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PREFACE

 Arizona Game and Fish Department recognizes and endorses the need 
to manage mammalian predators to maintain historic distribution in the state and 
to allow for maximum aesthetic, economic, and recreational uses of these spe-
cies commensurate with existing wildlife. Mammalian predators in Arizona have 
diverse life strategies and occupy various habitats ranging from arid, low deserts 
to wetter, higher elevation forested regions. Given the present state of knowledge 
about mammalian predators in the state, many unanswered questions remain re-
garding fundamental biology of these species. Monitoring trends of populations 
and developing effective management prescriptions for these species thus remain 
formidable tasks.
 This book was conceived to provide an overview and synthesis of in-
formation about various aspects of life histories and management of mammalian 
predators relevant to Arizona. Prior to publication of this book, there was no single 
source available to provide this perspective. Our goal was to provide a brief intro-
duction to available information that provides biological foundations for manage-
ment of mammalian predators in Arizona. 
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Chapter 1 
Black Bear

 
Stan Cunningham, Research Branch
Arizona Game and Fish Department
 
Common name - Black Bear
Scientific name - Ursus americanus

Life History

Description
 Black bears (Ursus americanus) in the Southwest average between 2 and 
2.5 feet tall at the shoulders when standing on all 4 legs, and are about 6 feet tall 
when standing on hind legs. Adult females and males average about 150 and 275 
pounds, respectively. Some males might weigh more than 400 pounds, but this is 
uncommon. 
 Natural life 
expectancy of black 
bears varies region-
ally (Bunnell and 
Tait 1981), but they 
often live more than 
20 years in the wild; 
a 27-year old female 
and a 23-year old male 
were captured in New 
Mexico (Costello et al. 
2001). Two different 
females in New Mex-
ico produced litters at 
22 years of age.
 Several color phases of black bears exist indicating a number of gene 
pools. Lighter-colored bears occur in arid regions (Cowan 1938, Piekielek and 
Burton 1975). Among 105 bears captured in the Pinaleño Mountains of Arizona, 
10% were black, 42% were dark brown, 45% were brown, and 3% were blond 
(Waddell and Brown 1984). In New Mexico, 75% of black bears captured were 
brown phase (Costello et al. 2001). 

A black bear in a coniferous montane forest meadow. 
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 In 1999, the statewide population of adult black bears in Arizona was 
estimated to be 2,500 animals occupying about 12,600 square miles of habitat 
(Arizona Game and Fish Department 2000). Black bears occur in most wood-
land habitats, including Madrean evergreen woodlands, mixed conifers, spruce-
fir (Picea spp.–Abies spp.), ponderosa pine (Pinus ponderosa), and pinyon-juniper 
(Pinus edulis–Juniperus spp.), and are common in interior chaparral habitats ad-

jacent to forests. During 
prickly pear (Opuntia en-
glemanii) fruiting season, 
black bears also occupy 
habitats in the Sonoran 
Desert, often along river 
corridors. Black bears 
rarely are seen in areas of 
coniferous forests north 
of the Colorado River in 
Arizona.
 Arizona black 
bear densities are greatest 
in central and southeast-
ern regions (Figure 1). 
Diversity of vegetation in 
desert sky islands (rem-
nant stands of mixed 
conifers, Madrean ever-
green woodlands, and 
ponderosa pine at higher 
elevations, surrounded 
by interior chaparral and 
Sonoran Desert scrub 
vegetation at lowest ele-
vations) and just south of 
the Mogollon Rim pro-

vides more reliable fruit and nut food sources than other areas. Black bear densi-
ties in Arizona are similar to or exceed those documented elsewhere in southwest-
ern North America, and are relatively high in comparison to other populations in 
the United States (range 0.03 to 1.93/square mile). In regions of more homoge-
neous ponderosa pine and mixed conifers north of the Mogollon Rim, densities 
are one-half to one-third of densities in central and southeastern Arizona. Fewer 
bears inhabit areas north of the Mogollon Rim because of reduced plant diversity 
and decreased availability of food resources (LeCount and Yarchin 1990).

Distribution
 Before European settlement, black bears occurred in all forested habitats 
in North America, including Canada and Mexico. They still occur in 38 states, 
11 Canadian provinces, and 7 Mexican states. Black bears in Arizona occur from 
northwest to southeast portions of the state (Figure 1). 

Figure 1. Distribution of black bears in Arizona.

 

Black bear habitat occurs in sky island chaparral, Madrean ev-
ergreen woodlands, and mixed conifers. Sky islands are moun-
tains isolated by valleys. These forested mountain ranges became 
somewhat isolated from each other during the last glaciation. 
Desert grasslands and desert scrub exists in the valleys between 
the sky islands. Sky island ecosystems are unique because they are 
home to perennial streams, greater numbers of endemic species, 
and many threatened and endangered species in the Southwest. 
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Habitat 
 Black bears in the Mazatzal Mountains and south of the Mogollon Rim 
in Arizona prefer Madrean evergreen woodlands and interior chaparral habitats, 
and avoid desert grasslands (LeCount et al. 1984, Mollohan 1985). Females north 
of the Mogollon Rim avoid open areas of ponderosa pine, and select smaller ar-
eas (less than 5 acres) 
of maple (Acer spp.) 
and mixed conifer 
“maternity sites” that 
provide adequate cov-
er, water, green grass, 
and large trees (Mol-
lohan 1985). Black 
bears in east-central 
Arizona prefer steep 
slopes (more than 
20%) in old growth 
mixed conifer stands 
with multi-storied 
canopies and greater 
horizontal cover near 
the ground (LeCount 
and Yarchin 1990). 
Black bears avoid 
ponderosa pine for-
est, unless it provides 
structural characteris-
tics similar to mixed 
conifer forests.                             
 Rega rd le s s 
of vegetation type, 
black bears prefer 
horizontal cover up 
to 6.5 feet, less than 50% canopy overstory, presence of trees more than 2 feet 
in diameter, and slopes more than 20% (LeCount et al. 1984, Mollohan 1985, 
LeCount and Yarchin 1990, Cunningham et al. 2001). Density of shrubs at mid-
day bedding and feeding sites is 5 times greater than density at random points. 
Black bears prefer trees greater than 2 feet in diameter in bedding areas (Mollo-
han 1985, Cunningham et al. 2001), likely to reduce predation on cubs (Herrero 
1972). Black bears select habitats with tall cover near food sources (LeCount et 
al. 1984, Mollohan 1985, Cunningham et al. 2001). All research studies suggest 
cover is more important than food in selecting habitats.

Black bears in Arizona prefer madrean evergreen and mixed conifer 
vegetation.

Hibernation 
 Hibernation likely evolved to 
avoid scarcity of food (Pelton 1982). 
Timing of all other black bear activities 
is probably an evolutionary consequence 
of hibernation. Physiological state of 
bears during winter is considered to be 
true hibernation (Hellgren 1998); some 
biologists consider it to be the most 
refined response to starvation of any 
mammal (Nelson 1980). A hibernating 
black bear generally does not drink, eat, 
defecate, or urinate for up to 7 months 
(Nelson 1980, Hellgren 1998). Energy 
stored in body fat generates metabolic 
activity. Bears are unique in recycling waste products of fat metabolism, whereas 
small mammals must periodically become physically active during dormant pe-
riods to eat and to eliminate wastes. During hibernation, bears save energy by 
reducing metabolic rate as much as 50% and by lowering heart rate from 40 to 50 
beats per minute to 8 to 10 (Hellgren 1998). Unlike small mammals that lower 
body temperature to 50 degrees Farenheit (°F) or less during hiberation, the body 
temperature of a hibernating black bear drops from a range of 98.6 °F to 100.4 °F 
to 87.8 °F to 95 °F (Hellgren 1998). Maintenance of near-normal body tempera-
tures allows black bears to arouse quickly if disturbed.
 
Diets
 Black bears are primarily herbivorous, and eat mostly grass for the first 
2 months after hibernation, switch to early maturing fruits and animal matter 
(primarily insects) in mid-summer, then eat hard and soft nuts produced by trees 
(mast) during late summer and autumn. Areas of the Southwest with several 
species of oaks (Quercus spp.) provide premium habitat for bears; production of 
acorns varies among years and oak species (Mollohan and LeCount 1989).
 Oaks and junipers produce the most consistently eaten mast species in 
the Southwest. Manzanita (Arctostaphylos spp.), serviceberry (Amelanchier bak-
erii), prickly pear, juniper, raspberries (Rubus strigosus), and 6 species of oaks 
were eaten most in Madrean evergreen woodland and interior chaparral habitats 
(LeCount et al. 1984, Mollohan 1985, Cunningham et al. 2001). Black bears in 
ponderosa pine habitats moved each autumn into Madrean evergreen woodland 
at lower elevations to take advantage of more abundant mast (Mollohan 1985). 
Black bears ate grasses and insects in east-central Arizona, but switched to oaks, 
squawroot (Conopholis mexicana), and gooseberry (Ribes pinetorum) as these foods 
became available in late autumn (LeCount and Yarchin 1990). In New Mexico, 

Biologists return this black bear to its hiber-
nation den following capture and collection 
of data to better understand its biology and 

habitat needs.
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oaks, juniper, squawbush (Ri-
bes spp.), and chokecherry 
(Prunus virginiana) were the 
most important plants in diets 
of black bears (Costello et al. 
2001).   
 Although black bears 
are capable of surviving on 
a primarily carnivorous diet 
(Schwartz and Franzmann 
1991), vegetation comprises 
more than 75% of their diets 
in the Southwest. Black bears 

in the Southwest sometimes prey on mule deer (Odocoileus hemionus), javelina 
(Pecari tajacu), elk (Cervus elaphus), and domestic livestock, as well as smaller 
animals.

Nutrition and Reproduction
 Annual variation in availability of food resources contributes to posi-
tive correlations between abundance of food and reproduction by black bears in 
North America (Rogers 1976, Eiler et al. 1989, Elowe and Dodge 1989, Miller 
1994, Costello et al. 2003), or differences in availability of food resources be-
tween study areas or home ranges (Elowe and Dodge 1989, Schwartz and Fran-
zmann 1991). Productivity of females has been linked to nutritional condition 
(Noyce and Garshelis 1994, Samson and Huot 1995). Production of oak mast 
does not solely affect reproduction. Perhaps only a minimum threshold of high 
quality food is needed for successful reproduction (Costello et al. 2003). 
 Black bears in the wild have low reproduction rates because of small 
litter sizes, 2–3 year intervals between litters, food shortages caused by climatic 
events, attainment of sexual maturity at 4–7 years of age, and stress caused by 
disturbances or higher densities of bears, both of which can affect reproductive 
physiology (Jonkel 1978). Age of first reproduction and breeding interval can 
be influenced by nutritional condition; earlier breeding occurs when nutrition 
is high (Bunnell and Tait 1981). Reproductive rates are not affected by density 
(i.e., reproduction will not lessen if abundance of bears increases) of a popula-
tion (Beecham 1980, Bunnell and Tait 1981). Removal of adult females from a 
population does not contribute to increased productivity of remaining females 
(LeCount 1987a). Also, removal of males and females from a population does not 
correspond with higher reproductive rates (Beecham 1980).
 Female black bears give birth in dens during hibernation in winter and 
must meet requirements of gestation and lactation, as well as other metabolic 
processes. Bears developed 2 strategies to meet requirements of reproduction that 

A black bear in mixed conifer habitat.

likely are linked to hibernation (Costello et al. 2001). Black bears breed dur-
ing May and June and experience delayed implantation, in which fertilized eggs 
remain in the uterus for several months before implanting in the uterine wall. 
Although breeding occurs in spring or summer, development of fetuses usually 
does not begin until a female starts to construct or enters her den (Jonkel 1978). 
If a female is nutritionally sound at onset of hibernation, embryos (called blasto-
cysts at this stage) implant in the uterine wall and a gestation period of about 90 
days begins. Cubs usually are born in January or early February (Hellgren 1998) 
and weigh only 8–10 ounces. Failure to produce litters has been linked to poor 
nutritional condition (Noyce and Garshelis 1994).

Mating and Cub Rearing 
 During the May to June breeding season, males travel long distances 
to find and breed different females. Barren females and females with yearlings 
generally will be receptive to males. Frequent fighting might occur among males 

in areas with dense populations 
of bears. Adult males often kill 
cubs; females with new cubs likely 
avoid males by selecting different 
habitats (LeCount et al. 1984). 
Females with young cubs rarely 
breed (LeCount 1983). A mini-
mum interval between successful 
births usually is 2–3 years. 

 Males probably kill cubs because 
estrus can be induced in females if 
lactation abruptly ceases for 2 to 3 
days (Jonkel 1978). Thus, if a male 
kills cubs and remains with the 
mother for a short time, he likely 
can breed with her. Predation by 
males likely is the primary cause 
of mortalities of cubs (LeCount 
1987b). Although male black 
bears might recognize and not kill 
their own cubs (Jonkel 1978), this 
has not been proven. 
 Cubs in the southwestern 
United States generally remain 
with their mothers until 14 to 
18 months old (LeCount 1983, 
Costello et al. 2001), and den 

Arizona Game and Fish Department biologist Stan 
Cunningham with young black bear cubs taken tem-
porarily from the den to collect important data to help 
biologists better understand the life history of black 

bears in Arizona.
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with their mothers during their second winter. When an adult female comes into 
estrus, she severs contact with her cubs, and the family group bond is broken 
(Schwartz and Franzmann 1992). Young bears, especially immature males, then 
disperse, often for long distances, perhaps to avoid encounters with adult males. 
Conversely, young females often establish home ranges adjacent to home ranges 
of their mothers (Schwartz and Franzmann 1992, Costello et al. 2001).

Litter Size
 Litter sizes range from 1 to 5 cubs, and sex ratios usually are equal 
(LeCount 1987a). Mean size of litters in studies in the Southwest ranged from 1.7 
to 2.3 cubs (Table 1). Size of individual litters ranged from 1 to 3 cubs. In North 
America, mean size of litters decreases at more eastern longitudes and increases at 
higher latitudes (Bunnell and Tait 1981). Although presence or absence of a litter 
may be affected by nutrition, size of a litter is not, and likely is genetically fixed 
(Bunnell and Tait 1981).

Table 1. Locations, major reproductive characteristics, and references for studies 
of black bears in southwestern North America.  

Location Mean birth 
interval
(years)

Mean litter 
size

Mean age 
at first litter 

(years)

References

Arizona Unknown 1.9 to 2.3 1.8 to 4.7 LeCount 1982, 
1987a, 1990; 

Cunningham et 
al. 2001

Colorado 2.2 2.0 4.7 Beck 1991

New Mexico 1.7 to 2.0 1.7 to 1.9 5.6 to 5.8 Costello et al. 
2001

Birth Intervals
 Mean number of years between producing cubs (birth interval) in the 
Southwest ranged from 1.7 to 2.2 years (Table 1). Birth interval has been linked 
to female nutritional condition. Litters in successive years likely indicate no cubs 
survived from the previous year because females with cubs rarely breed (LeCount 
1983); short birth intervals might indicate relatively poor growth of a popula-
tion. For example, the lowest birth interval in central Arizona followed a wildfire 
(Cunningham and Ballard 2004), when no cubs survived. Average interval be-
tween successful rearing of cubs to dispersal likely is a more useful statistic than 
birth interval (Carrel 1987). 

Age at First Reproduction
 Mean age at first reproduction in southwestern North America ranged 
from 1.8 to 5.8 years (Table 1). Scarce forage or poor quality habitat might re-
sult in an older mean age at first reproduction (Bunnell and Tait 1981). Age at 
first reproduction is correlated with body weight in wild populations (Stringham 
1990). 
Age and experience of female bears also can affect survival of cubs. In New Mex-
ico (Costello et al. 2001), females with first litters experienced significantly lower 
survival of cubs, compared to survival of cubs in subsequent litters (38% and 
62%, respectively). Among 22 litters in Massachusetts (Elowe and Dodge 1989), 
4 of 7 females with first litters lost entire litters, whereas none of 15 experienced 
females lost whole litters.

Distribution and Movements
 Home Range.—Density of black bears is influenced by size of areas 
traveled by bears during normal activities. Smallest home ranges in the South-
west were in Madrean evergreen woodland/interior chaparral in the Mazatzal 
Mountains and just south of the Mogollon Rim in Arizona. Home ranges of 
females and males in these areas were 5.6 to 6.7 square miles and 13.5 to 44.4 
square miles, respectively (LeCount et al. 1984, Mollohan 1985, Cunningham 
et al. 2001). Home ranges of females and males in ponderosa pine habitats were 

about 40.1 and 235 square miles, 
respectively. In general, male 
home ranges in the Southwest 
are similar to those in other ar-
eas, are 5 times larger than those 
of females, and often overlap 7 to 
15 female home ranges (Bunnell 
and Tait 1981). Overlap of home 
ranges of black bears varies from 
slight (Jonkel and Cowan 1971, 
Rogers 1976) to extensive (Lin-
dzey and Meslow 1977, Reynolds 
and Beecham 1980, Costello et 

al. 2001). Extensive overlap of home ranges occurs in areas with patchy and un-
predictable food sources (Reynolds and Beecham 1980, Costello et al. 2001).
 Larger home ranges of black bears in areas with less available mast (pon-
derosa pine, spruce-fir, and even mixed conifer) result from movements to locate 
seasonally available food sources (Mollohan 1985, LeCount and Yarchin 1990, 
Costello et al. 2001). During years of food shortages, annual home ranges might 
greatly increase, even in good habitat. Home ranges of females in the Mazatzal 
Mountains in 2000 increased from 5.8 to 48 square miles when females left resi-

A young black bear on the move, likely looking for a 
new place to establish a territory.
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dent territories to search for food in nearby mountain ranges. Most long-range 
movements, particularly during times of food shortages, occur during late sum-
mer and autumn, making female black bears more susceptible to hunters (Costel-
lo et al. 2001).
 Territory.—Territories (defended areas) of black bears are optimally 
spaced and evenly distributed where resources are plentiful. It is not beneficial 
for wildlife to establish and defend territories in areas where availability of food is 
patchy or unpredictable (Horn 1968, Wiens 1976). 
 Defense of territories generally is greater between females than males, 
suggesting that relative abundance of forages essential to reproduction affects 
territoriality. Populations of bears inhabiting areas of the West with concentrat-

ed food sources, such as berry 
patches, oak stands, and salmon 
(Oncorhynchus spp.) streams, 
generally have a dominance hier-
archy with a high degree of home 
range overlap (Bunnell and Tait 
1981) and less defense of territo-
ries. 
 Dispersa l.—Dispersa l 
of black bears 1 to 3 years old 
(subadults) begins during the 
breeding season. Males more 
often disperse further than fe-
males (Schwartz and Franzmann 
1992). Dispersal increases the 
probability of hunters harvesting 

black bears; sex-related behavioral differences among subadults should be consid-
ered in managing harvested populations (Schwartz and Franzmann 1992). Black 
bears might slowly repopulate a burned area, and transplants might be required 
to re-establish populations after large-scale fires (Cunningham et al. 2001).
 Translocation.—Regulatory agencies responsible for management of 
black bears frequently are required to respond to calls related to “nuisance” bears. 
Nuisance bears often are captured and relocated in attempts to abate unaccept-
able behaviors and place animals in other areas where they might establish new 
home ranges. Probability of relocated bears returning to original capture sites is 
inversely related to distance moved (Sauer et al. 1969, Beeman and Pelton 1976, 
McArthur 1981, Rogers 1986). Bears that were moved more than 35 miles from 
capture sites seem less likely to return.
 In New Mexico, 8 bears were translocated from 16 to 52 miles from 
capture sites, and 73% of bears returned to areas where they were captured within 
1 to 328 days (Costello et al. 2001). In Arizona, 17 cubs were translocated after 

This black bear is sporting a new radiocollar in chapar-
ral and Madrean evergreen habitat. Biologists hope to 
track the movements of this bear to better understand 

biological needs throughout the year. 

being captured within the urban area of Phoenix during September 2000. After 
gaining sufficient weight and receiving medical attention, they were released in 
dens or in known bear habitat the following March to May. No cubs returned to 
the urban area of Phoenix, and some dispersed distances up to 124 miles. 

Survival
 Cubs.—Survival of cubs is extremely variable between populations and 
among years, and ranged from 0% to 90%. Survival rates of cubs in Arizona were 
similar to those for other populations in the Southwest (Table 2), but were lower 
than those in northern latitudes and central and eastern states. Cub mortalities 
usually are estimated by changes in sizes of litters between cubs and yearlings, 
but this method might underestimate mortality of cubs (Bunnell and Tait 1981, 
1985).

Table 2. Locations, annual cub survival rates, number of cubs, and references for 
studies of black bears in western North America.

