozi, 371
Game Reserve, 21
hoary fox, 11, 26-7, 82, 127, 354
Hodotermes, 22,
mossambicus, sec harvester
tenmites
Holarclica, 46, 53, 164
holistic approach for conservation,
158
home range, 5, 14, 16, 19, 23, 140,
155, 187-92, 196-7, 203,
222,258-9, 261-2, 315-16,
330, 332, 334 see also
territorial overlap
movements, 146
night, 204
averlap, 23, 146, 192, 253
size, 8, 18, 22, 28, 30-1, 34-5, 79,
80, 87, 105-6, 144-5, 173,
76-7, 208, 223
spatial organization, 205, 258
homazygote, 60
honey badger, sec badgers
hormone, 147-8, 151-2
analysis, 147, 151, 361
assays, 151
Homnstrandir Nature Reserve, 169
horseback with packs of hounds, 35
hastility, 6, 10-11, 92-3, 101, 230,
240, 365
house mouse, 226
howling, 6-7, 92, 280-1 see aiso
shiriek and wow-wow
as olfactory signal, 282
rates, 281
Hudson Bay, 12
human
dimension, 114, 122, 157, 356,
350
impact, 24, 195
persecution, see persecution
human attitudes, 14, 19, 26, 109,
138, 139, 157, 158, 295,
296,359
human-canid conflict, 23, 108-10,
114, 119, 143, 147, 158, 244,
2523, 296, 302, 304, 308-9,
324, 369-70
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coyotes, whose killing of switt/kit foxes represents
one of the strongest examples of intraguild pressure
among carnivores, may be necessary to exclude red
foxes suggests that scenarios ironically exist where
too many or too few coyotes could lead 1o switt/kit
fox exclusion. Determining where these cquilibria
fall and how they arc affected by changing environ-
mental conditions or human disturbance should be
an area for future investigation. Scenarios may exist,
for example, where the increase of a dircet threat
such as trapping or habitat fragmentation may have
a net beneht for swift/kit foxes if, indirectly, the
disadvantage to coyote and red fox populations is
greater than the disadvantages this poses for swift/kit
foxes. Ilabitat loss or fragmentation may decrease
swift/kit fox carrying capacity as well as patch isolu-
tion and such habitat threats might be additive to
those already poscd by coyotes or red foxes. On the
other hand, habitat alteration could favour swift/kit
foxes in some cases; for example, kit foxes in
Bakersfield, California have higher survival rates
than conspecifics in surrounding natural areas
because of predictable food availahility and coyote
exclusion in the city (Cypher et al, 2003).

Additional knowledge of population genetics is
necessary to understand the relatedness, dispersal,
and gene flow within fragmented swift and kit fox
populations (e.g. Ralls et al. 2001; Schwarlz el al. sub-
mitted), which may affect population viability and

the potential spread of disease. Canine distemper bas
been noted among swift foxes (Olson 2000) and rabics
among kit foxes (White etal. 2000). Both of these dis-
cases can have devastating effects on endangered
canid populations (Sillero-Zubiri and Macdonald
1998; Woudroffc and Ginsberg 1999a), but the
sources and effocts of these diseases in swift and kit
fox populations are not understood.

Although regional variation in eovironmental
conditions, demographics, and human-caused pres-
sures are great throughout the swift/kit fox complex,
this variability appears to be as great within the
species as itis between them, Thercfore, conservation
solutions devised for one of these species will proba-
bly be relevant to the other. Common consezvation
planning for swift and kit foxes might be most effec-
tive to achieve financial, political, and ecological
means that will sustain both species in the future,
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hunting, 8, 21, 25, 27, 29, 31, 33,
35, 53, 83, 85-6, 89, 95, 115,
226, 324 see also foxhunting
deer, 112
in packs, see group hunling
pressure, 23, 32, 107
rates, 89-90
small mammals, 275-9, 283
time, 87
husbandiy, 110-12, 116 17, 122,
364-5
hyaena, 47, 54, 87, 234, 266, 278,
338-9, 348
brown, see brown hyaena
Keptoparasitic, 93
mobbed, 93, 234
spotted, see spotted hyacna
striped, see striped hyaena
wolf-dog, 72, 145, 311, 357
zone, 34, 56, 71, 73, 76, 186,
Hyaena brunnea, see brawn hyaena
Iyaenid TAG, 150
Hyaenidae, 39, 44, 45, 47, 52, 240
see alsu spotted and brown
hyacna
hybridization, 16-18, 47, 56, 63,
71,302, 360
with domestic dogs, 63, 84
wolf coyote, 71, 153, 299, 305,
360
hydatid, 1234
hypercamivory, 41-4, 43-4, 46,
514
hyperpredation, 179-80, 366
hypervariable region, 47, 59, 175
hypocarnivarous, se omnivory.
hypocone, 27, 44
hypoconid, 43

Iceland, 111, 143, 164-72, 364
Idaho, 116, 186, 301,
304-7, 309
IPAT, 129
immigrants, 45, 51, 67, 70, 82-3,
126, 149, 167-8, 171, 213,
288-9, 303, 317, 333, 340,
342, 361, 371
Immunocontraception, 121, 139
immunogenic vaccine, 136-7
Impact Reduction Scheme, 363,
368
impala, 338, 341, 342, 371
implementation, 309, 353, 360,

364, 367-9
in vitro fertilization OVE), 151
inbreeding, 63, 68-9, 101, 145, 177,

241, 357, 361,371

depression, 63, 69, 73, 84, 152 3,
286,293 4
risks of, 317
incestuous mating, 79, 230, 241
incidence (of infection), 126, 129,
134, 138-9, 268-9
incisors, 41, 44, $1
India, 14, 15, 20, 29, 32, 110, 114,
125, 202, 253, 298, 32331,
371
India, north cast, 324, 330
India, southern and central, 323.31
Indian subcontinent, 14, 29
Indian Wildlife Act (1972), 20
infanticide, 92, 96, 166, 213,
23940, 242, 319, 33
infection, 19, 123 42, 193, 268,
286, 339-40, 359, 363-4
see also disease, management
and vaccination
injury, 10, 212, 282-3, 372
insecticides, 131
insectivory, 4, 19, 22, 26, 30,
345,94, 1767, 179, 187,
203, 224-6, 228, 236-8,
256, 266
insemination, sce assisted
reproduction
Institute for Wildlife Studics (TWS),
182
imsular systews,
173-7
insulation, 12, 218, 220, 226
insurance, 116, 213, 356, 360
interdigital
membrane, 13
interference competition, 91, 143,
197,339
interguild competition, 105, 114
see also guild
internal carotid artery, see carotid
artery
interparietal crest, 24
interspecific
competition, 534, 74, 88, 91 2,
196, 339, 358
hybridization, see hybridization
predation, 88
relations/interactions,
10-11, 266
variation, 4
intraguild
aggression, 1011 see ulso guild
competition, 53, 93, 245, 358,
360
Killing/predation, 53, 185, 195,
366

28, 54, 78, 83,

Intra-group relatedness, 213-14
intraspecific
aggression, 120, 176
competition, 88, 170-1, 291
patitioning, 192
predation, 91 see also group
predation
protection, 91
variation, 5, 8-9, 103, 164, 208,
228, 242, 255
intrinsic growth rate (\);
see growth rate
introduced
pathogens, see reintroduction
prey, 179
species, see reintroduction
inverse density dependent
population, 318
invertchrates, 30, 53, 85, 105, 164,
2034, 224-5, 242, 248, 2624
tnvolvement, community, see
education
fran, 31, 130, 199, 201, 357
Iraq, 357
island fox, 28, 46-9, 54-5, 57,
69, 78-84, 108, 114,
123, 125, 132, 1378,
140-1, 145, 147, 173-83,
287, 303, 354, 35861
Island Fox Conservation Working
Group, 181-2
Island spotted skunk, see spotted
skunk
syndrome, 79-80, 175
Isle Royale, 10, 57-8, 69, 73, 83, 89,
285-96, 303
National Pack, 208-9, 301

Tsracl, 6, 30, 33, 91-2, 130,
199-206, 358
iterative evalution, 51-2
UCN
Canid Specialist Group, 139,
149, 182

Conservation Breeding Specialist
Group (CBSG), 149

Red 1ist, 182, 354

Species Action Plans, 157, 348
sec also action plans

website, 354

World Conservation Union, 157,
354

jackal, 5-6, 10, 13-14, 16-17, 48-9,
578, 62, 73-5, 89, 91, 94,
132, 255-70, 354

jackal headed god, see Anubis

jackal-sized canids, 45-6, 51
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CHAPTER 11

Blanford's foxes

Evolution, behavioural ecology, and
conservation of Blanford’s foxes

Eli Geffen

Blanford's fox Vulpes cana © C. and T. Stuart.

‘While the morphology typical of canids adapts them
10 endurance running, and consequently to life in
open hahitats, a fow specics have specialized to other
habitats such as rainforests, or even to climbing trees
or cliffs. The cliff-dwelling Blanford’s fox (Vulpes
cana) is one of these exceptional canid specits.
Previously, this species was thought to be confined
within a restricted range of which the western-most
extreme was Iran, Howcver, its discovery in 1981 in
Israel extended its range 1000 km further west, and
was the first of series of records that revealed its pres-
ence thraughout the Middic East. Following a decade
of research on this previously almost unknown fox,

[ present here an overview of the Blanford's fox's
phylogeny and taxonomic status, recent distribu-
tional changes, the behavioural ecology of the popu-

lation studied in Israel, and its conservation status.

Morphological features

Blanford’s fox is one of the smallest canids, weighing
on average about 1 kg—a similar body mass to the
fennec (Virlpes zerda). This delicate species has a
bushy and very long tail (76% of hody length; Geffen
et al. 1992d). The body is brownish-grey, fading to
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jackpot hypothesis, 165, 168, 171
fackeabbit, see black-tailed
fackrabbit
jaguar, 299, 307
Japan, 21-2, 208, 217-26, 324
Japanese
cedar, 224
raccoon dog, 217-26
Japanese stream crab, 225
Java, 324, 358, 364
Jordan, 33, 201, 206
Julbernardia spp., 64-5, 341
juvenile, 86, 154, 167, 177-8, 193,
205, 220, 223, 319
mortality, 166, 195 see aiso
mortality
survival, 165-6, 347, 350
waight, 221

K selection, 172
kangaroo, 113
kangaroo rat, 187, 195
Karyology, 47, 49
Karyotype, 49, 226
Kendall correlation coefficient,
229-30, 233-6
keystone species, 113, 158, 295
kil
rate, 289-90
road, see road kills
Killing, 10-11, 16, 20, 29, 35, 53,
88-94, 110-16, 119, 195-7,
256,275, 278, 285, 287-9,
295, 313-14, 322, 328, 330,
335, 341-2, 358, 362, 364-71
in groups, 91
livestock, 23, 116, 118, 119, 147,
253
poultry, 19, 24, 26, 109, 359, 362
Kinkajou, 99
Kinship, 73, 77, 79, 145, 241, 335
Kit fox, 5 6, 10, 32, 49, 8, 62,
76-8, 108, 146, 185-98, 354
Mexican, see Mexican kit fox
San Joaquin, see San Joaquin kit
fox
Kleptoparasitism, 93, 95, 105, 335
Kobus leche, sec red lechwe
Kruger National Park, 64, 66, 87,
93,97, 340-50, 84, 141, 145,
358, 361
kndu, 338, 341 2
Ky kebero, see Ethiopian wolf

lactation, 5, 94, 170, 205, 2334,
237, 23940, 322, 345, 348
sce also nursing

Lagopus mutus, see vock ptarmigan
Lanius ludovicianus meamnsi, sce San
Clemente loggerhead shrike
Lantana camara, 327
lapwing, 370
Jarge canids, 4, 811, 20, 46, §:
77-8, 83, 87, 103-4, 107,
113, 147, 155, 157, 194, 266
lawsuits, 304
Least Concern, 354
leg-hold traps, see traps
Leishnania, 131-2
chagasi, see L. infantum
infaritumn, 127-8
leishmaniasis, 127-32
lemiming, 12, 164, 166, 170, 172, 291
Lemmus spp., 164 see also lemming
leopard, 11, 47, 93, 205, 335
Leporid, 187, 266
Leptocyon, 40, 42, 45
Lepus
americans, sec snowshoe hare
californicus, see black-taited
Jackrabbit
europaus, see brown hare
nigricollis, sce black-naped hare
savadilis, see scrub hare
starki, see Starck’s hare
Leslie matrix, 337, 346, 348
Tethal control, 8, 114, 116, 122-3,
181, 309, 364
Levy flights, 260-1
Libya, 357
life expectancy, 167, 214
life history, 100, 150
parameters, 188
strategies, 164-9
trade-offs, 346, 350
lifespan, 52, 150, 171, 205, 259
lifetime reproductive success (1 RS),
168, 171, 240
liniting factors, 31
lingonberry, 224
lion, 11, 21, 47, 54, 92 3, 106, 266,
33840, 348, 359
litter, 9, 69, 88, 95-6, 213, 218
growth rate, see growth rate
mass, 9, 103, 233-4
metabolic mass (MM}, 233
numbers of, 36, 63, 239-40,
322
season, see breeding scason
sie, 5,9-10, 21,945, 1034,
108, 150, 164-7, 170,
192.3, 205, 210, 221-2,
230-4, 236-7, 239, 279, 321,
3436
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split, 169
survival, see cub survival
livestock, see depredation see also
killing, cattle and sheep
guarding auimals, 115, 118
husbandry, see husbandry
industry, 309
Llama glama (Mama), 118
tocal extinctions, 309
locus, 56, 50-60, 64, 67, 69, 72,
79-80
Toggerhead shrike, see San
Clemente loggerhead shitke
Lonchoncarpus caassa, 330
longdistance dispersal, 7, 65, 168,
171
longevity, 167
longicorn beetles, 327
Lophuromys melanonyr, see grass
rat
loss of habitat, 17
Lower Nilgiri Plateau, 324-5
Lujaniian, 46
lupine canids, 5-7, 242
Lutzomyia longipalpis, see sandily
Lycaon pictus, see African wild dog
Iynx, 11, 40, 44, 49-50, 52, 326
Lyns fyny, see lynx
Lyns rufos, see bobcat

Madikwe, 135, 141, 371
‘mainland systems, 176
majoc histocompatability complex,
60 see also MIIC.
male
dominance, see dominance
helpers, 9, 97-8
mating system, 97, 101-3 see aiso
guarding
multiple patemity, see multiple
paternity

parental investment, 9, 103, 205
see also parental investment
pateral care, 237
polygyny, see palygyny
pusl-capulatory tack, see
copulatory tie
subordinate, see subordinate
sterilization, 148-9 see atso
fertility control
male-biased
groups, 20, 237, 333
dispersal, 9, 65-6, 103, 317
sex ratio, 5, 104, 333
Malvizias fox/zorro, see Falklands woll
mammae, see teats
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canines, see Caninae
Canis, 11, 14, 20, 40, 45-51, 316,
3267
adoxus, 46
adustus, see side-striped jackat
aurens, see golden jackal
cipio, 46
dirus, see dire wolf
evalution, 46
famitiaris, see domestic dog,
feros, 46
se7i, 51
Iatrans, see coyote
iepophagus, 46
Tupaster, 15, 357 see also golden
jackal
Iupus, see grey wolf
lupus baileyl, see Mexican wolf
Inpus dingo, see dingo
Iupus irremotus, see Northern
Rocky Mountain wolf
Lupus lycaon, see castern timber
wolf
(upus mosirubilis, 295
Ivcaon, 4, 10, 70, 73, 145, 300,
305, 360
mesomelas, see black-backed
jackal
nefiringi, 51
rufis, sce ted wolf
simensis, see Bthiopian woll
Cape fox, 10-11, 30-1, 354
capercaillie, 113, 364
Capricomis crispis, see Japancse
serow.
captive breeding, 69, 73, 81-2,
149-50, 153-4, 181-2,
299-300, 305, 361
captivity, 149-50, 205, 361
capture success, 178-9, 181, 276
capture-recapture, see
mark-recapture.
caracal, 30
caribou, 70, 113, 124, 292
carnassial teeth, 39, 412, 44, 49,
51-2, 226, 228, 326
Carnivora, 11, 34, 39, 41, 165, 249,
369
nivore, 6, 23, 42-54, 64, 85, 263,
35, 338-40
conservation, 114-15, 359, 369
conteol programme, 324
carnivore-human conflict, 324
see also human-canid
conflict
carnivory, 4, 16, 25, 4354, 46
carotid artery, 41

Carpathian Large Carnivore Project,
159
Carpocyon, 40, 42, 44
cascade, 9, 103, 290-1
effect, 113
Castor canadensis, sce beaver
castration, 148
Catalina Island Conservancy, 81,
182
catastrophe, 28, 31, 113, 142, 153,
181, 239, 285, 458, 371
categories for the IVCN Red List of
threathiencd species, 354
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climbing, 28, 199, 201
clinical signs, 127, 129
Coahuila, 77, 187
coati, 99
Cocha Cashu, 358
cocked leg as olfactory signal, 7
coetficients of
relatedness, 177, 241
variation, 262, 287
coexistence, 243-4, 2523
Coleaptera, see arthropods
Colinis virginianus, see bobwhite
quail
collar, 119, 136, 146-7, 194-5,
209-10, 306 see also radio-
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infuscus, sec dhole
taniger, see dhole
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Threats limiting distribution
and abundance

Habitat availability

Ihe kit fox inhabits the deserts and arid lands to the
west and south of the shortgrass prairic occupied by
the swift fox. The regions occupicd by kit foxes
generally receive less rainfall than do the arcas occu-
pied by swift foxes. Kit fox abundanc varics greatly
from year to year and changes in prey abundance
are believed to be driven by widely variable rain-
fall (White and Ralls 1993; Ralls and Eberhardt 1997;
White and Garroll 1997, 1999; Cypher et al. 2000).

Iabitat types include desert scrub, chapatral, halo-
phytic, and native and non-native grassland commu-
nities (McGrew 1979; O'Farrell 1987; Sheldon 1992).
Kit foxes are found at clevations of 400-1900 m (List
and Cypher 2002), They arc less valnerable to mortal-
Ity from larger canids such as coyotes on flat or rolling
grassland (Warrick and Cypher 1998), and Haight
ot al. (2002) included slope as a factor in classifying
habitat quality (0-5% = good, 5-10% — fair).

‘The swift fox is predominately found on shortgrass
and mixed-grass prairies in gently rolling or level
terrain (Cutter 1958b; Kilgore 1969; Egoscue 1975;
Hillman and Sharps 1978; Hines 1980), The conver-
sion of native grassland prairies has been implicated
as one of the most important factors for the contrac-
tion of the swift fox range (Hillman and Sharps
1978). However, swit foxes have adapted to region-
ally a variety of atypical habitats such as mixed
agricultural arcas (Kilgore 1969; Hines 1980; Sovada
et al. 2003), sagebrush steppe, and shortgrass prairie
transition (Olson et al. 1997)

Swift and kit foxes are prone to similar threats of
loss, fragmentation, or degradation of habitats. Kit
foxes in California can survive in urban environ-
ments (Cypher et al. 2003) and oil fields. Although
Spiegel (1996) concluded that reduction and frag-
mentation of habitat due to oilfield-related conslruc-
tion and maintenance activities could lower carrying,
capacity for kit foxes, long-term studies by Cypher
ctal. (2000) found no evidence that oilfield activities
at the Naval Petroleum Reserves in California were
impacting kit fox populations. Effects of oilfields on
swift foxes have not been studied. However, an exper-
imental evaluation of vil pipeline development in

Alberta found that swift fox den use was unaffected
and that changes in radio-collared fox movements
over time were similar between pipeline and control
areas, but reproduction was apparently affected by site
disturbance before development (Moehrenschlager
and Macdonald 2003). (0 Canada, the oil and gas
industry is expanding dramatically and previously
isolated prairie areas are now targeted for exploration
(Gauthier 2002). Associated road developments will
potentially decrease the habitat carrying capacity,
increase vehicle-caused swill fox mortalitics, and
impede population gene flow,

Although kit fox populations are thought to be
stable or increasing in most western states of the
United States, populations in California’s San
Joaquin Valley and Mexico are thought to be declin-
ing (Listand Cypherin press). Habitatoss and degra-
dation limit both distribution and abundance of kit
foxes in these areas and are the main threats to their
long-term survival (List and Cypher in press). The
endangered San Joaquin kit fox, V. macrotis mutica
once inhabited most of the San Joaquin Valley in
California, but approximately 95% of the natural
landscape has been replaced by irrigated agriculture,
cities and towns, and industrial development result-
ing in declining kit fox populations (USFWS 1998).
Habitat conversion to agricultureis slowing in the San
Joaquin Valley, but habitat loss, fragmentation, and
degradation due to urban and industrial development
continues at a rapid rate (List and Cypher in press);
thus the population continues to be threatencd,

In the northeastern range of the kit fox in Mexico,
only about 50% of endemic Mexican praitic dog
(Cynomys mexicanus) towns remain, which kit foxes
rely on heavily. In northwestern and northeastern
Mexico, Kit foxes inhabit prairic dog tawns that are
being converted to potato fields, and the road net-
work in eastern Mexico is expanding, thereby
increasing the risk that foxes will be kilicd by vebi-
cles (List and Cypher in press; Colera Correa 1996).

San Joaquin kit foxes use agricultural lands, parti-
cularly orchards, to a limited extent, but they are
not able to utilize arcas with imigated agriculture.
Similarly, swift foxes in Kansas occupy mixed agricul-
tural arcas that apply dry-land fallow farming prac-
tices (ie. every other year crop ficlds remain tallow;
Jackson and Choate 2000; Sovada etal. 2002). Survival
tates between foxes in grassland and cropland sites
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dingo, 12, 16, 39, 111, 113, 121, 354
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disease, 7-8, 16-19, 22, 28, 63, 69,
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359, 3634, 366-7
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261, 275, 324, 356, 362
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disturbance, 27, 151, 185, 194,
197-8, 223, 253
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DNA, 202, 213
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microsatellite, 175, 318, 358
winisatellite, 57-60, 79, 175
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sequence, 47-8, 58, 63, 69-70
typing, 73
DNA-DNA hybridization, 47
dogs
domestic, se¢ domestic dog
wild, see African wild dog
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animals, 19, 26, 107, 110, 124-6,
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and killing
dog, 6, 11, 16, 18, 22, 56, 62

72,96, 110, 12432, 134,
03,

136, 138-41, 181, 294,
319, 359, 363
sheep, see sheep
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domestication, 6, 110
‘dominance, 53, 96 7, 209-15,
233, 240, 273, 278, 281~
317-22, 333, 344
donkeys, 118
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Dudhwa Tiger Rescrve, 324
Durango, 304
Dusicyon, 50, 326
australis, see Falklands wolf
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fulvipes, see Darwin's fox
griseus, see chilla
sechurae, see Sechuran fox
vetulus, see haary fox

cagle, 28, 81, 95, 166, 174, 176,
179-82, 196, 205, 234, 319,
A58
eagle owl, 205
carly pregnancy, 166-7, 171
FarthWatch expedition, 295
castem timber wolf, 17, 72, 298,
300-1, 303, 305
ecological, 9, 33, 44, 53, 75, 176,
207-8, 312, 339, 346
average, 11
divergence, 74
niche, 106
paranicters, 188, 197
pyramid, 369
sclective pressures, 98-103
theory, 245
cconomics, 110, 112, 115, 122, 158,
291-2, 302, 309
ecotourism, 114, 158, 360, 371
ecotourism revenue, 471
Ectopocynus, 40, 43-4
cctotympanic, 41
Eeuador, 13, 25-7, 356, 359
edge effects, 124, 153, 155
education, 114-16, 141, 144, 149,
1578, 296, 361 5, 368-70
effective population size, 79, 145,
152-3, 203
effectiveness, 112, 118, 121, 139,
237,360
Egypt, 14, 29, 201, 357
eider duck, 224, 364
electric fences, 118
electroejaculation, 151
electrophoresis, 47, $6, 56, 186
elk, 89, 104, 272, 27. 298,
308
embryo, 1512, 221-2, 239
transfer, 151
emigration, 8-9, 230, 288-9, 335,
361, 370
Empetrum nigrum, see crowberry
emu, 113
encroachment, 27, 124, 324
endangered canids, 54, 60, 66, 72,
76-8, 84,113-14, 137,
143-4, 149, 151-3, 157,
179-3, 187, 194, 198, 206,
298301, 307, 323, 354-6,
358, 360, 367-8 see also
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were not significantly different suggesling that swift
foxes may be able to adapt to such habitat in some
cases (Sovada et al. 1998). However, an increasing
trend towards crop imigation in such areas could
exclude swift foxes that have successfully adapted to
dry-land farming practiccs.

Areas that are not lost to urban spread or irrigated
for crop agriculture are not necessarily conducive to
swiftor kit fox populations. Most of the southern San
Joaquin Valley in California was originally a desert
vegetated by salt bush scrub with only a sparse cover
of native annual grasses and forbs (Germano et al.
2001), but today only a few, fragmented patches
remain, Even the remaining ‘atural’ lands have
been invaded by exotic annual grasses and forbs
(Germano et al. 2001}, Tn the absence of grasing,
these introduced plants can create an impenetrable
thicket that has deleterious effects on kangaroo rats
and other prey species of kit foxes (Germano et al.
2001). Thus, decisions to decrease or eliminate live-
stock grazing on conservation lands may have
adverse effects on kit foxes. In the United Statcs, the
planting of tall, dense vegetation s a part of the
United States Conservation Reserve Program, may
also negatively impact swift foxes, which avoid these
densely vegetated habitats (Allardyce and Sovada
2003; Moehrenschlager and Sovada in press).

Human-caused mortality

Direct anthropogenic sources of mortality for kit and
swilt foxes have decreased in signilicance, but still can
be important in some locations. Both species were
previously harvested throughout most of their range
(Reid and Gannon 1928; Grinnell et al. 1937; Egoscue
1956, 1962; Jobnson 1969), but harvest has declined
in many areas and in California and Oregon is no
Jonger permitted (Allardyce and Sovada 2002)
Historically, many kit fox and swift foxes died from
toxicants distributed for other predators, primarily
wolves (Canis Jupus) and coyotes (Grinnell 1914;
Grinnell et al. 1937; Egoscue 1956; Young 1944,
Dp. 335-336). Rodent control programmes can result
in the primary or secondary poisoning of kit foxes, but
this source of mortalily is now infrequent (Snow
1973). Vehicles have been and continue to be an
important source of kit and swifl fox mortality

Swift and kit foxes 195

(Egoscue 1962; Sovada et al, 1998), and in some loca-
tions are responsible for over 104 of kit fox morfali-
ties (Cypher etal. 2000). Other anthropogenic sources
of mortality include illegal shooting (Morrell 1972;
Cypher et al. 2000 and accidental death associated
with agricultural and urban development (Knapp
1978; Sovada et al. 1998; Cypher unpublished data).
In Canada, swift foxes are legally protected against
intentional killing, but radio-collared foxes have been
poisoned o killed in coyote snares (Moehrenschlager
2000; Moehrenschlager et al. 2003). In the United
States, swift foxes are legally protected in ten States,
and are protected from harvest in seven of these.
States that do provide harvest opportunities regulate
these by season length and monitor harvest numbers
annually. The 1972 Presidential ban on predator
toxicant use (e.g. strychnine, compound 1080) on
Federal lands may have contributed to swift fox
recovery, but 1080 is currently being legalized in
praitie areas of Saskatchewan, Canada, which will
likely limit reintroduced swilt fox populations
(Muchrenschlager and Sovada in press).

Predation and competition

The situation where two predators compete for prey
and the larger one kills the smaller species is known as
intraguild predation. Theory suggests that intraguild
predation can have major effects on the population
dynamics of the smaller competitor (Holt and Tolis
1997). Although coyote killing of swift and kit foxes
is a well-known example of intraguild predation,
subsequent cffects on the fox populations are not
entircly clear. Certainty, there is considerablc averlap
in both habitat and food use between coyoles and
both fox species (Cypher etal. 1994; Whitcetal. 1994,
1995; Kitchen et al. 1999). Some proportion of kit fox
mortality due to coyoles appears to be additive
(White and Garrott 1997; Cypher and Spencer 1998;
Cypher et al, 2000). Simulation modclling suggests
that adult kit fox mortalily is independent of fox den-
sity but that juvenile fox mortality increases with fox
density (White and Garrolt 1999). Thus, densit

dependent juvenile mortalily by coyotes could help
tegulate kit fox population size, curtailing population
growth at high fox densities but having less impact at
Low densitics (White and Garrott 1999; Fig. 10.3)
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lactating, see lactation
lifetime reproductive success, 168
see also reproductive success
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Table 15.5 Prey selection by culpeos and chillas based on per cent prey occurrence in faeces (%0, from Johnson
and Franklin 1994a), numbers of prey consumed (%N), and deusity of prey in Torres del Paine

Culpeo Chitla

Preytype %0 Density (ind./km?)  %EN? %N + BCl %0 Density (ind./kn?)  %EN® %N L BCI
Hare 723 866+ 303 361M 121+30 584 24877 107M 91128
Sheep 08 02 001 05+ 06 83 008 0003M 30 L 17
Cicetiies  21.4 2200+ 1759 9613 84533 310 22901759  98.7L 871 - 33
C.pieta 54 53 022M 30+ 16 3 s 023 08109
Totalprey 742 656

Notes: %N wers caloulated applyirg corecson foctors from Lockie (1959): nunmbers added o subirasted from %N are 95% Bonferron: confidenc ntenvals
(BC)for%N; expected percamiages of prey consumed (%EN) were calcufated o prey densitie (from Johnson an Frarkin 194a, and Inate ef ai. 1991,

ey tems are corsuied SIEIcany more (M) or less (L) 1 expected according to their availabilty f %EN are smallee than <he lower limi o~ arger

than the upper imit of each BCl. espectively (P < 0.05).

Table 15.6 Prey selection by culpeos and chillas
based on biomass of prey consumed and biomass
of prey available in Torres del Paine

Culpeo chilla
Preytype  Weight(kg) %8 %FB  %B  %EB
Hare 335 826 719 716 435
Sheep 25and5° 09 14 91 02
Cricetines ~ 0.04 107 227 167 480
Cpicta 30 58 39 27 83

‘Notes: Averags body weight for crcetines are from Johnson et a1 (1990),
for hare from Johnsan et al. (unpublished manusedipt), and for sheep
{lambs and 1-yesr-olds) fom Novaro (unpublished data). Biomasses of
prey consumed (% B in diet) were caiculated appiying correclion factors
from Lackie {1959) todata fom Jofnson and Frankin {19942); expected
percentages of biomass ot prey available (%EB) were calculated from
dansity data from Jonnson and Frenkin (1994a) and Iriare eta. (1391),

4 Body mass of sheep available to culpeos and chils, respetively.

Discussion
Culpeo and chilla diets and prey selection

Diets and prey selection by culpeos and chillas in
Patagonia were strongly affected by the local abun-
dance of Furopean hare and domestic sheep. In the
Neuquén arca where hare were scarce, which was also
an area of sympatry with chillas, culpeos consumed
mote sheep than in the area of allopatry. In the

Ria Negro arca of sympatry, where sheep were also
present, culpeo and chilla consumed more hares than
in either of the Neuquén areas. The changes in prey
selection associated with hare abundance were differ-
ent, however, depending on whether biomass or fre-
quencies were used as the measure, Using biomasses
as the yardstick, culpeos selected hares positively
in both arcas and selected sheep where hates were in
low numbers (Table 15.3). When frequencies were
the measure, hares and sheep were selected regardiess
of the abundance of hases, Conversely, in Torres del
Paine, where hates were most abundant, consump-
tion of hare by culpcos was not different from hare
availability according to biomass. Thus, culpeos
appear to select intensively for hares at intermediate
and low hare densitics, even in the presence of
abundant sheep. Perhaps hare is a more profitable
(Byke et al. 1977) prey than sheep, due to greater
vulnerability (Corbett and Newsome 1987). In the
case of the chilla, strong selectivity for harcs even at
{ow hare densitics (and when sheep and its carrion
areabundant; Novaro et 20004) suggests that hares
are also a highly profitable prey. These results also
agree with food preferences of othier canids, which
only take sheep when their preferred prey are scarce
(ie. red fox, Macdonald 1977a; coyote Canis latrans,
Sacks and Neale 2002).

The low consumption of sheep in Rio Negro in
comparison with Neuquén may be related to differ-
caces in shieep management practices. In the study
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arca in Rio Negro sheep are raised in more labour-
intensive, smaller ranches where humans proximity
may deter predation. In the large ranches of the
Neuquén study arca, on the other hand, ranch hands.
checkless frequently on the sheep. These differences
may lead to lower predation on sheep or to lower
carrion availability in Rio Negro.

Our results suggest that spatial or temporal changes
in hate densitics could lead to increased predation
on sheep and also on native prey in some areas in
Patagonia. The increase in sheep predation is more
likely in culpeos which, due to their larger size, arc
better able to kit lambs and even adult sheep than are
chillas (Bellati and von Thiingen 1990). Our inability
1o distinguish between sheep that were scavenged or
preyed upon prevents us from drawing conclusions
about chilla predation on sheep. However
densities are Tikely 1o be associated with increased
¢hilla consumption of sheep carrion and probable
predation on lambs. In summary, arcas and periods
with low hare density may have increased conflicts
between canids and humans in Patagonia.

The Tow sclection for small cricetine rodents
(according (o hoth biomass and numbers) in relation
10 0ther prey suggests that these prey also may be less
profitable than hares. This appears to be the case both
in the presence of high (Neuquén) and low (Torres del
Paine) numbers and biomass of sheep and its cartion
as alternative foods. Low profitability of cricetines
supports the conclusions of Jiménez et al. (1996) and
Johnson and Franklin (1994a) that culpeos select
habitats with higher densities of larger rodents or
lagomorphs, but is at odds with their conclusion that
cricetines would be selected by chillas. Chillas appear
to be selecting strongly for hares, and may consume
more cricetines than culpeos but not necessanily
select for them in comparison with other prey.

Lower hare densities may not lead to increased
competition for food between culpeo and chilla
in Patagonia. The slightly lower indices of trophic
overlap in Neuquén than in Rio Negro were mainly
due to higher consumption of sheep by culpeos and
of carrion by chillas, as well as reduced consumption
of hare by both. The ullimate explanation for the
small change in trophic overlap, however, may be
the overall high density of hare, Tivestock, and its
carrion in Patagonian rangelands and the relatively
Tow canid densities after several decades of intense

lower hare

hunting for fur (Novaro 1997b). These results
support the overall conclusion by Johnson and
Franklin (1994a) about the similarity of optimal diets
by culpeo and chilla. The diet similarity index in
Tores del Paine may be in fact much higher (0.94)
than reported by these authors (0.14), apparently
due to miscalculation of Pianka’s index. In particu-
lar, our results indicate that selection for or against
specific prey such as hares and cricetines is almost
identical between these canids, even in the presence
of larger prey such as sheep. As a consequence, the
use of different habitat types reported by Johnson
and Franklin is probably the result of exclusion of
chillas by culpeos from more productive habitats
and nota consequence of different selection patterns
for habitat or food

Coexistence and conservation of culpeos
and chillas in Patagonia

Our findings suggest that in arcas of sympatry in
southem Chile and Argentina, dicts and prey selec-
tion patterns of culpeo and chilla may be more simi-
far than expected, especially when the numbers and
biomass of prey consumed are considered. Overall,
culpeo and chilla diets and prey selection differed
mostly among areas with different prey densities and
were strikingly similar betsveen species in cach area.
Furthennaore, this similarity in prey selection oceurs
in two arcas where culpeo and chilla body sizes are
most dissimilar (Novaro 1991; Johnson and Eranklin
1994a). Thus, segregation of food resources through
selection for different prey or for habitats with differ-
ent prey availabilitics arc unlikely mechanisms to
allow coexistence between these canids throughout
their range. In summary, if the food component of
the nichecomplementary hypothesis does not allow
segregation cven under the most extreme body-size
differences, habitat segregation may be the only
mechanism promoling coexistence  throughout
\heir range.

Most of the habitats occupied today by culpeos and
chillas, including the Tatagonian steppe, have been
highly modified by humans. Some of these modifica-
tions may promote lacal conditions that would alicr
the result of chilla displacement from productive
habitats by culpeos. In the area of sympatry of the
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Neuquén steppe, for example, culpeo and chilla
home ranges averlap and they are frequently found
in the same habitats, particularly where habitat
structure is more homogeneous (Novaro and Funes
unpublished data). Based on the similarity of
prey selection patterns presented in this study, we
conclude that the presence of introduced harcs in
Patagonia may be insufficient to explain the cocxis-
tence between culpeo and chilla. Conversely, three
other human-related factors may contribute to
promote or reduce coexistence in this region. First,
theavailability of large numbers of sheep (hoth as live
prey and carrion) may heip reduce interference
between the two foxes, because food availability may
be so high that aggressive interactions from culpeos
towards chillas may occur only tarely. Additionally,
hunting of culpeos to reduce sheep predation is
much more intense than of chillas in Patagonian
sheep ranges (Novaro 1997b). This source of mortali-
ty for culpeos may be sufficient to maintain culpeo
numbers low at specific sites and thus allow the
persistence of chillas even in homogeneous habitats.
Finally, the introduction of sheep to Patagoniain the
early 19005 was followed by the eradication of a larger
carnivore, the puma (Puma concolor) from most of
the steppe. The remaval of pumas, which may have
Kept culpeo numbcrs low in many areas, might have
affected chilla numbers negatively, as it has occurred
with other carnivore guilds (Johnson et al. 1996,
Tinnell and Strand 2000, The current recolonization
of much of Patagonia by pumas, probably due to
a decline in sheep production, may lead to reduced
culpeo densities and may alow higher densities or
range expansions of chillas.

We therefore suggest that human disturbance
through food supplementation or differential mor-
tality may promote local (even within habitat) coex
istence between culpeos and chillas in Patagonia,
and likely in other areas of Chile and Argentina.
However, the complexity of the interactions involy-
ing food availability, hunting by humans, and preda-
tion by larger carnivores determines that conditions
for coexistence may depend on the local balance
of these processes as well as on habitat complexity.
As Johnson et al. (1996) point out, manipulation
experiments (of food or mortality, even by closely
monitoring remaval or population reductions in
removal conducted on sheep ranches) could provide
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additional understanding of the coexistence mecha-
nisms between culpeos and chillas.

One implication of our results for managing
canid-livestock conflicts in Patagonia is that preda-
tion on sheep and other domestic species may be
more likely in arcas where European hare densities
are lower. Also, because hare numbers may fluctuate
in Patagonia (Novaro et al. 2000a), predation on
sheep may increase during hare declines. These pre-
dictions apply mostly to culpea predation, but also
may apply to predation by chillas on lambs and
other small domestic animals. Preliminary data from
Neuquén may confirm these predictions (Novaro
and Funes, unpublished data). First, sheep and goat
losses to culpeos in 1999 averaged 24% and 21%,
respectively, for 12 families in the Chiguilihuin
Mapuche-Indian land, where ranges are degraded
and densities of wild prey (including hares) ace
low, whereas losses usually average 5-10% on large
private ranches. Sccond, estimated predation on
sheep in one of our study ranches increascd from
an annual average of 10% Lo 40% in 1995-96 after a
hare decline. The implications of these conclusions
are that predation control efforts (cither by canid
control and/or livestock protection) should be
restricted temporally and spatially to areas and times
that are more likely ta experience high predation,
and should nol be applied indiscriminately, as is
commonly done in Patagoni:

Another implication of our results is that strong
selection for hares by culpeos and chillas may result
in regulation of hare populations at low demsitics,
reducing competition for pastures between hares,
sheep, and native herbivores. An ongoing study of
the effect of culpeo removal on harc population
dynamics suggests that culpeo predation may help
regulate hare numbers at low densities (Novaro et al,
unpublished data). If these results are confirmed,
Patagonian sheep ranchers may be better oft by tol-
erating a certain level of canid predation on sheep,
Decause their benefits from canid predation on hares
miy outweigh their losses duc to occasional attacks
on sheep (this parallels calculations by Macdonald
et al. 2003 for the benefits to corcal farmers in the
United Kingdom of tolerating red foxes which eat
rabbits). Modelling and ceonomic studics are needed
to evaluate further the interactions between canids,
hares, shcep, and pastures in the Patagonian steppe.
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(1994ay's cricetine abundance data and mean body.
masscs from Johnson et al. (1990). We divided crice-
tine abundances by the size of the trapping grids plus
an extrapolated border steip of width cqual to the
mean distance moved by individuals (Seber 1982;
Pearson et al. 1984) of a similar species assemblag
Neuquén (Novaro 1991; Corley et al. 1995).

Results
Culpeo and chilla diets

European hare and sheep comprised the majority of
the biomass in the diet of culpeo and chilla in
Neuquén, and hare comprised the majority of their
diets in Rio Negro and Torses del Paine (Tables 15.1
and 15.2). Culpeo diets differed significantly
‘between areas of sympatry with chilla in Neuguén
and Rio Negro according to biomass (7= 5.01,
df, = 9, df, = 729, P < 0.001) and numbers of prey
consumed (x* = 10.7, df = 4, P < 0.05). Chilla dicts
also differed significantly belween areas of sympatry
with culpeos in Neuquén and Rio Negro according
to biomass (£ — 424, df; = 4, df, = 116, P < 0.001)
and numbers of prey consumed (x* = 11.6, df = 4,
P =0.041). The biomass and number of hares
consumed by culpeos and chillas were less than
falf in Neuquén than in Rio Negro, whercas sheep
and carrion were consumed more frequently in
Neuquén.
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Inspiteof the similarity of sheep densitics between
areas of sympatry in Nenquén and Rio Negro, culpeo
and chilla diets in Rio Negro were most similar to
dicts in Torres del Paine, where sheep were almost
absent. The dominance of hare in the culpeo and
chilla diets in Torres del Paine is more pronounced
when the diets are presented as per cent biomass
consumed as opposed to per cent pccurrence in
faeces. Conversely, the dominance of cricetines is
emphasized when the numbers of prey consumed
are reported (Table 15.2).

Contrary to our prediction, overlap between the
diets of culpeos and chillas appeared higher where
hares were more abundant. Overlap in Neuquén was
0.899 according to biomass and 0.950 according to
numbers of prey consumed, and in Rio Negro was
0.986 and 0.965, respectively (Table 15.1).

Culpeo and chilla prey selection

In Neuquén, both culpeos and chillas were selective
in their food habits, but selectivity for certain prey
differed according to whether biomass or densitics of
prey were considered. Prey selection by culpeos
changed between areas of allopatry and sympatry
with chillas (Tables 15.3 and 15.4). In spite of the
lower hate density in the area of sympalry, in both
areas culpeos consumed hares more than expected
according to their biomass available, carrion less
than expected, and cricetines in similar proportion

Figure 15.2 Chilla Pseudalopex
griseus © R G del Sofar.
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Table 15.2 Per cent occurténce of prey in culpeo and chilla facees (%0, rom Jonson 2nd krankin 1994a) and
per cent biomass (%B) and number of prey consumed (%N) in an area of high European-hare density in Torres

del Paine National Park, Chile

Culpeo
Prey type %0 %8
Mammals
Order Rodentia
Cricetine 203 106
Order Lagomorpha
Lepus evropacus 685 814
Order Camivora
Conepatus humboldti 08 11
Order Artiodactyla
Sheep 08 08
Carrion (Lama and Bos) 22 -
Total mammals. 926
Bitts
Chioephaga picta 51 51
Unidentiied birds 18 -
Frogs 00
Jizards 05 03
Number of vertebrate food items 784
Number of faeces 645
Percentage of faeces with
Beetles 20
Scomians 00
Sceds 0.0
Vegetation 28
Berberis buxifola 10
Egg shells a7

Chilla
%N %0 %B N

816 239 160 29

1.7 450 687 6

11 05 09 05

0.4 64 8.7 25
= 138 - -
89.6

29 1.8 26 07

= 486 = -
02

22 38 &

851
890

15.6

n8
1.2
06
7.0
75
34

Note: %8 ana %N were calcutalid w 1 corrector factors from Lockie (1959). Missing percentages () are those that could 10t be palculaled with

comection factors.

to their availability. In the arca of sympatry culpeos
consumed sheep more than expected and in the arca
of allopatry they consumed sheep in similar propor-
tion toits availability (Table 15.3). The frequencies of
prey in the diets of culpes also differed sigaificantly
from the relative densities of prey availablc in sym-
patry (G — 403.9, df = 2, P < 0.001) and allopatry
(G = 936.6, df = 3, P < 0.001; Table 15.4). In both
areas culpeos consumed hares and sheep signific-
antlymore than expected according to their densities
and cricetines less than expected.

In Torres del Paine, culpeos and chillas were
selective in their food habits according to numbers of
prey consumed (Table 15.5) but theie patterns of prey
selction were different when we considered the
biomass of prey (Table 15.6). The numbers of prey
consumed by culpeos differed significantly from
the relative densitics of prey available (G — 1958,
df =3, P<0.001; Table 15.5). Culpeos consumed
hares and gecse significantly more than expected
according to their densities and cricetines less
than cxpected. According to biomass of prey,
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Table 15.3 Prey selection by culpeos based on biomass consumed and available in areas of allopatry and
sympatry with chillas in Neuquén, Argentina

Prey %EB B Wiks' Lamhda dfy df Plevel

Sympairy (95)  Overall 0133 3 31 0.0001
Hare 180 37.0 0221 1 54 0.0001
Lamb 24.0 363 0.736 1 54 00323
Carion 212 166 0367 i1 54 0.0001
Gicetines 98 101 0995 1 54 09634
Edentates 7.0 0.0 = =

Aliopatry (92 Overall 0015 4 188 0.0001
Hare 287 614 0141 1 192 0.0001
Lamb 208 161 0.861 1 192 05472
Carrion 358 14 0382 1 192 0.0001
Cricelines 86 100 0958 1 192 0.7934
Edentates 60 11 0.904 1 192 0.0182

Motes: Parcentges of b ormass available anc in the dhet are only for prey for wnich availabilty del wers obfamed. Percentagas of prey 1 the dlet (%)

were compared 10 percentages eXpectod aCcorcingto availability KT} sing  MANOYA test, Per cent 0/omass of diet consiered ou: of overall diet 15
ingicated between parentheses.

Table 15.4 Prey selection by culpeos hased on per cent prey occurrence in stomachs (%N) and density of prey in
areas of sympatry and aliopatry with chilla in Neuquén, Argentina

Sympatry Allopatry
Prey type Density (ind./km?) HEN® %N + BOI Density (ind./km’) REN? BN = B
Hare 295+ 116 12M 306+ 111 543212 224 386+ T1
Sheep 5405 024 259+ 105 54 +05 02M  169+55
Cricetine rodents 24229 1597 986L 435+ 118 24229 + 1597 97.1L 912+72
Edertates 131+ 69 05 00 131 <69 054 32+26
Total prey items 108 308

Notes: Nurmbers ausec or subtacted from %M are 95% Bonferroni confidence ervals (BCI) for %N: expected percentages of ey consunied (WEN) were
calculated from prey densites.

 Prey tems are concumed signfficanty more () o ess (L) than expectec accordire to their availability £ %EN ¢ smaller than the lower 1wt of argér
than the upper fimit of each BCI, respectively (P <" 0.05).

however, culpeas consumed most prey (except
cricetines) in similar proportions to their availabilities
(Table 15.6).

The numbers of prey consumed by chillas also
differed significantly from the rolative densities
of prey available in Torres del Paine (G = 394.6,
df =3, P<0.001; fable 15.5). Chillas consumed

hares and sheep significantly more than expeeted
according to their densities and cricetines less than
expected. The chilla diet also differed from the
biomass of available prey: chilla consumption of
cricetines was ¢. 1/3 of that expected and hares and
sheep were consumed in larger proportions than
their availabilities (fable 15.6).
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Figure 16.1 Distribution of culpeo (lines ) and chilla.
(shaded) foxes in South America and location of study arcas.
in Neuguén and Rio Negro rangelands, Argentina, and

Torres del Paine National Park, Chile.

Jiménez et al, (1996) expanded Fuentes and Jaksic’s
hypothesis by proposing that the presence of high-
quality (large) prey such as lagomorphs may allow
coexistence of culpeos and chillas in sympatry if
the habitat is sufficiently complex to provide shelter
for the smaller chilla from culpeos. Increasing body
size differences between culpeos and chillas towards
the southern portion of their range may also favour
coexistence by permitting specialization in different
food resources (Fuentes and Jaksic 1979; but see
Jiménez et al. 1995). Unfortunatcly, the patterns
of prey selection by culpcos and chillas are little
known because most studics of their diets (reviewed
by Medei and Jaksic 1988; Jiménez et al. 1996) did not
include evaluations of prey availability or did not test
for prey sclection.

The culpeo and chilla are intensively hunted
throughout Aigentina and Chiie because they arc

perceived as major predators of sheep, goats, and
poultry (Bellati and von Thiingen 1990). In the
Argentine provinces of Rio Negro and Chubut, for
example, control agencies paid US$10-25 between
1996 and 2001 for culpeo bounties, killing .19,400
and 30,000 culpeos, respectively (Dirccciones de
Fauna of Rio Negro and Chubut provinces unpub-
lished data). In spite of their small size, chillas are
perceived as lamb predators by many rural peoplein
Argentina and Chile (Jiménez et al. 1996; Travaini
et al. 2000b). Pressure to offer bounties for chillas in
Argentine Patagonia has been mounting since the
decline in fur demand in the 1990s led to increased
chilladensities and anccdotal reports of chilla preda-
tion on sheep. The studics of the feeding ecology of
both culpeos and chilles appear to contribute little to
reducing this perceived conflict with people and, in
particular, shed little light on what factors determine
the incidence of predation on domestic species
(Novaro et al. 2000a).