Location  Survival rate  Number       
of cubs

 References

Arizona 0 to 0.90 16 to 43 LeCount 1982, 1987b, 
1990; 

Cunningham et al. 2001
Colorado 0.41 to 0.73 39 Beck 1991

Mexico 0.81 25 Doan-Crider and 
Hellgren 1996

New Mexico 0.55 148 Costello et al. 2001

 Nutrition seems to regulate the ability of a female to produce offspring 
independently of bear density. However, predation of cubs and subadults by 
adult males (density dependent mortality factors) is more likely to occur at high 
densities. Predation by bears is the second highest cause of mortalities of cubs 
and subadults, and is exceeded only by human harvest (Bunnell and Tait 1981). 
Adult males might limit or regulate densities of populations by killing or evict-
ing younger males (Bunnell and Tait 1981), assuming mortality and dispersal of 
subadult males and females increase with increasing density of adult males. 
 Removal of adult males from a population might result in higher lo-
cal abundance of black bears (Kemp 1976). In another study, removal of adult 
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males did not result in a local population increase (Miller 1990). If resident males 
recognize and do not kill their own cubs and kill fewer cubs than immigrant 
bears, over-harvest of males could reduce density of a population (Rogers 1977, 
LeCount 1987a). Fifty two percent of cubs survived in central Arizona (LeCount 
1987a), but no cubs born after a catastrophic wildfire in the Mazatzal Mountains 
in Arizona survived their first year of life (Cunningham et al. 2001, Cunningham 
and Ballard 2004). 
 Subadults.—Survival of subadults is difficult to estimate because of 
long-range movements and prolonged period of time it might take for a subadult 
to establish a resident home range (Bunnell and Tait 1985). Hunting likely is the 
primary cause of mortality, and dispersing subadult males likely are particularly 
vulnerable to harvest (Elowe and Dodge 1989, Schwartz and Franzmann 1992). 
Survival of subadults in the Southwest varied among studies (Table 3).

Table 3. Locations, estimated annual survival rates, numbers (male and female) of 
subadults (1 to less than 3.5 years of age), and references for black bears studied 
in southwestern North America.
                         

Location Survival rate 
 

Males/females References

Arizona 0.57 30 (sexes not 
analyzed separately)

LeCount 1987b

Colorado 0.76 to 0.94 29/25 Beck 1991

New Mexico 0.85 to 0.95 97/159 Costello et al. 
2001

 

 Adult Males.—Hunting is a major cause of adult black bear mortality, 
and hunters generally kill more males than females among all age groups (Cow-
an 1972, Bunnell and Tait 1981). Although adult males will fight each other, 
they usually are killed by hunters or die from age-related problems (Bunnell and 
Tait 1981). Males are more vulnerable than females to hunters because of larger 
home ranges and more frequent long-range movements (Bunnell and Tait 1985). 
Long-range movements increase vulnerability of bears to deaths from a variety 
of factors.
 Mean annual survival rates of adult males in the Southwest (Table 4) 
ranged from 0.7 to 1.0 and generally were greater than survival rates reported for 
populations in central and eastern United States (Bunnell and Tait 1985, Costello 
et al. 2001). Adult black bears in ponderosa pine habitats in Arizona had greater 
(35%) mortality from hunting (LeCount 1981). In comparison, lower mortality 
of adult males was recorded in a lightly exploited population in the Mazatzal 

Mountains (LeCount 1982, Cunningham et al. 2001). Biologists in New Mexico 
were surprised by high survival of adult males (Costello et al. 2001), because har-
vest is strongly correlated with density of hunters (Bunnell and Tait 1985). 

Table 4. Locations, estimated annual survival rates, sample size (number studied) 
of adults (more than 3.5 years old), and references for studies of male black bears 
in southwestern North America.      
                          

Location Survival rate 
 

 Number 
studied

 References                                                                  

Arizona 0.65 to 1.00 47 LeCount 1990, 
Cunningham et al. 2001

Colorado 0.70 21 Beck 1991

New Mexico 0.91 157 Costello et al. 2001

 Adult Females.—Birth and mortality rates of adult females are critical 
data for management of black bears (Bunnell and Tait 1981, 1985; Costello et 
al. 2001). Habitat quality and abundance of breeding age adult females influ-
ence reproductive potential and growth of populations, whereas abundance 
of males influences maximum size of a population or social carrying capacity 
in an area. High mortality rate of female black bears, particularly bears more 
than 3 years old, can decrease population size (Costello et al. 2001). Similar to 
adult and subadult males, the greatest source of mortality of females generally is 
hunting, but females often appear to be killed by other bears, presumably adult 

 A black bear has 5 toes; the inner toe is the smallest toe. 
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males (Bunnell and Tait 1985, Costello et al. 2001, Cunningham et al. 2001). 
Researchers commonly report equal sex ratios from capture data, but an equal 
sex ratio for harvested bears can indicate over-exploitation of a population (Bun-
nell and Tait 1981, 1985; Costello et al. 2001).
 Sex composition of black bear harvest data in Arizona from 1964 to 
1978 was 60% males and 40% females (LeCount 1981); from 1998 through 
2002, the harvest ratio was 54% males and 46% females (Arizona Game and Fish 
Department 2003). Food shortages heighten vulnerability of females to hunters 
because of increased long-range movements (Bunnell and Tait 1981, Elowe and 
Dodge 1989, Costello et al. 2001).
 Survival rates for adult female black bears in the Southwest (Table 5) 
generally are higher than survival rates (0.8 to 0.92) estimated in a population 
model of southwestern bears (Costello et al. 2001). Survival rates near the upper 
end of estimations (0.92) likely correspond with potential for increase of a popu-
lation, whereas survival rates near the lower level (0.80) might eventually result 
in decline. 

Table 5. Locations, estimated annual survival rates, sample size (number studied), 
and references for studies of adult (more than 3.5 years old) female black bears in 
western North America.
      

 Location Survival rate Number
studied

References

Arizona 0.85 to 0.98 27 LeCount 1990, 
Cunningham et al. 2001

Colorado 0.96 25 Beck 1991

Mexico 0.94 12 Doan-Crider and Hellgren 
1996

New Mexico 0.92 250 Costello et al. 2001
 
 Sources of Mortality.—Legal sport hunting is the major cause of black 
bear mortality, followed by intra-specific (among bears) fighting. Other causes of 
mortality include livestock depredation and nuisance bear harvest, poaching, col-
lisions with automobiles, predation, disease, and starvation. Causes of black bear 
cub mortality include hunting, orphaning, disease, collisions with automobiles, 
and predation by black bears, mountain lions (Puma concolor), and bobcats (Lynx 
rufus). 

Management and Conservation

Management Since European Settlement
 Black bears were considered non-game animals in Arizona as late as 
1928, and could be shot or trapped at any time. However, a new “game code” 
classified bears as big game in 1929, provided a month-long season, and pre-
scribed a bag limit of 1 bear per hunter. Bears could not be trapped, but could be 
taken with the aid of dogs. Subsequently, cubs were protected in 1934 and bear 
hunting was closed south of the Gila River in 1936, although the season was later 
reopened in Cochise and Graham counties. Month-long seasons during autumn 
and spring were authorized in 1944, and black bears lost designation as big game 
animals in 1946. Yearlong hunting seasons were opened until 1954, except for 
closure in 1950. A tag was required to har-
vest a bear between 1954 and 1968, and 
hunting seasons were reinstated during 
autumn and spring. Black bears now are 
classified as game animals in Arizona.

Population Trends
 It is difficult to determine 
trends of black bear populations. Har-
vest data alone are of limited use in this 
respect (Bunnell and Tait 1981, Costello 
et al. 2001), but harvest data from 1998 
through 2002 (Arizona Game and Fish 
Department 2003) indicated abundance 
of black bears was similar to the level in 
1980 (LeCount 1981), except for increased 
harvest (particularly of females) in 2000. 
However, trends in age data collected from 
bears harvested by hunters since 2000 in-
dicate recruitment has been poor. If den-
sity of hunters remains similar, a decreasing trend in harvest levels for a 4-year 
period might indicate a declining population (Costello et al. 2001).

Monitoring and Surveys
 Mark-recapture studies presently offer the only optimal method for de-
termining black bear population densities, but the method provides unreliable 
estimates of sex and age ratios if fewer than 25 animals are captured per year. Al-
though aerial surveys of previously marked grizzly bears (Ursus arctos Linnercan) 
provide reliable estimates of population size (Miller et al. 1997), aerial surveys 

Biologists use radiotelemetry to track loca-
tions of radiocollared bears using hand-held 

antennae and receivers.
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are not applicable for studying black bears because of black bear preference for 
thick cover. Newer techniques using deoxyribonucleic acid (DNA) fingerprinting 
might allow use of hair or fecal matter in conjunction with harvest data to esti-
mate and monitor populations of black bears. 
          Scent-post surveys have been used to index abundance of black bears in 
the Mazatzal Mountains, but data were not published (J. Wegge, Arizona Game 
and Fish Department, personal communication). Triggered camera sightings of 
previously marked bears at baited sites provided estimates of sizes of grizzly bear 
populations (Mace et al. 1994), but biologists had to document different routes of 
visitation to bait sites and model for “bait shyness” to estimate sizes of populations 
accurately. 
 Harvest data can provide managers with useful information for mon-
itoring and modeling populations, but harvest data alone might fail to detect 
short-term population changes (Bunnell and Tait 1981, Costello et al. 2001). 
Data on harvest should be evaluated in conjunction with data on age structure, as 
is currently done in Arizona. Ages and intervals of successful cub rearing can be 
estimated by determining the number and distance between annuli found in bear 
teeth (Carrel 1987).

Current Regulations
 Increased interest by hunters prompted reclassification of black bears 
to big game status in 1968, when monitoring of harvest was implemented. A 
mandatory system to check all black bears harvested by hunters began in 1980. 
Other recent changes in regu-
lations include eliminating 
baiting as a method of harvest. 
Harvest is legal for any bear ex-
cept sows with cubs. Success-
ful bear hunters are required to 
contact the Arizona Game and 
Fish Department within 48 
hours of killing a bear. Within 
10 days of killing a bear, suc-
cessful hunters must physically 
present the bear skull, hide, 
and attached proof of sex for 
inspection, and provide a pre-
molar tooth (Arizona Game 
and Fish Department 2006). Data collected by biologists will include age, sex, 
reproductive status, hunting method, harvest date and location, condition of ani-
mals, evidence of disease, hunter effort, and presence of biological markers, tat-
toos, and radio transmitters.

 Black bears are omnivorous (they eat both plants and 
animals). More than 75% of their diet is comprised of 

vegetation. 

Harvest
 Success of black bear hunters varies with weather conditions and charac-
teristics of populations. Harvest varied from 131 to 313 bears between 1964 and 
1980 (LeCount 1981). Harvested male bears averaged 6.8 years of age, 33% of 
males were more than 7 years old, and mean age of female bears harvested was 6.3 
years. Sport harvest of black bears in Arizona between 1990 and 2002 averaged 
about 188 per year, and about 11 bears per year were killed for depredation or 
died in vehicle accidents, captures, and illegal harvests. Most (57.6%) black bears 
harvested in Arizona between 1998 and 2002 were killed in areas located primar-
ily south of the Mogollon Rim, and most (55%) were harvested in September. 
 Currently, surveys of black bear hunters in Arizona are conducted to 
assess hunter demographics. Data from 1995, 1998, and 2001 indicated fairly 
consistent hunter effort, with greatest hunter effort in areas where harvest was 
highest. Most hunters harvest bears using a combination of techniques, including 
searching with binoculars, calling, stalking, and hunting with the aid of dogs. 
 Mean age of male and female black bears harvested in Arizona from 
1998 to 2002 was 5.9 and 6.5 years, respectively; about 21% were more than 10 
years old. An average of 38% was classified as subadults. Breakdown of age classes 
by year suggests a declining trend in recruitment, probably caused by drought 
conditions. Between 1998 and 2000, black bear cubs and yearlings comprised 
10% and 42%, respectively, of total harvest. In comparison, cubs and yearlings 
comprised only 3% of harvest in 2001 and 2002, indicating a cohort was missing. 
These values, along with low percentage of subadults in 2002 (22%), indicated 
recruitment or survival of cubs has been low since 2000. 
 Inferring population trends from harvest data alone can fail to detect 
declining or increasing population trends (Bunnell and Tait 1981, Miller 1990, 
Garshelis 1991). A stable age and sex composition in both the live population 
and the harvest can occur in stable and declining populations (Miller 1990). A 
predominantly male harvest has been documented in a chiefly female population 
(Bunnell and Tait 1981). Harvest rate can be constant in a declining population, 
particularly if hunter density increases (Bunnell and Tait 1981, Garshelis 1991). 
Capture or harvest data indicate that lightly exploited populations generally have 
fewer than 30% subadults and a large proportion of males greater than 8 years 
old (Bunnell and Tait 1981, LeCount 1982, Cunningham et al. 2001). Reduced 
numbers of subadults in Arizona during 2002 probably was caused by a lack of 
reproduction. 

Effects of Drought
 Given potential effects of differences in mast production on movements 
and reproduction of black bears, drought might influence relative abundance. 
However, mast production failures often do not correlate directly with precipita-
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tion. Several climatic factors and attributes of plants, such as age, can control 
production of oak or juniper mast (Harper et al. 1985). Date of last frost has been 
correlated with production of juniper mast (Costello et al. 2001), but no predic-
tive relationship has been established.
 Drought in Arizona in 2000 likely affected movements of black bears 
(Cunningham et al. 2001), which in turn influenced harvest of black bears and 
abandonment and movement of at least 20 cubs into the urban area of Phoenix. 
 Although precipitation is the primary factor influencing production of 
acorns (Harper et al. 1985), harvest of black bears in Arizona was not correlated 
with precipitation between 1996 and 2002. If inadequate precipitation was the 
primary predictor of increased movements and harvest of black bears, the 2002 
harvest should have exceeded harvest in other years. Only complete failures of 
mast production seem to cause the longest movements, and surveys of mast and 
prickly pear cactus fruit production, not measurements of precipitation or tem-
perature, will allow development of useful predictive modeling (Costello et al. 
2001). Better analyses can be achieved regarding effects of drought on reproduc-
tion as more data are obtained on successful rearing of cubs.

Habitat Fragmentation and Fire
 Home ranges of black bears in logged areas of ponderosa pine with less 
than 6.5 vertical feet of cover often are 3 to 5 times greater than those in denser 
mixed conifer or Madrean evergreen woodland habitats (Mohr 1947, Mollohan 
1985, LeCount and Yarchin 1990). Fragmentation of habitat by logging or fires 
makes it difficult for bears to travel to important food patches, increases vulner-
ability to hunters and other bears, and lowers overall bear density (Mollohan 
1985). It is increasingly important to identify and preserve travel corridors; loss of 
travel corridors might reduce ability of subadult females to refill vacant territories 
(Mollohan 1985). Fragmentation of habitats also might increase vulnerability of 
bears to hunting by concentrating them and allowing easier access by hunters.
 Black bears occupied primarily unburned islands of vegetation after a 
large-scale wildfire. Shift in local distribution resulted in post-fire density 3 times 
that of pre-fire levels, a male-dominated sex ratio, and no survival of cubs (Mol-
lohan 1985, Mollohan and LeCount 1989, Cunningham and Ballard 2004). Fire 
may fragment habitats of contiguous populations of black bears in Arizona.

Research Needs

Forest Restoration
 Dense stands of ponderosa pine are more prevalent today than during 
pre-settlement times (Cooper 1960). A broad scientific, social, and political con-
sensus recently emerged, stating restoration of ecological function in southwest-
ern pine forests is necessary and urgent (Covington and Moore 1994, Covington 

et al. 1997, Allen et al. 2002). Restoration treatments were proposed for more 
than 200,000 acres annually in Arizona and New Mexico (Anonymous 2001). 
Numerous treatments and techniques are planned to reduce densities of trees 
and shrubs, from controlled burning to mechanical manipulations. Restoration 
treatments could negatively affect black bear habitats and increase fragmentation 
if more open habitat is created 
because of bear dependence on 
shrubs and large trees (Mollo-
han 1985, LeCount and Yarchin 
1990). Research is needed to de-
termine patch size, shape, and 
the number of patches necessary 
to maintain suitable black bear 
habitat while reducing fire risk. 

Monitoring 
Populations
 A cost-effective meth-
od is needed to monitor black 
bear populations. Mark-recap-
ture indices using hair snares 
to identify specific individuals 
without expensive capture op-
erations might be possible, but 
research is needed to evaluate 
sampling costs, estimate adequate sample sizes, and to assess overall utility of this 
approach. Research also is needed to evaluate use of biomarkers such as tetracy-
cline. 
 Low rates of birth or survival of black bear cubs correspond strongly 
with failures of mast production (Costello et al. 2003). Surveys of mast produc-
tion could be conducted and have predictive value for populations of black bears. 
Data on production of mast improved New Mexico’s population model (Costello 
et al. 2001, 2003), particularly in identifying years of poor reproduction and 
potential effects on future harvests. Determining availability of mast could help 
explain missing cohorts and identify areas of concern. 

Geographic Information Systems (GIS) Technology
 Based on vegetation data from New Mexico’s Gap Analysis Project 
(GAP), there is an estimated 22,756 square miles of suitable habitat for black 
bears in that state (Costello et al. 2001). Using density data, the statewide popu-
lation in New Mexico likely is about 5,947 bears more than 1 year old, almost 

Fires can enhance wildlife habitat if burned areas are 
not large and are interspersed with unburned areas, cre-

ating a diversity of food and habitat.
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double the previous estimate of 3,000. New estimates of population size do not 
reflect an actual increase in number of bears, but reflect a more efficient procedure 
of estimation based on remote sensing (Costello et al. 2001). 
 As of 1999, the population of black bears in Arizona was estimated at 
2,500 adults occupying 12,598 square miles of habitat. Remote sensing data, 
based on new vegetation maps and information specific to management units, 
ostensibly would yield a more accurate estimate of the population and provide 
more useful information to wildlife mangers. Presently, Arizona GAP vegetation 
data are being ground-checked and are not yet available (S. Boe, Arizona Game 
and Fish Department, personal communication).
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Chapter 2

Bobcat

Ted McKinney, Research Branch  
Arizona Game and Fish Department

Common name- Bobcat
Scientific name - Lynx rufus

Life History

Description
 Arizona’s most abundant wild feline, the bobcat (Lynx rufus) is one of 
the smallest members of the cat family in North America. Adults of these me-
dium-sized predators in Arizona range from 24 to 30 inches long, and weigh from 
12 to 30 pounds. Throughout North America, males weigh between about 14 and 
57 pounds, and females weigh between about 8 and 33 pounds (Young 1958, Mc-
Cord and Cardoza 1982, Anderson and Lovallo 2003). Average weight for sexes 
combined is about 13.6 pounds (Gittleman 1985). 
 Bobcats generally are reddish to yellowish brown with black or dark 
brown streaks or spots. They have white underparts, and the inside of the forelegs 
is marked with several black bars. Ears are prominent, with 
a tuft of black hair at tips. Perhaps the most distinguishing 
physical characteristic is a short, stubby tail, which is no more 
than about 5 inches long and always less than one quarter of 
the length of head and body (McCord and Cardoza 1982, Ar-
izona Game and Fish Department 2003). Although bobcats 
seldom are seen, tracks commonly are found and are distinc-
tive. Well-defined tracks of adults in dirt or dust often show 4 
toes with no claw marks. Tracks are about 1.9 inches wide by 
1.7 inches long. Anterior borders of heel pads are two-lobed, 
and posterior borders are three-lobed (Murie 1974).

Distribution
 Bobcats inhabit only North America, throughout 
the United States, most of Mexico, and into southern Can-
ada, and usually are most abundant below about 6,000 feet 

Bobcat tracks show 
no claw marks and 
are more rounded 
than tracks from 
members of the dog 
family. The anterior 
or front portion of 
the heel pad has two 
lobes instead of the 
single lobe found in 

the dog family.
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elevation (Young 1958, McCord and Cardoza 1982, Anderson 1987). Bobcats are 
distributed throughout Arizona (Figure 1). Estimating densities of resident bob-
cats is difficult, even on small areas, and can be achieved with extensive effort, but 
estimating densities of transients is more difficult (McCord and Cardoza 1982). 
 Bobcat densities in the Southwest and West have ranged from about 
less than 1 to 5 per square mile, depending on categories measured, e.g., total 
population, adults, or residents (McCord and Cardoza 1982, Anderson 1987). 

Figure 1. Distribution of bobcats in Arizona. 

Minimum densities on Three Bar Wildlife Area in central Arizona ranged from 
0.15 to 0.17 bobcats per square mile (Jones and Smith 1979). Scent-station tran-
sects, which use tracking bed stations about 3 feet diameter cleared of debris, 
smoothed, and covered with a thin bed of lime or sifted dirt, indicate relative 
abundance. Scent-station surveys potentially provide a method for monitoring 
long-term trends of populations of bobcats (Brady 1979, Hon 1979). Counts of 
scats along transects also might indicate change in abundance of populations 
(Conner et al. 1983). One unpublished research project estimated densities of 
bobcats by comparing catch rates by trappers between areas with known sizes of 
bobcat populations.
 Fossil remains of bobcats have been found in Pleistocene deposits in 
southern North America (Hemmer 1976). Archaeologists also have found bone 
remains of bobcats in Native American ruins, indicating their presence in the 
Southwest more than 2,000 years ago (Young 1958).

Habitat
 Bobcats inhabit widely varying terrain and vegetation types through-
out their range of distribution, including swamps, deserts, and mountain ranges 
(Young 1958, McCord and Cardoza 1982, Arizona Game and Fish Department 
2003). Bobcats tend to avoid open areas, and generally prefer mixed shrub and 
forested habitats. In Arizo-
na and the West, bobcats 
tend to inhabit broken, 
brushy country. Abun-
dance of bobcats in Ari-
zona might be highest in 
Sonoran Desert scrub and 
Great Basin conifer wood-
land habitats (Anonymous 
1982). However, highest 
densities in the West likely 
occur in regions of chapar-
ral and desert scrub/grass-
land habitat (Anderson 
1987). Recent studies (T. 
McKinney, Arizona Game 
and Fish Department, unpublished data) suggest abundance in Arizona might be 
higher in interior chaparral than other habitats. Bobcats avoided large, open areas 
such as frozen lakes and bogs, and selected mature softwood and mixed forest 
areas in western Maine (Major and Sherburne 1987).
 Bobcats in Oregon inhabited forested and open habitats in proportion 
to availability, and occupied areas with forest cover more during the day (Witmer 

Bobcat habitat in dense chaparral vegetation. Bobcats prefer 
mixed shrub and forested habitats versus open areas.
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and deCalesta 1986). Bobcats in Idaho commonly were associated with areas 
where stalking cover was present, and most often occupied rocky and timbered 
terrain (Koehler and Hornocker 1989, 1991). Bobcats used open areas more than 
timbered terrain in winter and timbered habitats more than open terrain in sum-
mer, and spent only about 10% of the time in alpine areas (Koehler and Hor-
nocker 1991).

Diets and Prey
 Little research has focused on bobcats and their principal prey in Ari-
zona, but bobcats primarily eat small prey (Rosenzweig 1966, Beasom and Moore 
1977, Leopold and Krausman 1986, Witmer and deCalesta 1986, Major and 
Sherburne 1987). Life histories of cottontail rabbits (Sylvilagus spp.) in Arizona 
are poorly understood, and only 1 study of desert cottontails (S. audubonii) has 
been conducted in the state (Arizona Game and Fish Department 2003). Bob-
cats, antelope jackrabbits (Lepus alleni), black-tailed jackrabbits (L. californicus), 
and cottontail rabbits co-exist on desert mountain ranges and bajadas (outwash 
slopes with long straight profiles) in the Southwest. These species of rabbits might 
occupy different types or portions of habitats, and landscape management prac-
tices might differentially affect abundance (Brown and Krausman 2003), pos-
sibly influencing abundance and diets of bobcats. 
 Rainfall in deserts, particularly during winter, influences primary pro-
duction and relative availability of small prey (Beatley 1969, Reichman and Van 
De Graaff 1975, Jones and Smith 1979). Availability of prey influences diets of 
bobcats (Beasom and Moore 1977, Jones and Smith 1979, Leopold and Kraus-
man 1986). Based on analyses of stomach contents, diets of bobcats in Texas 
varied with availability of prey; scarcity of prey was associated with a more varied 
diet (Beasom and Moore 1977). Dynamics and trends of populations of bobcats 
and predator-prey relationships, and implications of these variables for manage-
ment are poorly understood.
 Analysis of 3,538 stomachs of bobcats collected in 30 states (70% were 
from 15 western states) indicated rodents and rabbits provided 46% and 45% of 
diets, respectively (Young 1958). Remains of rabbits occurred more often than 
remains of rodents in scats (feces) of bobcats in Utah/Nevada (Gashwiler et al. 
1960), and rabbits seem to dominate diets of bobcats over broad regions of North 
America (McCord and Cardoza 1982). However, rodents appear to be more pre-
dominant than rabbits in diets of bobcats in the southwestern and western United 
States (Delibes et al. 1997, Anderson and Lovallo 2003).
 Although rabbits are thought to be the principal prey of bobcats in Ari-
zona (Arizona Game and Fish Department 2003), this can vary. Based on analy-
sis of scats, small prey (rabbits, rodents, birds, reptiles) comprised from 82% to 
98% of diets of bobcats in the Mazatzal Mountains of central Arizona between 
2000 and 2003; rodents comprised 58% to 78% of diets, whereas rabbits com-

prised 9% to 21% of diets (McKinney and Smith 2007). Other studies based 
on analysis of scats from the same area found rodents comprised 46% to 67% 
of diets of bobcats, whereas rabbits comprised 38% to 40% of diets (Jones and 
Smith 1979, Cunningham et al. 2001). In general, occurrence of rabbits in diets 
of bobcats has differed among studies, and predation likely varies with availability 
of prey (Delibes and Hiraldo 1987, Delibes et al. 1997, Baker et al. 2001). 
 Bobcats are strict carnivores and occasionally prey on domestic sheep 
and goats, deer (Odocoileus spp.), and pronghorn (Antilocapra americana), but 
more commonly kill smaller prey. Among remains of ungulates in bobcat scats 
in Arizona, deer predominated (0% to 8% occurrence), whereas no remains of 
desert bighorn sheep (Ovis canadensis) were identified, and occurrence of remains 
of cattle and javelina (collared peccary; Pecari tajacu) each comprised from 0% to 
less than 2% (McKinney and Smith 2007). In contrast to results of studies in Ari-
zona (Jones and Smith 1979, McKinney and Smith 2007), remains of ungulates 
in bobcat scats in Idaho occurred more often during winter than other seasons 
(Koehler and Hornocker 1991). When mule deer (O. hemionus) declined in Texas 
(Leopold and Krausman 1986), occurrence of remains of rabbits in scats of bob-
cats tended to increase, whereas occurrence of remains of mule deer and javelina 
tended to decrease. In general, bobcats in the Southeast and Southwest likely tend 
to eat less ungulates than do bobcats in more northern latitudes of North America 
(Anderson and Lovallo 2003).
 Bobcats also can be scavengers. In Idaho, bobcats scavenged 5% of deer 
carcasses (Koehler and Hornocker 1991), and scavenged kills made by mountain 
lions (Puma concolor) but not kills made by coyotes (Canis latrans). In compari-
son, bobcats scavenged carcasses of white-tailed deer (O. virginianus) possibly 
killed by coyotes in western Maine (Major and Sherburne 1987).
 Visual examination of remains of prey in scats has been used widely in 
field studies of diets of predators, but visual identification of bobcat feces might 
not always be conclusive (Johnson et al. 1984). Recent studies suggest removal 
of carnivore scats by local animals might bias diet studies based on fecal analysis 
(Sanchez et al. 2004, Livingston et al. 2005). Studies of digestion and metabo-
lism potentially contribute to understanding nutritional ecology of bobcats (Gol-
ley et al. 1965, Johnson and Aldred 1982, Mautz and Pekins 1989).

Disease
 Diseases in populations of wild bobcats are poorly understood. No die-
offs of populations have been associated with epizootics or parasite infestations. 
Nonetheless, 12 infectious diseases might produce lesions or antibodies in wild 
bobcats, including feline distemper, leukemia, brucellosis, and rabies. Bobcats 
are susceptible to various internal and external parasites (Samuel et al. 2001), 
and possibly to infections of anthrax, parvovirus, plague, and vesicular stomatitis 
(Williams and Baker 2001). Bobcats likely are a definitive host for at least 13 par-
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asite species, and deer, mice, and rabbits are alternative hosts for several of these 
parasites. Samples of blood, lung, and muscle tissues of bobcats demonstrated 
high incidences of parasitism (McCord and Cardoza 1982). 

Reproduction
 Female bobcats breed between 1 and 2 years of age, and males produce 
few viable sperm before they are 2 years old. Bobcats breed with more than 1 
partner, and might mate during any month. Courtship behavior is complex and 
involves chasing, running, ambushing, and bumping before and after multiple 
copulations (Rolley 1987). Females ovulate seasonally, breeding seems to be most 
intensive during late winter 
to spring, and some females 
might reproduce in alternate 
years. Breeding season in Ari-
zona is poorly documented, 
but males might be reproduc-
tively active throughout the 
year (Young 1958). Although 
uncertain, bobcats might be 
induced ovulators (the female 
does not ovulate until bred). 
In contrast, results of most 
recent studies suggest spon-
taneous ovulation occurs in 
bobcats. Females experience 
estrous or heat cycles up to 
3 times per season if they are 
not fertilized, and ovulation 
rates might range from 3.4 to 
5.5 ova.
 Bobcats generally 
have only 1 litter per year 
(McCord and Cardoza 1982, 
Anderson 1987). Gestation 
lasts 50 to 70 days, litters are 
born mainly during spring to 
early summer, size of litters 
averages about 2.6 kittens 
(range = 1 to 4), and sex ratios 
(male:female) at birth generally are 1:1 (McCord and Cardoza 1982, Anderson 
1987). Litter size might increase slightly with increased availability of prey. 
Kittens weigh about 0.66 pounds at birth, and by autumn of the year of birth 

Bobcats are territorial, using urine, feces, and anal gland 
secretions to deliniate home ranges. A successful male’s home 
range overlaps with those of several females, and may also 
overlap the territory of another male. Female home ranges 

are generally smaller, and do not overlap one another.

can weigh between about 9 and 15 pounds (Young 1958, McCord and Cardoza 
1982).
 Mothers rear kittens alone and suckle them for 2 to 3 months, but kit-
tens might remain with their mother for nearly a year (Young 1958, Toweill 1979, 
McCord and Cardoza 1982, Arizona Game and Fish Department 2003). Bobcat 
kittens seem to experience high rates of natural mortality (Anderson 1987). Sur-
vival of kittens (birth to withdrawal of maternal support) and juveniles (with-
drawal of maternal support to establishment of a home range) depends primarily 
on availability of food resources (McCord and Cardoza 1982, Anderson 1987). 
Most bobcats in free-ranging populations likely do not survive beyond about 3 
years of age (McCord and Cardoza 1982).

Behavior
 Hunting.—Methods of hunting vary considerably, but bobcats often 
stop, sit, and wait if hunting prey such as rabbits, rodents, and squirrels. Con-
versely, bobcats move more frequently if hunting larger prey, such as deer, and 
generally attempt to locate bedded animals (McCord and Cardoza 1982). Bob-
cats tend to kill adult deer by biting the trachea when deer are lying down, and 
generally kill fawns by biting the head or neck. Bobcats tend to consume mainly 
hindquarters, neck, and shoulder regions of deer they have killed, but they rarely 
eat rumens (stomachs and contents). Bobcats may cover kills of large prey with 
debris gathered from areas near a carcass (Dolbeer et al. 1994). Bobcats might 
prey on young javelinas (Knipe 1956), but low incidence of remains in samples 
of stomach contents of bobcats suggests javelinas are not major prey (Day 1985). 
Similarly, remains of javelinas occurred in less than 2% of 320 bobcat scats in the 
Mazatzal Mountains of central Arizona (McKinney and Smith 2007).
 Activity.—Bobcats are solitary predators, but diurnal and intraspecific 
patterns of behavior are not well understood. Direct social interactions likely are 
infrequent, and individuals tend to avoid direct interaction with other bobcats 
(intraspecific aggressive behavior). Bobcats may tend to be most active at night 
(Anderson 1987). However, male and female bobcats might exhibit similar pat-
terns of activity, and tend to be most active in evening and morning, and least 
active during mid-day (Witmer and deCalesta 1986). In contrast, some studies 
suggest daily activities of bobcats lack any particular pattern or rhythm (Gittle-
man 1985). 
 Home Range.—Home ranges of bobcats reportedly vary widely in size 
from about 1 to 126 square miles, depending on sex, age, density of populations, 
density of prey, season, and method of survey (Bailey 1974, McCord and Cardoza 
1982, Anderson 1987). Smallest home ranges in the West likely correspond with 
highest densities in mixed chaparral/desert grassland habitats (Anderson 1987). 
Home ranges tend to be smaller in exploited than in unexploited populations, 
and tend to be larger in more open, flatter regions. Home ranges of females are 
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smaller than those of males, and might be smaller in winter, possibly related to 
breeding and denning activities, whereas home ranges of males might increase in 
size during winter and the spring breeding season (Witmer and deCalesta 1986, 
Anderson 1987). 
 Home ranges of male and female bobcats in central Arizona were simi-
lar in size, and ranged between about 1.2 and 2.5 square miles (Lawhead 1984). 
Six male bobcats in Maine had an average home range of 88 square miles, where-
as 1 female had a home 
range of 17 square miles 
(Major and Sherburne 
1987). Average home 
ranges for 5 females and 
1 male in Oregon were 
about 0.6 and 1.2 square 
miles, respectively (Wit-
mer and deCalesta 
1986). Bobcats with ad-
joining or overlapping 
home ranges tend to 
maintain random spac-
ing (separation distances 
between simultaneously 
monitored animals were 
neither greater nor less 
than expected). 
 Older bobcats of both sexes usually have fairly well-defined territories 
that vary in size depending on density of prey, sex, season, and climate. Core 
areas might be shared among resident animals, but residents almost always ex-
clude transients. Some studies reported bobcats avoid one another (Witmer and 
deCalesta 1986), and aggressive behavior between residents and transients has 
not been observed (McCord and Cardoza 1982). A dominance hierarchy based 
on a land tenure system might function most effectively on transient animals 
(Bailey 1974, Hornocker and Bailey 1986). In general, social structure of bobcats 
might involve resident females and males occupying fixed home ranges, and tran-
sient animals perhaps associated with resident populations (McCord and Cardoza 
(1982). Home ranges of females tend not to overlap, but home ranges of males 
likely overlap each other and overlap home ranges of females (Anderson 1987). 
Social structure of bobcats seems to be maintained, in part, by a complex system 
of scent marking involving urine, feces, anal glands, and enhancement of excre-
tions by scraping with the feet (McCord and Cardoza 1982).
 Dispersal.—Transient, dispersing bobcats likely are young or sexually 
immature, and they can make erratic local or long-range movements. Dispersal 

Bobcats can be found in riparian areas of chaparral vegetation. 
Chaparral vegetation burns frequently and is comprised of  woody 

plants that grow well after fires.

of young bobcats might occur primarily between fall and late winter. Transients 
have been observed to move more than 25 miles, but residents also might move 
long or short distances on a daily basis. One study found 92% of marked bobcats 
were recaptured within 10 miles of original capture site (McCord and Cardoza 
1982). Young bobcats in south-central Idaho dispersed into suitable habitat “far” 
from the natal area (Hornocker and Bailey 1986). Adult females and males moved 
average minimum distances ranging from 0.6 to 1.6 and 1.2 to 3.0 miles/day, re-
spectively (Witmer and deCalesta 1986). Maintaining suitable travel corridors 
(Beier and Loe 1992, Beier 
1993) might be an important 
element of conservation and 
management of bobcats.
 Competition with 
Coyotes.—Competition be-
tween bobcats and coyotes 
has been discussed widely 
among researchers, but little 
research has addressed this 
issue (McCord and Cardoza 
1982), and the topic remains 
controversial. Competition 
between the species might be 
minimal in some cases (Wit-
mer and deCalesta 1986), 
but substantial in some ecosystems (Anderson and Lovallo 2003). Bobcats and 
coyotes likely partition food resources in central Arizona’s Sonoran Desert, sug-
gesting little competition for food (McKinney and Smith 2007). Bobcats were 
more specialized in their diets (diet diversity index range = 1.79 to 2.47) than 
were coyotes (diet diversity index range = 4.96 to 5.57), and overlap of diets be-
tween the species was moderate (diet overlap index range = 0.44 to 0.53).
 In contrast, abundance of bobcats in eastern Maine declined concurrent 
with an increase in abundance of coyotes, and coyotes possibly reduced carrying 
capacity of bobcats by diminishing availability of prey (Litvaitis and Harrison 
1989). Experimental removal of coyotes in Texas resulted in higher abundance 
of bobcats and common gray foxes (Urocyon cinereoargenteus) on treatment sites 
(Henke and Bryant 1999).

Survival
 Comparatively little is known regarding the lifespan of free-ranging 
bobcats, but captive bobcats have lived up to 23 years (Young 1958, Anderson 
1987). Based on analysis of cementum annuli in teeth (Crowe 1972), maximum 
ages of bobcats harvested in Wyoming ranged from 16 to 17 years (M. Zornes, 

Coyotes may compete with bobcats for food or space in some 
areas, but more than likely share natural resources with bob-

cats in Arizona’s deserts.
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Arizona Game and Fish Department, unpublished data). About 80% of bobcats 
in free-ranging populations likely are less than 3 years old, and composition of 
this age group has ranged from 54% to 87% (Crowe 1975, Crowe and Strickland 
1975, Johnson et al. 1981, Knick et al. 1985, Rolley 1985). 

Management and Conservation
 Bounties were paid intermittently for bobcats in some areas of the Unit-
ed States as early as 1727. By the 1940s and 1950s, bounties were considered an 
ineffective management tool and were terminated in most states (Young 1958). 
Efforts by government agencies to control predators on the Kaibab Plateau of 
northern Arizona from 1906 to 1963 fo-
cused on removal of coyotes and moun-
tain lions to benefit abundance of mule 
deer, but resulted in incidental harvest of 
1,550 bobcats (McCulloch 1986).
 Management of bobcats relies 
on assessment of indirect indices of abun-
dance to evaluate range of distribution, 
selection of habitats, size and structure of 
populations, and effects of harvest. Spatial 
distribution or range of bobcats might be 
monitored using several habitat-specific 
indices or methods, including: 1) loca-
tions of harvest, 2) scent-station surveys, 
3) monitoring radio collared animals, and 
4) observations of sign such as scats and 
tracks. Chemical immobilization using 
projected darts or syringes likely provides 
the best method for capturing bobcats and 
placement of radio collars, but care must 
be taken when darting at close ranges 
(Pond and O’Gara 1994).
 Indices related to population dy-
namics of bobcats have received consider-
able attention in recent years, including 
sex and age structure, recruitment, and 
rates of mortality. Annual harvest should 
be tempered with measures of habitat-spe-
cific harvests and hunter effort. Key elements to be identified before implement-
ing management practices are: 1) direction of population change, if any, 2) rate 
of population change, and 3) factors affecting population change (McCord and 
Cardoza 1982).

Arizona Game and Fish Department per-
sonnel examine a scent station tracking 
bed to determine if predators visited the 
site. Biologists monitor abundance and dis-
tribution of bobcats, coyotes, and foxes in 
Sonoran Desert scrub habitat using scent 

tracking stations.

 Removal of predators has been used as an experimental element to study 
population-level effects of predation, but no studies have evaluated specific in-
fluences of predation by bobcats on populations of prey. Intensive, nonspecific 
methods of predator control in Texas resulted in removal of 120 bobcats and 337 
other sympatric predators during February to June over about a 2-year period 
(Beasom 1974a,b). Although populations of predators rebounded each year when 
control efforts ceased, intensive control efforts might have enhanced short-term 
reproductive success of wild turkeys (Meleagris gallopavo), white-tailed deer, and 
bobwhite quail (Colinus virginianus). Calling and shooting, or use of trained trail 
hounds, provide selective means for control or sport harvest of predators (Dolbeer 
et al. 1994).

Interaction with Humans
 Bobcats in Arizona often occur in urban areas, contributing to poten-
tial for conflicts with humans (M. Zornes, Arizona Game and Fish Department, 
personal communication). 
Human developments likely 
have minimal effect on ac-
tivities of or use of habitats 
by bobcats (McCord and 
Cardoza 1982). Little infor-
mation is available regard-
ing interactions between 
bobcats and humans, but 
several attacks or near-at-
tacks of humans by rabid 
bobcats have been reported 
(Young 1958). Rabies in 
bobcats in the southeastern 
United States corresponded 
with apparent epizootics of the disease in dogs and foxes. Bobcats in some areas 
occasionally prey on domestic livestock, particularly sheep (McCord and Car-
doza 1982), contributing to conflicts with humans.

Population Trends
 Abundance of bobcats in the western United States might have increased 
dramatically during the early 1950s, possibly corresponding with decline in abun-
dance of coyotes caused by Compound 1080. Abundance of bobcats in the West 
might have increased after this time, but declined between the mid-1960s and 
late 1970s (Knowlton and Tzilkowski 1979, Toweill 1979). Development of an 
accurate, non-destructive method for monitoring habitat-specific trends of popu-
lations of bobcats is a critical need for effective management (Anderson 1987).