Ilere, our aims were to assess patterns of prey
selection by culpeos and chillas in areas where the
two species were’ sympatric and: (1) where sheep
were abundant and the main wild prey, lagomorphs,
had different densities; (2) where both canids were
protected and sheep density was low. We use these
comparisons to evaluate the competitive relation-
ships between the culpeo and chilla and the factors
that determine predation on livestock.

Qur comparisons were based on two studies
that reparted data on culpeo and chilla food habits
and a broad array of prey availability, and on
unpublished information from one of these stud-
ies. In sheep rangelands of Neuquén, Argentina
(Fig. 15.1), culpeo and chilla diets were studied
from stomach contents provided by hunters (Novaro
et al. 2000a). Culpeos and chillas sclected strongly
for European hares (Lepus curopaeus) and culpeos also
selected for sheep according to prey densities, where-
as culpeos selected for hares and chillas for sheep car-
rion according to the biomasses of available foods. In
Wiis study, however, culpeos were sympatric with
chillas only in the east of the study area, where hare
densities were low (29.5 + 11.6 hates/km?), Only
culpeos were present to the west, where hare densi-
ties wore 54.3 + 27.2 hares/km?. Here, we compare
culpeo and chilla prey selection in sympatey and
culpeo prey selection between areas of allopatry
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and sympatry with chillas, Additionally, we compare
data on diets from sympatric culpeo and chilla in
a third area to the southeast (Rio Negro; Fig. 15.1)
where sheep were in similar numbers and hare were
‘more abundant than in the allopatric Neuquén arca
(R. Cardon personal communication), We expected
that different hare numbers would affect the trophic
interactions between culpeos and chillas and their
consumption of sheep, because population changes
of principal prey can have significant effects on.
predator populations and their behaviour (Knick
1990; Toole 1994). In particular, considesing the
portance of hares in the diel of culpeos and
chillas, we predicted that low hare numbers might
be associated with increased overlap in their diets,
presumably increasing competition for food, and
increased predation on domestic livestock, and con-
sequently increased animosity of farmers towards
these canids. In addition t its focus on the highly
practical question of depredations by these canids on
domesticstock, this study brings together two highly
topical areas of ecological theory, namely intra-guitd
competition and the ecosystem cffcets of introduced
specics (as reviewed, for example by Macdonald et al.
2001).

Johnson and Franklin (1994a) presented a com-
prehensive analysis of culpeo and chilla diets and
prey abundances in Torces del Paine National Park
in Chile (Fig. 15.1). Using data from faeces, these
authars reported that culpeo and chilla diets differed
in three main components: culpeos preyed more on
hares, chillas consumed more carrion, and chillas
were more omnivarous than culpeos, feeding more
on arthropods and ptants. Johnson and Franklin also
reported that the differences in culpeo and chilla
diets were associated with different prey availabili-
ties in the habitats that both specics used. Culpeo
home ranges included habitats that had higher den-
sities of hares, and chilla ranges included habitats
where carrion was more abundant (Johnson and
Franklin 1994b). A comparison of prey selection pat-
terns between Torres del Paine and Neuquén sheds
further light on prey selection by culpeos and chillas,
and provides a contrast between circumstances
where sheep were present in low numbers as
opposed to densities typical of Patagonian ranches.
Aprerequisite for this comparison is a reconciliation
of statistical methads used for the two studies.

Patagonian foxes 245

Study areas

The Neuguén study arca was located in north-
westemn Argentine Patagania (40°S, 71°W), Province
of Neuquén, on six sheep and cattle ranches encom-
passing a total arca of 1420 km? (Fig. 15.1). Culpeo
and chilla were sympatric on the two ranches to the
cast and only culpeos occurred on the other four
ranches. The vegetation was characterized by amixed
steppe of grass and shrubs. Weather was dry and cold,
with frosts throughout the year. Mean annual tem-
peraturc was 11°C, and mean annual precipitation
ranged from 28 to 75 cm on an east-west gradient
and was concentrated during the winter. The Rio
Negro study area was located 150 ke southeast of the
Neuquén area, on small sheep ranches in the vicinity
of the town of Comallo (41°S, 70°W). Vegetation
and mean temperature were similar to Neuquén, but
mean annual precipitation was 200 cm.

Torzes del Paine National Pak is located in the
western foothills of the Andes Mountains in south-
e Chilean Patagonia (31°5, 73°W; Johnson and
Franklin 1994a; Fig. 15.1). Seventy per cent of lorres
dei Paine was & dry steppe similar to the study area
in Neuguén, but deciduous forest (Nothofagus spp-)
patches were common in Torres del Paine. Mean
annual precipitation (55 cm) was similar to that in
Neuquén, but summers were wetter and mean annu-
altemperature was lower in Tortes del Paine (approx-
imalely 6°C). The mammal assemblage in Torres del
Paine (Johnson et al. 1990) was similar to that in the
Neuquén steppe, but guanacos (Lama guanicoe) were
more abuadant and sheep were rare in the park.

Methods
Neuquén and Rio Negro rangelands

Food habits were determined through the analysis of
stomach contents of 320 culpeo and 42 chilla killed
by hunters in Neuquén between 1989 and 1994 and
18 culpeo and 19 chilla killed in Rio Negro in 1989
The methodology is detailed in Novaro et al. (2000a).
Prey items were identified as carrion it they were
too large to have been killed by the foxes (e.g,
cattle or horse) or when they contained larvae of
Diptera. Young Sheep were considered as prey
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(Bellati and von Thiingen 1990), although they
were likely scavenged in many cases. This avoided
underestimating potential predation on sheep.

We present results as per cent occurrence (number
of times an item occurred as percentage of the: lotal
number of prey items in all stomachs) and as per cent
mass of each item for stomach contents. We com-
pared culpeo and chilla dicts and dictary overlap
between areas with different hare densities. Dicts
were compared between areas using log-lincar
analysis for frequencies (ar 1996) and the von Miscs
test for continuous proportions (Stephens 1982;
Maher and Brady 1986) for biomass consumed. We
calculated food-niche overlap or dicl similarity
using Pianka’s (1973) index: O = Sppl PP,
which ranges from 0 (complete dissimilarily) ta 1
(similarity

We estimated prey biomass in Neuquén as the
product of prey density and mean body mass and
assumed that prey biomass and density were accept-
able combined estimators of prey avaitability (Jaksic
et al. 1992). Prey activity patterns and habilal use
may also be important components of prey availabil-
ity but were not estimated. Density estimation meth-
ads for different prey and for carrion arc described in
Novaro et al. (2000w). Sheep availability was based on
densities and body masses of sheep up to 1 year old
for culpeos and up to 2 months old for chillas.
Results are presented as mean density 1 SE. Diet
and prey availahility data were averaged throughout
scasons.

To evaluate the role of prey body-size and density
insclection by culpeo we analysed selectivity accord-
ing to relative biomass and frequency of prey
consumed and available. Both selectivity measures
are necessary to assess selection of available prey.
Prey selection was studied by comparing proportions
of biomass of prey in stomachs to proportions of bio-
mass available using overall MANOVA procedures
based on an F-test (Girden 1992; PROC GLM, SAS
Institute Inc. 1996). Prey selection also was studied
by comparing frequencies of occurrence in diets to
relative densities of cach prey using a goodness-of-fit
G-test (Zar 1996). When differences were significant
(p<0.05), we tested for selection or rejection of
individual prey with individual MANOVA tests for
each prey biomass (PROC GLM, SAS Institute Inc
1996) and 95% Bonferroni confidence intervals for

each prey frequency (Byers et al. 1984). Expected
proportions were the proportions of biomass o1
density of each prey available to culpeos in allopatry
and sympatry with chilla. Prey selection by syni-
patric chillas is reported in Novaro et al. (20004).

Torres del Paine National Park

Johnson and Franklin (1994a) reported the per cent
occurzence of prey in culpeo and chilla facces.
Per cent occurrences, however, do not represent the
relative numbers of prey consumed, due to differen-
tial digestibility of prey of different sizes and types
(Ackerman ef al. 1984; Weaver 1993). Furthermore,
the per cent biomass of prey consumed, nceded
to compare to the proportions of available prey to
estimate slectivity (Novaro et al. 2000a), cannot
be obtaincd directly from faecal samples as it can be
from stomach contents. Therefore, we estimated the
per cent biomass and number of prey consumed by
culpeos and chillas using correction factors calculatet
by Lockie (1959) for the red fox, Valpes viipes, a canid.
that is intermediate in size between Patagonian
culpeos and chillas {and comparable to values
measured for jackals by Atkinson et al. 2002a). We
assumed that per cent occurrence of prey in faeces
was an acceptable approximation to per cent mass of
undigested mattes for each prey. Carrion consump-
tion could not be estimated because correction factors
were not available, 0 the per cent consumption of
other items was overestimated in relation to percent-
ages reported for culpeos and chillas from Neuquén
and Rio Negro. We did not calculate dict overlaps for
corrected data from ‘lorses del Paine because our diet
correction for only some of the food items would:
have yielded overestimated overlap indices.

We calculated relative densitics and hiomass of the
main prey in Torres del Paine from information on
hare densities from Johnson and Frauklin (1994a)
and on sheep and upland goosc (Chivephaga picta)
densities from Triarte et al. (1991). Some sheep
occurred in Torres del Paine, mostly within chilla
home ranges (Johnson and Franklin 1994a). We
assumed a similar age structure and differcntial
availability of sheep as for culpeos and chillas on
Neuquén ranches. We calculated mean densities
of cricetine rodents from Johnson and Franklin






OEBPS/page-0278.jpg
262  Biology and conservation of wild canids.

(Pienaar 1969; Skinner and Smithers 1990). In con-
trast, side-stripes used Haikiaea woodland and the
TFerminalia ccolone more than expected. Both species
favoured human habitation, but side-striped jackals
centred their home ranges on centres of human
activity, benefiting from the regular, but low-quality,
anthropogenic food resources. [ short, asclsewhere,
the side-stripes chose the more densely vegetated
areas, whercas the black-backs occupied the open
country (Loveridge and Macdonald 2002). This habi-
tat use by side-stripes in [Iwange contrasts with their
habitat use in the Highveld arca where this specics
uses grassland in preference to woodland (Atkinson
et al. 2002b). The reason may be that competition
with the black-backs in areas of sympalry causes this
specics to occupy habitat it would not normally use
when allopatric. Indeed, in Hwange, we saw the
black-backed jackals aggressively displace side-
stripes from grassland on nearly all occasions that
the two species were observed at the same time.

Atkinson and Macdonalds (submilted) further
analysis of the home ranges in the Highveld revealed
that the largest ranges were twice the area of the
smaller ones. In accord with the null hypothesis that
ranges were configured at random with respect 1o
most habitat types, cach habitat occupied a larger
area, pro fata, of the larger ranges; in contrast, the rep-
resentation of natural grassland—known to be the
tichest foraging ground—did not correlate with
range size and its area had the lowest coefficient of
variation between ranges. Furthermore, an index of
habitat heterogeneity (which was higher where
ranges comprised more, smaller patches, rather than
fewer larger ones) was significantly negatively corre-
lated with home range size. These results suggest,
first, that home ranges may have been configured to
encompass a roughly constant amount of important
foraging habitat, in accordance with the Resource
Dispersion Hypothesis (Macdonald 1983). Further-
maore, it raises the question of why home range size
should b less where patch size is smaller. Two possi-
ble answers, neither exclusive of the other, are first
that smaller patches may have been richer than
larger ones, or second that, insofar as food availal
ty between patches is uncorrelated, as Carr and
Macdonald (1986) predict more small patches will
provide greater food security over time than will the
same area compriscd of fewer larger patches.

Food and foraging

Diet

Jackals are omnivorous and opportunistic foragers.
In the Highveld, relative oceurrence of fruit in the diet
was 28%, the highest occurrence of any food type
(Fig. 16.6(3,b)). In addition, fruit made up 30% of
biomass in the dict, followed by 27% small mammals

@ Grass 2% Domestic
Catlle cake 4% __mammals 1%
Invertebrates 4%
Other 4%
Fruit
Birds 5%
[
i
Meiun |
mammals
23%
Small
mammats 2%
® Domestic
mammals 3%

Cattle cake
%

Invertebrates Small
9% mammals
- 1%
Medium
Birds  mammals 8%

Other 13%

%

Figure 16.6 Composition of wild side-stiped jackal

(6. adustus) diet estimated by percentage of (a) fresh-weight
biomass and (o) occurrences. The plot of percentage
occurrence is desived by expressing the number of
ocourtences of each diet element as a percentage of al
occurtences of al diet elements. (From Atkinson et af. 2002a.)
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and 23% medium mammals (Atkinson ¢t al. 2002a).
Relative pescentage occurrence was derived from
the number of times food type occurred in the dict,
that is, number of scats containing that item. Biomass
was calculated from how much of food type was
eaten, extrapolating from volumes of each item in
jackal scats. Three species of mammal (multimam-
mate mice (Mastomys spp), bushveld gesbil (Tatera
leucogaster), and scrub hare (Lepus saxatilus)), and
four species of fruit (mobola plum {(Parinari curatcl-
lifolia), chocolate berry (Vitex payos), wild fig (¥icus
natalensis), and watetberry (Syzigium  guineensc))
dominated these categories. Other items eaten incl-
uded scavenged livestock, common duiker (Sylvicapra
grinimia), and rock hyrax (Procavia capenis), inverte-
brates (including beetles, termites, giant millipedes
(Diplopoda), ants (Hymenoptera: Formicidae), and
sun spiders (Solifugae) ), along with a miscellany of
plastic and paper refuse, eggs, and kraal litter. Since
Twange was devoid of fruiting trees, the diet of
side-stripes there was inevitably ditterent. In 1iwange,
side-stripes $5% fresh weight biomass in the diet was
of mammalian origin (Springhares (Pedetes capensis),
rodents, and ungulate carrion), 30% was safari camp
refuse, 7.9% arthropods (mostly Orthoptera), and
only 2.8% was madc up of fruit. In Hwange black-
backs tended towards a more carnivorous diet with
83% of biomass ingested heing of mammalian origin
(64.5% of which was springhare). The only other food
type of importance to this species were arthropods,
largely coleopterans, which made up 13% of biomass
ingested in the diet (Fig. 16.7). Certainly, in Hwange,
black-backs were the more camivorous of the Lwo
species of jackal (Loveridge and Macdonald 2003).
Opportunism in the side striped jackal was
demonstrated in food preference tests on captive
side-striped jackals (Atkinson et al. 2002a). They
preferred apimal prey 1o fivits (fable 16.1), but
we could detect no particularly favoured species of
mammal. We also tested termite alates, and they
ranked between mammals and chocolate berry, their
favourite fruit. The foods they preferred contained
the highest levels of gross energy, carbohydrates, fats
and proteins and are highly digestible. On a monthly
basis, small mamnmals were the single mostimportant
component of wild jackals' dict, comprising on
average 22.6 = 7.5% of fresh-weight hiomass cach
month (range: 15-42.99). Scrub hare (monthly
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Figure 16.7 Comparison of the percentage fresh weight
biomass in the diet of (a} black-backed jackals and

{b) side-striped jackals in Hwange, Zimbabwe. (Adapted
from Loveridge and Macdonald 2003.)

mean = SE = 10.1 + 3.9%, range = 1.8-14%) and
mobola plum (monthly mean + SE = 114 * 16%,
range = 0.1-46.3%) were the second and third most
important components, respectively.

However, despite their preference for high-energy
animal prey, Highveld side-stripes did not spend
more time in the habitats in which small mammals
(their favoured food) were most abundant, nor
did they cat more of them when they were most
abundant. It seems, thercfore, that although side-
stripes prefer meal they do not actively seck small
mammals, probably because there are always
casier, if less palatable, things to find and eat
(Atkinson et al, 2002a). Individual fruit species, how-
Cver, were taken in proportion to their peak avail-
ahility and jackal dict tracked fruit availability.
Figute 168 shows the seasonal progression from
watcrberries (which were disliked by jackals in food
choice trials), which contributed most to the per-
centage fresh-weight biomass of fruit in the diet in
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Hwange, southwestern Zimbabwe

The Hwange study area (18° 39'S; 27° GO'E) in
Matabelcland lay within the 1000 km? Hwange
Estate, northeast of Hwange National Patk, and
centred on the 4.9 km® Dete viei. About 80% of
the area was forest, dominated by Zimbabwe teak
(Baikiaea plurijuga) and false mopane (Guibortia
coleospermay; silver terminalia (Terminalia sericea)
forming the ccotone between woodland natural
grassland, which formed 18% of the study area; occa-
sional small stands of camel thorn (Acacia eriolobu)
and hook-thorn (Acacia fleckii) bordered the low-
lying, seasonally flooded grassland (vici). There were
Ihree seasons: (1) wet season: late November to April
or May (<10 and =370 mm per manth); (2) cold,
dry winter: June-August (2-26°C); and (3) hot, dry
summer: September/October (17-31°C). There were
no trees bearing edible wild fruits, and the only two
fruiting shrubs, wild gooseberry (Physatis augulata)
and tsamma melons (Cucurnis melo), were available
only in the wet season. Of six water holes along Dete
Vlei, four were pesmanently supplied with pumped
ground water, and two were seasonal. Two safari
camps and one hotel produced refuse, which was
burnt and buried in apen pits.

In addition 1o jackals there were four large carni-
vore specics and high ungulate densities. Small-and
medium-sized mammals included low densities of
scrub hares (Lopus saxatifis) and abundant spring-
hares (57.9/km?), and low numbers of small radents
(following poor rains during 1994/95). Insects were
widely abundant throughout the wet season, in grass-
Tand in March-May, and scarce in the dry season.

The Highveld and Hwange compared

Population density

In the Highveld, the resident population of lerritory
hoiding adults was 20-30 side-striped jackals per
100 km?* expanding to a hrecding season peak of
80-120 per 100 km? (Rhodes ef al. 1998). At Hwange,
the population density of black-Dacked jackals was
53.9-79.1 per 100 km? exparding to 68.3-97.1 per
100 km? during the breeding season. Densities of
sidde-stripes svere more difficult to determine because
this species svas more cryptic than the black-back and

not sighted on a regufar basis. Based on approximately
equal trapping success during the study for both
specics (11 side-stripes, 11 black-backs in 157 trap
nights, with traps distributed evenly within the study
site), we infer that approximately equal densities of the
two specics were present in the study area.

Spatial organization

Homie ranges

In the Highveld there was no seasonal variation in
range size, and annual ranges of side-stripes averaged
1210 + 295 ha (938-1904 ha, 11 — 12). Individuals
traversed about 14% of their ranges nightly and 33%
aver four consecutive nights (Rhodes et al. 1998). At
liwange, there were seasonal variations in range size,
which were largest for both specics during winter
(Loveridge and Macdonald 2001). The ranges of
side-stripes at Hwange averaged 154.5 = 103.0 ha,
almost an order of magnitude smaller than those on
the Highveld, and significantly smalier than those
of sympatric black-backs (210.8 = 85.6 ha).

Pairs of side-striped jackals in the Highveld used
theic home range with a high degrec of concardance,
using the same areas with similat intensity and largely
at the same times (concordance was lcast during the
period of puprearing). The central core of cach
home range was used exclusively by its occupants,
the periphery of the range overlapped widely with
four or more neighbouring pairs (mean overlap
between the territories af neighbouring pairs was
199 SD 13% — Atkinson and Macdonald in prep.).
The temitory of the single black-backed jackal
tracked in the Highveld overiapped with those of its
side-striped neighbours and appeared to be superim-
posed over parts of seven side-striped territories,

At Tiwange, overlap between home ranges of the
two species varied between the seasons (Fy.sp = 7.47,
< 0.001), being greatest in the cold dry (mean
26 + 18.6%, n = 18) and wet (24.7 = 23.7%, n = 18)
seasons, and lowest in the hot dry season. (16.00 +
22.5%, 1 = 19). However, there was no interspecific
overlap between 50%-core home ranges (Loveridge
and Macdonald 2001).

In bath study areas, then, there was overlap bel-
ween the ranges of neighbouring pairs. This is al odds
with a perception of canid territories tesscllating
neatly, and requires explanation. Two non-exclusive
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possibilitics are, first, that arcas of overlap offer
depleted food availability due to dual exploitation by
neighbours, and thus merit less attention and less
defence (as suggested by the Passive Range Exclusion
hypothesis, Stewart et al. 1997); second, mortality
may cause perturbation of the spatial organisation
of the survivors (as suggested by Tuyttens and
Macdonald 2000).

Sucial system

Side-striped jackals have often been considercd a3
solitary (e Rautenbach and Nel 1978), but in
Hwange, and perhaps the Highveld, they formed
social groups. Their tendency to use woodud terrain
made it harder to confitm group sizes in side-stripes
than in black-backs, and this was especially so in the
Highveld where we could determine only that groups
typically may have comprised a pair, two adult-sized
non-breeders and pups of the year. However, at
Tiwange at least four of five sidestriped territories
included extra-pair members (up to seven in one case,
two of whith were kown to be between 1 and 2 years
of age). Two young adulls that had taken up periph-
eral home ranges returned to their natal home ranges
during the whelping scasan, and were apparently
involved in the care of their younger siblings (as were
atleast three non-breeding adults in another territory
(Loveridge and Macdonald 2001) ).

At Hwange, of six black-backed jackal territories,
four were occupied by a mated pair and 1-4 addi-
tional adults, while two contained only a pair, The
extra-pair adults were seen tending and feeding pups
of the breeding pairs. Breeding adults spent most
time in each other’s company, whereas non-breeding
adults tended to be alone or associated with juveniles
(Loveridge 1999).

Reproduction and dispersal

The reproductive biology of the two species is
similar. At Hwange, both species mated between
June and July, and most pups were bom between
September and October, and thus dependent on the
denning site until at least carly December, which
corroborates indings in southem Africa (Ferguson
et al. 1983; Bernard and Stuart 1992). Skinner and
Smithers (1990) report mean litter sizes for side
Stripes of 5.4 pups, hut we estimate that only two per
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litter survive past 6 months (Rhodes et al. 1998);
average lifespan is probably 3-4 years

At Hwange, we documented the dispersai of
10 individuals, aged between 1 and 2 years, the
majority of which dispersed between December and
March. Side-stripes dispersed overa mean distance of
4.6 + 3.51 km (three females, two males) and black-
backs over 2.8 + 2.05 km (two females, three males).
Elsewhere black-backed jackals have been known
to disperse up to 120 km (Ferguson et al. 1983). The
longest dispersal recorded was by a side-striped
jackal over 20 km.

In the Highveld, one side-striped jackal, an adult
male, ranged over a large area before settling down to
amuch smaller area that was within its former home
sange. A young female stayed in the vicinity of her
capture site for a month, then driffed slowly north-
wards, increasingly consofidating the use of the
northem end of the drifting range. ‘Three months
after capture she had established a new permanent
tenitory.

Movement patterns and habitat use

Activity pattemns

Side-striped jackals in both study arcas were almost
exclusively nocturnal. At Hwange, this pattern was
bigeminous (Fig. 16.4), as reported elsewhere for
allopatric black-backed jackals (Ferguson ctal. 1988)
but at Hwange, while mostly nocturnal, they were
also active during the morning and late afternoon,
Peaks of activily were more pronounced in the
sidde-stripes than the black-backs, In the Kalahari,
black-ack activity corresponds with thiat of their
rodent prey (Ferguson ef al. 1988) and Ethiopian
walves (Canis simensis) parallel the activity of their
diurnal rodent prey (Sillero-Zubici et al. 1995a).
However, in Hwange, the main mammalian prey of
black-backs was springhares, whose activity peaked
between 21:00 and 03:00 h, apparently timed to
avold foraging jackals (sec also Fenn and Macdonald
1995),

Movement patterns

Although canids are known to follow predictable
routes (e.g. red fox: Doncaster and Macdonald 1997;
Blanford’s foxes Valpes cana: Geffen and Macdonald
1993), our obscrvations of side-striped jackals in the
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Highveld revealed apparent disorder in nightly forag- natue of this randomness? 1o answer this, we sought
ing trajcctorics and no evidence of hetween-night Lo distinguish betsween two possibil flights
repetition in the order of visits 1o specific sites. It the G class of random walk with fractal characteristics,
jackals' movements were random, what was the  Levy 1947) and Brownian walks. levy flights are
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movements in iwo-limensional space that are not
described by the normal probability distribution with
finite variance (i.¢. tails which taper tapidly outy; 1evy
statistics describe distributions with longer, power law
tails. Extreme fluctuations are a characteristic of this
distribution.

We concluded that three lines of evidence
supported the hypothesis that jackals forage in a scale-
free (fractal) manner (Atkinson et al. 2002b). First, the
step-lengths taken by jackals do not yicld a Gaussian
(normal), but a power law distribution. Second,
calculation from the detailed radio-tracking data
yiclds a foraging trajectory dimension, D, for the
points visited by cach jackal, with a mean value
of 1)~1.55+0.23 (with no difference between
malcs and females). Since this value of D lies clearly
between 1 and 2, this non-integer dimension is strong
evidence that jackals’ movement patterns might be
fractal o scale-free (sec Mandelbrot 1982). Third,
analysis of time series of displacement frequencies
(the number of times they changed position per hour)
of seven side-stipes exhibited long-range corzelations
with no characteristic time scale (ie. a scale-free or
fractal pattern). Lévy statistics may thus provide
asuitable means of characterizing their movements.

Jackals are amongst the first mammals, and
certainly the first carnivore, found to exhibit this
pattern of behaviour (see Dicke and Burroughs
1988; Klafter et al. 1990; Viswanathan ef al. 1996).
Why should they move in this way? We argue that
Levy flights are well suited to locating food resources
in a complex and unpredictable environment, and
scale-invariant search paths may well be a response
10 fractally distributed resources. In the competitive
scramble to find resources, there may be selection
pressure in favour of Lévy flights and against
Brownian random movements, because Lévy flights
are quicker to find new arcas to exploit. As the one
tlack-backed jackal encountered in the Highveld
(see below) also exhibited Lévy foraging behaviour
(as did raccoon dogs (Nyctereutcs procyonoides) in
two habitats (Sacki and Macdonald in prep.)), it
is possible that it is a widespread response amongst
similar animals with similar demands.

Habitat use
In the Highveld, the side-stripes used a range of habi-
tats and preferentially utilized grassland. At Ifwange,
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in contrast, the side-striped jackals used grassland
fess often than expected. White the two forms of
grassland were botanically different, hoth were arcas
of high resoutce abundance in each of the respective
study sites. Highveld grassland had high densitics
of rodents and seasonally abundant fruit, while
Hwange grassland had high densities of springhares.
In Hwange, at least, the open habitats had the addi-
tional advantage of high visibility for location of
prey avoidance of predators. The Hwange grassland
was the preferred habitat of black-backed jackals,
which avoided woodland (Fig 16.5) and were gener-
ally averse to thick vegetation, as noted previously
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Figure 16.5 Mcan divergence of actual ffom expected
habitat use, based on hiabitat availability within home ranges,
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and Macdonald 2003.)
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CHAPTER 16
Jackals

A comparative study of side-striped jackals in Zimbabwe:
the influence of habitat and congeners

David W. Macdonald, Andrew J. Loveridge,

and Robert P D. Atkinson

Side-striped jackal Canis adustus in Hwange © A. J. Loveridge.

introduction

‘The side-striped jackal (Canis adustus) is a medium-
sized canid found throughout much of Fast and cen-
tral Africa, excluding the cquatorial zone, and
extending as far south as Zimbabwe and northeasicrn
South Africa. Despite its occurrence in about onc-
third of the continent—a distribution that, amongst
the 12 African canid specics, is second in expanse only
to that of the golden jackal (C. aureus)- the side
striped jackal had been little studied. Between 1990
and 1997, we undertook research on side-striped jack-
als in Zimbabwe with the objectives of exploring
intraspecific variation between two populations in
contrasting environments (in one of which they were

sympatric with black-backed jackals (C. mesomelus)),
and of using this comparison to shed light on the
epidemiology and control of jackal rabies.

Black-backed jackals occur in two disjunct accas,
one in East Africa and the other in southern Aftica
(from southwestern Angola, southern Zimbabwe,
and Mozambique southwards throughout South
Africa). The two populations are separated by some
900 km (Coc and Skinner 1983).

The two jackal species diverged from a common
ancestor only 2 million years ago (Wayne et al.
1989a). Their contemporary distributions suggest dif-
ferent habitat and climatic preferences; side-striped
jackals occur throughout the moist savannah
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1egions of tropical Africa, while black-backed jackals
predominate in the drier regions of Fast Africa
and the semi-desert regions of southern Africa.
The kidneys of black-backs have a higher relative
medullary thickness, an index of wine concen-
trating ability, an adaptation to atid conditions
(Loveridge 1999). Nonetheless, both jackal species
are widely sympatric in central and southern
Zimbabwe, Mozambique, northern Botswana, and
the northeastern region of South Africa (Kig. 16.1)
and Van Valkenburgh (1988) cstimates that they
have coexisted, along with the golden jackal, in the
Serengeti for at least 1.5 million years. Where they
coexist, jackal spucies show some niche separation,
with side-stripes using miombo woodland and
moist valleys, golden jackals favouring open
plains, and black-backs using Acacia woodland and
scrub. However, all three species are adaptable. For
example, black-backed jackals use open woodland
where they are sympatric with golden jackals (Fuller
e al. 1989), but in the absence of this, species in
southern Africa use open grassland and most other
habitats ranging from montane areas to desert

Figure 16.1. Map of Affca showing the geographic ranes of
. mesomelas (ight grey shading) and . adustus {medium
ey shading) after Smithes (1983). The area where the two
species of jackal are sympaic s shown in dark grey.

aner and Smithers 1990). Allopatric side-stripes
are similarly ubiquitous (Loveridge and Macdonald
2003), Rautenbach and Nel (1978) were the first
to emphasize that similarities in habitat, body size,
and activity patterns probably threw side-striped
and black-hacked jackals into competition.

Although both jackals are similar in size, the south-
e African hlack-backed jackals are generally smaller
(Skinner and Smithers 1990). Side-striped jackals
tend (o have a longer, lighter skall and lighter denti-
tion compared to the more robust skull and teeth of
black-backed jackals (Skinner and Smithers 1990).
Side-stripes have alarger relative molar grinding area,
while black-backed jackals have a greater premolar
cutting blade length. These characteristics suggest
that side-stripes may be better adapted to omnivory
(Van Valkenburgh 1991; Van Valkenburgh and
Koepfli 1993). Both specics are clearly omnivorous,
with a varied diet that includes anything from fruit to
insects and eggs to mediuni-sized mammals (Skinner
and Smithers 1990). But black-backed jackals may be
more inclined 1o hunt cooperatively, and hence to
take larger mammalian prey (McKenzie 1990; and see
Tater). Furthermore, black-backed jackals arc consid-
ered vermin by livestock farmers whereas there is
Tess evidence of side-stripes killing livestock (Van der
Mezwe 1953; Ansell 1960; Smithers and Wilson 1979)
(Figs 16.2 and 16.3).

The behavioural ceology of all jackals, and indeed
most medium-sized canids, is broadly similar, They
are territorial, communicate occupancy—and much
else—with olfactory and vocal signals, and live
in social units developed around a breeding pair
(Macdonald 1979¢; Skinner and Smithers 1990). In
southern Africa, mating occurs in the winter (mainly
June-August), accomparnied by increased vocalization
and temitoriality (Skead 1973; Bernard and Stuart
1992). Juveniles disperse annually #ithough some may
temain within their natal territory 1o act as helpers,
a behaviour most (lly documented for black-backed
jackals in the Serengeti (Moehlman 1978, 1983).

Our research compared the natural history of
side-striped jackals and black-backed jackals in two
contrasting study areas in Zimbabwe. This chapter is
a synthesis of results presented in the folluwing
papers: Atkinson et al. (2002ab) Loveridge and
Macdonald (2001, 2002, 2003), Rhodes et al. (1998),
and Atkinson and Macdonald (in prep.)
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Study areas

Highveld, North Zimbabwe

‘The Highveld study area (17° 45'S; 30° 30'E) encom-
passed 100 km? of commercial farmland, 40 km south-
west of Harare, in West Mashonaland. The habitat
comprised about 40% of each of Brachystegia-
dominated miombo woodland and low-lying, scason-
ally flooded, natural grassland, both used by grazing
animals. Planted grass leys, ploughed and fallow fields,
and tobacco and maize crops, occupied the remaining

Jackals 257

Figure 16.2 Side striped jackal
Canis adustus © C. and T, Stuar.

. Figure 16.3 Black-backed jackal
Canis mesomelas
©C.andT. Stuart

20%. Annual sainfall averaged 71-81 cm, with the
great majority falling between November and March.
Mean monthly temperatures were 13°C (lune-July) to
21°C (Octoher). We recorded 43 species of fruiting
plants in the area, of which 24 were eaten by jackals,
and of which at least one species was ahways available.

Black-backs were rare, large camivores were absent,
and wild ungulates were scarce. Springhare (Pedefes
capensis) occurred at 0.06 + 0.047km, the most abun-
dant wodents being multimammate mice (Mastomys
spp.3 and bushveld gerbils (Tatera feucogaster).
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(ANOVA: df = 5, p < 0.001, n = 29), Thus, within
groups, subordinates suckled for longer than did
dominants (£ = —6.48, df — 18, p = 0:0001), and
female members of a pair suckled for longet than did
the dominant female within a group (t = —4.03,
i = 11, p = 0.002).

Sucking time may be proportional to milk intake.
The product of sucking time and litter sizc gives a
measure of the drain on the nursing female (referred
10 as ‘cub time’ on ‘Table 14.2), and by this measure,
100, subordinates invested more than did dominant
females overall (Mann-Whitney U-fest: p = 0.03,
19, U =79, n—20), and more than did
paired females in 1987 (Mann-Whitney U-test
£ =005z~ ~2,U = 12,n— 8 but not in 1986.

Both sucking bout length and cub time were sig-
nificantly positively related to H. mossambicus forag-
ing hole density in bat-eared fox territories (Kendall
Rank correlation coefficient; suckling bout length:
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p=005 z=196, T-08 N=8
p =005z~ 196T=08 N =8).

What are the costs of reproduction to female
bat-eared foxes? First, an estimate of the energetic
cost of pregnancy can be obtained by relating litter
size to maternal body weight (Gittleman 1986;
Oftedal and Gittleman 1989). Second, an estimate of
the energetic cost of nursing at peak lactation can be
estimated from litter metabolic mass (LMM = litter
size % cub weight®®)) by multiplying LMM by 227,
and an index of maternal energy investient is pro-
vided by the ratio of LMM to maternal metabolic
mass (WO75) (Oftedal and Gittleman 1989). An LMM
ratio indicates a high energy demand relative to
maternal metabolism and, as argued by Oftedal
(1984), indicates high expenditure of energy.

Based on the weights of five bat-eared foxes in the
Serengeti, we usc a maternal metabolic mass of
3.5%75 kg. Neonate weight was estimated at 120 g

cub  time:

Table 14.2 Average sucking bout and cub time duralions for paired females in 1986 and 1987,
and for dominant (mother) and subordinate (daughter) females in groups in 1987 and 1988
(no focal observations were made on pairs in 1988)

Fomale status Year Mean sucking hout length Mean cub time "
Paired female 1986 17827 1 3.89 78864 + 5239 5
1987 18435 1 2195 368./0 + 43.9 2
Dominant 1987 14602 L 9.11 678.16 * 84.87 5
1988 150.18 + 9.28 66532 + 134.43 5
Subordinate 1987 21188 1 1611 999.50 + 118.48 5
1988 208.41 * 9.59 1025.09 + 14991 7

Table 14.3 Comparative estimates of female energetic outpul during peak lactation in five canids. Developed
from Oftedal {1984a). Gittleman and Oftedal (1987), and Oftedal and Gittleman (1989)

Liter
metabulic
Maternal liter  mass
Species weight (k) size (%)
Bat-cared 35 4 329
fox.
Coyote 97 6 535
Dhole 138 43 873
Red fox 39 39 266
Grey fox a3 38 211

Liter yeight Daily milk
Weight of a8 %ol energy Melabolic
young (kg) at maternal output mass
peak lactation  weight (keal) ratio
079 137 747 129
087 144 1200 097
235 86 1970 122
063 129 598 096
049 124 474 0.86
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Group composition, dispersal,
and philopatry

Bat-cared foxes in the Serengeti lived in famity groups
of one male and up to three fernales (lablc 14.1), all
of which invariably bred. Average breeding group
size over 4 years was 2.44 (SE = 0.09, n = 18), with
1.44 (+0.09) females per group. However, in 1986,
cach of the 16 territuries was occupled by just one
pair, whereas during the following 3 years (1987,
1988, and 1989) 44%, 67%, and 54% of groups,
respectively, contained more than onc brecding
female. This inter-annual variation in group sizc
was statistically significant (3® = 9.24, df — 3,
1 < 0.002). Of 65 breeding events recorded, anly onc
took place in a group that contained an apparently
non-breeding adult, a yearling male (see below).

At about 9 months old, both males and females
dispersed, whereas a proportion of females displayed
natal philopatry, and this was apparently the only
mechanism to join a group with a surviviag female.
There was one case of permanent male philopatry
when a non-dispersing male remained following his
putative father’s death. Of 136 cubs that survived to
dispersal age, 105 (774) emigrated, almost all (95%)
of them at the start of the dry season in June. The
number of cubs that dispersed from a group was
positively correlated with the number surviving to
dispersal age (Kendall correlation cocfficient, 1986
I'=07,2=3.02p<001,n=14 1987: T~ 0.
7-413, p<00001, n=18 1988 T- 08
7= 4.46, p = 00001, 11 = 13). At the time of disper-
sal, group size averaged 6 (+0.41, n = 18). Although
variation between the 4 years 1986-59 did not reach
statistical significance (¥* = 1.17, df = 3, p < 0.07),
group size at dispersal was smallest in 1989 (averaging
5.69 = 0.38) when rabics struck while the cubs were
small, and largest in 1987 (6.21 = 0.43) when there

Table 14.1 Average = SE number
of breeding femates per group

Year Mean * SF N

1986 1 16
1987 25+ 015 19
1988 2.(+018 18
1989 25+ 014 13
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was no rabics. Although adult group-members, and
especially the male, were aggressively territorial 1o
intruding conspecifics (which were young males in all
16 cases where they could be identified) around the
breeding season, the period of dispersal was typified
only through a decline in mutual-grooming and play
which reversed as soon as the last disperser had lcit

Most (93%) dispersers left the boundaries of th
natal ranges, but seven known dispersers and one
unidentified male formed four pairs that attempted
neighbourhood settlement within one or hoth of their
parents’ territories. Of these, only onc pair (hoth of
whom could be identified) bred successfully for at lcast
two subsequent seasons, displacing the femalc’s natal
group after a year, The newly formed pair had carved
offasmall part from the female’s parental home range
(SRE3, which had an exiremely high tenmite density),
and a large part of a neighbouring arca (SR138 which,
while nat a breeding tercitory, had been occupied by
a pair that had recently succumbed 1o disease). This
sequence ended in one of five documented cases of
adult dispersal. In this case, the occupants of SR135—
by then comprising the male, female and three almost
fully grown cubs—finally took over SR13 after rabics
had reduced the original group’s membership from
ten o just three. This followed a confrontation with
the larger group in SR136, whereupon SR13 settled in
an unoccupied area about 1 km away; there, the sur-
viving female was killed by a python, whereupon
the male and their cub also disappeared. SR13B then
took over almast exactly the original boundaries of
$R13, and abandoned the peripheral area that had
previously been their sanctuary.

Previously, one approximately 16 month-old
subordinate female member of SRI3 disappeared after
a period of escalating aggress
all other group members, especially her putative
father, until the alpha-pair eventually drove her out

In another instance, a male whose mate was killed
by avehicle apparently left the arca and was not seen
again. 1is territory was taken over by anewly formed
pair the following year.

“Jhe only case of male natal philopatry involved a
juyenile inheriting the tersitory at the end of the
mating season in July, following the death then of
his putative father; the male subscquently held his
dead father’s territory for three years. In another
instance, a yearling male, after having left his family
in October prior to the birth of the family’s next

behaviour towards
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litter, rejoined his group for 6 weeks after an absence
of two, He then groomed and guarded the new cubis
and defended them agginst predators (he, and one
cub, disappearcd during the same night).

Case histories suggested that the female recruits to
groups were invariably born therc and one-third were
dominant amongst their siblings. OF 30 philopatric
female recruits, 18 (60%) became the dominant or
sole femalc, whereas 12 (40%) became subordinate
members of a group. Ten (55.6%) of these eignteen
heiresses became dominant over their siblings, while
eight (44.499) lived in pairs, cohabiting with their
father and in one casc, their brother during the next
mating season. Ml cight of the latter were seen to be
mounted by the malc kin with which they cohabited.
Territory inheritance by a daughter was never accom-
‘panied by her father’s emigration. Although full cop-
ulation was never seen, males attempted to mount all
the females in oestrus, regardless of whether or not
they were their daughters or sisters. During 1988 and
1989, a lotal of cight pairs consisted of an adult male
andonc of hisadult daughters. The average number of
cubs raised from these apparently incestuous matings
was 2,88 (+£0.398), and was not significantly different
to the number of cubs raised from potentially non-
incestuous matings over the same period (2.5 = 0.5;
Mann-Whitney Utest:p — 0.5,z = ~0.67, U = 19.5).

‘The dominant female’s status was clearly defined
by her close relationship with the male, rather than
hostility to subordinales, and she was also the only
female to urine-mark, cither alone or in tandem with
the male. The dominant female appeared o set the
toute when the group set out to forage in the
evening, Of 30 females recruited into their natal
groups, 18 inheriled their mother's alpha status dur-
ing the study, invariably following her death. The
age at which these females acceded to dominance
was 12.6 months (range 4-18, n = 10) in 1988 and
11.1 months (range 3-15, N = 8)in 1989; six females
attained alpha status before they were 7 months old
and before their siblings dispersed.

There was no relationship between recruitment
and either numbers of cubs at emergence per family

(Kendall correlation  coefficient, 1986: T = 0.2,
2=098,p=03,n— 14; 1987: T = 0.28, z = 1.45,
pEOS, 0= 171988 T 02,2 096, p- 03,

n=13) or cub survival to dispersal age (1986:
T=012,2=0.61,p~ 05, n=14;1987: T - 0.22,

n=17, 1988 =015

13).

z=1.16, p=0.
z=091,p=04,n

Litter size, sex ratio, and
reproductive success

Bat-earcd foxes become sexually mature at 8-9 months
of age and mate for life. Pair-bonding and mating take
place from July to August with up ta 10 copulations per
day for several days (seealso Rosenberg 1971), and with
a copulatory tie lasting ¢. 4 min, followed by peculiar
postcopulatory play (Le Clus 1971). Bat-cared foxes
have one Litter, of up to six cubs, per year, with births
occurting from October to December (Nl et al. 1984),
following a gestation period of 60-75 days.

To judge by the male’s behaviour, in the Screngeti,
all adult females in each group came into ocstrus
within a few days of each other, and theyall bore and
raised cubs, and lactated. Breeding dens contained
differcnt size classes of cubs, and the maximum
number of distinet sizes always corresponded to the
number of adult females.

Average litter size at emergence 8-12 days after
parturition was 2.56  0.13 (n ~ 50y, but this average
disguises substantial inter-annual variation. In 1986,
when all territories were occupied solely by pairs, the
single female per termitory bore an average of 4.43 cubs
(L0.36, n = 14 pairs), significantly more than the
average litter size for 1987-89 (Fig. 14.1; Wilcoxon

45  Pairs
4 - Groups

35

25 V

Mean itter se

15

05

0 i
1986 1987 1988 1989
Year

Figure 14.1 Mean (+SE) ltter sizes for pairs and groups for
the years 1986-89
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test: p=0.001, z = —3.24, n = 12). Between 1987
and 1989, females fiving in paits had staller litters at
emergence (averaging 2.7 +0.2) than in 1986
(Wilcoxon test: p <001, z=~2.66, n— 11), but
nonetheless their emerging litters were significantly
Targer than those of females living in groups of two or
more (averaging 1.9 = 0.1; Mann Whitney U-test:
Pp<001, 2= 302, U=203, n=32). lowever,
despite the smaller per capita litter sizes of their mem-
bers, groups with two or three adult females had a
higher mean tatal number of cubs (Fig. 14.2).

Assuming that the single adult male associated
with each group fathered all the cubs, then male
Teproductive success was highest in 1986 (averaging
4.43 cubs). During the years of lower productivity,
from 1987 to 1989, males co-habiting with groups of
females enjoyed a higher reproductive success (aver-
aging 3.9 + 0.4 cubs, n — 15) than did males in pairs
(27 02 cubs, #—17; Mann-Whitney U-test:
p<001,z=-261,U~1945,n = 31).

There was a general shift from an unbiased
ofispring sex ratio in 1986 to a female-biased sex
ratio over the following 3 years. Of a total of 198 cubs
from litters of which all members were sexed at emer-
gence, S8% were female (Binomial test: n = 198,
7= -2.06, p<005). lowever, this overview
disguises a marked shift in sex ratio following
emergence which swung from parity in 1986 (52%
of 58 cubs were female), to a strong female bias
between 1987 and 1989 (67% of 140).
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Parental care and parent-offspring proximity

While the females gave birth inside the den, males
were usually resling at one of the den entrances. New-
horn cubsspent their first 10 daysor so inside the natal
den accompanicd by their mother. Consequently, we
know nothing of their number or sex ratio at birth.
After 8-12 days, cubs appeared at the den entrance
and began to explore the den arca and, later, its imme-
diate vicinity. Males were never seen o regurgitate: to
their mates or the cubs. However, follawing cub emer-
gence, mothers spent increasing time away from the
cubs whercas males took over all parental dutics, with
the obvious exception of nursing.

Males guarded, groomed, carried the cubs, and
played with them. By day, males rested at one of the
den entrances while females typically siept slightly
further away, often hidden from the cubs’ view by a
small bush or tuft of grass. Thus, when the cubs
emerged they would always encounter the male first.
When sleeping outside the den, and until they were
more than 3 months old, cubs invariably slept next
1o the male. Males played with and groomed the
cubs assiduously, and from the age of 4 weeks cubs
reciprocated; in contrast, until 3 months old, amica-
Dle sodializing such as geaoming and playing were
rare between females and cubs. Females almost
always rejected approaches hy the cubs, walking
away from them, sometimes snarling, growling, and
even snapping at their young.

Figure 14.2 Nursing bat eared fox
Otocyon megalotis © B. Mazs.
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By night and while the cubs were young, males
would temain at the den while females foraged.
Occasionally males would leave the den together
with the female and forage for 15-4S min.
Thereafter, the male would remain at the den, o for-
age in its immediate vicinity, until the femate
returned 2.5-6 h later. Then, while the male foraged,
the female would stay with the cubs for 15 min to
2 h until the maic returned. Female guarding shifts
were always shorter than those of males,

Once the cubs were 4 weeks ald, males led them on
their fist foraging trips, during which they kept
close to the male, which frequently indicated or
passed items of food to them. Usually males would
Indicate food, be it carpets of foraging Hodotermes, or
patches of active dung beetles. Occasionally, there
were large dung beetles, which the male crushed in
his mouth for the cubs. Both males and females
accompanied the cubs on foraging trips once they
were approximately 3-4.5 months old.

Sex differences in parent-offspring proximity

Spatial geometry can teveal social structures {e.g.
Macdonald et al. 2000), and this was so for the
tendency of cubs to spend time (recorded during
2-min scan samples), at given proximities to male
and female adults. Between weeks 3 and 12 (at wean-
ing age), males spent a significantly greater proportion
of time in all proximity ranges than. did females (t-test,
<lm: =966 p<0000}; <S5m: t=626
P<00001; <20m: =533, p<000L; <50m:
6,61, p< 0.0001; lig. 14.3), spending 90% of their
time, on average, within 50 m of the cubs, compared
10 the females’ average of 56%. This difference was
comparably significant (f > 5.03, p< 0.001 in all
cases) whether the foxes were members of a pair or a
group, and whether, within goups, the females were
dominant or subordinate. Males cohabiting with a
group of females spent more time with the cubs
{£>2.31, p < 0,05 for all proximity ranges) than did
thoselivingas a pair, but there was no such distinction
between females from groups and pairs. Within
groups, subordinate females spent a significantly
grealer proportion of time in the 5m (¢~ ~2.84,
p<005)and 20 m (¢ — ~3.42,p < 0.01) range of cubs
than did dominant females. Time spent within 1 m of
the cubs appeared 1o be exceptionally demanding,

2
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Figure 14.3 Mean (=SE) percentage time spent by males
and females at <1, <, <20, and <50 m proximity to
the cubs.

males were within this proximity for 45% of their
time; for ferales, the equivalent figure was 10%.

Energetics of female reproduction

Female bat-eared foxes suckled their young for up to
14 weeks. In groups with more than onc female pre-
sent, only one female ever nursed cubs at a time, and
when she did so all the cubs nursed. During periods
of the day when all group members including females
were present in the vicinity of the den together, while
ane female suckled the others would remain at a dis-
tance and lying down, rendering their teats unavail-
able. Suckling bouts were infrequent, typicatly
occurring in the early evening prior to the female’s
departure from the den, and in the moming on her
return, as well as during nightly guard shifts, and
occasionally in the carly afternoon. Suckling was usu-
ally initiated when the female summoned the cubs
from the den or its vicinity with a soft whimpering
cry. ‘lhe average suckling bout lasted 3 min
(19111 £ 8065, n =18 females and 61 bouts).
“There were no significant differences between years
in suckling baut length, for paired females (1986 ver-
sus 1987: ¢ = 0.22, df = 5, p > 0.05), dominants
(1987 versus 1988: = —0.32, df — 8, p > 0.05), or
subordinates (1987 versus 1988: £ = 0.19, df = 11,
P> 0:05). However, as revealed in Table 14.2, there
were significant differences in suckling bout length
Detween females categorized by group size and status
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Table 13.2 The percentage of faeces containing
different food items on small uninhabited islands and
on larger inhabited islands off the SW coast of Finland
and on the mainfand in southern Finland in early
summer

Food item Smallislands  Large islands  Mainland
Rotents 454 341 53.8
Shrews 126 141 23.4
Hare 98 0.7 8.7
Wateriowl 86.7 28.1 21
Otner birds. 29.0 28.9 266
Eges 39.9 1.1 152
Frogs and reptiles 8.2 104 424
Carrion 8.7 24.4 288
Invertebrates 869 770 69.6
Cereal 00 20.7 129
Berries 317 348 79
Other plants 754 872 353

Number of scats 183 135 850

Source: Original teble from Kauhala and Auniola (2001),

In the subalpine zone (alt. 1600-2000m), diet,
expressed as percentage oceurrence in faeces, included
insects (90%), mainly Coleoptera, year around,
artificial foods ($8%) year around but less in summer,
carthworms (58%) except from January to April,
berries and seeds (49%) vear around but less from
January to April, and mammals (46%) from January to
June (Yamamoto 1994).