Bobcats can be found in urban areas in Arizona. They are 
attracted to backyards with abundant wildlife, birds, small 

pets, water, shade, and shelter. 
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Harvest 
 Sport and illegal harvest combined likely is the most prevalent cause 
of mortality of bobcats (Anderson 1987, Anderson and Lovallo 2003). Bobcat 
harvest in Arizona presently is not limited during open hunting and trapping sea-
sons from August through March. Reported annual sport harvest between 1981 
and 2001 ranged from 408 to 3,235 bobcats. Harvest data are presumed to be 
useful only in evaluating long-term harvest trends. Harvest by trapping declined 
dramatically after about 1989. A public initiative passed in 1994 banned use of 
leg-hold steel traps on public lands in Arizona. Sport harvest by means other 
than trapping tended to increase above previous levels between 1997 and 2001 
(Arizona Game and Fish Department 2003, 2006). Although sex ratios at birth 
usually are equal, exploited populations might show a preponderance of males. 
 Sex ratios of adult bobcats in populations usually ranged between about 
0.9 and fewer than 2.0 males per female, but hunting and trapping appeared to 
have no clear effect on sex ratios (Anderson 1987). Sex ratios in about 15 states 
ranged widely from 0.40 to 2.99 males per female (Bailey 1974, McCord and 
Cardoza 1982). Survival of bobcats might be higher among age classes 0 to 1, 1 
to 2, and 2 to 3 years, and lower within age classes 3 to 4 years and older (Mc-
Cord and Cardoza 1982). In contrast, harvest of bobcats in Wyoming tended to 
be proportionally greater among age classes 0 to 1, 1 to 2, 2 to 3, and 3 to 4 years 
than for older animals (M. Zornes, Arizona Game and Fish Department, unpub-
lished data). Sport harvest in Maine accounted for 55% of annual mortality of 
bobcats at least 1 year old (Litvaitis et al. 1987). In general, proportion of bobcats 
less than 2 years old in a population is closely related to intensity of harvest, pos-
sibly reflecting high mortality of adults or a high level of reproduction (Anderson 
1987). Currently proposed bobcat management guidelines for Arizona include:  

 1) Develop and implement standard, statewide survey methods to index 
relative abundance; 

 2) Evaluate age structure of harvest through jaws submitted by hunters 
and trappers; and 

 3) Develop an annual harvest survey using expanded format to enhance 
data gathering.

Predator/prey Relationships
 Predation by bobcats was closely associated with abundance of prey, in 
that the number of prey species in diets increased as abundance of the principal 
prey species decreased (Baker et al. 2001). No study has implicated bobcats as a 
major source of mortality for populations of deer (Ballard et al. 2001). Predation 
by bobcats in New Brunswick caused only 4% of mortalities of white-tailed deer 

fawns during the first 6 months of life (Ballard et al. 1999). Bobcats killed 10% 
of 67 mule deer examined in Idaho (Koehler and Hornocker 1991). Bobcats likely 
cause little mortality of white-tailed deer in Arizona (Knipe 1977). Although 
bobcats potentially prey on desert bighorn sheep, no evidence indicates predation 
by bobcats affects survival in populations (Kelly 1980, Krausman et al. 1999, 
Sawyer and Lindzey 2002).

Effects of Fire
 Two bobcats remained in a burned area and survived during a wildfire 
in the Sonoran Desert in central Arizona, but abundance of bobcats declined in 
a burned area within 6 months post-fire, and returned to pre-fire levels of abun-
dance within 2 years. Abundance of small prey tended to be similar or greater on 
burned than on unburned areas, despite loss of cover. Bobcats returned to the 
burned area as vegetation cover increased, and dispersal might have been linked 
to avoidance of the burned area because of lack of cover. In comparison, other 
studies in Arizona, California, and Utah indicated bobcats increased following 
fires (Cunningham et al. 2001).

Research Needs
 Gaps in knowledge about bobcats and their populations in Arizona oc-
cur in several areas relevant to needs of management. Managers and researchers 
need the following studies and information to improve prescriptions for and as-
sessments of management actions.

 1) Develop methods to determine and monitor statewide, habitat-spe-
cific relative abundance and trends of populations. Scent stations might be par-
ticularly applicable in this respect, but other methods, including scat transects 
should be investigated.

 2) Evaluate environmental variables potentially influencing habitat-spe-
cific abundance, dynamics, and structures of populations, including intensity of 
harvest, rainfall, abundance of prey, and abundance and distribution of coyotes. 

 3) Evaluate habitat-specific aspects potentially linked to dispersal of 
young and long-range movements of adults, including intensity of harvest, frag-
mentation of habitats, travel corridors, human developments, and areas of inten-
sive recreational activities.
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Chapter 3 

Mexican Wolf
 
Dan Groebner, Region I
Arizona Game and Fish Department

Common Name - Mexican wolf 
Scientific Name - Canis lupus baileyi

Life History

Description
 Mexican wolves (Canis lupus baileyi) generally weigh between about 50 
and 90 pounds, or 2 to 3 times as much as coyotes (Canis latrans). Adult Mexican 
wolves are about 4.5 feet in overall length and about 32 inches tall. Coloration 
varies widely, but tends to be brindled, grizzled, or mottled, and ranges from 
shades of gray and black to brown, buff, and red. Ears and muzzles are shorter 
than those of coyotes, and the 
head is larger and blockier. 
 Tracks of coyotes and 
Mexican wolves seem similar in 
configuration, and often show 
4 toes with claw marks, and 
triangular-shaped heel pads. 
Tracks of adult Mexican wolves 
generally are about 3.8 inches 
wide and 4.8 inches long, and 
are larger than those of coyotes 
and most domestic dogs. Small 
scats (fecal droppings) of wolves 
potentially overlap in size with 
large scats of coyotes, hindering definitive visual identification, but scats of ca-
nids more than 1.1 inches maximum diameter likely are from wolves (Reed et al. 
2004). 

Distribution
 Gray wolves (C. lupus) have been present in the Southwest since at least 
the late Pleistocene (Lindsay and Tessman 1974). Although subject to considerable 

The presence of wolf tracks allows wildlife biologists to 
identify wolf habitat and conduct population surveys.
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spruce-fir (Picea spp.-Abies spp.) alpine woodlands to pinyon-juniper woodlands 
(Mech 1970). Wolves in the northern hemisphere potentially inhabit almost every 
vegetation type except arid deserts and tropical rainforests. Vegetation type af-
fects availability of prey, and thus indirectly influences density and distribution of 
wolves. Vegetation type might not be limiting if an area supports healthy popula-
tions of ungulates (hoofed mammals), but wolves have not persisted in areas that 
do not support large ungulate prey. 
 During pre-settlement times, wolves inhabited mostly montane wood-
lands and were extirpated gradually from the most accessible areas following 
increases in human populations and production of livestock. Most wolves were 
extirpated from Arizona by the 1950s, but occasional sightings continued to be 
reported, primarily along the border between Mexico and United States (Brown 
1983). The last known wolf in Arizona likely was killed in 1970 (Girmendonk 
1994). 
 Important characteristics of habitats affecting abundance and distri-
bution of wolves other than vegetation type include road densities and human 
developments, current land uses, and sizes of relatively intact patches of suitable 
habitat. Studies in Wisconsin indicated density of roads can be used to index and 
evaluate quality of wolf habitat (Mladenoff et al. 1997), but interactions between 
humans and wolves are more complex than simply road density. Different types 
of human activities during various times of year have variable effects on wolves. 
Mere disturbance by humans might not negatively affect wolves, but purposeful 
killing or accidental collisions with vehicles can have significant effects. As sizes 
of intact, remote patches of habitat decline, interactions between humans and 
wolves will increase.

Diets and Prey
 Historical 
records indicate Mex-
ican wolves may prey 
on several species of 
large ungulates, as 
well as rabbits and 
rodents, but there 
have been few de-
tailed studies of food 
habits. Preliminary 
analyses of scats from 
reintroduced Mexi-
can wolves indicated 
about 75% of fecal samples contained hair from elk (Cervus elaphus). Remains in 
samples of scats also included 10% deer (Odocoileus spp.), 4% livestock, and 11% 

debate, there may have been as many as 3 subspecies of gray wolves in Arizona, 
including Mexican wolves (Hall and Kelson 1959). Mexican wolves were released 
into the Blue Range Wolf Recovery Area in Arizona and New Mexico begin-
ning in 1998 to restore the subspecies in a portion of its historic range (Reed et 
al. 2004). Mexican wolf 
distribution in Arizona is 
limited by the absence of 
any naturally occurring, 
fully protected wolves. 
Distribution is also lim-
ited through the Non-
essential Experimental 
Special Rule, which 
ensures that the species 
is protected from inten-
tional harm, yet doesn’t 
allow the population to 
restrict current or poten-
tial land development or 
activities. The rule designates the wolf population as experimental and non-es-
sential to the survival of the species. Wolves in Arizona are currently allowed to 
establish home ranges only within the Apache National Forest and the White 
Mountain Apache Reservation. 
 There are presently no formal, agency-sponsored evaluations of other 
reintroduction sites within Arizona, although the North Kaibab Plateau has been 
proposed by some environmental groups and might provide potential habitat for 
Mexican wolves. Mexican wolves do not seem to select for roadless wilderness ar-
eas or steep, inaccessible rocky terrain. Access to areas within the reintroduction 
area varies from a day’s mule ride on rough mountain trails or cross-country to 
near roads. 

Habitat
 Mexican wolves inhabited a variety of vegetation types in Arizona prior 
to extirpation in the early 1900s. Wolves were never abundant in the state, and 
densities likely were lowest on the North Kaibab National Forest (Hoffmeister 
1986). Early naturalists often might have confused wolves with coyotes, con-
founding early estimates of abundance and distribution. Most reports of his-
torical distribution indicated wolves inhabited areas of woodlands above 4,500 
feet elevation (Girmendonk 1994) that included oak (Quercus spp.), pinyon pine 
(Pinus edulis), juniper (Juniperus spp.), ponderosa pine (P. ponderosa), and mixed-
conifer forests (Bailey 1931, McBride 1980).
 Other subspecies of gray wolves inhabit vegetation types ranging from 

Mixed-conifer forests provide habitat for Mexican wolves in 
Arizona. 

Mexican wolves prey on large ungulates such as elk.
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small mammals and unknown items (Reed et al. 2006). In comparison, wolves in 
Yellowstone National Park in 2002 killed mostly elk (84%), and preyed less on bison 
(Bison bison; 6%) and deer (1%) (Smith et al. 2003). On average, a Mexican wolf 
would likely consume about 2,800 pounds of prey per year, comprised primarily 
(80%) of deer and elk (Parsons 1994).
 Observations of wolves attacking live prey suggest predation primarily 
of elk, possibly due to greater availability of elk than other large prey. Elk calves 
and deer fawns seem to be primary food sources of Mexican wolves during sum-
mer. Mexican wolves also commonly feed on offal left by hunters and wounded 
game during autumn, but no studies have evaluated importance of scavenging 
as a source of food. Mexican wolves need to eat only a couple of times per week, 
because their highly elastic stomachs allow gorging on up to 20 pounds of food in 
a single feeding. Biomass of available prey directly influences relative abundance 
and densities of wolves (Fuller 1989). The formula y = 0.041x (where y = numbers 
of wolves, and x = biomass of prey available) theoretically might describe the rela-
tionship between number of wolves potentially supported in an area and biomass 
of available prey (Paquet et al. 2001). 

Behavior 
 Wolves that are fed artificially can become habituated to humans, simi-
lar to behavior of bears (Ursus spp.), coyotes, and foxes (Urocyon cinereoargenteus, 
Vulpes spp.). Fortunately, distribution of Mexican wolves in Arizona does not 
overlap major human population centers. However, potential for habituation and 
related problems remain at developed, dispersed campgrounds within the area 
inhabited by reintroduced Mexican wolves. Wolves pose a greater risk of injur-
ing or killing humans, domestic pets, and other wolves if they are habituated to 
humans, but they generally pose little if any threat to human safety, unless they 
are sick, injured, or cornered (Mech 1990). 
 Captive wolves, domestic dogs, and wolf-dog hybrids, especially if re-
leased into the wild, pose a much more significant risk to human safety than do 
wild wolves. Although free-ranging Mexican wolves have never injured humans, 
wolves as well as other wildlife need to be actively managed to limit potential 
dependencies on humans or prevent negative interactions with humans. Even 
intensive hazing failed to discourage some Mexican wolves that became habitu-
ated to humans and frequented campsites. These animals had to be captured and 
returned to captivity. Other wolves that moved to areas near humans experienced 
high mortality rates and died before they could be recaptured. 

Diseases
 Gray wolves might be subject to infections of brucellosis, distemper, 
canine hepatitis, parvovirus, and rabies, as well as infestations of cestode parasites 
and ticks (Samuel et al. 2001). Mexican wolves thus might be susceptible to a 

number of diseases and parasites likely already circulating in other canids in the 
reintroduction area. 
 Canine parvovirus and distemper are the most significant diseases wolves 
encounter. At least 1 pup in a relatively remote area died from parvovirus. Wide-
spread exposure of pups to parvovirus, corresponding with their low survival, was 
thought to suppress a colonizing population of wolves in Wisconsin (Wydeven 
et al. 1996). Infectious agents of parvovirus probably exist throughout potential 
wolf habitat, and wolves must develop natural immunity to the virus, or recruit-
ment of pups could be compromised. Wolves can contract rabies and potentially 
infect humans with the disease, but this rarely has been documented (Johnson 
1992). Although wolves might act as host or vector for rabies, their low densities 
and remotely located habitats minimize potential for transmitting the disease to 
humans, especially when compared to potential for transmission of rabies by bats, 
skunks (Mephitis mephitis and related forms), and foxes.

Density and Size of Packs
 Densities of Mexican wolves vary widely because individuals often travel 
together as a pack and seem to make disproportionate use of locations within 
landscapes. Wolves in some cases seem to use areas near prime calving grounds 
for elk more than areas such as established foot and horse trails often used by 
humans. Wolves also might use valley bottoms and other readily accessible areas 
in higher proportions than their availability (Singleton 1995). 
 Densities of colonizing Mexican wolves likely vary between about 1.6 
and 5 per 100 square miles. Densities of other subspecies of wolves in northern 
Ontario ranged from 33 per 100 square miles on Coronation Island to between 
0.8 and 1 per 100 square miles (Merriam 1964, Pimlott et al. 1969). Excluding 
pups born in 2004, there currently are about 12 free-ranging wolves on non-
Tribal lands in Arizona. Estimated carrying capacity for Mexican wolves within 
the reintroduction area of Arizona is at most about twice the current population.
 Mexican wolf packs average between 4 and 5 individuals; they histori-
cally averaged between 3 and 8 animals (Bailey 1931, McBride 1980). In Yellow-
stone National Park, where a northern subspecies of gray wolf has been reintro-
duced, size of packs in 2002 averaged 10.6 animals (Smith et al. 2003).

Reproduction
 Wolves primarily are monogamous, even though a pack can include more 
than 1 sexually mature female (Mech 1970), but polygyny (more than 1 mate at a 
time) occurs occasionally (Mech and Nelson 1989). Behavioral and physiological 
adaptations usually prevent more than 1 female per pack from breeding, which 
usually occurs in February (McBride 1980). If a reproductively active wolf dies 
or is removed from a pack, another wolf from within or outside the pack can 
immediately become reproductively active and mate prior to the next breeding 
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season. However, removal of an alpha (dominant) or reproductively active female 
or male can disrupt a pack, resulting in dissolution of the pack and independent 
distribution and movements of members of the pack. 
 Wolves in the wild usually do not mature sexually and breed until they 
are at least 2 years old (Rausch 1967), but 1 female in the wild bred at 10 months 
of age (Mech and Seal 1987). Male Mexican wolves in the wild can be reproduc-
tively active until at least 8 years of age, whereas females can breed until at least 7 
years of age, but maximum age for reproduction is unknown. Courtship behavior 
begins during winter months, when potential mates remain closer and interact 
physically with each other more often. Scent marking activity increases during 
courtship, and an alpha female eventually exhibits raised leg urinations alongside 
her mate, expelling urine tinged with pre-estrus blood (Mech 1970).
 M e x i c a n 
wolves dig dens into 
soft soil or locate them 
under various objects, 
including logs and rock 
ledges (Bailey 1931). 
Dens might be reused, 
but reintroduced Mexi-
can wolves likely move 
dens annually, even if 
just a short distance. 
After a gestation period 
of about 63 days, a sin-
gle litter of 4 to 7 pups 
usually is born in April. 
Average size of 16 litters 
of wild Mexican wolves 
was 5.6 pups (McBride 1980). Average size of litters of gray wolves during mid-
winter in Yellowstone National Park in 2002 was 4.3 pups (Smith et al. 2003). 
 Pups are weaned at 5 to 6 weeks of age and remain totally dependent 
on adults until at least 9 to 10 months old. All members of packs care for pups. 
About 6 weeks after pups are born, wolves move them away from a den site to 
another area near water, called a rendezvous site. Pups and other pack members 
use rendezvous sites as centers of activity during summers, and pups usually begin 
traveling with adults on short forays by October. Sex ratios of pups (male:female) 
reportedly can be nearly equal, but ratios in some cases might favor males (Mech 
1975). Annual mortality of pups commonly is about 50%, but varies widely, de-
pending on densities of prey and competitors, disease, and weather (Rausch 1967, 
Mech 1977, Fuller 1989).

Biologists attach a radiocollar to a Mexican wolf to learn about 
distribution and movement of wolves in Arizona.

Home Ranges, Dispersal, and Territories
 Reintroduced Mexican wolves can establish home ranges relatively 
quickly if they are held in a chain link enclosure for a few weeks to 2 months 
prior to release. Wolves also have shown high site fidelity if released with a lit-
ter of young pups. Sizes of home ranges of colonizing Mexican wolves based on 
the 95% minimum convex polygon method (Mohr 1947) vary from about 161 
to more than 250 square miles. However, some studies of gray wolves recorded 
an average home range size of 123 square miles. Home range sizes in Minne-
sota (Stenlund 1955) and Alaska (Burkholder 1959) varied from 36 to more than 
5,000 square miles, respectively, but no studies have evaluated size of home range 
in relation to selection of habitats by reintroduced wolves.
 Most wolves released from captivity in the future probably will have had 
prior experience in the wild. Home range sizes and dispersal movements likely will 
be similar to those observed for Mexican wolves that have been released in Arizona. 
Wolves colonizing in Montana in the 1980s remained in a portion of their natal 
territory, and established territories adjacent to natal locations. Dispersing individu-
als moved more than 
100 miles (Ream et 
al. 1991). Mexi-
can wolves seem to 
exhibit similar be-
havior. About 15% 
of Mexican wolves 
released in Arizona 
eventually dispersed 
from release areas 
and did not return 
before either death 
or recapture. This 
percentage is less 
than in other studies 
of dispersal, where 
up to 40% of wolves moved more than 20 miles (Boyd et al. 1996). Another 15% 
of Mexican wolves released in Arizona moved away from their release site after an 
alpha animal died, or following hard release with no acclimation period (not held 
in enclosures prior to release). 
 Biologists actively pursued and attempted to recapture wolves that left 
the reintroduction area, possibly affecting their movements. One Mexican wolf 
dispersed 300 miles from its release site before being struck and killed by a vehicle 
near Flagstaff, Arizona. In comparison, female wolves in Montana dispersed an 
average of 165 miles, and males dispersed an average of 95 miles (Boyd et al. 
1996). Both sexes disperse primarily during winter, and females and males tended 

Biologists weigh a Mexican wolf to record biological information be-
fore the animal is released. 
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to disperse at 2 and 3 years of age, respectively. The longest documented dispersal 
was at least 570 miles (Fritts 1983).
 Active defense of a territory between different packs that involved physi-
cal encounters resulting in injuries has not been observed in the reintroduced 
population of Mexican wolves. However, preliminary analysis of location data 
shows relatively little temporal overlap of home ranges between most packs, indi-
cating typical territorial behavior.  

Survival
 Reintroduced Mexican wolves experience levels of mortality similar 
to other populations of wolves that are exposed to high levels of human activ-
ity. During the first 5 years of the reintroduction project, humans caused most 
mortalities; 56% of deaths resulted from gunshots and collisions with vehicles. 
Natural causes accounted for 24% of deaths, and 20% of deaths were from un-
known causes (Table 1). Wolves in the Greater Yellowstone Area experienced 
similar levels of mortality; 55% of deaths were caused by humans, 26% were 
from natural causes, and 19% were from unknown causes (Smith et al. 2003). 
Humans also caused 72% of deaths of wolves in Wisconsin during early years 
of recovery efforts, but caused only 22% of mortalities after 1985 (Wydeven et 
al. 1996). Human-related deaths and fragmentation of habitats are the primary 
threats to Mexican wolf survival.

Table 1. Known causes of mortalities of reintroduced Mexican wolves in Arizona, 
1998 to 2003.
                                    