In a mountainous area (Galt. S00-1000m),
comparable figures were insects (78-100%), mainly
Coleoptera in spring and summer, Orthoptera in
autumn, and Hemiptera in winter, fruits (77-100%
year around excluding May, 30%), Crustacea
(Geothelphusa dehaani) (28-71%) from April to
Decerber, fish (9-27%) although nome in July,
August, and October, hitds (8-21%) except in May,
June, September, and October, small mammals
(7-25%) except from July to Septembes, and carrion,
mainly sika deer (Cerves mippon) and scrow (Capricarnis
crispus) (10-379%) from February to Junc (Sasaki and
Kawabata 1994).

Raccoon dogs 225

In the countryside (alt. 0-100m), important
food items appear to be insects (Orthapfcra and
Coleoptera) and earthworms throughout year with
seasonally abundant food, such as persimmon fruit
(Diospyros kaki) in autumn and carly winter (Sacki
2001).

In urban and suburban areas, raccoon dogs feed
predominantly around human dwellings, often on
garbage, especially in winter and spring (Yamamolo
1991; Yamamoto and Kinoshita 1994). The percentage
of occurence in stomachs were garbage (7200)
year around, insects (46%), mainly Coleoptera cxcept
winter, persimmon fruit (30%) in summer and
autumn, carthworms (24%) except winter, birds
(21%) in winter and spring, Myriapoda (11%) year
around.

Skull and tooth merphology

Twenty two measurements of skull and tooth
morphology were made on 65 skulls from Finland
aud 104 skulls from Ilonshu, Japan. Only adults
(=1 year) were considered, and all teeth were
measured, except for canines, which were used for
ageing (Kauhala et al. 1998¢).

Skulls of Finnish raccoon dogs are larger both
absolutely and relative to body size than those of
Japanese raccoon dogs. Mandible width and jaw
height are the bestabsolute measurements for identi-
fying the origin of the skulls (discriminant analysi
Figenvalue = 19.6, Wilks' lambda = 0.049, 7 = 60.7,
P < 0.001). Discriminant analysis resulted in 100%
correct classification.

The skulls of the two provenances differ in shape,
indeed all measurements in relation to skull size,
except tostrum breadth, differed between popu-
lations (discriminant analysis resulted in 100%
conect classification of skulls: Figenvalue - 16.9,
Wilks’ lambda = 0.056, F = 515, p < 0.001). The
mandibics of the Finnish raccoon dogs are more
robust, and the jaw more powerful, than those of
the Japanese form, which may indicate a more
carnivorous niche in Finland. fapanese raccoon
dogs have adapted to a different diet; they have a
relatively longer rostrum and longer tooth rows
than do Finnish specimens. Lower carnassials, and
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upper and lower post-carnassial molars, are larger in
relation to skull size in Japan, the lower m2 being
also absolutcly longer in Japan. Japanese raccoon
dogs thus have a larger grinding surface perhaps
indicating a more insectivorous/frugivorous diet in
viversinus than in ussuriensis

Sexual dimorphism is slight among both Japanese
and Finnish raccoon dogs and all measurements over-
lapped between sexes, although males are larger on
5 skull measutements out of 22 in Japan and only
one in Finland (Kauhala ct al. 1998¢). No scxual
dimorphism exists in tooth measucements in Japan,
swhereas 2/27 dental measurements are dimorphic in
finland.

Chromosome number

Finnish raccoon dogs have 54 chromosomes
(Miikinen efal. 1986), while Japanese and Ez0 raccoon
dogs have 38 (Makinen et al. 1986; Ward ct al. 1987;
Wada et al. 1998). Finnish raccoan dogs have five
metacentric and 21 acrocentric autosome. pairs,
while Japanese and Ezo have: 13 metacentric and five
acrocentric autosome pairs. The nambre fondamental
(NI; the total number of cuchromatic chromosome
arms in the femalc) is the same (66) for animals
of both provenances (Makinen ct al. 1986). The
number of B-chromosomes varies in both (within
and between individuals), being 2-5 in viverrinus and
2-4 in ussuriensis (Makinen ct al. 1986). The differ-
ence in chromosome number is probably duc to
Rahertsonian translocations (centric fusions), which
play a major role in karyotype evolution in other
canids (Ward ct al. 1987). Eight fusion events differ-
entiated the karyotypes of the Japanese and Finnish
raccoon dogs.

Conclusions

Since winters are mild in Japan, raccoon dogs have
noneed to e inactive in winter and thus they do not
gather larg fat reserves or hibernate. The body sizeis
smaller, the insulation of fur poorer, and stomach
volume smaller in Japan than in Finland, also
suggesting genetic adaptation to a milder climate.
Since Finnish (Ussuri) raccoon dogs save encrgy
during winter by hibernating, they can produce larger
litters than do Japanese raccoon dogs. Adaptation to
different diets probably led to the differences in tooth
and skull mozphology. Finnish and Japanese raccoon
dogs have thus adapted genetically to different
climatic conditions and pastly different diet, which is
shown in their chromosome numbers, morphology,
physiology, and reproductive biology.

“The difference in chromosome numbers between
raccoon dogs from Japan and the mainland is a result
of Robertsonian  translocations (centric fusions),
which often occur during speciation; most differ-
ences in chromosome numbers between closcly
relates species of animals s the result of chromoso-
mal fusions: two acrocentric chromasomes fuse into
a single metacentric chromosome (Mayr 1976)
Chromosomal reconstruction may be an important
component of the speciation process. Polymorphism
in chromosome number can, however, occur also
within species. One well known case is the house
mouse (Mus musculus) in the Swiss Alps and in
Scotland (Brooker 1982; Hauffe and Pialek 1997).
Heterozygosity for chromosome structure will, how-
ever, usually result in decreased fertility. This means
that if Japanese and finnish raccoon dogs would
meet and mate, the prediction is that their progeny
would have decreased fertility or they would be
sterile. The species status of the Japanese raccoon
dog should thus be seriously considered.
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Bat-eared foxes

Bat-eared foxes ‘insectivory’ and luck:
lessons from an extreme canid

Barbara Maas and David W. Macdonald

Bat eared fox Otocyon megalotis © B Maas.

Introduction

What underlies interspecific variation i the
behaviour of the wild Canidac? Answers focus on
two factors, the impacts first of phylogeny and
second of ecological adaptations (Macdonald and
Silleto-Zubiri, Chapter 1, this volume). In both
respects, the bat-eared fox, Otocyon megalotis, is a
revealing element in the pattern of canid vasiation,
First, phylagenetically, although bat-eared foxes
probabty arrived in Africa as recently as the Pliocene,
the clade of which they are the sole survivors split off

fiom other modern canids long ago (Petter 1964; van
Valen 1964; Wang et al. Chapter 2, this volume).
Views differ as to exactly when they diverged—
molccular evidence puts them at the base of the fox
dlade or even lower (Geffen et al. 1992¢; Wayne et al.
1997), whereas morphologists place them closest to
the gray fox, Urocyon, clade (Tedford et al. 1997);
either way, the last time they shared a common
ancestor with any othes modern canid was more
than 6 miflion years ago (m.y.a.}, and perhaps closer to
10-12m.ya. Acomparably long, distinct evolutionary
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history isillustrated by the raccoon dog, Nycterates pro-
cyonoides (the subject of Chapler 13). Second, just as
their ancestry is distinct, 5o tao amongst modern
canids the extentof their specialization on insectivory
is extreme. Their dentition is unlike any other het
erodont placental mammal because they possess
between 1 and 4 pairs of extra molars (Coetze 1971;
Clutton-Brock et al. 1976). Their leeth arc small com-
pated 1o those of other canids and, uniquely in the
family, they have no camnassial shear. A sub-angular
Iobe at the insertion of the digastric muscle atlows
them to take 4-5 bites per second. Feeding on dung
beetles, Scarabidae, Jinks theit fortunes to large
ungulates (Malcolm 2001), but harvester termites,
Todotermies mossambicus or other termiter of the
gonera Macrotermes or Odentotermes, axe their most
important food throughout their range (Nel 1978
1990; Nel and Mackie 1990; Wright 2004; Pacew
2000). Scarabidac, in particular, are conspicuousty
spatio-temporally heterogeneous in abundance with-
in and between years—characteristics that are partic-
wlarly relevant to one set of ideas seeking to explain
inter- and intraspecific variation in sociality Gohnson
etal. 2002; Macdonald et al. Chapter 4, this volum).

Against this background of phylogenetic and
trophic extremism, we present a case study of bat-
cared foxes in the Serengeti in order to shed light on
the question, how does their behaviour difer from
that of other canids, and why?

Study area and general methods

Between 1986 and 1990, one of us obscrved bat-
eared foxes for a total of 2500 h in the Serengeti
National Park, Tanzania (Maas 1993a). in the
Serengeti, bat-eared foxes arc common in open grass-
land and woodland boundarics but not short-grass
plains (Lamprecht 1979; Malcolm 1986). Hendrichs
1972) secorded a density of 0.3-1.0 foxes/km? in the
Serengeti, but as many as 9.2 foxes/km?in the breed-
ing season, and 2.3 foxes/km? at other times have
been recorded in Botswana (Berry 1978). Groups
forage as a unit and have home ranges from less than
1 km? to more than 3 km? that are sometimes over-
lapping (Nel 1978; Lamprecht 1979; Malcolm 1986;
Mackie and Nel 1989). In Laikipia, Kenya, neigh-
bouring pairs occupicd ranges which overlapped
widely (c. 20%) and averaged 3.3 km? (Wright 2004).
In the Seregenti’s woadland boundary, and the open

grasslands of southiern and East Africa, insects arc the
primary food sources, with harvester termites (H.
mossambicus) and beetles predominating, supple-
mented by smaller numbers of orthopterans, beetle
larvae, and ants (Slater 1900; Shortridge 1934; Nel
1978; Lamprecht 1979; Berry 1981; Waser 1980;
Stuarl 1981; Malcolm 1986; Mackie 1988; Skinner
and Smithers 1990).

The study area consisted of irregularly spaced Acacia
trees in open bush country, forming part of the transi-
tional boundary between Acacia tortillas woodland to
the north and open grassland to the south. Rainfall is
strongly seasonal with two peaks occurring during a
rainy season from November ta May (Sinclair 1979).
Inscet abundanee is linked to rainfall (Waser 1980),
and the onset of the rainy season in November is char-
acterized by an explosion of insect activity. Harvester
termite holes, vegetation, and ungulate droppings
were surveyed during the dry season of 1987, A total
of 2989 m? samples were collected in 25 m intervals
along 72.5 km of parallc] transects, spaced 100 m
apart. Transects extended across bat-eared fox territo-
rics as wall as similarly sized adjacent arcas.

General demographic data (group size and compo-
sition, litter size, and mortality) were collected from 16
groupsin 1986, 19in 1987, 18in 1988, and 13in 1989
(of these, 12 were studied continuously). However,
sample sizes are smaller for some measures, depending
on when they were taken, because of the formation
and disappearance of some groups over the course of
cach year, particularly in 1987 and 1988, when rabics
broke out. In 1987, rabies struck when the young foxes
were nutritionally independent and affected 95%
of family groups, but in 1988, cubs were less than
2 months old when rabics infected 68% of groups.

These bat-cared foxes were individually recogoi
able, and were obscrved at close quarters from a
vehicle by day through binoculars, and by night using
an image intensifier. Following Altman (1974), scan
samples of all group members in view were recorded
in l-min intervals during daylight and 2-min inter-
vals at night, together with proximity data for all
individuals in view. Focal groups were watched
weekly during at least one morning (05:00-08:00 h)
and one evening (17:00 to 19:30-20:30 h). Beginning
on the fifth day before each full moon, 8-10 6-h night
watches were carried oul between 18:00 and 07:30 h,
1o provide data equivalent to one composite night
cach month for each group.
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and insects in carly summer, and dense undergrowth
for shelter. Furthermore, raccoon dogs sometimes
flee into the wacr when chased by dogs or other
larger predators. Rock piles, suitable (or denning, are
common on barren heath, which probably explains
the heavy useof this habitat in early summer. In mid-
summer, when pups leave the dens, parents take
them to meadows and abandoned ficlds where they
can find insects, frogs, and strawberries. In late
summer, raccoon dogs forage especially on moist
heath where abundant berries, especially bilberrics
(Vaccinium myrtiilus), tipen. Later in autumn, pine
forests with abundant lingonberries (Vaccinium
vitis-idacay are favoured. Raccoon dogs also visit gar-
dens i late summer and autumn, because their
stomachs often contain cultivated berries and fr
during this season.

Japanese raccoon dog

The satoyama habifat where raccoon dogs were
studied by Sacki and Macdonald (submitted) could
be divided between the ‘mountain type’ typified
by secondary forest and herbaceous areas, and the
“village type’ comprised agricultural landscapes. In
both, the least favoured habitat type was Japanese
cedar (Cryptomeria_japonica) plantation. Ilabitat
scleetion differed with scale, in terms of preferences
for the location of ranges, and preferences for the
use of habitats within them. In village-type areas,
home ranges were placed preferentiaily in rice fields
and cropland, whereas the preference was less
apparent in the placement of the ranges of raccoon
dogs in the mountain-type areas. Within home
rumges, rice fields were used less Dy the village type
and preferred by the mountain type. Thus, the rac-
coon dog exhibited multi-scale habitat preferences
in satoyam

in urban habitats, raccoon dogs have becn shown
1o inhabit areas, which have forest cover, varying
from =20% in Tokyo (Nojima 1988) to =5% in
Kawasaki-city (Yamamoto et al. 1995). Animals killed
by tratfic accidents were older in areas with =15% of
forest cover than in areas with <15% of forest cover
(Yamamoto et al. 1995), suggesting the importance
of forest cover for long-term survival.

Diet
Finnish raccoon dog

Raccoon dogs are extremely omnivorous in Finland
(Kaubala etal. 1993b,1998b, 1999). Voles and shrews
areimportant prey in most areas, Fitty-six per cent of
raccoon dog stomaths (7 = 172) contained remains
of mammals, 34% those of birds, 8% frogs ot lizards
20 fish, 51% invertebrates, 89% plants, and 49%
carrion. Frogs, lizards, and invertebrates arc caten
mainly in summer and autumn, reflecting their
availability. Fish are consumed mainly in late winter,
when raccoon dogs can find small fish discarded on
the ice by fishermen. Berties and fruit are eaten fre-
quently in late summer and autumn. Raccoon dogs
also visit compost heaps; coffee beans, rubber
bands, pieces of paper, etc. are often found in their
stomachs.

Yaeces were collected in carly summer from small
uninhabited islands and larger inhabited islands off
the SW coast of Finland, and from the mainland
of southern Finland. Birds, mainly female eider
(Somateria molfissimay, and fragments of egg shells
were found more often in the diet in the small islands
than in the larger islands or mainland (Table 13.2;
Kauhala and Auniola 2001). It seems, however,
unlikely thal raccoon dogs affect eider numbersin the
archipclago, since we estimated that they kill only a
small proportion (1.2-3.5%) of brooding female
ciders cach year. Rodents, shrews, frogs, reptilcs, and
carrion are consumed most often on the mainland.
“The scarcity of frogs in th dict of raccoon dogs in the
archipelago points to the conclusion that there are no
frogs on the small islands; raccoon dogs frequently al
frogs, if they are available. Berries, especially crow-
herries (Empetrum nigrum), occurred more frequently
in the facces collected from the islands than those
trom the mainland.

Japanese raccoon dog

In Japan, racoon dog dict has heen studied in several
habitats but, notwithstanding regional and seasonal
variations, all reveal a preponderance of small items,
invertebrates and fruits, and if available, small
vertebrates, such as todents, birds, frogs, and fish.
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andifit is the means of sex ratio variation, it uggests
selective infanticide. Two anecdotes are noteworthy:
only six cubs can nurse simultancously from one
female, and even in groups the mothers suckled at
different times; in only two cases did an aggregate
litter in excess of six emerge from the den, and in
both cases the ‘surplus’ cub disappearcd within days
Jntriguingly, Smither's (1983) notes that his pet bat-
cared fox had only four teats (he was unaware that
this was anomalous) and gave birth (o litters of 4-6
cubs—on all four occasions when her litters were
larger than four, but not otherwise, she ate any cubs
in excess of four within days of their birth (and thus
before investing substantially in nursing them).

Mating system and parental care

Amongst group-living canids, the gencrality i
for reproduction to be Lhe prerogative of only one,
dominant female in cach group, and for non-breeding
subordinate females 1o act as ailoparents (Macdonald
¢t al. Chaptcr 4, this volume). Where more than one
female docs breed within a group, there are cases of
communal denning and allosuckling, but again, the
gencralily is for signs of hostility (sometimes fatal for
the pups) between the mothers (Creel and Macdonald
1995). More broadly amongst carnivores, all or sever-
al females within groups of felids (e.g, Bertram 1979),
hyaenids fe.g. Kruuk 1972), and some herpestids (c.
Rood 1986) may reproduce communally—all families
within the feliform branch of the Order. The bat-eared
foxes of the Serengeti are thus a significant outlier in
canid sociality in thatall females hear cubs, den comu-
nally, and allosuckle indiscriminately.

What sclective pressures favour communal
breeding by these foxes? Key observations are that
(1) bat-eared foxes have six Leats, (2) even in groups
of three females, only one female al a time ever
nuesed the cubs, and (3) even the largest aggregale
Jitter never exceeded six for more than 3 weeks of
age. The critical question is why all Lhree females in
our groups produced aboul two cubs each, rather
than the dominant producing six which were nussed
by the other two. Are there reasons why (1) a domi-
oant female should be unable 1o suppress the repro-
duction of her subordinates and (2) it would be
advantageous for all females to breed?

Possibly, reproductive suppression and sponta-
neous lactation, may, phylogenetically, not be open
to bat-cared foxes, as it seems that regurgitation is
not. The only way for these foxes to transport
nourishient 1o their cubs is as mitk. A hypothetical
dominant female might thus gain by allowing her
female group-mates ta bear cubs, which she then
kills so that the bercaved mothers nurse her off-
spring. This did not happen (although it does in
other canids, see Chapter 4). One possibility is that
the act of infanticide is simply too risky—within the
confines of a shared den, the subordinates might
resist with the result that the dominant loscs control
and her own cubs suffer, and infanticide could pro-
liferate to a tragedy of the commons. Several factors
might erode the advantage to the dominant of
monopolizing reproduction. Most obviously, the
closeness of her relatedness to the subordinates” cubs
(see below, inclusive fitness). A further clue may Jie in
the highly structured pattern whereby, even though
two or three females were at the den, only one at a
time would suckle the cubs; this may indicate opti-
‘mization of eithér or buth of milk yield and con-
sumption. Most interestingly, subordinate females
nursed for longer, and guarded more frequently,
than did dominant females—perhaps reflecting that
the dominant’s status puts other drains on her time
and energy, and perhaps indicating that she benefits
from the greater assiduousness of her subordinate
daughters and grand-daughters—benefits that might
translate into her own lifetime reproductive success.

Benefits of cooperation

Our account reveals that potential benefits of
group-formation in this population of bat-cared
foxes include the added production of related cubs,
matilineal Lerritory inheritance, collective nursing,
grooming and general care of the cubs, corporate
defence (and vigilance) against predators and
defence of the temitory, and huddiing for warmth.
How do these behaviours affect the balance of costs
and benefits of increased group membership. On the
one hand, fernales in groups produced smaller litters
than did those in pairs. On the other hand, those in
latger groups can share vigilance, matcrnal antibod-
ies, and ather duties, and if one is killed another is at
hand to nurse her orphans. A further speculation
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is that communal nursing is a form of risk-sharing
in the face of an uncertain prey supply and high
mortality rate. The costs of talerating additional
group members—a factor emphasised by Macdonald
and Carr (1989)—may be unusually low in bat-eared
foxes. To a dominant female, the cost of sharing a
male (who guards a den with equal assiduousness
whether it contains one litter or two) or food iwhich is
often highly renewable) may in some respects be low.

Territory inheritance and inbreeding
‘lerritory inheritance can provide an advantage,
from the perspectives of both parent and offspring,
to natal philopatry. However, it is often supposed
ta involve a long wait, and to bring with it risks
of inbreeding. In this case, the wait was short
and the probability of inheritance high. Altbough
the widespread evidence of multi-male mating in
mammals (Wolff and Macdonald 2004) raises the
expectation that extra-pait copulations will be found
in bat-eared foxes, the frequent observations of
fathers mouating their daughters in our study
suggest—but do not prove—that father-daughter or
sibling inbreeding may have been the norm in this
population. In a different population, where bat-
eared foxes invariably lived as pairs, Wright (2004)
found confirming evidence of cubs fatheced by
extra-pair malcs in only 2 litters out of 14. He also
noted that the close proximity maintaincd within
each pair could have made philandering difficult
This may, of course, be different in circumstances
where there is more than one female in a group.
Clearly, one factor that may coptribute to cooper-
ative behaviour of the bat-eared foxes is their
genetic relatedness. Tn this context we reporl twa
systems. The most simple is the case where an unre-
lated males with a single female or with two sisters.
In this case, the cocfficient of relatedness between
parents and cubs is 0.5, and between aunt and
nieces/nephews is 0.25. However, in some years
(1987-1989), some foxcs lived in groups comprised
of one adult male with two females, and a number
of cubs. In these groups the male's relatedness to
any observed cub can arise in Lwo ways. Obser
vations in those years suggested that for 80% of
smatings (12/15) the male was also the father of its
mate, and therefore simultancously the grandfather
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of the cub (in some groups this was true for all cubs,
as both females were the daughters of the male),
For these matings, the male/cub relatedness will
exceed 0.50 (indecd, because the coefficient of relat-
cdness between  grandparent-grandoffspring i
0.25, the male/cub relatedness is estimated to be
0.75), The same applics to those cases where a
temale Is related to her cub as its mother and
through incestuous mating with her father
Furthermore, the coefficicnts of relatedness of com-
munally nursing females to each others cubs may
also be elevated - for example, that of a female to
her sister’s cub may be 0.5 (0.25 as their aunt and
0.25 through their shared father). In shart, the relat-
cdness between all adults in these groups, and the
cubs, may be unusually high. A different point is
that the evidence of the ncighbouchood settlement
suggests that the members of adjoining teritories
may also have kinship tics.

Sex-ratio allocation

Whereas sex ratio of cubs at emergence was equal
in 1986 (the breeding season of peak food avail-
ability), a preponderance of daughters emerged
during the failed rainy seasons on 1987-89 svhen food
was less abundant. Departures from equal sex ratios
among offspring can be explained when the determi
nants of fitness vary between thie sexes (Clutton-Brock
1991). Thus, if traits affected by parental investment
influence the fitness of one sex more than the other, it
may pay parents to invesl more in the sex expected to
produce the most grandchildeen per unit investment.
“That inyestment can occur during pregnancy orin the
den or thereafter. Although we have no measures of
differential parental investment in the sexes at any of
these stages, we can observe its outcome in the sex
ratio of cubs at emergence. Although the preponder-
ance of daughters cmerging in each year from 1987 to
1989 might be cxplained by factors beyond the con-
trol of the parents, for example, a disease afllicting
males, we tum 1o two hypotheses that scek to explain
such variation in terms of parental investment. First,
Trivers and Willard (1973) hypothesized that for
species with significant sexual dimorphism biased
towards males, such that the costs of producing
sons exceed those of daughters, only qualitatively
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superior mothers can afford to reat sons, while inferi-
or mothers should produce daughters. Alternatively,
the local resource competition hypothesis (Clarke
1978; Silk 1983; Julliard 2000) predicts that mothers
in poor condition (in low quality territaries) should
produce offspring of the sex that is most likely to
dispesse from the natal area to reduce competition for
resources in that locality. Alternatively, mothers in
good condition (in high quality habitats) should pro-
duce the most philopatric scx. Both hypotheses make
assumptions. The crucial ones for Trivers and Willard
s that sons are more costly to produce, and that
greater investment in them may reap rewards later
Yor local resource competition, the assumptions are
that resources are spatialty variable and that reprorduc-
tive success better in some patches than in others; fur-
thermore, dispersal rate should differ between males
and females. All these conditions would seem to
apply, although the modest sexual dirorphism char-
acteristic of bat-cared foxes makes the extra cost (and
value) of hefty sons the least clearly supported.
Overail, and in the Serengeti, males (4,06 kg) arc heay-
fer than females (3.9kg) (Gittleman 1983, 1989),
although, in a sample from Rotswana, females
sweighed marginally more than malcs (male: 4.03 kg,
range 3.4-4.91, = 22; female: 4.11 kg, 3.18-5.36,
« — 29; Smithers 1971). The predictions of these two
hypotheses are opposite. In hreeding scasans when
food was shart, the foxes produced predominantly
daughters—in accord with the offspring quality
hypothesis and contrary to the local resource quality
hypothesis. Amongst camivorcs, this accords also
with findings for badgers (Meles meles), but is opposite
to those for Arctic foxes (Dugdale of al, 2003
Goltsman ef at. submitted). However, the interpreta-
tion of such results is scldom as simple as the beguil-
ingly straightforward predictions of these two
hypothescs might suggest. For example, in the casc of
the bat-cared foxcs we have already established that
opportunities for dispersal may have been low, which
would alter the predictions of Julliard’s hypothesis,
Indced, a divensity of complicating factors is already
known to affect offspring sex ratio in polytocous
species, such as maternal parity (African wild dogs,
Lycaon pictus; Creel et al. 1998), maternal age and con-
dition (coypu, Myocastar coppus; Gosling 1986b), and
stress (golden hamsters, Mesocricetus atratus; Pratt
ctal. 1989).