 Cause of mortality  Number of 
mortalities

Percent of total 
mortalities

Brain tumor 1 4
Capture myopathy 1 4

Dehydration 1 4
Infection 1 4

Mountain lion 1 4
Parvovirus 1 4

Shot (firearms) 11 38
Snake bite 1 4
Unknown 6 20

Vehicle collision 4 14
Total mortalities 28 100

 

 Detailed age-specific rates of mortality have not been calculated for 
Mexican wolves, partly because of artificial manipulation of the population 
through releases and removals for various reasons. About 24% of wolves released 
or born in the wild following releases died during the first 5 years of the project. 
Yearling Mexican wolves have a higher rate of mortality than other age classes, 
comprising about 36% of all mortalities. Ongoing radiotelemetry monitor-
ing and analyses of data will provide estimations of rates for specific mortality 
causes. Colonizing wolves in Wisconsin experienced a 39% rate of mortality 
from 1979 to 1985, but mortality rate dropped to 18% between 1985 and 1992 
(Wydeven et al. 1996). Some populations of wolves have persisted despite a 
sustained human-caused mortality rate of 30% (Mech 1970). 
 Wolves are vulnerable to predation control efforts because their popula-
tions can be reduced in localized areas, but if a reservoir population is nearby, 
recolonization can occur within a few years (Hayes et al. 2003). Outreach efforts 
intended to inform people about the presence of Mexican wolves and their simi-
larities to coyotes will hopefully reduce accidental shootings of wolves. 

Management and Conservation

Monitoring
 Mexican wolves can be monitored using a variety of methods (Girmen-
donk and Groebner 1994), including tracking, scent posts, howling, photo traps, 
and other survey techniques. In addition, attaching a radiocollar to 1 member of 
a pack enables researchers to study communal behaviors and identify individual 
pack members, as well as pack size. Once typical size of home range of a pack is 
determined for an area, biologists can extrapolate to estimate size of a population 
over a larger area.

Effects on Prey Populations 
 Wolves in certain situations potentially limit abundance of prey (Mech 
and Karns 1977, Fuller 1990, Hayes et al. 2003). Wolves might affect popula-
tions of prey most when predation occurs within the same time span when other 
factors potentially influence abundance of prey, such as deep snow, disease, or a 
long winter. However, most research on predator-prey interactions indicates that 
wolves do not eliminate prey, but rather reduce magnitudes of fluctuations in prey 
populations.
 Computer modeling using a reintroduction goal of 100 Mexican wolves 
for Arizona and New Mexico indicated effects on populations of prey varied, 
depending on factors other than predation (Green-Hammond 1994). The model 
was designed to evaluate impacts of predation on existing populations of prey 
using estimates of 0% and 25% alternate prey and levels of 17% and 50% com-
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pensatory mortality (Green-Hammond 1994). If a population of ungulates was 
decreasing because of drought, predation by wolves would accelerate decline of 
the prey population. If a population of ungulates plausibly would increase with-
out predation by wolves because of increased precipitation, that prey population 
would increase if wolves were present, but it would not increase as quickly. An-
nual changes in populations of prey as a result of predation by wolves never ex-
ceeded 3% for deer or elk, but effects of predation could accumulate over time. 
 When a reintroduction goal of about 100 wolves is reached, wolves 
might consume the equivalent of about 1/3 of an elk and 1/8 of a deer per square 
mile per year. Reintroduced Mexican wolves may not exert totally additive (adds 
to other sources of mortality) or totally compensatory (replaces other sources of 
mortality) levels of predation on populations of prey, but detailed studies will be 
necessary to confirm or refute this conclusion. Although unverified by research, 
at least a portion of predation by wolves is thought to be compensatory with other 
types of predation. 
 Mexican wolves might be expected to influence populations of prey dif-
ferently than mountain lions (Puma concolor), coyotes, and bears. Cursorial hunt-
ing behavior by a pack of wolves (a hunting strategy practiced by wolves; wolves 
are slower than their prey over short distances, but have greater endurance over 
long distances) should select for less fit animals within the population of prey. 
In contrast, mountain lions and bears tend to stalk and ambush prey, and likely 
exert less selective pressure on unfit animals. However, a distinct difference in 
predation by wolves and mountain lions was not found in a study in and near 
Glacier National Park in Montana (Kunkel et al. 1999).

Effects on other Predators
 Although no studies were conducted to investigate effects of Mexican 
wolves on other predators before wolves were extirpated in Arizona, anecdot-
al evidence suggests wolves might have suppressed populations of coyotes and 
mountain lions. Coyotes and mountain lions likely increased in abundance and 
distribution once wolves were extirpated from Arizona (Ligon 1927, Leopold 
1959, Bednarz 1989, deVos and McKinney 2005). Moreover, wolves might affect 
populations of coyotes through direct killing or causing avoidance by coyotes 
of areas inhabited by wolves (Berg and Chesness 1978, Fuller and Keith 1981). 
Wolves have killed mountain lions (Hornocker Wildlife Research Institute 1993), 
but mountain lions also have killed Mexican wolves. It appears that packs of 
wolves have little vulnerability to predation by mountain lions and bears, but 
young wolves separated from packs might be vulnerable to predation. 
 However, direct interspecific interactions among predators (between 
predator species) probably are uncommon, and mortality from this source might 
not be significant for wolves or other large predators. In comparison, if packs of 
wolves displace mountain lions and bears from kills they have made, these preda-

tors suffer missed meals, must make other kills, and perhaps must move from 
areas of interspecific conflicts. 

Research Needs 
 More specific information based on larger sample sizes is needed to bet-
ter understand the dynamics of Mexican wolf populations. Recruitment of pups 
is poorly documented, but if other wolf reintroduction projects are indicative, 
the reintroduced population of Mexican wolves in Arizona will expand to fill 
available habitat. Risk of hybridization between Mexican wolves, domestic dogs, 
wolf/dog hybrids, and coyotes is considered low within the reintroduction area, 
but information is needed on consequences of wolves dispersing outside the area 
into habitats where dogs and wolf/dog hybrids are more abundant. 
 Specific information is needed on predation rates and effects of the rein-
troduced population of Mexican wolves on populations of prey to enhance man-
agement of predators and prey. Understanding effects of colonization by reintro-
duced wolves on other predators also is key to effective management of sympatric 
populations of predators.
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Chapter 4 

Mountain Lion 

Ted McKinney, Research Branch
Arizona Game and Fish Department

Common Name - Mountain Lion, Cougar, Puma, Panther, Catamount
Scientific Name - Puma concolor

Life History

Description
 The mountain lion (Puma concolor), except for the slightly larger jaguar 
(Felis onca), is North America’s largest member of the cat family. Tawny, reddish 
brown or grayish brown adult (more than 24 months old) females and males 
range from about 75 to 105 pounds and 115 to 150 pounds, respectively (adult 
jaguars might weigh between about 125 and 250 pounds). Mountain lion kittens 
are born fully furred with black spots that disappear by adulthood, and weigh 
about 1.1 pounds at birth (Anderson 1983). 
 Mountain lions are elusive and shy, but tracks in dirt, dust, or snow can 
document their presence in an area. Well-defined tracks are larger than those 
made by bobcats (Lynx rufus), but have similar appearance in that they show 4 
toes, rarely show claw marks, and heel pads are two-lobed on anterior borders, 
three-lobed on posterior borders. Mountain lion tracks generally range between 
about 3.0 to 4.3 inches long and 3.3 to 4.8 inches wide. Strides can range between 
about 13 and 32 inches while walking, but can increase to about 12 feet when 
running. Tracks of jaguars are unlikely to be seen in Arizona except perhaps oc-
casionally near the border with Mexico, but are similar in appearance and size to 
tracks of mountain lions.

Life Span
 Biological life span of free-ranging mountain lions potentially might 
be about 12 to 13 years, but few adults survive to this age. Estimated age dis-
tributions in 3 exploited and 3 unexploited mountain lion populations in the 
southwestern United States varied, but most animals were less than 6 years old 
(Cunningham et al. 1995). Mountain lions in the wild and in captivity reportedly 
have lived up to 15 and 18 years of age, respectively (Logan and Sweanor 2001).
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ham et al. 2001, Logan and Sweanor 2001). Intensive capture-recapture studies 
based on radiotelemetry in localized study areas might provide reasonably accu-
rate estimations of density. Analysis of deoxyribonucleic acid (DNA) in feces also 
might be used to estimate density of mountain lions in some areas (Ernest et al. 
2000), but preliminary studies indicated this approach was not feasible in a desert 
environment in central Arizona (McKinney and McRae 2001).

Distribution and Abundance
 Mountain lions survived massive extinctions of mammals at end of the 
last Pleistocene ice age and likely experienced a founder event in southwestern 
North America about 12,000 years ago (Culver et al. 2000). Mountain lions were 
extirpated more than a century ago throughout states and provinces in eastern 
and midwestern North America, but presently seem to be increasing in abun-
dance and distribution in these regions (deVos and McKinney 2005). In gen-
eral, mountain lions are distributed more broadly throughout North and South 
America than any mammal other than humans.
 Mountain lions regularly occur throughout Arizona (Figure 1), except 
for low desert environs in southwestern areas of the state where they likely are rare 
or absent (Germaine et al. 2000). 
 Relative abundance of mountain lions in Arizona seems to be linked 
to abundance of mule deer (Odocoileus hemionus); thus, mountain lions might 
be more abundant in interior chaparral than in other habitat types (Shaw et al. 
1988), but also are abundant in pinyon-juniper (Pinus edulis-Juniperus spp.) habi-
tat. Distribution of mountain lions in California also corresponded with avail-
ability of mule deer, but few studies have examined simultaneous distribution 
of predators and their prey (Pierce et al. 2000a). In comparison, only a weak 
relationship existed between abundance of mule deer and mountain lions in Utah 
(Lindzey et al. 1994).
 Landscape-level distribution of mountain lions might be monitored 
using track surveys or other sign (Smallwood and Fitzhugh 1995, Germaine et 
al. 2000). Monitoring microhabitat distributions, however, would be most effec-
tive using radiotelemetry. Habitat modeling and mortalities of mountain lions in 
hunting districts were used to analyze landscape-scale abundance and distribu-
tion in Montana (Riley and Malecki 2001). Biologists in Arizona likely would 
benefit from use of this method.
 Comparatively few studies have attempted to quantify densities of 
mountain lions, and results vary widely. Using track survey data, average density 
of a heavily exploited population in Arizona was estimated to be 0.04/square mile 
(Cunningham et al. 1995). In comparison, average densities of mountain lions in 
central Arizona on areas with depredation control and sport harvest (versus those 
without these factors) were 0.07 and 0.04 per square mile, respectively, suggest-
ing areas subject to high depredation and sport harvest represented a population 
sink, (i.e., mountain lions tended to move into these areas from adjacent source 
populations) (Cunningham et al. 2001). Other studies have used capture-recap-
ture methods (radiotelemetry, physical marking of animals) and track surveys to 
estimate densities (Logan et al. 1986, Van Sickle and Lindzey 1991, Van Sickle 
and Lindzey 1992, Lindzey et al. 1994, Logan and Sweanor 2001). Estimates of 
mountain lion densities in several states and Canadian provinces using radiote-
lemetry or other techniques ranged from 0.02 to 0.16 per square mile (Cunning-

Figure 1. Distribution of mountain lions in Arizona.
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Habitat
 Mountain 
lions use habitat fea-
tures selectively, are 
more abundant in 
steep, rugged topog-
raphy, and might 
tend to avoid gentle 
terrain (Logan and 
Irwin 1985, Logan 
and Sweanor 2001, 
Riley and Malecki 
2001). Loss of habi-
tat as a result of hu-
man developments 
represents the great-
est single threat to conservation of mountain lions (Logan and Sweanor 2001). 
Movement corridors between mountain ranges are a critical aspect of mountain 
lion habitat (Beier and Loe 1992; Beier 1993, 1995).

Diets and Prey
 Mountain lions are obligate carnivores. Ungulates (hoofed mammals) 
likely represent nearly 70 % of their diets in North America (Iriarte et al. 1990). 
Mule and white-tailed (O. virginianus) deer, elk (Cervus elaphus), javelina (Pecari 
tajacu), and domestic cattle are principal prey of mountain lions in the West, but 
numerous studies indicate a variable diet. Bighorn sheep (Ovis canadensis) are 
considered to be an alternate prey to mule deer, the mountain lion’s primary prey. 
Recent studies indicate mountain lions might select young (less than 1 year old) 
mule deer (Pierce et al. 2000a) and domestic calves (Cunningham et al. 1999) 
as prey, but among adult mule deer, they might select older animals (Pierce et al. 
2000a) and females (Bleich and Taylor 1998), independent of body condition. In 
contrast, all age classes of white-tailed deer were equally vulnerable to predation 
by mountain lions (Kunkel and Pletscher 1999).
 Based largely on analyses of feces contents, studies in Arizona and the 
Southwest indicate a wide range in mountain lion diets (Robinette et al. 1959, 
Leopold and Krausman 1986, Cashman et al. 1992, Cunningham et al. 1999, 
McKinney et al. 2006b). Diets of mountain lions (occurrence of remains identi-
fied primarily in scats) reflect a generalist predation strategy: bighorn sheep (2% 
to 26%), deer (39% to 85%), javelina (17% to more than 60%), cattle (trace to 
34%), and rabbits and rodents (5% to 50%). Biologists believe mountain lions 
tend to hunt opportunistically; sex and individual behavior of the predator and 
relative availability and vulnerability of prey might influence predation (Leopold 

Rugged mountain lion habitat in the Mazatzal Mountains of central 
Arizona.

and Krausman 1986, Ross et al. 1997, Logan and Sweanor 2001). Recent stud-
ies also indicate mountain lions kill and eat their own species (particularly kit-
tens), and defend kills against other predators (Toweill and Meslow 1977, Boyd 
and O’Gara 1985, Koehler and Hornocker 1991, Pierce et al. 1998, Logan and 
Sweanor 2001). Remains of bobcats, coyotes (Canis latrans), and common gray 
foxes (Urocyon cinereoargenteus) occasionally occur in scats of mountain lions 
(Robinette et al. 1959, Cashman et al. 1992, McKinney et al. 2006b). Procedures 
based on studies with captive mountain lions allow researchers to convert fre-
quency of occurrence of prey remains in scats to estimations of relative biomass 
and numbers of prey groups consumed (Ackerman et al. 1984).
 Relationships between diets and spatial and temporal differences in 
abundance, distribution, and dynamics of mountain lions and their prey are 
poorly understood. 
Results of hundreds 
of studies of preda-
tor diets provide 
few insights in this 
respect (Robbins 
1983). Regardless, 
numerous investiga-
tions have provided 
valuable insights 
into partitioning of 
food resources, co-
existence of preda-
tors, and structures 
of ecological com-
munities (Koehler 
and Hornocker 1991, Arjo et al. 2002, McKinney and Smith 2007).

Behavior
 Hunting and Feeding.—Mountain lions are stalking predators, hunt 
primarily between dusk and dawn, and rely on cover and stealth to ambush prey 
or pursue them over short distances (Beier et al. 1995, Pierce et al. 2000a). They 
might kill large prey every 5 to 10 days, depending on age, sex, and reproductive 
status of the predator (Anderson and Lindzey 2003). 
 Mountain lions in 1 study stalked or sat in ambush an average of less 
than 1 hour, then traveled less than 1 mile in just more than an hour. They repeat-
ed this pattern about 6 times on nights when no prey was killed, and suspended 
the pattern when prey was killed. Mountain lions likely remain at kill sites until a 
carcass is consumed, requiring about 4 to 6 hours or less for small mammals and 
about 2 to 5 days for large prey (Beier et al. 1995). During feeding bouts after 

Mule deer are the primary prey of mountain lions in western North 
America.
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sunset, females with kittens returned to kills earlier than when there were no 
kittens, possibly reflecting avoidance of cannibalism by conspecific males (Pierce 
et al. 1998). Evidence of predation or feeding by mountain lions at a kill site 
might include presence of scats, scrapes, tracks, canine teeth bite marks, carcass 
drag line, opening of the carcass first at abdomen or thorax, consumption of vital 
organs, expulsion of carcass paunch, hair plucking or shaving, and caching the 
carcass with a covering of ground debris (Shaw 1979, Logan and Sweanor 2001).
 Dispersal.—Subadults tend to disperse from natal areas between about 
10 to 33 months 
of age, and males 
have a greater 
tendency than fe-
males to disperse. 
Maximum dis-
persal distances 
between about 50 
and more than 660 
miles have been 
reported (Beier 
1995, Sweanor 
et al. 2000, Lo-
gan and Sweanor 
2001, Thompson 
and Jenks 2005). 
Dispersing moun-
tain lions may move from and into subpopulations via habitat corridors in ur-
ban-fragmented landscapes. However, recent studies indicate connectivity of 
mountain lion populations among widely separated mountain ranges (Sweanor et 
al. 2000, Anderson et al. 2004). Encounters with humans and their environs dur-
ing dispersal can increase mortalities (Beier 1995). Prescriptions for conservation 
and management of mountain lions should consider regional and landscape-level 
scales and connectivity among local populations (Beier 1993, 1995; Noss et al. 
1996; Sweanor et al. 2000).
 Home Ranges.—Annual home ranges of adult mountain lions reported 
in various studies range from about 58 to nearly 309 square miles for males, 
and from 15 to more than 116 square miles for females. Lifetime home ranges 
are somewhat larger than annual home ranges for both sexes. Habitat quality, 
sex, reproductive status, and intraspecific interactions influence home range size, 
but home range size was found to be independent of density and abundance of 
deer (Logan and Sweanor 2001). Adults tend to exhibit strong home range fi-
delity, but males are more likely than females to shift home ranges (Logan and 
Sweanor 2001), and adult mountain lions in some cases migrate seasonally, fol-

Mountain lions are abundant in pinyon-juniper habitat in Arizona.

lowing movements of mule deer (Pierce et al. 1999). Home ranges often overlap 
spatially among and between sexes, although individuals tend to use overlapping 
areas at different times. Intraspecific aggression occurs, and males with unknown 
frequency kill or injure other males, females, subadults, and young (Logan and 
Sweanor 2001). In contrast, females apparently do not behave aggressively toward 
each other or conspecific young.
 Regulation of Populations.—A system of land tenure and mutual avoid-
ance with overlapping spatial distributions (Hornocker 1970, Seidensticker et al. 
1973) generally has been an accepted paradigm for understanding regulation of 
populations of mountain lions. Confusion exists in published literature because 
limitation and regulation commonly are used as interchangeable terms. Any mor-
tality factor that reduces rate of population growth is a limiting factor, whereas 
regulation infers a population level that is in approximate density-dependent 
equilibrium with long-term natality and mortality (Ballard et al. 2001). Density 
of mountain lions in Utah was regulated based on land tenure, but the popula-
tion was limited by abundance of mule deer (Hemker et al. 1984). A population 
of mountain lions in California was limited by food supply (Pierce et al. 2000b), 
but social organization apparently did not limit a population of mountain lions in 
New Mexico below a level set by abundance of prey (Logan and Sweanor 2001). 
However, mutual interference among predators might provide an underlying 
mechanism producing non-uniform spatial distributions of both predators and 
prey (Alonso et al. 2002). 
 Interactions with Humans.—Preliminary findings indicated 48 fatal at-
tacks, 177 nonfatal attacks, and 157 non-attack interactions between mountain 
lions and humans in North America since 1890 (Fitzhugh et al. 2003). Recorded 
encounters, injuries, and deaths involving mountain lions and humans have been 
increasing throughout the contiguous western United States, but causes of these 
trends are poorly understood (Mattson et al. 2003). Indications of potentially 
higher risk of attacks or encounters might include: 1) high abundance of moun-
tain lions near urban areas, 2) intensive recreational use by humans in areas where 
mountain lions are present, 3) increased sightings of or close encounters with 
mountain lions, and 4) attacks on pets (Fitzhugh 1988). Children probably are 
more at risk than adults.

Reproduction
 Estrus lasts from 1 to 10 days and the estrous cycle (time between estrus 
periods) can vary widely, ranging from about 14 to 35 days. In several studies, fe-
males bred first between 18 and 37 months old, whereas males bred first between 
21 and 27 months of age (Maehr 1997, Ross and Jalkotzy 1992, Lindzey et al. 
1994, Logan and Sweanor 2001). Mating pairs might remain together 1 to 4 days, 
and both sexes might be promiscuous. Older, resident males participate in all or 
most breeding (Seidensticker et al. 1973, Logan and Sweanor 2001). 
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 Kittens are born throughout the year after a gestation period of about 
91 to 92 days, but frequency of births generally peaks between about June and 
September (Anderson 1983, Logan and Sweanor 2001), corresponding with a 
peak breeding season of March to June. Intervals between births might be about 
17 to 18 months or more, and reproductive success of females is highly variable. 
Kittens generally suckle until 6 to 8 weeks of age and are carnivorous and pre-
cocious after weaning. Females raise kittens alone and spend 14 to 19 months 
caring for them. About half of adult females in a population might have kittens 
each year, and about 75% might raise kittens during a given year (Logan and 
Sweanor 2001). Sex ratios of kittens, subadults, and adults statistically are 1:1, but 
there is a tendency for populations to have fewer adult and subadult males than 
females, likely reflecting greater dispersal and mortalities of males than females, 
and higher recruitment of females than males into populations (Seidensticker et 
al. 1973, Ross and Jalkotzy 1992, Logan and Sweanor 2001).