Whatever the reason for the skewed sex ratio, how
is it achieved? We speculate above that infanticide is
a strong candidate, and raise the question of which
individuals do the killing. Maternity analysis of the
suviving cubs may Suggest an answer.

Phylogeny, resources, and luck

Bat-cared foxes are survivors of an ancient lineage
(currently represented by two subspecies (Coetzee
1977): O. m. megalotis (southern Africa), 0. m. virgatus
(Bast Africa)). The extent to which their ancient
separation has bequeathed upon these foxes different
constraints 1o those faced by other canids is
unknown. There is evidence that they cannot regur-
gitate food, nor it seems can vulpine canids. There is
noevidence of sucial suppression of female reproduc-
tion (common in both lupine and vulpine canids)
‘The inverted U-posture of the tail is scemingly
unique (Nel and Bester 1983). Nonetheless, there
have been sufficient studies o reveal that, like other
wild canids, bat-cared foxes display some intraspe-
cific variation (Nel and Maas 2004; Wright 2004).
‘That variation is doubtless rooted in regional differ-
ences in ecological circumstances and perhaps to the
Dehaviour of the various species of termite on which
they feed and, even within our study area, fox sociol-
ogy varicd between years and between groups within
years. There is a plausible case that this can be attrib-
uted to variations in the dispersion of invertebrate
prey, and the RDH suggests some predictions to test
this, Nonctheless, our study reveals the enormous
impact that an essentially chance event—infectious
disease—can have on these predictions. It also reveals
as crucial the question of whether—in the context of
litter size—they can count to six. While the social
lives of hrat-cared foxes take a direction determined by
their ancestry and local ecology, the outcome would
appear to owe much to uck.
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Patagonian foxes

Selection for introduced prey and conservation
of culpeo and chilla foxes in Patagonia

Andrés J. Novaro, Martin C. Funes, and Jaime E. Jiménez

Culpeo fox Pseudalopex culpaeus © E C Montané.

Introduction

The cuipeo (Pseudalopex culpacus) and the South
American grey fox or chilla (P griseus) are closely
related canids (Wayne et al. 19894) that live in west-
ern and southern South America. The distributions
of the culpeo and chilla overlap through most of
the chilla range in Chile and western Argentina
(Johnson etal. 1996; Fig. 15.1). Adult culpeos usually
weigh 6-12 kg, adult chilias weigh 2-5 kg, and their
sizes and size differences increase towards the south
(Johnson and Franklin 1994a; Jiménez et al. 1995).
Culpeo and chilla are opportunistic predators.
Both canids feed primarily on small mammals but
frequently consume introduced lagomorphs and
livestock or its carrion wherever these have become
abundant (i.e. Simonetti 1988; Johnson and FranKlin

1994a; Jiménez et al. 1996; Novaro et al. 2000a).
Additional foods are birds, lizards, insects, and fruits
{Medel and Jaksic 1988).

‘The mechanisms that allow coexistence between
culpeos and chillas have been the subject of debate
(Fuentes and Jaksic 1979; Jiménez et al. 1995, 1996;
Johnson efal. 1996). Fuentes and Jaksic (1979) argucd
that complementarity (Schoener 1974) in the use
of trophic and spatial resources allows coexistence
because they compensate high overlap in one niche
dimension with low overlap in the other. Evidence
from radio-tracking studies in two arcas of sympatry
in Chile, owever, suggests that culpeos select abi-
tats with higher prey densities and exclude chillas,
which are thus confined to less productive habitats
(Johnson and Franklin 1994b; Jiménez et al. 1996).
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relationship persisted during 1987-89, ycars of lower
October rainfall (afthough total annual rainfall was
not particularly low in these years), with female repro-
ductive success positively correlated with Hodoternes
foraging hole density in 1987 (Kendail rank corec-
lation coefficient: p =003, z=2.16, T = 0.683,
N=7). During this period, reproductive success
varied negatively with the oumber of females per
aroup (Kendall rank correlation coefficient: p = 0.02,
2=-2.54, T=-051, N~ 14). The cumulative
consequences of these relationships are that male
reproductive success was positively correlated with
numbcr of females per group (Fig. 14.6).

Social dynamics and tenitory quality

One obvious line of thought is that the females reluc-
tance to associate with cubis stemmed from the har-
rowing demands of faraging—which consumes their
time and limits their energy. To shed light on this,
one pait was selected—the female had spent less time
close to hei cubs than had any other in 1986—and in
1987, she was provided with commercial dry cat
[ood, raisins, and water for 12 weeks after whelping,
Despite the fact that this period of 1987 was, for most
foxes, anc of substantially scarcer resources than it
had been in 1986, the provisioned female spent a sig-
nificantly greater proportion of her time in close
proximity to her cubs in 1987 (< 1 m: 11% versus

67 elitersie a
A Male reproductive sccess & -

er of cubs.

Ny
S

o 05 1 15 2 25 3 35
Mean number of females in group
Figure 14.6 Relationship between number of females per
group, ltte size, and male reproductive success.

1506, £ = 4.37, df = 001; <5m: 41% versus 51%;
£ = 13.26,p = 0.0001). Furthermore, she was unique-
ly amicable towards them.

These obscrvations are complemented by the
predicament of a female whase mate died before
the birth of her cubs in 1986. As a single mother,
she spent significantly more time within 5-30 m of
her cubs than her peers in 1986 did with theirs
Sm t 756, peOM0L; “20m: - 468,
P <0.01; <30 m: £ = 5.36, p <0.001); in contrast,
she did not spend significantly more time within
1 mof her cubs than did other mothers (< 1 m range:
£ = 2.05, p>>0.03). Indecd, the single mother spent
a significantly lower proportion of time (24.2%) in
the <1 m range of her cubs than did pair-living
males (39.7%; t = 2.99, p < 0.01), but otherwisc her
proximity scotes did not differ from those of males
that year. By 1957, that individual had recruited
daughters to form a group along with her philopatric
son and her behaviour towards her next litter of cubs
was statistically indistinguishable to that of other
females in her circumstances that year.

Discussion

Tive questions of general theoretical interest emerge
from these observations of one population of
bat-eared foxes. In logical order these are, first, how
do the energetics of insectivory and the foxes’ life-
history patameters interact to fashion their lifestyle?
Second, how is that Lifestyle moderated by palterns
in the dispersion of their prey? Third, within the
society that emerges from these foregoing considera-
tions, what dictates their systems of mating and
parental care and, fourth, sex ratio allocation?
Finally, what lessons have emerged from this study
with regard to the influcnces of phylogeny, resources
and luck (as exemplificd by the uncontrollable
vicissitudes of rainfall and disease) on the biology of
bat-cared foxcs?

Energetics and insectivory

Rody size is associated with various allometrics
and morphological constraints. In the case of canids,
itis also associated with vasiation in social systems,
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running on a continuun from small species with
female-biased groups and predominantly male
dispersal to larger species with male-biased groups
and predominantly female dispersal (e.g. Macdonald
and Mochiman 1982; Creel and Macdonald 1995).
As summarized by Macdonald and Sillero-Zubiri
Chapter 1, this volume), this continuum is
explained in lenms of the effect of body size on
neonate development by Moehlman (1986, 1989)
and Mochlman and Hofer (1997), whereas Geffen
et al. (1996) favour instead resource-based explana-
ns. Similarly, and with consequences reviewed
by Macdonald et al. (Chapter 4, this volume) body
size is linked via metabolic rate to energetic
demands, leading Carbonc et al. (1999) to argue that
the relatively low availability of small prey limits the
size of carnivores that they can sustain. In addition
to the size-related allometry in metabolic demands
imposed by surface-to-volume ratios, some species
(e.g- African wild dog) have higher energy demands
than predicted by their mass (Gorman et al. 199n).

In this context, no canid lives more exclusively on
prey smaller than the insects to which bat-eared
foxes are committed. While their gestation costs may
be unexceptional, extrapolations from out observa-
tions of litter size and suckling bout lengths suggest
that the energetic demands on lactating bat-carcd
foxes may be even higher than expected (high mcta-
bolic mass ratio and high estimated milk encrgy
output at peak lactation). This situation may explain
(1) their lower litter size following poor rainfall and
(2) their patental behaviour.

We know of no other canid in which females aze so
determinediy stand-offish towards their emergent
offspring, or in which males are so correspondingly
paternally diligent, and we attribute both to ener-
getic brinkmanship of the females. Because of the
small and fiddly nature of insect prey, and bearing in
mind that bat-cared foxes do not regurgitate, the
only way to transport energy to cubs is in milk; the
entire burden must be born by the female which, if
Carbon et al. (1999) are correct, is already likely to
face severc time constraints. Gittleman and
Thompsan (1989) have emphasized the necessity for
rest and sleep for females during lactation (McNah
1987).

The extent to which male bat-cared foxes monopo-
Jize the task of parental care is at an extreme for canids
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(and indecd for mammals, Kieiman and Malcolm
1981). Komers and Brotherton (1997) suggest that
paternal care is less relevant to the evolution af
monogamy in mammals than in the dispersion of
females. The effectiveness of paternal care in mam-
mals is largely unquantified (but see captive studies
by Wynne-kdwards and Lisha 1989; Cantoni and
Brown 1997, and observation in the wild by
Gubernick and ‘Tejeri 2000). By spending most of
their ime with the cubs, males enable females to max-
imize their foraging time. Consequently, their own
foraging time is curtailed, and studies elsewhere have
revealed that they have smaller ranges than do lactat-
ing females (Mackie and Nel 1989) and spend less time
actually feeding when accompanicd by cubs (Nel
1990). In our study, males from multi-female groups
spent a greater proportion of time close to cubs than
did males from pairs, indicating advantages resulting
fiom better food availability and/or labour-sharing
between group members. The uniformity of maternal
behaviour—irrespective of group size or litter size—
suggests females have little room for manoeusre, an
inferpretation supported by the atypical mothertiness
of the one female, given supplementary food and
water. Although in a different ecosystem, Wright
(2004) found that the proportion of bat-eared fox
cubs nursing to 14 weeks increased with the pro-
portion of time males spent at the den, which itsell
was related to measures of termite abundance with
territory.

Communal care of the young may also allow
temales to conserve energy and share the burden of
lactation (c.g. by increasing the interval between
suckling) (Creel and Creel 1995). The costs to female
canids of sharing a male (and thercfore paternal care
for the young) may often be primarily associated
with the capture of prey and feeding of the young—
tywo features not applicable to the natural history of
these foxes, whorcas the benefits of vigilance and
guarding are non-depreciable.

Resource dispersion

Although they rarely eat mammalian prey
(Lamprecht 1979; Skinner and Smithers 1990), bat-
eared foxes are nonetheless dependent on mammals
insofar as the distribution of their insect prey is
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heavily dependent upon the dung of large ungulates
(Malcolm 2001). In the Serengeti, the presence, and
grazing activity, of ungulates (and thus of heir dung)
is heterogeneous, and therefore 5o too is the disper-
sion of insects, Seasonal migrations bring the herds
to the Serengeti for only the wet season, commenc-
ing in October (McNaughton 1989), primaiily in
search of phosphorus (Murray 2001). Once there,
fine seale variations in soil and vegetation type cause
them to graze patchily (Snaydon 1962; McNaughton
and Banyikwa 1995), and the potential for insect
communities to develop, sustained by their dung, is
correspondingly patchy. The extent to which that
potential is realized is determined by rainfall. As
described above, when, as in 1986, rainfall is high
between October and December, scarabid avail-
ability soars, whereas when the rains during these
months following whelping are poor, as in 1987-59,
50t00 is the supply of beetles and harvester termites'
surface activity. Waser (1980) confirmed a dircct link
between rainfall and the availability of inscct prey
(see also Nel 1978, 1990). Locally, at least in some
areas, numibrs of hal-cared foxes can fhuctuate from
abundant to rare depending on rainfall and thus
food availability (Waser 1980; Nel et af. 1984), and
climate change in southern Africa has been invoked
10 explain the species’ range extension (e.g. Stuart
1981; MacDonald 1982; Marais and Grittin 1993).
At the broad scale of their settlement throughout
the ecosystem, the distribution of bat-eared foxes in
the Serengeti was highly clustered into island com-
munities, whose location matched the patchiness in
insect availability driven by ungulate behaviour and
thus, ultimately, interactions of soils, mincrals, and
vegetation. Families of bat-eared foxes accur in clus-
ters in areas where harvester termites are present and
ate absent from areas lacking termites, Insofar as the
territorits in such clusters are oceupicd (a situation
alteced by epizvotic disease), the prospeets for disper-
sal may be limited—a situation analogous o that of
an Fthiopian wolf facing dispersal from a mountain
plateau (Sillero-Zubisi et al, Chapter 20, this volume),
At the fine scalc of social and spatial arrangements
within and between teritorics, the spatio-temporal
heterogeneity in the dispersion of insects available
to bat-eared foxes in the Screngeti creates almost
exactly the conditions proposcd by the Resource
Dispersion Hypothesis (RDH) to facilitate social

group formation (Macdonald 1983; Carr and
Macdonald 1986; Macdonald et al. Chapter 4, this
volume). Specifically, Macdonald and Carr (1989)
argue that two ccological pressures will affect funda-
mentally the balance of costs and benefits of group
membership: (1) the probability of successful disper-
sal and (2) the probahility of accessing adequate
resource securily as a group-member (see Johnson
etal. 2002). Watching the foxcs, itappeared that food
availability was patchy in that the foraging party
would clearly make beeline joumneys to particular
foraging areas. Where resources are spatio-temporally
heterogencous, additional members may share the
smallest territory required by the basic social unit
(in canids gencraily a pair) at minimal cost, and if
the risks of dispersal are high it may be advantageous
to do so. That advantage may be enbanced if group
‘membership brings sociological benefit—for example,
through cooperation ~and therefore the question of
whether each additional group member is desirable
(trom the different perspectives of the candidate and
the existing members) will be affected by the marginal
advantage arising from its admission. If that marginal
advantage is great, it miay even pay to bear the costs of
expanding the minimum necessary termritory to
accommodate the resource requirements of the new
‘member (Kruuk and Macdonald 1985). Do these ideas
help interpret the hehaviour of the bat-eared foxes
described here?

Assuming cach H. mossambicus foraging hole is
an equivalent measure of resource availability, all
clse being equal, each pair of foxes will require the
same number of holes. RDH predicts that where
these holes are widely dispersed, territories will
be larger than where the holes are densely packed.
As predicted, teritory sizes were inversely related o
the densitics of Hodotermes foraging holes. Group
size was not correlated to H. mossambicus for-
aging hole density (although this result may be
confounded by the impact of rabies), but both the
frequency of philopatry and reproductive success
were. RDH predicts a correlation between group size
and patch richness, but in this case H. mossambicits
availability (including their often high renewal rate)
was only one component of this richiess—the other
was scarabid availability.

On the basis of these results, we suggest that the
following model might be tested by future study.
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First, tertitory size is dictated by the availability of
H. massambicus, and tetitories are configured to sus-
tain a pait of foxes under the likely worst conditions.
We expect the sutface abundance of H. mossambicus
1o increase following the grass growth stimulated by
good rainy seasons and to wane as their food-stores
deplete through prolonged drought, Between 1986
and 1989, bat-eared fox territories appeared stable.
Whether territory sizes adapt to a fresh bottleneck
cach year, orare adapted overa sequence of years, the
question arises of when is the bottleneck? We suggest
that itis the dry season. At this time alternative prey
are rare and the oxes depend almost entirely on
Hodotermes. The availability of termites to foxes i.e.
the time they spend foraging above ground) is likely
todepend on the supply of dried grass to be harvested,
and this in turn depends on the rainfall during the
preceding rainy season and current dry season,

Second, RDH predicts that group size will be deter-
mined by patch richness (e.g. the aggregate availabil-
ity of Hodotermes and scarabids). Of these, variation
in the availability of scarabids is conspicuous, and
determined by wet (whelping) season rainfall. The
substantially higher mean litter size in 1986, when
October rainfall was high, suggests that cub survival
is determined by the availability of scarabids and,
following the rapid growth of grass, of surfacc active
harvester termites (the mean litter size for pairs in
1986 was significantly higher than the mean litter
size for pairs for 1987-89)

Whether these recruits remain in the group to
become breeders during the following year will
depend on the number of them surviving predation
and disease, and whether the suggested dry season
bottleneck in surface-feeding termites is sufficiently
Ienient to sustain them. We could not test Lhe latter
prediction readily because rainfall during the dry sea-
sons within our intensive study was not particularly
variable. However, remembering that in Octaber
1986 all the foxes were scttled in pairs, we predicied
that the previous dry season must have imposed &
stringent bottleneck, Indecd, rainfall in June 1986
was only 8 mm (well below the 29-year average of
34 mm), and this savage drought persisted until the
end of September. Sinclair (1975) states that 23 mm
of rain monthly is required o sustain grass growth,
and termite surface activity is related to grass growth
The foregoing modcl, although speculative, suggests
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other ideas for future field test. Since the density of
termite holes is seemingly not related (o fox group
size, whereas group size is negatively related to
reproductive success, it is likely that the smaller
litters produced by group-living females (in compari-
son to contemporary pair-living females) has a socio-
logical explanation. Indeed, communal denning in
Ethiopian wolves (Canis simensis) (Chapter 20, this
volume), Arctic foxes {Afopex lagopus) (Chapter 8, this
volume}, and perhaps bush dogs (Speothos venaticusy
(Macdonald 1996) and red foxes (Vilpes vulpes)
(Macdonald 1987) have all been associated with
reduced litter sizes.

I 1986, associated with high October-December
rainfall, food availability appeared to be high during
the Lime of laclation, in marked contrast to subse-
uent years when, by the time of emergence, litters
were hall the size of those in 1986. This raises the
question of whether this littersize reduction
occurred pre- or postpartum, and in either case by
what mechanism. The model proposed above would
rationalize litter reduction as a consequence of
reduced rainfall leading to a catastrophic delay in
the appearance of scarabids, plausibly translating
into a lowered capacity to generate milk—suckling
hout lengths were longer in territorics with high
Hodotermes scores. ‘ihe relevance of water is further
supported by observations of nursing females licking
dew from blades of grass.

We do not know when or how the litter reduction
took place, but in other species, females may reduce
their littersizes bath pre-and post-natally under sub-
optimal conditions (Hatvey et al. 1988; Lindstrom
1988; Clutton-Brock et al. 1989; Packer et al. 1992).
Smithers (1983) reports that hat-eared foxes charac-
teristically carry 4-6 embryos (they have six teats).
We have no evidence that during pregnancy the
females can forecast the likely rainfall that will infiu-
ence her food supply during the crucial months of
lactation. To that extent, we tutn to pastpartum litter
seduction. By what mechanism might this occur?
Tnsofar as all emergent cubs looked healthy, general
starvation secms implausible, raising the possibility
of infanticide. Since the father almost never entered
the den priot to cub emergence, and since litters were
small in 1987-89, even in territories with only one
breeding female, as well as in groups, the mother is a
strong candidate. Tnsofar as litter teduction oceurs,
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(Ewer 1973; Smithers 1983; Mochlman 1986) and
cub weight at first consumption of solid food,
when lactation demand is at its peak, was set at 790
(following Smithers 1983). As a percentage of mater-
nalmetabolic mass in bat-eared foxes, litter weight at
birth ranged between 8.7% (assuming a litter size of
2.6 as in 1987-89) and 13.7% (assuming a litter size
of 4, following Gittleman 1989). In calculations by
other authors (Oftedal 1984; Gittleman and Oftedal
1989; Oftedal and Gitticman 1989), only the arctic
fox has a higher percentage gestational invest-
ment (litter weight is 16.2% of maternal metabolic
mass). Metabolic mass ratio was estimated af 1.29,
higher than estimates for four other canid specics
(Table 14.3), suggesting that suckling bat-earcd fox
litters place a high energy demand on the female
relative to her metabolism.

Rabies and mortality

Mortality levels were significantly higher in 1987
and 1988 than in 1986 and 1989 (G = 55.72, df - 3,
p = 0.0001), duc L rabics outbreaks in those years.
Rabies killed 85 (90%) of the 94 individually recog-
nizable animals that died over the 4-year study, pri-
marily in 1987 and 1988. The first rabies cases in
1987 were i carly February when cubs born in 1986
were being weaned, but in 1988, rabies broke out in
November, while the females were still suckling,
Female mortality from rabies was significantly
higherin 1988 (71% of 31 females died) than in 1987
{when 27% of 26 females died; ¥ = 10.98, df = 1,
£=0.001), but cub mortality was slightly lower
(4% of 70 cubs in 1987 versus 36% of 61 cubs in
1988), although this difference was not statistically
significant (2 = 0.914, df — 1,p — 0.339). Mortality
in 1986 and 1989 was considerably lower for both
cubs (approximately 3% mortality in bolh vears, out
of 62 and 41 cubs, respectively) and females (no
mortality in 16 females in 1986 and approximalely
11% in 20 females in 1989). No male mortality
was recorded in 18 and 13 individuals in 1987 and
1989, respectively, but in 1986, 1(6%) of the 16
‘males died (from rabies) and in 1988, 5 of 18 wates
died, 3(16.7%) of them from rabies. Male mortality
from rabics was significantly less than female mor-
tality (1987: x* = 8.69, df = 1, p = 0.003; 1988:
X =13.47,8f = 1, p < 0.0001).

Deaths were diagnosed as rabies on the basis of the.
presence of inclusion bodies in the brain and tested
positive using Indirect Fluorescent Antibody
Technique, by the Tanzania Livestock Rescarch
Organization; the remainder were inferred.

Other causes of mortality were predation (three
individuals) and road accidents (three individuals).
Predators, all of which ate at least some of the foxes
they killed, included martial eagles (Polemaetus
belicosus), pythons (Python sebae), and spotted hyae-
nas (Crocuta cracuta). When a bat-eared fox was
attacked by a martial cagle, the fox uttered an alarm
call, whereupon five other members of its group
charged towards the eagle. Together the foxes
snapped and lunged at the bird, leaping into the air
as it laboured to take-off. The foxes mobbed black-
hacked jackals (n — 22), golden jockals (n = 12), and
spotted hyenas (1~ 45), and occasionally aard-
wolves, mongooses, goshawk, and various snakes
(total n = 19). An average of 2.8 + 0.32 (range 1-7)
foxes was involved in 22 mobbings of black-acked
jackals, and 4.62 + 0.36 (range 1-11) mobbed hyae-
nas, on average These fgures include instances
where more foxes were available to mob the smaller
predators, and thus the number participating can be
interpreted as a measure of their assessment of risk.
Groups of bat-eared foxes mobbing hyaenas were
significantly larger than those mobbing jackals
(Mann-Whitney Uttest: U= 1119, z~ 356,
N =79, p < 0.001); there were no differences in the
size of mab harassing the two species of jackals
(U=135, z= ~0.111, n — 34, p = 0.9). Occasion-
ally, when the cubs were threatened by hyaenas, the
dominant male fox attempted alone to distract and
Icad them away.

Resources and sociality

Bal-cared foxes were clearly territorial. Territories
sketched omto maps averaged 0.62km? (range
0.4-0.87, 7 = 6), and appeared to tessellate ncatly.
Although movements were not studied in detail,
Lerritorial borders appeared to be stable between years.
‘There was a negativerelationship between Hodotermes
foraging hole density and temritory size (Fig. 14.4)
(Kendall's tau ~ —0.867, z = —2.442, p = 0.01).
Areas occupied by bat-cared fox terrilories were
clustered in dispersed pockcts. Both H. maossambicus
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and ungulate dung were significantly more abundant
in these areas ( H. mossambicus : G ~ 485.7, df = 1,
£~ 0.0001; ungulate droppings: 1,
£ = 0.0001), and vegelation cover inside these areas
was Jess dense. Because Hodotermcs eat grass, grass
height and vegetation cover were both negatively
comelated with Hudotermes density (grass height:
Kendall's T- —0.491, z=21, p<005; cover:
7= —0.855,z ~ ~3.659, p < 0.001).

Rainfall measured monthly at a rain gauge within
the study area varied inter-annually. Raintall in the
swhelping season was strongly correlated with scara-
bid abundance. The highest rainfall in a whelping
season fell in 1986, when 107 mm fell in October,
fallowed by 3 years of lower rainfall in this month
(13, 64, and 4 mm in 1987-89, respectively).

When feeding on termite patches, group members
fed closely together, but when feeding on beetles,
beetle larvae, or grasshoppers, they foraged up to
200 m apart. Group members called each other to
rich food patches with a low whistie.

Group size, philopatry, and territory quality

There was no significant relationship belween the
number of adult females per group and Hodotermes
hole density (Kendall correlation cocfficient:
T=0.15, z = 0.474, p — 0.6, n = 7). However, this
result may be confounded by high rabies mortality
in 1987 and 1988, and a small sample size. Female
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Figure 14.4 Bat-cared fox.
Otocyon megalotis foraging for
Hodotermes @ B. Maas.
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Figure 14.5 Relationship of philopatry (average number of

female cubs recruted per family groups) with mean number

of females per group and with average density per square

metre of Hodotermes foraging holes within the group

territory.

philopatry was positively correlated to Hodoternies
foraging hole density within cach territory and to
the average number of females in a group between
1987 and 1989 (Fig, 14.5).

Reproductive success and territory quality

Betwcen 1986 and 1989, rcproductive  success
(measured as average number of cubs per female at
emergence) was positively correlated with Hodotersies
foraging hole density measured in 1987, and this
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Figure 3.13 Sampling localities and phylogenetic tree of Chilean foxes based on analysis of MIDNA controt region sequence

(Yahnke et al. 1996). A Sechuran fox (Pseudalopex sechurae) from

Peru and & hoary fox (1ycalopex vetulus) from Brazil are used

as oulgrou species. Boatstrap values are given af the base of nodes and indicate relative support for various clades.

central Chile, in Nahuelbuta National Park 350 km
from the coast (Fig. 3.13; Medel et al. 1990) where
they are sympatsic with the mainland chilla, suggest-
ed that Darwin’s fox may be a distinet species.

Genetic variation and differentiation

Control region scquences were obtained from two
Darwin's foxes on the mainland and one from
Chiloé Island as well as from chilla and culpeos from
the mainkand (Yahnke etal. 1996). Genetic variation
was high in the mainland foxes. Phylogenetic analy-
sis of sequences confirmed the close genctic relation-
ship of mainfand and island population of Darwin’s
fox, and suggested that they may be distinet popula-
tions within a single species (Fig. 3.13). Darwin's fox
appears to have diverged early in the radiation of
Chilean foxes, and is at least as divergent from the
chilla and culjeo as the latter two are from one
another. These resulls indicate that Darwin's fox is a
celict form, having cvolved from the first immigrant
foxes to Chile after the land bridge formed between
North and South America about 2-3 million years

ago (Marshall et al. 1979; Webb 1985; Yanke et al.
1996).

Conservation implications

Darwin's fox is genctically distinct and appears to be
the progenitor of mainland fox species. The genelic
results suggest it had a previous distribution on the
mainland, rather than having been introduced there
by humans. Darwin’s fox also has a morphology
unlike mainland foxes, and occupies a restricted and
unique temperate rainforest habitat. Recent surveys
have revealed that small and isolated mainiand popu-
lations may still exist, or may have existed until very
recently (Vila etal. in press). Darwin’s fox needs to be
considered a distinct species of urgent conservation
importance. The island population needs greater
protection and plans for reintroduction to the main-
land need to be considered. No captive populations
are currently established. Captive breeding and
abservation of Darwin's fox might provide under-
standing of the species that will assist in its
conservation
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Arctic fox

The Arctic fox has a circumpolar distribution and
with the grey wolf, shares Lhe snowy covironments
of the tundra, Although wolves have been surveyed
genetically across their geographic range, only a fow.
populations of Arctic fox have been surveyed in
Fennoscandia and Siberia (Dalen et al. 2002),
Limited variation was found differentiating
Fennoscandian and Sibedian foxes as might be
expected in a specs ty. In contrast,
high levels of variation were found within popula-
tions. These data suggest that moderate population
numbers are sustained over considerable time peri-
ods. A more extensive survey of Arctic foxes world-
wide confirms these moderate levels of within and
between population vasiations (Waidyaratne ef al. in
preparation) -a result which contrasts with that of
grey wolves in which low levels of within and
between population variation were found.

s of limited mo

Red fox

“The red fox (Vulpes vulpes) is a widely distcibuted
generalized, medium-sized canid that is found
throughout Eurasia and North America. It adapts well
to urban and pastoral settings and has been intro-
duced to Australia and other islands. The genetics of
invading specics and genetic structure that results in
natural and artificial hiabitats is of intcrest as is their
evolutionary history in Turope and elsewhere

Population variation and differentiation

Population variability of red foxes appears to be
moderate, A study of 120 European foxes based on
9 polymorphic allozyme loci and analysis of cyto-
chrome b variation in a subset of 41 foxes found
tevels of heterazygosity ranging from 0% Lo 4.4%.
A total of 18 cytochrome b haplotypes was found.
East and Western Furopean foxes appeared (o be
genetically differentiated perhaps reflecting differ-
ent ice age refugia ot colonization waves after glacia-
fion events (Frati ef al. 1998). Studies of Australian
foxes have also found evidence for differentiation. In
one microsatellite study, foxes that colonized Phillip
Istand in about 1912 were diffcrentiated from their
mainland counterparts suggesting limited gene flow,
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founder cffect, or natural selection (iade et al
1996). Microsalellite differentiation was also found
between urban populations in Melbaurne, Auslealia
that was larger Lhan that found in rural fox popula-
tions or hetween Phillip Island and mainland foxcs
(Robinson et al. 2001). This suggests that foxes can-
not casily dispersc across urhan landscapes. Another
study comparing urban and rural foxes in Switzerland
(Wandeler et al. 2003) suggests that urban popula-
fion arc founded by a small number of individuals,
producing strong differentiation by random genetic
drift. However, once the utban population grows,
the genctic differences may be eroded. Finaily, an
allozyme and cytochrome b study of hunted and
non-hunied fox populations in Central Europe and
the Mediterranean area showed that foxes in pro-
tected arcas have lower levels of variation (lrati et af.
2000). Although this result needs to be confirmed
with other genetic markers and additional popula-
tions, il suggests that hunted populations are genctic
sinks where immigrant foxes more readily cnrich the
gene pool

Conservation implications

Foxes have maderatc level of variation, but this level
differs among populations. The variability may have
to do with habitat loss and isolation of small popu-
lations and it may be larger in hunted than non-
hunted populations. Toxes appear more genelically
differentiated than larger canids and arc more differ-
entiated when isolated on islands and when separated
by urban barriers, This suggests that population conti-
nuity can readily be disrupted by natural and artificial
barriers and genetic variation lost. Consequently,
genetic management needs to be considered if fox
populations arc to be susiained with appreciable
fevels of variation and to prevent them from disap-
pearing in the absence of migration,

Conclusions and perspectives

In gencral, the smaller fox-like canids show higher
levels of variation between and within populations.
These differences reflect higher densities and lower
levels of mobility in small canids, Insular canids, such
as the island fox, Darwin’s fox and the Isle Royale
wolf, have the lowest levels of genetic variation but
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Figure 3.12 Relative size and lacation of six Southern California Channel Islands wher

San Clemente

isiand foxes are found. Individual ‘ines

sepresent multi-locus genotynes and their elatianship based on 14 microsatelite loci (Goldstein et al. 1999). Two foxes have
genotypes grouped with those of Santa Cruz foxes suggesting they were ranslocated Lo the istand. Al others are groupes with

island of origin

resalved an evolutionary history of colonization
consistent with the archacological record (Fig. 3.12
Wayne et al. 1991b; Goldstein et al. 1999).

The island syndrome

Island syndrome predictions were tested by simult
ancous analysis of spatial distzibution, relatedness,
and paternity in Santa Cruz island foxes from Frazer
point (Roemer et al. 2001a), Home range size was
assessed by radio-telemetry and mark-recapture data
Pattemns of relatedncss among foxes within a single

area and genetic differences between foxes from two
arcas were assessed using 10 microsatellite loci. The
results showed thal Santa Cruz island foxes have
diverged from other mainiand foxes in aspects of

their demography, social ecology, and genetic struc
ture. Dispersal distances in island foxes were very low

{mean = 1.39 km) relative to olher canids of similar

size (Roemer et al. 2001a). Home range size was the
smallest (mean — 0.55 km?) and density is nearly
the highest recorded of any canid species (2.4-15.9
foxes/km?). As inferced from genetic and observa-
tional data, the island fox social system consisls
of mated pairs that maintain discrete territorics.
Overlap among mated paics was high whercas over-
lap among neighbours, regardless of sex, was low.
However, island foxes are not strictly monogamous,
4 of 16 offspring resulted from extra-pair fertiliza-
tions. Mated pairs were unselated, howcver, suggest-
ing inbreeding avoidance. Genetic subdivision was
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apparent between populations separated. by only
13 km (Fy;- = 0.11). These observations arc consistent
with the island syndrome and suggest that limited dis-
persal opportunities imposed by small body size and
the limited area of the island arc the primary influ-
ences on the demography and social structure of the
island fox.

Conservation implications
Fox populations on five of six islands have decreased
dramatically over the past 10 years (Roemer
et al. 2002). On the three Northern islands, the
decline was duc to predation by eagles (Roemer
et al. 2001b, 2002). On Santa Catalina island, the
decline was duc to a distemper epidemic and on San
Clemente, a more gradual decline likely reflected
predator contral efforts of the shrike reintroduction
programme (Roemer and Wayne 2003). In cach case,
genelic management of the remaining population
is needed. On the Northern islands, captive breeding
is necessary 1o restore the wild populations, and
preliminary studies have suggested that the captive
population has sampled a limited subset of variation
in the wild implying additional founders would be
a beneficial addition to the captive breeding
programme (Aguliar and Wayne unpub. data; Gray
etal. in preparation). On San Miguel island, the wild
population may be cxtinct, but on the other two
Northern islands, a dynamic exchange of wild and
captive born foxes to enrich genetic variability is
conceivable. On Santa Catalina island, foxes have
disappeared from about 90% of the island and a
captive breeding programme of survivors has been
established to assist in replenishing the lost popufa-
tions. However, a wild rescrvoir of over 150 foxes
exists on the far western end of the island and gen.
etic data indicated they provide a mare genetically
variable source for reintroduction (Aguliar and
Wayne unpub. data). On San Clemeate island,
several hundred individuals remain in the wild and
significant genetic loss is unlikely to have occurred.
However, there should be immediate efforts to stabi-
Jize the population and prevent further decline
(Roemer and Wayne, 2003).

The genetic results suggest that each island popu-
Jation should be treated as a separate conservation
unit. Further, low levels of genetic variation in each
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island population relative to mainland grey foxes
imply that they may be more vulne
mental changes (Frankham et al, 2002). in previous
conservatinn plans, the specics has been treated as a
single taxonomic unit with a combined poputation
of about 8000 individuals (California Code of
Regulations 1992). However, as is now clar, by
vitue of theit isolation and small size, the islands arc
more vulnerable than an equivalently sized main-
land population, Each istand should be designated
an independent unit with regard to conscrvation
and at least five populations should be considered in
immediate danger of extinct (Roemer and Wayne
2003). Study of captive populations combined with
careful genctic management may allow successful
reintroduction and more informative management
of wild populations in the future.

ible to environ-

Darwin's fox

On Chiloé Island off the west coast of Chile, Charles
Darwin observed and was the first to describe a small
endemic fox, Pseudalopex fulvipes (Fig. 3.13). Darwin's
fox has the smallest geographic range of any living
canid (Osgood 1943; Cabrera 1958), and the unique
island temperate rainforest it inhabits is not dup
ated elsewhere. There are perhaps less than 500 foxes
currently in existence and none in zoos. Darwin’s fox
is distinctive in having a small body size, short legs,
and abbreviated muzzle (Osgood 1943). Kelated
foxes, widespread on mainiand Chile, and from
which Darwin's fox presumably arose, are the South
American chilla, P griseus, and the culpeo fox,
P culpacus. The former is about 50% larger than
Darwin's fox, and often assumed to be conspecific
with it (Tonacki et al. 1982; Wozencraft 1993). The
culpeo is generally the largest of the three, but size
variation within both the chilla and the culpeo is so
extreme that these specics are difficult to distinguish
in some areas (Fuentes and Jaksic 1979).

Darwin's fox was thought to be recently isolated
from mainland foxcs given that the channel separat-
ing Chiloé from the continent is only about 5 km
wide, and the island was likely connected to South
America when sea levels were lower during the last
glaciation (c.13000 years 67; Yahnke 1994). However,
recent sepots of Darwin's fox on the mainland in
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black-backed jackals have ncarly parallel dis-
tributions from Kenya to South Aftica whereas the
golden jackal has a distribution restricted to Fast
Africa but also inchudes much of the Eurasian sub-
continent. The golden jackal has probably entered
Africa only in the last half million years (Van
Valkenburgh and Waync 1994). All three species can
be found in the same habitats although the side-
striped jackal is dlearly more common in closed
woodland, whereas the other jackals frequent plains
and open acacia woodlands (Fuller et al. 1989).
Additionally golden jackals may be more diunal
than the black-backed which has a crepuscular activ-
ity cycle (tuller et al. 1989). Al threv specics take ver-
tebrate prey although the side-striped jackal include
more non-vertebrate prey and fruits in their diel
(Van Valkenburgh and Wayne 1994 and references
therein). The overlap in distribution and prey
suggests interspecific competition, which is further
supported by morphological studies showing div-
ergencein tooth size and shipe (Van Valkenburgh and
Wayne 1994). The presumed divergence in activity
and diet in sympatry support evolutionary hypothe-
ses that can be further tested with genetic data. First,
what arc the evolutionary reasons for the general
and phenotypic convergence among the three jackal
species? Prosumably, competition could e occurring
but if sympatry is recent there could be a time lag in
response (Wayne et al. 1989a). Alternatively, compe-
tition could cause divergence not in size, as is com-
mon in carnivores (Van Valkenburgh 1994), but
along other more subtle traits. Second, is ecological
and behavioural divergence sufficient to maintain
reproductive isolation?

26

Population variation and differentiation

The three jackal species have substantial levels of
mtDNA RILP and protein variation. In a sample of 26
golden, 29 black-backed, and 8 side-siriped jackals
from East Africa, 10, 12,and 3 haplotypes were found
(Table 3.1). Levels of protein heterozygosity app-
roached 10%, a value that is moderate 1o high for
canids and other vertebrates (Table 3.1). The three
specics differed in the amount of sequence varia-
tion between haplotypes (Fig. 3.8). The amount of
sequence divergence with the golden and side-
striped jackals was low, but with East African black-
backed jackal two divergent sequence clades were

found that differed by 8-12% sequence divergence,
which is as much as that commonly found between
canid genera {(Wayne ef al. 1997). Moreover, the rate
of molecular evolution appeared to differ by S0% in
the twa lineages implying a dramatic acceleration of
sequence evolution in one lincage. However, this
apparent differcnce was dependent on the outgroup.
used because when a wide range of outgroups was
included in the phylogeny, the rate ditference was
not as great (Wayne et al, 1997). Finally, the amount
of differentiation amony East Aftican populations
was in generat low; however, the presence of the two
divergent lineages only in the Rift Valley and not
elsewhere suggested it was an obstacle to dispersal
Further, new research (Wayne et al. in preparation)
suggests that South African black-backed jackals
have haplotypes from only one of the two divergent
clades in Fig. 3.8, but within this clade there is high
sequence diversity. This result implies that the clade
originated in South Africa (see Wayne et al. 19892)
and suggests a genetic division between East and
South Africa similar Lo that in wild dogs (Girman
el al. 2001).

The molccular data clearly suggests that a time lag
docs not explain the lack of size divergence among
the thice specics of African jackals. Relative to two
sympatric South American fox species thal have
diverged by S0%in size, the three jackal species have
an order of magnitude more sequence divergence.
“Thus, ecnlogical divergence can occur rapidly, in a
fow 100,000 years or less (Wayne et af. 19894). In
African jackals, interspecific competition appears to
have primarily caused divergence in diet, habitat
use, and time of activity (Fuller ef al. 1989; Van
Valkenburgh and Wayne 1994). Further, the recent
insinuation of the golden jackal into the East African
jackal guild appears o have caused a subtle response
in tooth dimensions of the East African black-
backed jackals thal is absent from its South African
conspecifics. Instead of size divergence, the three
species show a size convergence that may be caused by
competitive interactions with a diverse arcay of carniv-
orous species helow and above the size category inhab-
ited by the three jackals species (Van Valkenburgh
and Waync 1994). Finally, ecological or behavioural
divergence in the three specics scems sufficient to
maintain reproductive isolation as na haplotypes
were shared among them.
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Figure 3.8 Sampling localities and phylogeny of MIONA haplotypes of Afiican jockals (Wayne et al. 19892, 1990a)

Conservation implications

Jackals have a genetically diverse ancestry (Fig. 3.8)
and appear to have distinet ecological roles in their
community. The preliminary genetic survey of African
jackals shows that they do not interbreed in the wild.
However, as in wolf-like canids, interbreeding may

occur under circumstances where jackals are tare and
other eanids abundant or may occur in human
altered habitats. There have been heresay reports of
jackals interbrecding with dogs in urban settings and
papulations under a wide variety of ecological condi-
tions should be sutveyed to assess the possibility of
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(1997). Phylogeny of haplotypes with numerical id is shown,

‘number of genetic units of conservation concern can
be defined in small canids. Withrespect to the design
of reintroduction programmes, source stocks for
small canids should in general be drawn from smal-
ler geographic areas than the large canids. For exam-
ple, given the mtDNA findings (Figs 3.9 and 3.11),
the recent use of foxes from Colorado and South
Dakota tather than New Mexico or Texas as a
source for a reintroduction into Canadian Province,
Saskalchewan, appears to have heen appropriate
(Scoll-Brown et al. 1987). However, the Mexican kit
fox has unique haplotypes and merils conservation
concern as they are distinct and isolated from their
conspecifics in the United States. Levels of variation
do not scem critically low, however, and haplotype
diversity was similar to that in other canid popula-
tions (lable 3.1).

Island fox

‘The island fox, Urocyon littoralis, is an cndangered
species found only on the six Channel Islands off the
coast of southern California (Gilbert et af. 1990;
Wayne etal. 1991b). Theisland fox is an insular dwasf,

about two-thirds the size of its mainland ancestor, the
gray fox, Urcyon cineresargenteus (Collins 1991a;
Wayne el al. 1991). As suj
geological record, about 16,000 years ago, the three
northem islands, which at that time were connected
to ane another, were colonized by foxes from the
maittland. As sealevel rose, 9500-11,500 years ago, the
northern islands were separated. About 4000 years
ago, foxes first arrived on the southemn Channel
Islands and were probably brought there by Native
Amcricans. This succession of events, combined with
estimates of population size and island area, allows
predictions about refative levels of genetic variation in
the island populations (fable 3.4). For example, the
smallest and last founded populations should have
the least genetic variability (San Miguel and San
Nicolas Islands, lable 3.4). The largest and first found-
«d populations should have the highest levels of vari-
ation (Santa Croz and Santa Rosa Islands). Past
population sizes vary from several hundred to several
thousand individuals (Table 3.4, Wayne et al. 1991h;
Roemer et al. 2002).

Ihe ecology of island and continental populations
may differ because the finite area of small islands

ested by the fossil and
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Table 3.4 Genetic diversity of each island population
of the island fox

Island Ne DI lleta) MIONA He(f) Y,

SanMiguel 163 9500
SanaRosa 955 9500
SamaCruz 984 11000
SanNicolas 247 2200
Santa Catalina 979 2300
San Clemente 551 3800

0008 0031 013 062
0055 0031 034 097
0041 0026 019 1.12
0000 0.000 0.00 0.00
0000 0075 045 208
0013 0000 025 215

Note: The effective population size (Ne), duration of solation (D1 in years),
allozyme heterozygosity (He(a)), average number of substituions per
nueleotide for RFLP mIDNA (mONA), mirisatelite (ingerint DNA het.
erozygoshy (He{f), and variance in repeat scores of 19 microsatelite loci
(V). Motified from Goldstein et af. (1089) znd Wayne et al. (1991).

constrains dispersal and gene flow. Moreover, the
simple structure of island communities diminishes
the intensity of biological interactions, such as inter-
specific competition and predation (Stamps and
Buechner 1985; Adlcrand Levins 1994). Island popu-
fations typically have higher and more stable papu-
lation densities, increased survivorship, reduced
fecundity, and decreased dispersal distances (Adler
and Levins 1994). Additionally, changes in social
ecology including reduced aggression towards con-
specifics, reduced territory size, increased territory
overlap with neighbours, and an abandonment of
territoriality may occur (Stamps and Buechoer
1985). These changes have been termed the ‘Iskand
Syndrome’ (Adler and Levins 1994). In island foxes
these ecological, behavioural, and genetic predictions
of the island syndrome can be tested. Specifically,
because dispersal opportunities on small islands are
more fimited thap on the mainland, dispersal dist-
ances should be smaller than for mainland canids of
similar body size. Additionally, the consequences of
shorter dispersal distances may include higher local
levels of kinship among island foxes, a greater degree
of population substructure, and possibly a higher
frequency of incestuous matings (Stamps and
Buechner 1985; Adler and Levins 1994). Second, duc
to reduced metabolic requirements, it hus been
suggested that home range size should be smialler
(Gittleman and Harvey 1982). Moreover, home rangc
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overlap should be greater and territoriality either
reduced or absent (Stamps and Buechner 1985)

Population variation and differentiation

in general, predictions about genetic variation and
island azea and colonization time were supported by
molecular genetic analyses (Table 3.4; Gilbert ct al.
1990; Wayne ¢t al. 1991b; Goldstein et al. 1999). The
small, late colonized, San Nicolas population was
invariant in all genetic markers surveyed including
multi-locus DNA fingerprints and 19 microsatellite
loci (Gilbert et al. 1990; Goldstein et al. 1999; Roemer
ct al. 2001a, 2002; Table 3.4). Only inbred mice
strains show a similar lack of variation but no other
wild population except the inbred cusocial naked
mole rats approaches this level of monomorphism
(Jeffreys et al. 1985; Reeve et al. 1990). Similarly,
foxes from the smalicst island, San Miguel, had low
levels of variation. In contrast, those from the large
islands, Santa Catalina, Santa Rosa, and Santa Cruz
had higher levels of variation. However, the Santa
Cruzisland population, although founded early had
lower levels of mini satellite variation (He(f) than
expected and Santa Catalina, although founded fast,
had the highest levels of variation (Table 3.4).
Analysis of mtDNA RELP polymorphisms suggested
thiat Santa Catalina island may have been colonized
multiple times from Southern and Northern islands.
Tinally, although protein loci also showed the pre-
dicted paltern, Santa Rosa and Santa Cruz islands
had higher levels of heterozygosity than implied
by Jevels in other genctic markers perhaps suggest-
ing the action of sclection on these protein
loci (lable 3.4). Similarly, high variability in the
MIIC of San Nicolas island foxes indicates the
action of strong balancing selection (Aguilar et al. in
press).

Al populations were well differentiated (Fig. 3.12;
Wayne et al. 1991b; Goldstein et al. 1999). The island
faxes did not shate RFLP haplotypes with the main-
land grey fox and some populations had unique
haplotypes. Tor example, within the southern group
of istands, the small population on San Nicolas pos-
sessed a unique mtONA haplotype. Similarly, island
populations had unique multilocus  fingerprint
hands and microsatellite alleles and differed in allele
frequencies. Consequently, faxes could be correctly
classified to istand of origin, and haplotype trecs
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hybridization, The genetic dala indicate that some
regional subdivision may exist among black-backed
populations across the Rift Valley and at larger geo-
graphic scales between East and South African popu-
lations. These genetic diffcrences among populations
imply that topographic barricrs and distance are
important considerations in choosiag genetic units
for conservation. Within populations, bigh levels of
variation suggest that numbers are sutficient to main-
1ain population-level adaptation.

Kit fox and swift fox

Small canids such as foxes may have limited dispersal
ability and be less able to traverse topographic barri-
ers. Morcover, due to shorter dispersal distances,
small canids may showa more pronounced pattern of
genetic differentiation with distance and population
subdivision. The small arid land foxes of North
America are habitat specialists and relatively poor
dispersers. In California, for example, the kit fox of
the San Joaguin Valley, whose range is circumscribed
by the coastal mountain range to the west and the
Sierra Nevada mountain range to the cast, is consid-
ered a distinct subspecies (Vulpes macrotis mutica) and
is protected by the US Endangered Species Act (Hall
1981; O'larrell 1987). Populations to the east of the
Racky Mountains are collectively referred to as swift
foxes (Vulpes velox), and those to the west as kit foxes
(V. macrotis) (Fig. 3.9). However, the two forms
hybridize in north-central Texas and are recognized
as conspedific by some authors (Packard and Bowers
1970; Rohwer and Kilgore 1973; Nowak and Paradiso.
1983; O'Farrell 1987; Dragoo et al. 1990).