Survival
 Estimates of survival of mountain lion kittens vary considerably among 

studies, primarily a result of 
differences in ages examined 
in relation to mortality, but 
survival rates might range 
from about 0.45 to 0.98 (Ross 
and Jalkotzy 1992, Maehr 
and Caddick 1995, Logan 
and Sweanor 2001). In one 
study, 36% of kittens died 
of natural causes, and most 
deaths occurred at equal to 
or less than 3 months of age. 
Infanticide by adult males 
was a major cause of death 
for kittens. Mountain lions 
produce an average litter of 

3 kittens, but only 2 usually survive past weaning. In a New Mexico study (Logan 
and Sweanor 2001), survival of kittens appeared to be independent of decline in 
a mule deer population. Two female kittens in that study survived after being 
orphaned at 7.5 and 9.8 months of age.
 Few studies have estimated survival of subadults, primarily because they 
often disperse from research areas. Estimated survival rate for males (56%) was 
lower than females (88%) in New Mexico (Logan and Sweanor 2001). Differ-
ences in rate of survival likely reflect philopatry (the tendency to return to a 
specific location to breed) of adult females and their female offspring, as well 

Capturing, tranquilizing, attaching radiocollars to gather 
information on distribution and movements, and releasing 
captured animals unharmed are important aspects of moun-

tain lion studies.

as mortalities of subadults caused by adult males or other sources, patterns that 
are apparent in exploited and unexploited populations. Other research reported 
about 80% mortality of dispersing subadults (Beier 1995). Survival rate of adult 
mountain lions ranged from 69% to 92% in exploited populations and was 75% 
in unexploited populations (Lindzey et al. 1988, Anderson et al. 1992, Beier and 
Barrett 1993). Other studies reported survival rates of adults between 25% and 
100% for females, compared to between 61% and 100% for males (Lindzey et al. 
1988, Logan and Sweanor 2001). In comparison, survival rates of adult females 
and males in a heavily exploited population of mountain lions in Arizona were 
67% and 58%, respectively (Cunningham et al. 2001). Survival rate for sexes 
combined in this study was lower than that reported in numerous states. Dep-
redation control and sport hunting are primary sources of mortalities of adults 
in hunted populations (Cunningham et al. 2001), whereas natural mortality, 
largely from intraspecific strife, likely is a major cause of mountain lion deaths in 
both exploited and unhunted populations (Ruth et al. 1998, Logan and Sweanor 
2001).

Management and Conservation
 Mountain lions and other predators were exploited during the first half 
of the 20th century, primarily in attempts to benefit abundance of mule deer. This 
practice began to be questioned and generally was recognized as ineffective by the 
1950s. Between 1906 and 1970, for example, 883 mountain lions were removed 
from about 1,200 square miles of Arizona’s Kaibab Forest to benefit the mule deer 
herd. Abnormally high densities of deer developed during 2 predator control ef-
forts between 1906 and 1923 (estimated removal of 0.03 mountain lions/square 
mile /year) and 1940 to 1963 (estimated removal of 0.002 mountain lions/square 
mile/year), but control efforts failed to sustain expected normal levels of pro-
duction by mule deer (McCullough 1986). Most states and Canadian provinces 
enacted regulations between 1960 and 1970 to protect mountain lions, primarily 
by conferring game status and regulating harvests.
 Legislative enactment in 1970 classified mountain lions as big game 
animals in Arizona (Cunningham et al. 1995), but harvest statewide differed 
little during years when bounties were paid (1952 to 1969) and the following 
two decades. Total harvest increased considerably from the 1990s through 2001 
and reached 318 animals in 2002 (Arizona Game and Fish Department 2003a). 
Resource management agencies in western states and Canadian provinces rely on 
sustained yield harvesting through regulated sport hunting to manage mountain 
lions, lacking inexpensive, reliable methods at landscape scale to estimate sizes 
and monitor dynamics of populations relative to management prescriptions (Lo-
gan and Sweanor 2001).
 However, effects of harvest differ depending on age and sex of animals 
killed, and proportion of adult females harvested likely is a key factor influencing 
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impacts of harvest on populations of mountain lions. Sex ratio of harvest alone 
likely is of limited value in identifying changes in abundance of populations. 
Numbers and age structure of harvested mountain lions should be combined to 
index effects of harvest on changes in populations. Increased levels of harvest in a 
study in Wyoming reduced abundance (about 50%) of mountain lions and cor-
responded with an increased proportion of adult females in the harvest from 14% 
to 41% (Anderson and Lindzey 2005). 

 Thus, although harvest of moun-
tain lions in Arizona between 1990 
and 2002 increased about 56% and 
females averaged about 49% of har-
vests (range of about 40% to 52%), 
data on age structure likely are nec-
essary to evaluate impacts of harvest 
on the statewide population. Vul-
nerability of mountain lions to sport 
hunting might be highest for tran-
sient males, followed in descending 
order by resident males, transient 
females, and resident females (An-
derson and Lindzey 2005). A popu-
lation of mountain lions in a desert 
region of New Mexico consisted 
on average of 61% adults, 6% sub-
adults, and 33% cubs (Logan and 
Sweanor 2001).
  When 27% (6 males, 22 
females) of mountain lions more 
than 1 year old were removed from 
a 733 square mile area during 1 
sport-harvest season in Utah, abun-
dance of adults recovered in about 
9 months through replacement by 
transients and production of off-
spring by resident females, but the 
population likely would not have 
recovered as quickly from a second 
year’s harvest of similar intensity. In 
contrast, harvest of about 19 moun-

tain lions per year from 1988 to 1993 from an area less than 1,158 square miles in 
southeastern Arizona did not appear to reduce densities of mountain lions (Cun-
ningham et al. 1995, 2001).                  

Arizona Game and Fish Department personnel 
Tim Anderson (left) and Darren Tucker captured 
and released unharmed this adult mountain lion 
near Prescott, Arizona as part of an urban-related 
mountain lion study. The animal was restrained 
while aneasthetized for the safety of the animal 

and the biologists.

 The hunting season for mountain lions in Arizona is yearlong, and un-
limited tags are available over-the-counter (1 tag per hunter/year). Since 1970, 
the statewide bag limit in Arizona has been 1 mountain lion per hunter per year, 
but higher bag limits have been allowed or proposed and harvest objectives estab-
lished in certain areas for purposes of management or research (Arizona Game 
and Fish Department 2003b). A hunter in areas with specific harvest objectives 
might be allowed to take 1 mountain lion per day until the harvest objective is 
reached. Once the harvest objective for an area is reached, the season can remain 
open and revert to a calendar year bag limit of 1 per hunter. Spatial controls can 
achieve high yields and avoid hazards of overharvest commonly associated with 
more broadly applied harvest quotas (McCullough 1996). 
 Most states, including Arizona, regulate harvest of females and kittens 
to some extent (Ruth et al. 2003). Most states and some Canadian wildlife re-
source agencies outlaw killing female mountain lions with kittens at their side. 
Seasons, bag limits, and harvest objectives in Arizona are in compliance with 
goals, mission, and authorities of the Arizona Game and Fish Department and 
Commission (Arizona Game and Fish Department 2001). The Arizona Game 
and Fish Department in 2003 initiated voluntary collection and submission of a 
mountain lion tooth by successful hunters to evaluate age structure of the harvest 
(Arizona Game and Fish Department 2003b). In July 2006, mandatory check-
in was initiated for successful mountain lion hunters in Arizona. Hunters must 
report successfully taking a mountain lion within 48 hours of harvest. Mandatory 
physical check-in is required within 10 days of harvest, when hunters must pres-
ent for inspection the head and the complete hide with evidence of sex attached. 
During inspections, biologists will assess physical and reproductive condition and  
evidence of disease, and collect a premolar tooth for age determination. Data col-
lected from hunters will include harvest date and location, hunting method, and 
hunter effort (Arizona Game and Fish Department 2006).
 Overharvest in some cases might be a potential threat to abundance of 
mountain lions (Logan and Sweanor 2001). Harvest and number of mountain 
lion hunting licenses sold might be correlated (Logan and Sweanor 2001), but 
this association was not apparent in Arizona between 1971 and 2001. Hunters us-
ing hounds in Arizona annually kill about 65% of harvested mountain lions, and 
about 15% of harvest is associated with depredation control (Arizona Game and 
Fish Department 2003a). Wildlife managers attempt to limit harvest of moun-
tain lions to between 10% and 25% of estimated abundance, although reliable 
estimations of abundance of populations generally are lacking, and a sustainable 
annual harvest rate that allows for stability or growth of populations is uncertain 
(Lindzey et al. 1992, Ross and Jalkotzy 1992, Logan and Sweanor 2001). Al-
though some believe sport hunters traditionally select big males for trophies (Lo-
gan and Sweanor 2001), ratio of males to females in Arizona’s statewide harvest of 
mountain lions remained about 1:1 for the past 16 years. However, hunters using 
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hounds harvested 60% males, whereas those hunting without hounds harvested 
60% females (Zornes et al. 2006).
 Biologists in most states and provinces believe abundance of mountain 
lions increased in recent years, a conclusion perhaps based on upward trends in 
annual harvests by hunters (Logan and Sweanor 2001). However, recently per-
ceived upward trends in abundance of mountain lions appear to be based more on 
subjective information than on empirical data (Hopkins 2003). Biologists pres-
ently lack reliable, cost-effective methods of monitoring trends of populations of 
mountain lions. In most western states, managers attempt to liberalize annual 
harvest until data suggest a population has declined (Logan and Sweanor 2001). 
Accelerating and expanding scope of conflicts between humans and large carni-
vores might have undermined resiliency mechanisms of these predators, and in 
some cases might have caused declines in abundance (Weaver et al. 1996).
 Some states use track surveys to estimate trends of populations of moun-
tain lions, but such surveys are problematic for 2 reasons—costs of sampling 
across large geographic areas are high, and indices derived from track surveys 
might be related only weakly to abundance (Smallwood and Fitzhugh 1995). 
Nonetheless, surveys of tracks and other sign might have potential for monitoring 
trends of mountain lion populations (Smallwood 1994, Smallwood and Fitzhugh 
1995, Beier and Cunningham 1996, Harveson et al. 1999).
 Little is known regarding habitat-specific spatial requirements of moun-
tain lions in Arizona, but innate dispersal behavior of subadults suggests meta-
population structures are critical to persistence of viable populations. However, 
recent research indicates metapopulation structures may be questionable for 
mountain lions, and further research is needed. A metapopulation is a network 
of local subpopulations with some level of intermittent or regular movement of 
individuals (gene flow) among them. Identifying and delineating metapopula-
tion components, including travel corridors and barriers to dispersal, are critical 
to conservation and management of mountain lions (Beier 1993, 1995; Sweanor 
et al. 2000). In the absence of immigration, habitat areas between 386 and 850 
square miles likely are needed to support a persistent population of mountain li-
ons consisting of 15 to 20 adults (Beier 1993). Limited immigration of even a few 
females and males per decade reduces this requirement to perhaps between 232 
and 618 square miles. Fragmentation of connectivity corridors in metapopula-
tions increases probability of extinction of small subpopulations.
 Review of 4 studies evaluating relationships between predators and 
populations of deer in North America led to a conclusion that predators did not 
cause declines in abundance, but predation could limit populations of deer when 
they were below forage carrying capacity (Ballard et al. 2001). Seldom did preda-
tor reductions correspond with higher harvests of deer, but predation by moun-
tain lions might cause significant mortality under certain conditions in some 
areas. Habitat carrying capacity, weather, human use patterns, number and type 

of predator species, and habitat alterations potentially influence predator-prey re-
lationships. Intensive radiotelemetry and manipulative research are crucial to ad-
vance our understanding of ecology of mountain lions, predation, and dynamics 
of predators and their prey (Ballard et al. 2001, Anderson and Lindzey 2003). 
 Predation by mountain lions possibly regulated herds of mule deer in 
California and Nevada (Bleich and Taylor 1998). In comparison, a study in New 
Mexico concluded predation by mountain lions represented compensatory mor-
tality (i.e., it replaced other mortality factors) of mule deer (Logan and Sweanor 
2001). Predation by mountain lions and drought limited the deer population; 
both variables influenced production and survival of fawns and growth of the 
population. Abundance of mountain lions in California followed but lagged 
decline of a population of mule deer under conditions of drought (Pierce et al. 
2000b). A sustained low prey base might be required to trigger steep decline in 
survival of mountain lion kittens (Logan and Sweanor 2001).
 Few studies have ad-
dressed population-level impacts 
of predation by mountain lions on 
bighorn sheep, although mountain 
lions are the only North American 
predator capable of population-lev-
el impacts on the species (Sawyer 
and Lindzey 2002). Predation by 
mountain lions might cause popu-
lations of bighorn sheep to decline 
and impede recovery, particularly 
if escape terrain is inadequate, and 
if abundance of preferred prey is 
low. Declines in abundance of 
mule deer might have contribut-
ed to recent increases in predation of bighorn sheep in Arizona and other areas 
(Rominger and Weisenberger 1999, Kamler et al. 2002). Predation of bighorn 
sheep by mountain lions in Arizona represents a management concern (Kamler 
et al. 2002, McKinney et al. 2006a,b). Individual mountain lions usually are 
responsible for most predation within a given population of bighorn sheep, and 
predation varies among populations and between years. Mountain lions prey on 
adults and lambs, and population-level impacts might be compounded if moun-
tain lions kill reproductive females and their offspring (Ross et al. 1997, Hayes et 
al. 2000, Sawyer and Lindzey 2002).
 Experimental intervention or manipulation provides a useful approach 
to evaluate effects of environmental factors on populations. Experimental levels 
of harvest were used to evaluate relationships between harvest intensity and age 
structure of mountain lions (Anderson and Lindzey 2005). Another published 

Mountain lions recover quickly following capture 
and attachment of radiocollars, and within minutes 

resume activities.
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study used experimental reduction of mountain lions to evaluate relationships be-
tween the predator and dynamics of prey populations (Ballard et al. 2001). About 
half of a mountain lion population was translocated to determine effects on sur-
vival of mule deer in New Mexico (Logan and Sweanor 2001). More recently, Ar-
izona Game and Fish Department studied a population of desert bighorn sheep 
(O. c. mexicana) that declined between 1994 and 1997, and experienced low lamb 
production through 1999 (McKinney et al. 2006b). Mountain lion reductions 
were used as an experimental element in evaluating various potential limiting fac-
tors affecting this population of bighorn sheep, including disease, nutritional sta-
tus, predators, and levels of rainfall (McKinney et al. 2006b). Research suggested 
drought (ultimate factor), and nutritional status and predation by mountain lions 
(proximate factors) interacted to limit the population. Relative availability of un-
gulate prey per mountain lion likely affected diets of mountain lions, and fecal 
analyses demonstrated no predation or scavenging of bighorn sheep by bobcats 
and coyotes.
 Density of mountain lions is related positively to abundance of cervids 
in habitats with stalking cover (Weaver et al. 1996). Predation might be unre-
lated to densities of mountain lions but related to relative abundance of alternate 
prey (Sawyer and Lindzey 2002). Density-dependent behavioral dynamics of 
predator-prey interactions influence predation, and mountain lions likely become 
relatively inefficient predators at higher population densities (Brown et al. 1999). 
Translocation of mountain lions likely has limited applicability for management 
(Ruth et al. 1998), but lethal removal of only a few mountain lions each year from 
an area might reduce extinction risk for a bighorn sheep population (Ernest et al. 
2002). Importantly, studies relating to predation of bighorn sheep by mountain 
lions often have been merely incidental or observational, and typically have been 
conducted only when concerns about prey populations already existed. Thus, pre-
dation by mountain lions and population-level impacts of predation in general 
are poorly understood.

Research Needs
 Inadequate knowledge and understanding of mountain lion ecology im-
pairs effective conservation and management of the predator and its prey. Efforts 
to achieve persistence and prevent overkill of mountain lions are primary im-
mediate concerns. Current needs of conservation and management of mountain 
lions in Arizona include:

 1) Develop indices of sustainable harvest at landscape and local levels.

 2) Evaluate relationships between intensity and age structure of harvest 
and utility of using proportional harvest of adult females to index changes in 
abundance of populations at habitat-specific and statewide levels. Current moun-

tain lion management guidelines address these issues through mandatory check-
ins, collections of premolar teeth and age determinations, documentation of age, 
sex, and kill locations, and hunter questionnaire and hound hunter surveys in 
alternate years.
 3) Determine habitat requirements, and obtain quantitative descriptions 
of existing habitat patches, habitat fragmentation, and habitat connectivity (travel 
corridors connecting local populations).

 4) Develop methods to evaluate landscape-scale distribution and sizes 
of habitat patches and to assess and monitor habitat-specific abundance, distribu-
tion, and trends of populations relative to harvest prescriptions.

 5) Evaluate predator-prey dynamics and environmental factors affecting 
these relationships.

 6) Evaluate urban interface issues regarding interactions with humans.
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Chapter 5
Coyote

Brian Anthony, Region VI
Arizona Game and Fish Department

Common name - Coyote 
Scientific name - Canis latrans

Life History

Description
Male coyotes (Canis latrans) weigh between 17 and 44 pounds, and fe-

males weigh between 15 and 40 pounds. Males are taller and longer than females, 
although there is significant geographic variation among subspecies. Length of 
head and body ranges 
from about 3.3 to 5.2 feet, 
and the tail is about 1.3 
feet long; coyotes stand 
about 22 to 26 inches high 
at the shoulder. Coyotes 
have wide, pointed, erect 
ears, a tapering muzzle, 
and a black nose. The top 
of the muzzle forms an al-
most continuous line with 
the forehead. Paws have 4 
toes with nonretractable 
claws, and are more elon-
gated than those of simi-
lar-sized domestic dogs 
(C. familiaris). Forepaws have a rudimentary “thumb” that is reduced to a claw 
and is located high on the inner side of the leg. Claws are not used in attack or 
defense; they are typically blunted from constant contact with the ground and 
often do not leave deep marks (Bekoff 1995).
 Coyotes usually are smaller than Mexican wolves (C. lupus baileyi), but 
overlap in size with domestic dogs and red wolves (C. rufus). Coyotes can be 
differentiated from Mexican wolves by weight, length, and height at shoulder. 

A coyote track on a dirt road in Sonoran Desert scrub habitat. 
Front tracks are generally 2 1/4– 2 3/4 inches long by 1 3/4–2 
3/8 inches wide. Hind tracks measure 2–2 3/8 inches long by 1 

1/2–1 7/8 inches wide.
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ary lines, felines (cat family) and canids (dog family). These early canids were 
capable of adjusting to a variety of environments, and thus prospered. Despite 
climatic changes and geographical upheavals, many dog-like animals began to 
appear as the centuries passed. One that survived the Pleistocene Ice Age is now 
considered to be the immediate ancestor of modern day coyotes. Coyotes current-
ly are found between northern Alaska and Costa Rica, and throughout mainland 
United States and Canada (Bekoff 1995). They are found throughout Arizona in 
all habitat types, and are the most widely distributed carnivore in Arizona (Ari-
zona Game and Fish Department 2003).

Habitat 
 Coyotes are highly mobile and opportunistic predators that thrive in di-
verse habitat types, including arid, hot deserts, grasslands and plains, colder high 
elevation forests, and large 
urban cities (Kleiman and 
Eisenberg 1973, Bekoff 
1982). Distribution of coy-
otes appears to be limited 
only by available water; 
coyotes in desert regions of 
Arizona must have access 
to free water (Golightly 
and Ohmart 1983). De-
cline of competitors such 
as gray wolves (C. lupus) 
and possibly mountain li-
ons (Puma concolor) prob-
ably was an important fac-
tor contributing to range 
expansion by coyotes in the United States. Overgrazing by livestock and modi-
fied habitat conditions that resulted in more suitable habitat for small rodents on 
which coyotes prey also might have influenced changes in their abundance and 
distribution (Bekoff 1995).

Diets and Prey   
 Coyotes are classified as carnivores, but they often are omnivorous and 
opportunistic with respect to food sources. Diets vary greatly seasonally and geo-
graphically, as do methods they use to capture prey. Coyotes are active preda-
tors, relying primarily on vision while hunting. They can fish, climb trees, and 
scavenge in pursuit of food. Coyotes are active throughout the day, but tend to 
be most active in early morning and near sunset. Although coyotes are very suc-
cessful scavengers, particularly on large ungulates, they might not prey on large 

Mexican wolves weigh 50 to 90 pounds, are 54 to 66 inches long, and stand 26 to 
32 inches tall at the shoulder (D. Groebner, Arizona Game and Fish Department,  
unpublished data).

Distribution
 Coyotes have been present in Arizona for about 2 million years, and 
currently are widely distributed throughout the state (Figure 1). Millions of years 
ago, early canid ancestors known as “miacids” evolved, splitting into 2 evolution-

Figure 1. Distribution of coyotes in Arizona.