Population variation and differentiation

Results of miDNA RFP and cytochrome b sequence
analyses suggest thal genctic divergence is telated to
the distance between populations and the severity of
the topographic barricrs scparating them (Mercure
etal. 1993). A survey of 75 foxes from the north and
south San Joaquin Valley identificd three RELP haplo-
types that together defined a significant monophyletic
group (Figs. 3.9, 3.10and 3.11). A major genetic subdi-
vision within the Kit-swilt fos complex distinguished
populations from the east and west side of the Rocky
Mountains, consistent with the taxonomic distine-
tion between V. macrotis and V. velox. The divergence
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Figure 3.9 Phylogenetic tree of kit and swift fox haplotypes
based on analysis of MDNA restriction site data (Mecure
etal. 1993). Haplotype codes indicate individual ID numbers
and localities (see Mecure et al. 1993). Localites are coded
as follows: S, San Joaquin Valley; NV, Nevada; CA, Mohave,
Califomia; UT, Utah; AZ, central and southeast Arizona; NM,
New Mexico; GO, Colorado; WY, Wyoming. The New Mexico
{NM) focality s in the Kit-switt fox hybrid zone. Outgroup
species are: ALA, Alopex lagopus (Arctic fox) and W,
Vidlpes vuipes (red fox).

between thesc taxa was nearly as great as that between
them and the Arctic fox (Alopex fagopus) (Fig. 3.10),
often classificd in a separale genus (Fig, 3.9).
Furthermore, within each of the two major it-swift
fox mtDNA clades, genelic distances among popula-
tions tended to increase with geographic distance
(Mercure et al. 1993). The distinct phylogeographic
patternin the Kit-swit foxes contrasts with the lack of
pattern observed in coyotes and grey wolves
(Lehman and Wayne 1991) and suggests Lhat the kit
and swift fox may be distinct species. However, the
two forms hybridize in a contact zone in New Mexico
and microsatellite evidence indicates hybridization
oceurs frecly within the hybrid zone (Dragoo and
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Wayne 2003; Dragoo in preparation; Figs. 3.10 and
Tocality 41 3.11).

The Mexican kil fox (V. macrotis zinserd is an
endangered subspecies thal is restricted to the arid
plains of the Sierra Madre Mountains of Mexico
(Fig. 3.11). Because of its intermediate geographic
position, the Mexican kil fox could he assigned to
either kit or swift fox cladcs. Eight hundred base pairs
of eytochrome b sequence and three hundred and
sixty base pairs of control region sequence were
analysed to determine if Mexican kit foxes were
genetically distinct and to assess their relationship to
kit and swift foxes of the United States iMaldonado
et al. 1997). Two haplotypes were found in foxes
fiom Nuevo Leén and Coahuila, Mexico that dif-
fered by a single base pair substitution (Figs. 3.11).
These haplotypes were phylogenctically grouped
with those from kit foxes in Arizona, Utah and New
Mexico but diftered from them by 1-4 substitutions
(0.3-1.2%) in control region sequence. Consequently,
these results suggest that the Mexican kit foxes are
most closely related to the kit fox and populations
swest of the Rockies.

Kinship and group structure
Kit fox society appear to be structured in large part by
Kinship bonds. A genetic and observational study of
35 San Joaquin kit foxes found that kit foxes can be
solitary and paired and that paired foxcs may have
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Flgure 3.10 Arctic fox cubs
Alopex iagopus © L. Dalén.

an additional adult joining the group (Ralls et al.
2001). This additional adult was related to the mated
pair in two cases suggesting it was an offspring of a
previous year. Moreover, neighbouring females tend-
cd o share high relatedness and may share dens sug-
gesting lifelong  relationships  with  offspring.
However, unrelated individuals may sequentially use
the same den and be found in social groups. In the
former instance, use of the same den by unrelated
individuals may be unsuccessful pairing events.
Overall, the population deviuted from random mat-
ing, reflecting the non-random distribution of rela-
tives. These tesults suggest that reintioduction
cfforts need to consider kinship ties in any genctic
management ox restoration plan.

Conservation implications

The San Joaguin and Mexican kit fox arc genetically
distint populations hat are related to kit foxes west
of the Rocky Mountains. This degree of distinction
suggests a limited history of isolation and pravides
some support for special prescrvation efforts. ‘fopo-
graphic barriers such as the Colorado River or habitat
bartiers appear to influence geographic differcn
tion, but the predominant pattern within clad
one of geogravhic differentiation with distance, The
scale of differentiation with distance is much finer in
Kit/swift foxes than in large canids reflecting differ-
ences in dispersal abilities and suggesting that a larger
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‘“The most highly differentiated Norih American grey
wolf population is the Mexican wolf. Except for a
reintroduced experimental population, this sub-
specics was thought 1o be extinct in the wild and
exists anly in hree captive populations, each initiat-
ed by a small number of founders (Garcia-Moreno
et al. 1996; Hedrick e al, 1997). Two of the captive
Mexican wolf populations displayed a single diver-
gent mtDNA haplotype found nowhere else
(33 in Fig. 3.7) that is more closely related to a subset
of Old World haplotypes than to any New World
haplotype. This suggested that Mexican wolves
shared a more recent ancestry with wolves from the
Old World. Likewise, the most similar control region
haplotypes in the New World are five substitutions
(2.2%) and one insertion-deletion event different
from the Mexican wolf, whereas the most similar
haplotypes found in Eurasian populations are three
subslitutions (1.3%) different from that of the
Mexican wolf (Fig. 3.7, Vila et al. 1999). Further, the
basal posilion of the Mexican wolf sequences in
phylogenctic trees and analysis of historic museum
specimens suggests that the Mexican wolf is a relict
form stemming from an carly invasion of grey wolves
from Asia (Wayne etal. 1992; Vila et al, 1999; Leonard
etal. in preparation).

Wolf-coyote hybridization

Interbreeding between highly mobile species, such as
wolves and coyotes, may result in the development of
large hybrid zones. The grey wolf once ranged
throughout most of North America and parts of
Mexico, but over the past few hundred years, wolves
have been eliminated from the United States and
Mexico. Similarly, the red walf (Canis rufis) was
cxterminated by aboul 1975 from throughout its his-
toric distribution which included much of the south-
eastern United States, although it has since been
reintroduced to a refuge in North Carolina (Parker
1987). Coyotes interbred extensively with red
wolves as they approached extinction (Nowak 1979)
and consequently, MDNA haplotypes and micro-
satellite alleles otherwise unigue to coyotes arc
found in red wolves (Wayne and Jenks 1991; Ray
etal. 1994b). Howcver, an extensive genctic analysis
characterizing microsatellite and mtDNA variation
in coyotes, grey wolves, and historic and recent red
wolves found no markers unique to red wolves.
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tnstead, only haplotypes and microsatellite alieles
identical or very similar to those in grey wolves
and coyotes were found (Roy et al. 1994a,b, 1996),
Consequently, an origin of the red wolf through
hybridization of grey wolves and cootes in historic
times or earlier was postulated (Wayne and Jenks
1991; Roy et al. 1994b, 1996; Reich et al. 1999).

Evidence of hybridization between grey wolves
and coyotes from Minnesota and castern Canada
was revealed by analysis of mtDNA and microsatel-
lite loci (Lehman et al. 1991; Roy et al. 1994b)
Coyotes invaded Minnesota about 100 years ago and
then moved into eastern Canada and New England
within the last 50 years (Nowak 1979; Moore
and Parker 1992). MUDNA analysis of recent wolves
from the Great Lakes region found a high proportion
of haplotypes similar to those in coyotes. The frequ-
ency of coyotc haplotypes in grey wolves increased to
the east from 50% in Minnesota to 100% in Southem
Quebec. Hybridization between coyotes and wolves
in disturbed areas of eastern Canada where wolves
had become rare through predator control efforts
and habitat loss, but coyotes had become common
was hypothesized as the explanation of these resulls,
No sampled coyote had wolf-like haplotypes, sug-
gesting that the predominant cross was between
male wolves and female coyotes followed by a back-
cross to wolves (mtDNA is maternally inherited). This
conclusion that wolves and coyotes had hybridized
was also supported by microsatelite analysis show-
ing that wolves from this arca were genetically more
similar to coyotes than (0 wolves elsewhere and indi-
cated 2-3 successful hybridization events per genera-
tion (Roy et al. 1994b). Thus, the genctic data imply
both that significant hybridization has occurred
hetween the two species and that introgression of
coyote genes into the wolf population has occurred
over a broad geographic region.

New genetic results question these conclusions
(Wilson et al. 2000, 2003). Detailed genetic analysis
of eastern Canadian wol-like canids and coyotes hias
found divergent miDNA control region haplotypes
with a distribution centred at Algonquin Provincial
Vark, Ontario. These divergent haplotypes appear to
be phylogenetically similar to those of red wolves,
which in tumn arc giouped with haplotypes of coy-
otes. These results may indicate that the smallish
Grey wolf that formerly inhabited the Great Lakes
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areas, C. lupus lycaon, and the red walf, arc the same
species, designated as C. fycaon (Wilson f al. 2000).
These authors suggest that the Algonguin wolf is a
native New World wolf-like form that evolved inde-
pendently, from North American coyote-like ances-
tors (scc Nowak 2002 for alternative view). This
interpretation of new genetic data presents a navel
paradigm that should be tested with additional
genetic and morphologic data from populations of
coyotes and grey wolves (e.g. Tledrick et al. 2002)

Finally, a recent analysis of coyotes in the south-
castern United States has shown that onc dog haplo-
type appeared in multiple individuals across a large
arca (Adams ct al. 2003). This suggests an ancient
coyote-domestic dog hybridization cvent when the
first coyotes were expanding into eastern habitats
formerly occupied by red wolves.

Woif-dog hybridization

In the wild, hybridization between grey wolves and
dogs is likely to be most frequent near human settle-
ments where wolf density is low and habitats are
fragmented, and where feral and domestic dogs are
commaon (Boitani 1983; Bibikov 1988). The genetic
integrity of wikd wolf populations has beena concern
amony some conservationists (Boitani 1984; Blanco
etal. 1992; Butler 1994). The majority of wolf popula-
tions show no evidence of hybridization (Vila and
Wayne 1999), However, genetic studies have detected
limited wolf-dog hybridization in Bulgatia, Italy,
Latvia, Scandinavia, and Spain (Dolf ef al. 2000;
Randi et al. 2000; Andersonc et al. 2002; Randi and
Lucchini 2002; Vila et al. 2003a, in preparation).

Pack structure and mating systems

Generally, a wolf pack consists of a mated pair,
their immediate offspring, and adult or subadult
helper offspring from previous years (Mech 1999b)
In areas that have sufficient resources fo support
many wolves, packs develop well-defined territories,
and interpack aggression can be infense (Mech
1999). Thus, within each pack most members are
closely related, and they are less related to neigh-
bouring packs. Microsatellite analyses of wolf packs
in Denali National Park, Alaska and in Northern
Minnesota confirmed these relationships (Lehman
etal. 1992; Smith et al. 1997a). Additionally, genetic
fingerprinting showed that wolf packs are not inbred

and offspring disperse into neighbouring packs,
despite high levels of interpack aggression, ot form
new packs nearby. In Minnesota, for example, multi-
locus genetic fingerprinting showed that seven inter-
pack genetic similarity values were as large as those
between known siblings or parent-offspring pairs
(Lehman et al. 1992) and in Denali National Park,
six such interpack connections were discovered.
However, no interpack genetic similarity was observed
among wall packs in the Inuvik region of Canada’s
Northwest Territories. The difference in the number
of relatedness connections among the three popula-
tions may indicate higher genetic turnover in popu-
lations such as inuvik, where wolves are heavily
controlled.

Conservation implications
Several conservation implications are suggested by
the genetic results. First, because the endangered
Mexican grey wolf is genctically and physically
distingt, and historically isolated from other grey
wolves (Nowak 1979), the breeding of pure Mexican
wolves in captivity for reintroduction into the wild is
advised. Second, because most wolf populations in
North America are not strongly differentiated genct-
ically and gene flow is high among populations, rein-
traduction need not include only the nearest extant
populations as souree material. Although the rein-
troduced Yellowstone wolves are slightly different
from naturally recolomizing wolves in Montana,
the minor difference is not a conservation concern
(Forbes and Boyd 1997). However, reintroducing
wolves from populations where hybridization with
coyotes has occurred i pethaps not advisable (see
below). Finally, genctic analysis of recolonized papu-
lations in Montana and Erance has found that high
levels of genetic variation can be preserved (Forbes
and Boyd 1997; Scandura et al, 2001).

The grey wolf has been divided into as many as 32
subspecies worldwide (Hall and Kelson 1959). Nowak
(1995) suggested that the 24 North American sub-
species should be reduced to 5. However, rates of gene
flow among North American wolf populations are
high, and differentiation by distance characterizes
Lhe genetic variation of wolves at some geagraphic
scales. In this sense, typalogical species concepts may
beinappropriate because geographic variation in the
wolf is distributed along a continuum rather than
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alleles and reduced heterozygosity (Garcia-Moreno
«tal. 1996; Hedrick et al. 1997). Moreover, only two
mtDNA haplotypes were found in the three captive
populations (Hedrick et al. 1997). The total founding,
population numbered about seven. In the past, only
the certified lincage, founded from three individuals
of known Mexican wolf ancestry, was used in the cap-
tive breeding programme. However, genetic analysis
cstablished a close relationship among the three
captive populations and found no evidence of dog,
coyote, or Northern grey wolf ancestry (Garcia-
Morenoetal. 1996; Hedrick et al. 1997). Consequently,
1o preserve the maximumn genetic diversity of the
Mexican wolf, plans to interbreed the three
populations were deveioped. Like captive Swedish
wolves, Mexican wolves showed signs of inbreeding
depression (Eredrickson and Iledrick 2002; however,
sce also Kalinowski et al. 1999)

Founding events also can cause population botlle-
necks. Inbreeding over time in such populations
‘may contribute to the population decline (Frankbam
et al. 2002). Isle Royale, an island in northern Lake
Superior, was founded by a single pair of grey walves
that crossed an ice bridge from the Canadian main-
land about 1949 (Mech 1966). Thereafter, his isol-
ated and well-monitored population increased to over
50wolves by 1980, but then dramaticaily declined to
& dozen o fewer individuals by 1990 (Peterson and
Page 1988; Peterson unpublished data). For scveral
years no new litters were born. Disease and changes
in food abundance were first suggested as causes for
the decline, but both became increasingly improb-
able explanations when no evidence of disease was
found in serological surveys and when wolf numbers
did not increase as expected when their main prey,
the moose, increased (Peterson and Page 1988;
Peterson etal. 1998; Deterson 1999). Molccular genetic
analysis showed that the Isle Royale wolf population
possessed a single mIDNA haplotype, and only one-
half the level af allozyme heterozygosity observed i
an adjacent mainland poputation. Furthermore,
results of a multi-locus DNA fingerprint survey sug-
gested that the Isle Royale wolves were related about
as closely as full siblings or parent-offspring pairs in
captivity (Wayne et al. 1991a). Inbreeding depres-
sion was sugaested as the explanation for the popu-
lation decline as occasionally obscrved in captive
wolf populations (laikre and Ryman 1991; Laikre
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et al. 1993; Fredrickson and Hedrick 2002; however,
see Kalinawski et al. 1999), Alternatively, after the pop-
alation crash 10 a single breeding pair, only wolves
that recognized each other as siblings or parent—
offspring were available for pair bondingand they may
have avoided breeding (Wayne ef al. 1991a). Thus,
behavioural avoidance of incest may have prevented
the formation of additional breeding pairs until ind
viduals from litters with no temporal overlap were pro-
duced. A similar explanation has been suggested Lo
explain the lack of growth for Lhe Scandinavian wall
population for oue decade, until a migrant arrived and
allowed non-incestuous matings (Vila et al. 2003b).

Genetic differentiation

Grey wolves show evidence of genetic differentia-
Lion on regional and continental scales, Wolves in the
Old and New World do not commaonly share mtDNA
haplotypes as defined by RFI P (Wayne et al. 1992) ot
by control region sequencing (Vila et al. 1999).
However, a network analysis of these data indicates
that the New World was invaded multiple times
Dy wolves representing distinct haplotype clades (e.g.
haplotypes 28, 20, 30, 31, 32, and 33 in Fig. 3.7).
Alternatively, asingle invasion followed by geograph-
ic lineage sorting is a possibility although work in
progress on DNA from Arctic permafrost specimens
accumulated over the last 50,000 years supports mul-
tiple invasions (Leonard et al. in preparation).

‘The degree of genetic subdivision among popula-
tions differs in wolves of the Old and New World
(Wayne et al. 1992; Randi 1993; Roy et al. 1994b;
Randi and Lucchini 1995; Ellegren et al. 1996; Forbes
and Boyd 1996, 1997; llegren 1999; Vila etal. 1999;
Randi et al. 2000; Scandura et al. 2001). In the Old
World, mtDNA data suggest that most populations
are genetically differentiated with the exception of
neighbouring populations such as those in Spain
and Portugal or recently invaded arcas such as
France, where ltalian wolves have migrated (laberlet
e al. 1996¢; Vila et al. 1999; Randi et al. 2000). In
Western Europe, genctic subdivision may reflect
recent habitat fragmentation that occurred over the
past fow 100 years with the 1oss of forests and, more
Importantly, adramatic decrease in the size of all wolf
populations due 1o human persecution (Wayne
et al. 1992; Vila et al. 1999). Tinally, in Asia, new
mitachondrial DNA evidence supports two subspecics
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Figure 3.7 Minimum spanning tree of Grey wolf (1-34)
haplotypes hased on analysis of controi region sequences
(vila et af. 1999). Shading of crcles indicates continent
where each haplotype was found.

Hypothesized haplotype

of highly distinet Iimalayan and lowland Indian
wolves (C. iupus patlipes and C. 1. chanco, respectively).
(Aggarwal etal. 2003; Sharma et al. 2003)

However, genetic divergence between populations
does not show a consistent relationship with geogra-
phy. For example, mtNA control region sequences
from China (haplotypes 17, 22, and 23 in Fig. 3.7) and
Spain (haplotypes 1, 2, and 4) are more similar than
are those from Spain and [taly (haplotype 5). More-
over, some localitics, such as Greece, contain highly
divergent control region sequences (haplotypes 3, 6,
10, and 11). This pattem suggests the effect of super-
imposed invasions following the many glaciations of
the Pleistocene as well as recent genc flow. With each
glacial retreat and the advance of forest into formetly

placiated areas, new waves of immigrating wolves
may have added genctic diversity to refugial popula-
tions (see Hewitt 2000), resulting in very poorly
defined patterns of mDNA sequence differentiation
acrass populations (Vila et al. 1999). Consequentl,
the degree of genetic similarity between populations
may depend more on the population specific history
of immigration and demography rather than on the
geographic distance separating populations (e.g.
Teonard ct al. 2000; Barnes et al. 2002).

‘The presence of genetic subdivision in Europe con-
trasts with the patterns in North America where clinal
variation in miciosatellite alfeles may exist over short
distances (Forhes and Boyd 1996, 1997) although it is
Jess apparcnt at a continental scale (Roy et al. 1994b).
Similarly, mt1INA haplotypes are shared across large
distances (Wayne et al. 1992; Vila et al. 1999) but
some geographic patterns also are evident. For exam-
ple, mitochondrial RELP haplotype W3 was com-
mon in Alaska and Northwest Territories but absent
from populations in eastern Canada (Wayne et
1992). Conversely, RELP haplotype W I was absent in
Alaskan wolves but common in eastern Canada.
Asimilar pattern was observed for mitochondriat con-
trol region sequences (Vila et al. 1999). Conceivably,
these weak clinal patterns reflect prior Pleistocene
isolation in a southern and Alaskan refugia followed
by expansion and intergradation during interglacials
(Hewitt 2000). Water barriers and differences in prey
may also result in differentiation. For example, a
recent study found that wolves specializing on dif-
ferent caribou herds in the Canadian Northwest as
well as populations on Banks and Victoria Islands
were differentiated (Carmichacl ef al, 2001). Finally,
another Jevel of complexity is suggested by the
recent fnding that the Great Lakes wolf population
may have been a distinet red wolf-like canid, Canis
Iycaon, which is now interbreeding with grey wolves
that have migrated into eastern Canada after the last
glaciation and coyotes which have entered the
region in the past 100 years {sce below; Wilson
et al. 2000). Regardless, North American grey wolves
proved not to be as dramatically structured and
reduced in variation as their Old World counterparts
as evidenced by the abservation that population
variability was high and levels of differentiation were
low (Wayne et al. 1992; Roy et al. 1994b, 1996; Vila
ctal. 1999).
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being parlitioned into discrete geographic areas
delincated by fixed boundaries. A focus on locality-
specific adaptations to prey size or climate (e.g.
‘Thurber and Peterson 1991; Carmicheal et al. 2001)
or size variation with latitudc may be a mote appro-
priate guide to conservation rather than arbitrary
boundaries of a continuously distributed and highly
mobile species (Crandall efal. 2000). Finally, although
contemporary wolt populations in Europe appear
more genetically subdivided than their North
American counterparts (Wayne et al. 1992; Vila et al.
1999; Randi et al. 2000), the North American paltern
might well retlect the ancestral condition in Weslern
Europe prior to habitat fragmentation and popula-
tion decimation. Therefore, efforts to increase gene
flow among European wolf populations 1o levels
similar to that in North America could be defended.

‘The possible presence of a hybrid zone between a
native northeastern wolf species, C. Iycaon, and
coyotes and grey wolves (see above) complicates
faxonomic and conservation recommendations. 1f
C.lycaonis a distinct species, conspecific with the red
wolf, then captive breeding and conservation efforts
insitumay be urgently needed. If C. fycaon is a hybrid
between grey wolves and coyoles that is due o
human-induced habitat changes and predator con-
trol efforts, then further conservation efforts may
not be warranted (Jenks and Wayne 1992; Wayne
and Brown 2001). For the hybridization process to
be of conservation concem, even hybridization
hetween a unique North American wolf and other
canids, it should be caused by human activities rather
than natural processes, such as glacial-induced range
expansions.  Additional genetic data involving
multiple mifochondial, nuclear, and Y chromosome
markers are nceded to better test alternative hypo-
theses for the origin of the red wolf and the Algonguin
wolt. Finally, wolf-dog hybridization is a non-natural
occurrence that fortunately may be of concern only in
afew European populations (see above).

Perhaps of greater concern is the loss of genetic
variation in isolated woif populations in the Old
World (see above). Inbrecding depression has been
documented in captivity (Laikre and Ryman 1991;
Laikre et al. 1993; Tederoff and Nowak 1998;
Fredrickson and Hedrick 2002; but f, Kalinowski ¢t al.
1999). Italian, Scandinavian, and Isle Royalc wolves
fave levels of average relatedness approaching
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inbred caplive populations (sec above), and could
congeivably suffer a decrease in fitness that would
eventually affect population persistence (Mace et al.
1996; Hedrick and Kalinowski 2000). High levels of
sene flow likely characterized Old World popula-
tions in the past, so there is reason to restore past
levels of gene flow in parts of Europe, either through
habilal restoration and protection along dispecsal
conidors or through translacation. Tuture research
shauld be aimed al monitoring and predicting gen-
etic changes that will occur in wolf populations and
(rying Lo determine any possible population effects.

One outslanding question is the genetic effect of
wolf hatvesting. Preliminary fingerprint data suggest-
ed that one heavily controlled population had fewer
kinship ties and more genetic turnoyer than two pro-
Lected ones (see above, Lehman e al. 1992; Williams
et al. 2003). If interpack kinship affects social stability
and pack persistence (Wayne 1996), then control
plans that minimize the effects on genctic popula-
tion structure may need to be considered. Another
need is to assess the extent to which population
genetic variation is relevant to survival and reproduc-
tion and hence to the persistence of populations. The
role of the MHC in immunity to infectious disease is
an important candidate in this regard (Iledsick and
Kim 1999; Hedrick and Kalinowski 2000; Iledrick
et al. 2000, 2002; Seddon and Ellegren 2002; Aguilat
ctal.in press). Finally, new genetic techniques such as
microsatellite analysis, ¥ chromosome haplotypiog
(Sundquist et al, 2001; Vil ef al. 2003a) and faccal
DNA typing promise a new understanding of woll
mating systems and of the role of kinship on behay-
iour. Faccal DNA analysis is a non-invasive approach
that can be used to census populations, document
patterns of mating and kinship, and assess scx ratios
and population differentiation (Kohn and Waync
1997; Kohn et al. 1999; Luchinni et ai. 2002).

The African jackals

The golden (Canis aureus), black-backed (C. mesomelas),
and side-striped jackals (C. adustus) are medium-sized
and morphologicaily similar African canids. All have
been studied with molecular genelic techniques
(Wayne ct al. 1989, 1990a,b). The three species are
found in savanna and acacia woodland habitats
in sub-Saharan Africa. The sidesstriped and