Coyotes live in a variety of habitats throughout Arizona, in-
cluding semi-desert grasslands grazed by livestock.
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animals unless alternative food sources are scarce or they encounter young, old, 
sick, or otherwise defenseless individuals (Bekoff 1982, 1995). 
 More than 1,800 fecal samples (scats) from coyotes were analyzed from  
ungrazed Three Bar Wildlife Area and grazed areas of Tonto National Forest in 
central Arizona (Horejsi 1982). Remains of prey (frequency of occurrence) found 
in scats from Three Bar Wildlife Area were: deer (Odocoileus spp.; 8.5%), javelina 
(Pecari tajacu; 1.0%), rabbits (23.1%), rodents (11.5%), livestock (0.6%), birds 
(5.6%), eggs (2.0%), reptiles (1.7%), insects (7.1%), and vegetation (37.2%). 
Occurrence of remains in scats from a grazed portion of Tonto National Forest 
were: deer (7.1%), javelina (0.2%), rabbits (16.5%), rodents (11.8%), livestock 
(4.1%), birds (5.1%), eggs (1.9%), reptiles (1.8%), insects (7.0%), and vegetation 
(42.2 %). Densities of rabbits influenced rate of predation on deer fawns (Horejsi 
1982). 
 On Anderson Mesa in Arizona, 11%–63% of coyote scats collected 
in spring during pronghorn (Antilocapra americana) fawning season contained 
remains of pronghorn, 21%–46% contained remains of elk (Cervus elaphus), 
and 14%–37% contained remains of rabbits and rodents (T. McKinney and M. 
Zornes, Arizona Game and Fish Department, unpublished data; Neff and Wool-
sey 1980). Insects and vegetation also were important foods during spring; birds, 
cattle, reptiles, and mule deer (O. 
hemionus) comprised minor parts 
of diets. On pronghorn winter 
range, cottontails (Sylvilagus spp.) 
and jackrabbits (Lepus spp.) were 
the most commonly occurring 
food items, followed by cattle, 
then rodents. Remains of prong-
horn and mule deer occurred in 
less than 10% of scats, possibly 
reflecting scavenging (Neff and 
Woolsey 1980).
 Throughout North 
America, coyotes consume a wide 
variety of foods year-round, but 
small mammals, deer fawns, plants, birds, and invertebrates comprise much of 
their diets during summer months. Larger wildlife such as deer (either prey or 
carrion), livestock carrion, or rabbits are more predominant in diets of coyotes 
during winter. In areas where diets of coyotes have high occurrence of deer, 
snow depth is an important factor—deeper snow corresponds with nutritionally 
stressed deer and reduced availability of cover. Coyotes hunt in pairs or larger 
groups during the winter mating cycle, increasing success in killing larger prey 
(Voigt and Berg 1987). Diets of coyotes and bobcats overlap in Arizona’s deserts, 

Counting coyote scats may provide useful insights into 
relative abundance and distribution of coyotes in 
different Arizona habitats. This scat was found on a 

gravel road in Sonoran Desert scrub habitat.

but the species partition food resources, and coyotes rely on large prey more than 
bobcats (McKinney and Smith 2007).
 Coyotes hunt and locate prey using sight, but they also use hearing, and 
smell (Wells and Lehner 1978). Each sense is well developed, but movements of 
prey, particularly attempts to flee, trigger attack (Lehner 1976). Coyotes usually 
trot slowly and quietly while hunting. When prey are spotted, they often freeze, 
then pounce to attack, particularly when prey are small. Coyote pups as young 
as 32 days of age often exhibit this “stalk and pounce” behavior (Bekoff 1977). 
Coyotes quietly stalk larger or more distant prey until the “right time” for attack. 
When prey are located, coyotes appear to “lock onto the target,” switching from 
foraging or ranging (travel) mode to kill mode. During kill mode, it seems to be 
difficult to divert the attention of a coyote or dissuade it from attack. Researchers  
observed coyotes preying on domestic animals and noted this singular focus on 
selected prey, almost to the exclusion of awareness of extraneous stimuli (Lehner 
1976; Bekoff 1977, 1982).

Behavior 
 Coyotes are one of the most adaptable animals in North America, and 
can modify their habit patterns, diets, and social dynamics to survive in a wide 
variety of habitats. In addition to innate behavioral traits, learned behaviors assist 
in adaptations to specific 
circumstances (Lehner 
1976). Recent adaptations 
to urban and suburban 
habitats have spanned sev-
eral generations, and might 
involve learned behaviors 
passed from parent to off-
spring (Lehner 1976). If 
such adaptations occur at 
different rates in various 
family groups, this could 
explain why coyotes seem 
to exhibit several different 
patterns of behavior in ur-
ban areas. Coyotes most closely adapted to contact with humans might dwell en-
tirely within an urban area. Other coyotes might rest and den in wildland fringe 
areas, but enter urban areas for food and water. Coyotes enter urban areas more 
frequently as caution of humans lessens, and some apparently enter urban areas 
seasonally as transient, non-territorial animals (Shargo 1988).
 Well-meaning citizens that seek to enhance wildlife viewing opportuni-
ties might be doing serious harm if they feed or provide abundant resources for 

Coyotes often inhabit urban environments where they seem to 
have little fear of humans.
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wildlife in urban areas. Such actions potentially contribute to wildlife popula-
tions that far exceed natural carrying capacity of an area. Supplemental feeding 
also can change an animal’s natural instincts for finding food, and can change 
behavior towards humans that po-
tentially leads to human-wildlife 
conflicts (Baker and Timm 1998). 
Feeding coyotes contributes to sub-
sequent attacks on humans and their 
pets (Parker 1995). Coyotes in some 
areas have ceased to regard humans 
as threats, perceiving them instead 
merely as sources of food. Curtail-
ment of sport hunting and target 
shooting around urban areas also 
has reduced opportunities for coy-
otes to learn wariness of humans 
(Jurek 1997). Animals must avoid 
destruction by natural enemies; thus 
it might benefit coyotes to be cau-
tious of humans. Mountain lions 
and wolves are their only other natu-
ral enemies. In many urban areas, 
human behavior has contributed to 
less caution of humans by coyotes 
(Young and Jackson 1951). 

Lifespan 
 Life expectancy is between 8 and 12 years in the wild, but coyotes can 
live as long as 18 years in captivity. Mortality in the wild depends greatly on the 
level of exploitation to which a population is exposed (Bekoff 1982, 1995). Mor-
tality among age classes likely is high for coyotes 1 year old or younger. Annual 
mortality of coyotes more than 1 year old in lightly exploited and unexploited 
populations in Texas can be 40%, but survival increases between about 4 and 8 
years of age (Knowlton 1972). The mortality rate of coyotes from 0 to 1 year old 
in Alberta, Canada was 71%; coyotes older than 1 year experienced mortality 
rates ranging from 36% to 42% (Nellis and Keith 1976).

In general, mortality of adult coyotes tends to be greater among younger 
age classes (1 to 2 years of age) and relatively older animals (more than 8 years 
old). Conversely, survival appears to be high among coyotes between 3 and 7 
years of age, especially among individuals that maintain associations with territo-
rial groups. Mortalities of coyotes are linked closely to human activities—directly 
from exploitation (e.g., hunting, trapping), and indirectly through collisions with 

The word coyote means “barking dog” and comes 
from the Náhuatl (Aztec) word cóyotl. 

automobiles and encounters with domestic dogs (Knowlton and Stoddart 1983). 
Coyotes have relatively few predators in the wild, and humans cause up to 90% 
of deaths in coyotes more than 5 months old, either purposefully with firearms 
and traps, or accidentally with vehicles. Wolves, black bears (Ursus americanus), 
mountain lions, and golden eagles (Aquila chrysaetos) can prey on coyotes (Voigt 
and Berg 1987).

Reproduction 
 Coyotes are almost always monogamous, and pair bonds can last more 
than 4 years. When coyotes are in packs, usually only 1 pair mates per season. 
Males and females are able to breed during their first year of life, usually when 
about 9 to 10 months old. Females typically have 1 estrous cycle (periods of 
sexual receptivity) per year, and males seem to go through an annual cycle of 
spermatogenesis (sperm production). Estrus (sexual receptivity) lasts about 2 to 
5 days, and ovulation occurs about 2 to 3 days before the end of female receptiv-
ity. Courtship can last for as long as 2 to 3 months before mating takes place. 
Coyotes typically breed in February and March, gestation averages 63 days, mean 
litter size is 6 pups, and sex ratio at birth is 1 male:1 female. Size of litters can 
vary with intensity of exploitation, densities of coyotes, and abundance of prey. 
Pups are born blind and helpless, usually in an excavated den. Pups emerge from 
dens at about 2 to 3 weeks of age, and are weaned at about 5 to 7 weeks of age. 
Pups can eat some solid foods by 10 to 12 days old, and eat large pieces of meat 
by 1 month of age. By 6 months of age, pups have permanent teeth, are nearly 
adult size, and are no longer are dependent on adults for food. At this point, most 
young disperse, but some might remain with the family pack throughout winter 
(Bekoff 1982, 1995).

Movements
 Dispersal of young-of-the-year coyotes from natal areas usually occurs 
between 4 and 10 months of age, although some individuals disperse after they 
are 1 year old. There appear to be no sex-related differences in proportions of 
individuals that disperse or in time periods or distances individuals travel before 
establishing resident home ranges. Dispersing individuals generally suffer much 
greater mortality than sedentary peers that remain in natal groups in which they 
were born (Bekoff and Wells 1986). Causes of dispersal are unknown, although 
there is an apparent association between dispersal and availability of food. If ad-
equate food is available to a mated pair, competition among individuals and like-
lihood of dispersal are reduced, and social bonds are more likely to form (Bekoff 
1977, White and Harris 1994).
 Availability of food is a major factor influencing social organization 
and territoriality. When packs form, members share defense of food and territory 
(Bekoff and Wells 1986). Typically, only pack members defend territories; solitary 
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and paired individuals do not (Bekoff 1992). Generally, it requires an average of 
more than 2 individuals to deter intruders successfully (Bekoff and Wells 1986). 

Coyotes have a network of frequently used trails or “runways” within their home 
ranges. Trails might lead to and from den sites, watering points, and landmark 
features. Along runways, coyotes mark scent posts, visit them regularly, and use 
them to establish territorial boundaries, ostensibly providing information about 
sex of territory occupants. Coyotes urinate at scent posts and often defecate and 
scratch nearby ground with their hind feet. Scent posts can be used as indicators 
of coyote abundance (Woolsey 1985).

 
 It is difficult to generalize sizes of coyote home ranges because of incon-
sistencies among studies in sampling design and analysis of data (Laundré and 
Keller 1984). In general, sizes of home ranges of females and males seem similar, 
but sizes of home ranges differ regionally and seasonally with respect to tempera-
ture, food supply, reproductive status females, and presence of pups. Size of home 
range also varies according to age and whether or not an animal is transient or a 
more sedentary member of a pack (Bekoff 1995). In various studies, female and 
male home ranges have ranged seasonally from 3.8 to 15.7 square miles and 4.4 
to 30.0 square miles, respectively. Estimates of sizes of annual home ranges of fe-
males and males have ranged from 2.6 to 35.3 square miles and 3.7 to 28.3 square 
miles, respectively (Laundré and Keller 1984).

Coyotes are found throughout the state, including the Chiricahua Mountains 
in southeastern Arizona.

Disease
Parasites and diseases sometimes cause deaths in populations of coyotes. 

Outbreaks of sarcoptic mange, an infestation by microscopic mites that causes 
thickening of the skin, loss of hair, and itching, commonly occur in Arizona. 
Heartworms and hookworms also are common parasites of coyotes. Coyotes also 
can be susceptible to diseases such as distemper, canine hepatitis, rabies, and par-
vovirus (Bekoff 1982, Voigt and Berg 1987).

Management and Conservation

History
 Coyotes are classified as predators in Arizona and can be harvested 
throughout the year by anyone possessing a hunting license. Coyotes can be 
hunted statewide during 
daylight hours with an 
unlimited bag and pos-
session limit. During the 
1980s, when fur prices 
were at an all time high, 
predator callers and trap-
pers added significantly 
to harvest of coyotes 
(Arizona Game and Fish 
Department 2003). In 
1993, an initiative banned 
trapping on public lands 
within Arizona; numbers 
of licensed trappers de-
clined but already had de-
creased because of low fur 
prices. Since 1981, annual 
harvest of coyotes in Arizona has exceeded harvest of other nongame predators 
and furbearers. During recent years (1990 to 2002), harvest in Arizona varied 
considerably, with trappers taking between 178 and 2,683 coyotes per year, and 
other sportsmen harvesting between 17,075 and 45,781 coyotes annually. Num-
bers of trappers and hunters during this period ranged from about 30 to 200 and 
9,000 to 15,000, respectively, and harvest data suggest no clear trends in or effects 
of levels of sport harvest on abundance of coyotes during recent decades. 

Population Trends 
 Currently, there are no protocols followed for collecting data statewide 

Wildlife managers need to estimate presence and abundance of 
wildlife, but many carnivores are secretive, more active at night, 
or occur at low densities. Therefore, biologists use scent stations 
along transects to determine long-term changes in abundance 

and distribution of coyotes in various habitats. 
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on coyotes in Arizona; therefore, there are no indicators of population trends 
(Woolsey 1985), other than estimates of annual harvests and hunter effort. How-
ever, age structure of coyote populations might be a useful management tool 
for evaluating trends of populations. An influx of young coyotes in a popula-
tion might mean an increasing coyote population. Monitoring changes in age 
structure can be used in predicting future population trends in coyote popula-
tions (Woolsey 1985). Models of population dynamics are useful for estimat-
ing responses of populations of coyotes to exploitation and hypothetical birth 
intervention techniques (Connolly and Longhurst 1975). Scent-station surveys 
likely could be used effectively to index long-term trends in relative abundance of 
coyotes (Connolly and Longhurst 1975).

Monitoring Techniques
Scat counts were an effective method for indexing relative abundance 

of common gray foxes (Urocyon cinereoargenteus), coyotes, and bobcats (Lynx ru-
fus) in burned and unburned chaparral forests (Cunningham et al. 2001). Scats 
were removed from permanent transects 0.6 miles long on unmaintained roads or 
hiking trails, then counted 
10 to 21 days later. How-
ever, scent-station surveys 
might be the most widely 
used method to index rela-
tive abundance of coyote 
populations (Linhart and 
Knowlton 1975). Several 
hundred scent station tran-
sects were developed in 17 
western states. Each tran-
sect consisted of 50 scent 
stations located at 0.3-mile 
intervals along a continu-
ous 14.7-mile route. Each 
scent station consisted of a 
perforated plastic capsule containing a fermented-egg attractant that was placed 
centrally in a 1-yard circle of sifted dirt. Visitations by coyotes based on tracks 
were recorded daily for 5 consecutive days during September to index relative 
abundance of coyotes, and indices were compared between states, regions, and 
years. More recently, scent-station surveys have been modified to use commercial 
scent attractants, shorter transects, and single nights for measuring visitation by 
coyotes (Sargeant et al. 1998).

Biologists capture, tag, and release coyotes to monitor move-
ments and activities at different times of year.

Population Ecology  
 Density dependent variations in natality and survival likely are strong 
compensatory responses of coyote populations in response to exploitation. Levels 
of harvest inflicting less than 50% mortality thus likely would not lead to decline 
of populations (Sterling et al. 1983). Populations of coyotes likely are regulated 
by interactions between social organization and availability of food (Gese et al. 
1989). 

Coyotes seem to rely primarily on rabbits and rodents for food, which 
permits maintenance of higher ratios of coyotes to ungulates than could exist if 
ungulates were the sole or primary food source. When coyotes are numerous, they 
might inflict serious losses in populations of ungulates for a brief period of time, 
if weather conditions such as drought temporarily increase vulnerability of prey. 
Abundance of alternative prey species ostensibly reduces predation by coyotes on 
ungulates (Cunningham et al. 1995).
 Predation might enhance adjustment of ungulate numbers to carrying 
capacity of a habitat, rather than being merely a proximate limiting factor (Con-
nolly 1978). Low survival of young is the most common indication of predation 
by coyotes as a limiting factor. Predation by coyotes at times can be a primary 
cause of mortality of young ungulates; coyote predation was the predominant 
cause of mortality of pronghorn fawns on Anderson Mesa in Arizona (Neff and 
Woolsey 1979). Similarly, coyotes potentially prey on deer fawns and elk calves 
(Hamlin et al. 1984, Gese and Grothe 1995).
 Coyotes also potentially influence structure of communities of sympat-
ric fauna. Experimental removal of coyotes in Texas resulted in higher abundance 
of rodents, black-tailed jack rabbits (Lepus californicus), badgers (Taxidea taxus), 
bobcats, and common gray foxes on treatment sites (Henke and Bryant 1999).   

Research Needs
 Studies are needed in Arizona to develop survey methods to index trends 
in coyote abundance, and to evaluate reproduction, and dispersal and survival 
of juveniles, particularly in relation to intensities of harvest and specific habi-
tats. Little is known about effects of harvest on abundance and productivity of 
coyote populations in Arizona, and about relationships between populations of 
bobcats and coyotes relative to habitat and unpredictable changes in climate and 
weather. Wildlife managers in Arizona need effective survey methods to develop 
long-term, habitat-specific monitoring of relative abundance of coyotes, and to 
enhance understanding of impacts of different levels of harvest. Current coyote 
management guidelines in Arizona address research needs, and include:

 1) Develop and implement standardized statewide survey methods to 
index abudnance and trends;
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 2) Develop an annual harvest survey; and 
 
 3) Evaluate age structure of harvested coyotes using jaws submitted by 
hunters and trappers. 
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Chapter 6 
Kit Fox

Jim deVos, Research Branch
Arizona Game and Fish Department

Common name - Kit fox
Scientific name - Vulpes velox macrotis

Life History

Description
Kit foxes (Vulpes velox macrotis) are the smallest canids in North Amer-

ica. Arid-land foxes initially comprised 2 similar but separate species, kit fox 
(Vulpes macrotis) and swift fox (Vulpes velox). Recent studies (Hall 1981) grouped 
the 2 foxes within a single species (Vulpes velox), comprised of 2 subspecies, V. v. 
macrotis (kit fox) and V. v. velox (swift fox). 

Adult kit foxes usually weigh between about 3 and 5 pounds. Color of 
the coat varies seasonally, but adults have abundant white-tipped guard hairs that 
give them a “grizzled” appearance. Overall coloration is pale and ranges from buff 
to gray, and the tip of the bushy tail is black (Hoffmeister 1986). Fur on shoul-
ders and front legs of adults is dis-
tinctly reddish, the tail is grayish 
black and darkest on the tip, and 
underparts are white. Length of 
head and body is about 1.2 to 1.7 
feet, and length of the tail is about 
0.7 to 1.1 feet. Sex-related differ-
ences in size and weight are not 
marked, but males are heavier than 
females. In Arizona, 7 kit foxes 
(sexes combined) weighed an aver-
age of 3.8 pounds; males averaged 
4.0 pounds and females averaged 
3.7 pounds (Zoellick and Smith 
1992). Ears appear large relative to size of body and head, and are larger than 
those of other small North American canids (McGrew 1979). At about 1 month 
of age, kit foxes are covered with short, wooly fur, and have long black guard 

Kit foxes are small canids that rely on underground 
dens more  than coyotes or larger species of foxes.
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Figure 1.  Distribution of kit foxes in Arizona.

Habitat
 Throughout their range, kit foxes are primarily associated with desert 
shrub or shrub-grass habitats (McGrew 1979). Kit foxes tend to den and rest 
in areas where predators such as bobcats (Lynx rufus) or coyotes (Canis latrans) 
lack concealment cover; for example, areas with flat terrain and sparse vegetation 
(Egoscue 1962, Zoellick et al. 1989). Desert riparian areas might provide impor-
tant foraging areas for kit foxes, because these areas have greater abundance of 
prey (Zoellick et al. 1989). Although riparian corridors were important in 1 study 

hairs showing through brown fur on the back 
and hips (Egoscue 1956). Well-defined tracks 
of kit foxes in dust are similar in appearance 
and size to tracks of common gray foxes (Uro-
cyon cinereoargenteus), show 4 toes with claw 
marks, and are about 1.1 to 1.8 inches long 
and about 1.1 to 1.5 inches wide.

Distribution
 Kit foxes inhabit arid regions and 
are most common in low elevation, desert-like 
habitats in the western United States (Dragoo 
et al. 1990). Kit foxes in Arizona are distrib-
uted widely in southern areas of the state, and 
in northeastern and western regions (Figure 
1). Kit foxes primarily inhabit desert scrub 
and grasslands in much of southern Arizona, 
and north along desert regions associated 
with the Colorado River (Hoffmeister 1986). 

Taxonomic nomenclature is controversial re-
garding subspecies of kit fox; a possible second 
subspecies (V. m. neomexicana) inhabits Great 
Basin deserts and grasslands in northeastern Arizona and grasslands in south-
eastern Arizona, and V. velox arsipus (Cockrum 1960, Dragoo et al. 1990) and 
V. v. macrotis might be used as appropriate subspecific designations (Hoffmeister 
1986). 

Kit foxes inhabit low elevation deserts with flat terrain and sparse veg-
etation in the Southwest.

These drawings of kit fox tracks empha-
size the presence of claw marks.



107

Biological Foundations for Management of Mammalian Predators in Arizona

108

Kit Fox

area, kit foxes used flat areas dominated by creosotebush (Larrea tridentata) more 
than expected and used riparian corridors less than expected, based on availabil-
ity of habitat types, time kit foxes spent in each habitat, and relocation frequen-
cies of marked kit foxes (Zoellick et al. 1989).
 Availability of water sources does not seem to be necessary within home 
ranges of kit foxes; many dens in 1 study were long distances from permanent wa-
ter sources. Kit foxes likely meet requirements for water through metabolic pro-
cesses (Egoscue 1956). In Death Valley, California, dens were located in flat areas 
dominated by low growing vegetation, whereas kit foxes hunted primarily in areas 
of sand dunes less than 1 mile from den sites (Grinnell et al. 1937). Availability 
of dens and den 
sites are impor-
tant features of 
kit fox habitats, 
and suitable den 
sites often are oc-
cupied for con-
secutive years 
(Egoscue 1956). 
Entrances to dens 
frequently are lo-
cated near small 
shrubs or bushes, 
where kit foxes 
can rest in shade 
and be close to 
the den to avoid 
predators. Veg-
etation density at 22 den sites and at 22 paired, randomly selected sites indicated 
creosotebush was more dense at den sites than at random sites (Golightly 1981). 
Total cover of vegetation was greater at den sites, and soil characteristics differed 
between den sites and other locations (Golightly 1981). More gravel (particles 
more than 0.08 inches diameter) and clay (particles less than 0.00008 inches di-
ameter) were present at surfaces of den sites and at a depth of 5.9 inches.  
 Individual dens in western Arizona were non-randomly located. Fewer 
dens were located less than 328 feet and more than 656 feet from riparian areas; 
most were established between 328 and 656 feet from riparian areas, differing 
from expected random distributions (Zoellick et al. 1989). This distribution pat-
tern of dens likely allowed kit foxes optimal access to a greater abundance of prey 
species found in riparian areas. However, den sites of kit foxes consistently were 
located in areas with low density and height of vegetation, ostensibly to enhance 
avoidance of other predators. Kit foxes occupied habitats used only infrequently 

Kit fox habitat in sparse shrub vegetation in northwestern Arizona.

by larger predators, 
presumably to avoid 
adverse interspecific 
interactions, i.e., in-
teractions between 
kit foxes and other 
predators (Golightly 
1981, Zoellick et al. 
1989). 
 Dens of kit 
foxes likely are not 
much deeper than 5 
feet. Tunnels within 
dens are likely small, 
seldom exceeding 
8 inches high and 
7 inches wide, and 
dens might have from 1 to 5 or more entrances. Tunnels within a den complex 
might be up to about 61 feet long (Golightly 1981). Thermal environment in 
a den likely is quite stable and has been measured at about 71.6 °F (Golightly 
1981). Seven adult kit foxes monitored with telemetry equipment used a total of 
51 subterranean dens; individuals used several separate dens. 
 Body temperatures of kit foxes varied throughout the day, but were con-
sistent during summer and winter. Resting body temperatures were 100.0 °F in 
summer and 100.2 °F in winter. Body temperatures increased when kit foxes were 
active and decreased as activity levels declined. Body temperature was lowest at 
mid-day (1 p.m.), and was highest during evening hours between 8 and 10 p.m. 
(Golightly 1981).

Dens are particularly important to kit foxes for conservation of water in 
summer and energy in winter (Golightly 1981). Reliance on dens as refugia and 
centers of activity makes kit foxes behaviorally inflexible and predictable with re-
spect to requirements for suitable denning areas. Suitable den sites are important 
components of their home ranges. They selectively locate and dig dens in com-
paratively limited sites with respect to locations and soil characteristics. Thus, 
suitability of den sites is an important consideration for developing management 
plans. Because habitats occupied by kit foxes differ throughout their range of 
potential distribution, further research is needed to identify and quantify habitat 
requirements and abundance of kit foxes.

Diets and Prey
 Diets of kit foxes consist primarily of small mammals (particularly ro-
dents), but kit foxes are opportunistic predators and potentially prey on numerous 

Kit fox dens are usually located near clumped shrubs in the Lower  
Sonoran Desert in Arizona.
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species of mammals, birds, reptiles, and insects. Diets in Utah included black-
tailed jackrabbits (Lepus californicus), Ord’s kangaroo rats (Dipodomys ordii), deer 
mice (Peromyscus maniculatus), burrowing owls (Speotyto cunicularia), horned 
larks (Eremophila alpestris), meadowlarks (Sturnella neglecta), brown-sided lizards 
(Uta stansburiana), and sand 
crickets (Stenopelmatus spp.) 
(Egoscue 1956). Merriam’s 
kangaroo rats (D. merriami), 
pocket mice (Perognathus spp.), 
and white-throated wood rats 
(Neotoma albigula) are common 
nocturnal species in areas in-
habited by kit foxes in western 
Arizona (Zoellick et al. 1989), 
and are the most common items 
in diets of kit foxes inhabiting 
creosotebush flats in central 
Arizona (Fisher 1981). Diets of 
kit foxes also included 2 species 
that are active during daylight 
hours and commonly occur at 
high densities during spring 
and summer—round-tailed 
ground squirrels (Spermophilous 
tereticaudus) and rabbits (43% 
and 39% of diets, respectively). 
Remains of cottontail rabbits 
(Sylvilagus auduboni) also have 
been found at sites of kit fox 
dens (Zoellick et al. 1989).

Behavior
 Kit foxes are almost entirely nocturnal (Morrell 1972, Zoellick 1990). 
Near Tonopah, Arizona, kit foxes were active in only 4% (15 of 385) of locations 
during daylight hours; remaining locations indicated animals were inactive and 
within or loafing at the mouths of dens (Zoellick 1990). Kit foxes were more ac-
tive during the first 3-hour period after sunset than during other times (Zoellick 
1990). In another study during winter, kit foxes were most active during the first 
3 hours after sunset, and again were active in the last 3 hours prior to sunrise 
(Golightly 1981). Activity during summer months was more evenly distributed 
throughout the night.
 Male and female kit foxes both moved long distances at night (Zoellick 

Kit foxes are almost entirely nocturnal and spend most 
daylight hours resting in underground dens.

et al. 1989), but average movement of males (8.89 miles) was greater than that 
of females (7.33 miles). Males and females moved greater distances during the 
breeding season than during other biological seasons (Zoellick et al. 1989). Simi-
lar to other canids, kit foxes produce a series of alarm, fear, or distress sounds, 
including barking, to alert other kit foxes of danger, and growling to intimidate 
other kit foxes or other canid species.

Reproduction
 Based on radiotelemetry studies, kit foxes often breed during December 
and January, and pups are born during February and March after a 2-month 
gestation period (Morrell 1972). In Utah, young usually were born during March 
or April (Egoscue 1956). Pups are independent of their parents at 4 to 5 months 
of age (Hoffmeister 1986). Pair formation begins during October and November, 
and pairs remain together at least until young are weaned (Morrell 1972), when 
adults usually separate until the following season of pair formation. However, 
kit foxes might be monogamous (pair members remain together until 1 is lost) 
(Egoscue 1956).
 Males seem to kill and provide most food for females and litters during 
pup rearing (Egoscue 1956). Females are very attentive to young pups. In general, 
litters range from 3 to 6 pups, but very little information is available regarding lit-
ter sizes of kit foxes in the Southwest. A family of kit foxes that included 6 young 
reportedly were moved nightly in response to rising waters of newly created Lake 
Mead (Grater 1939). 
 
Home Range, Density and Dispersal
 Three female and 4 male kit foxes in Arizona were equipped with radio 
collars from December 1982 to March 1984 (Zoellick and Smith 1992). Home 
range size was calculated using a grid-cell method. Mean size of home range for 
males and females combined was 4.32 square miles. Average sizes of home range 
for females and males in Arizona were 3.78  and 4.75 square miles, respectively, 
greater than sizes of home ranges reported in Utah (Daneke et al. 1984) and 
California (Morrell 1972). Differences may have reflected lower densities of prey 
on the study area in Arizona than on study areas in the other states (Zoellick and 
Smith 1992). However, sizes of individual home ranges in California in another 
study averaged 4.5 square miles, and home range size was not affected by differ-
ences in abundance of prey. This suggests that maintenance of large and relatively 
non-overlapping home ranges might represent adaptation to drought-induced pe-
riods of prey scarcity (White and Ralls 1993).
 Home ranges of males in western Arizona during the breeding season 
overlapped considerably (Zoellick and Smith 1992) because of movements by 
males to den sites of nearby pairs. However, female home ranges did not overlap, 
suggesting restricted movements. In contrast, home ranges of neither females or 
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males overlapped in another study (Daneke et al. 1984). Den sites were aban-
doned in Utah (Egoscue 1956), likely caused by either depletion of food resources 
in the immediate vicinity of the den site, or by significant parasite loads developed 
while pups were dependent on the den site.
 Density of kit foxes is poorly documented, although an 18-square mile 
study area contained 5 adult pairs (0.28 pairs per square mile) (Egoscue 1956). 
Density of kit foxes on a study area in western Arizona was 0.56 to 0.71 per square 
mile, compared to densities of 0.95 to 5 per square mile in California (Grinnell et 
al. 1937). Mean density of adult kit foxes reportedly is about 0.14 per square mile 
(White and Garrott 1999).
 Dispersal by kit foxes is relatively poorly documented or understood 
(White and Garrott 1999). One study documented dispersal by a young male, 
a young female, and 1 animal of unknown age (Daneke et al. 1984). Dispersal 
was greatest for the individual of unknown age that was recaptured about 75 
miles from the original capture site. This kit fox would have had to cross a moun-
tain range of about 11,150 feet 
maximum elevation. Given the 
vegetation community at this 
elevation, and the likelihood 
that a kit fox would not use 
this vegetation type, the ani-
mal likely moved around the 
mountain, dispersing about 
105 miles. In comparison, the 
young female moved about 1 
mile from the original capture 
site, remained there about 6 
weeks, then returned to an area 
closer to her natal home range. 
The young male moved about 
0.25 miles from the capture site and established a home range that included its 
natal home range. 

Survival
 Kit foxes can live to about 8 to 9 years of age, but foxes older than 5 years 
typically represent less than 5% of a population. Median age in a population usu-
ally is between 1.8 and 2.2 years. Juveniles typically have lower rates of survival 
than adults. Overall sex ratios likely are about 1:1 for adults (2 or more years old), 
yearlings (1 year old), and juveniles (less than 1 year old).  Populations of kit foxes 
usually consist of about 20%–45% adults, 5%–20% yearlings, and 40%–70% 
pups (White and Garrott 1999). 
 Many kit foxes in Utah were killed by vehicles (Egoscue 1956). Great-

Kit foxes are curious, have little fear of humans, and oc-
casionally might enter human residences.

horned owls (Bubo virginianus) might be another source of mortality. Predation 
by coyotes might be a variable but potentially important source of mortality in 
populations of kit foxes, but effects of coyote-related mortalities on dynamics 
of populations remains uncertain (White and Garrott 1997). Captive coyotes 
promptly killed and ate a kit fox that was introduced into the same holding pen 
(Egoscue 1956). Although use of traps and poisons to control predators is cur-
rently limited in Arizona, kit foxes seem particularly susceptible to mortality from 
these sources (Grinnell et al. 1937, Egoscue 1956). 

Management and Conservation

Population Trends
 Kit foxes fill a unique niche in the American West, inhabiting arid re-
gions that include desert scrublands with sparse vegetation and desert grasslands. 
These habitats have undergone extensive modification over the past century, and 
abundance of kit foxes has declined substantially in many areas (Zoellick et al. 
1989). Several extant subspecies of kit foxes currently are listed as endangered 
in the United States (Olterman and Verts 1972, U.S. Fish and Wildlife Service 
1987). The only subspecies occurring in Mexico also has been classified as endan-
gered, largely caused by agricultural conversions of native habitats (Maldonado et 
al. 1997). Conversions of historic habitats of kit foxes to agricultural lands caused 
extinction of 1 subspecies, the long-eared kit fox (V. m. macrotis) (Grinnell et al. 
1937), and widespread declines in populations of other subspecies of kit foxes 
(Laughrin 1970, Knapp 1978).
 Unpredictable fluctuations in precipitation in desert systems contribute 
to high-amplitude, high-frequency fluctuations of populations of kit foxes and 
their prey, particularly rabbits and rodents.  Levels of precipitation contribute to 
density-independent variations in reproductive rates of kit foxes, which are influ-
enced by food supply. However, both density dependence and levels of rainfall 
might influence abundance of kit foxes (Dennis and Otten 2000). Thus, popula-
tion sizes of kit foxes typically exhibit marked instability, and densities often vary 
5-fold or more from year to year (White and Garrott 1999). Abundance of prey 
and behavioral spacing mechanisms might be major factors regulating densities 
of kit foxes (White and Garrott 1997).

No empirical data are available on the status of kit foxes in Arizona, 
but desert grasslands in this state have been altered by forage overutilization by 
large herbivores and absence of historic fire regimes. These changes undoubtedly 
have reduced quality and quantity of habitats suitable for kit foxes. Conversions 
of native habitats to both agricultural and urban lands (Knapp 1978, Maldonado 
et al. 1997) likely has adversely affected abundance and distribution of kit foxes 
in Arizona. Kit foxes need large areas of intact habitat to meet dietary and social 
requirements (Zoellick et al. 1989). Populations of kit foxes in Arizona might 
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be particularly sensitive to and affected by large-scale land conversions that have 
occurred and likely will continue to occur. Recent preliminary research in Ari-
zona suggested abundance of kit foxes in semi-desert and Great Basin grasslands 
in southeastern and northeastern regions, respectively, were much lower than in 
northwestern and southwestern areas of the state (T. McKinney, Arizona Game 
and Fish Department, unpublished data).

Harvest Strategies
 The Arizona Game and Fish Department currently classifies kit foxes as 
predatory mammals, and harvest is regulated via Commission Order 13, which 
includes all predatory mammals that are not classified as big game species. Cur-
rently, harvest season for kit foxes opens statewide August 1 and closes March 31, 
except for some wildlife refuges and metropolitan areas. Legal harvest on Kofa 
and Imperial national wildlife refuges opens in October and closes in February. A 
limited weapons season for kit foxes in urban interfaces in Phoenix and Flagstaff 
has the same opening and closing dates as the statewide season. Legal methods 
of harvest of kit foxes include trapping, as prescribed in Arizona Game and Fish 
Commission rule R-12-4-307, and shooting, as prescribed in Commission rules 
R-12-4-301 and R-12-4-304. There is no limit on the number of kit foxes that 
can be harvested using either method.
 Management of kit foxes in Arizona is guided by Arizona Game and 
Fish Department’s Wildlife 2006 (Arizona Game and Fish Department 2001). 
The goal for all predatory mammals is to maintain historic range and distribution 
of species and to allow for maximum recreational, economic, and aesthetic uses 
commensurate with existing populations. No specific objective is outlined for kit 
foxes, but the desired annual harvest level for all 3 fox species found in Arizona 
(common gray fox, kit fox, red fox [Vulpes vulpes]) is 3,000 to 5,000 animals. An-
nual harvest by hunters and trappers in Arizona between 1990 and 2002 averaged 
about 4,800 foxes. The Arizona Game and Fish Commission adopted a predator 
management policy in 2000, but there is no mention of kit foxes in this policy.

Population Ecology 
 Kit foxes are a small-sized predator. Some research suggests predation by 
coyotes can be an additive mortality factor (increases total mortalities in a popu-
lation), but abundance of prey likely regulates populations of kit foxes (Ralls and 
White 1995, White and Garrott 1997). Moreover, levels and patterns of rainfall, 
as well as prey abundance, might influence kit fox populations (White et al. 1996, 
Dennis and Otten 2000, Ernest et al. 2000). Wide fluctuations in abundance 
of kit foxes might be intrinsic in desert systems they inhabit and might not re-
flect persistent or special causes such as disease or predation (White and Garrott 
1999).  
 Abundance of kit foxes has declined throughout their range of distribu-

tion. Human-caused factors such as trapping and poisoning have been implicated 
as part of the reason for declines. Loss of habitat caused by agricultural and urban 
expansion has adversely affected kit foxes and will continue to do so in the future. 
Selection of den sites by kit foxes is quite specific; sites are selected based on soil 
type, predator avoidance strategies, and vegetation structure. Lack of fire and 
overutilization of forage resources by exotic grazers in the Southwest have led to 
degradation of desert grasslands through increased shrub invasion. As a result, 
less suitable habitat is available for kit foxes, including fewer suitable den sites. 

Research Needs
 Throughout their range in the southwestern U. S. and northwestern 
Mexico, kit foxes seldom have been studied, and only a small portion of studies 
have provided results of broad-based ecological research. As a result, there are 
many gaps in our knowledge and understanding of this species. The following is 
an assessment of information, listed in order of priority, needed to develop man-
agement prescriptions for kit foxes.

1) Throughout their range, populations of kit foxes are in decline be-
cause of various human-related factors, such as direct destruction of habitat from 
urban development, changes in vegetative communities from more open grass-
lands to shrublands, and conversion of native lands to agricultural lands.  Similar 
conversions and losses of habitats undoubtedly have occurred in Arizona. Docu-
menting distribution, abundance, and long-term trends of kit fox populations 
and evaluating factors associated with these variables are important and needed 
management actions in Arizona.

2) There are no well developed and tested methods to document chang-
es and trends of kit fox populations in Arizona. Suitable approaches to establish 
and monitor populations likely would involve indirect methods such as surveys of 
scent-station transects or abundance of scats, as well as estimations of sex ratios 
and age structures using dental annuli.

3) Little information is available regarding direct sources of mortality of 
kit foxes. Broad-based ecological studies are needed to document several aspects 
of biology and ecology of kit foxes in Arizona, including sources and rates of mor-
tality, importance of large blocks of habitat (Zoellick et al. 1989), and interac-
tions between populations of kit foxes and abiotic and biotic variables, including  
other predators.

4) The Arizona Game and Fish Department combines all fox species 
for purposes of management. Uncertainties exist regarding kit foxes in Arizona, 
including ecological requirements, abundance and distribution of populations, 
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availability and use of habitats, and levels and sources of threats to which they 
might be exposed. It might be more appropriate to develop approaches to manage-
ment of foxes in Arizona that distinguish kit foxes from other species of foxes.

5) Current fox species management guidelines in Arizona address re-
search needs for kit foxes, and include:

 a) Develop and implement standardized statewide survey  
  methods to index abundance;

 b) Assess status and impacts of harvest;
 c) Develop annual harvest surveys; and 
 e) Evaluate age structure of harvested kit foxes using jaws sub 

  mitted by hunters and trappers.
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Chapter 7 
Gray Fox

Darren G. Tucker, Region III
Arizona Game and Fish Department

Common name - Gray fox
Scientific name - Urocyon cinereoargenteus 
 
Life History

Description
 Common gray foxes (Urocyon cinereoargenteus) are relatively small ca-

nids; adults throughout their range in North America generally weigh from about 
6.6 to 15.4 pounds, and males are slightly larger than females (Grinnell et al. 
1937, Sullivan 1956, Jackson 1961). Total length ranges from about 32.5 to 44.5 
inches, length of the 
tail ranges from about 
11 to 17 inches, and 
length of the hind foot 
is between about 4 and 
6 inches (Hall 1981). 
Gray foxes in Arizo-
na weighed between 
about 5.5 and 8.8 
pounds (Hoffmeister 
1986). Gray foxes have 
shorter extremities 
than red foxes (Vulpes 
vulpes), although both 
have similar weights. 
Juvenile gray foxes weigh less than adults until about mid-August following birth, 
when some individuals can be nearly as heavy as minimum weights of adults.
 Coloration of adults varies little, and has been described as “pepper and 
salt” in appearance (Samuel and Nelson 1982). Pelage has grizzled upper parts 
due to guard hairs banded with black, gray, and white. Black-tipped hairs in the 
middle of the back form a dark, longitudinal stripe extending to a conspicuous 
mane of coarse, black hair along top of the black-tipped tail. Portions of limbs, 

Gray foxes are relatively small mammalian predators found in di-
verse habitats in Arizona.
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neck, and sides are cinnamon-colored. Underparts are buff colored, and white 
shows on ears, throat, belly, chest, and hind legs. Black, rufous, and white facial 
markings provide distinctive accents (Fritzell 1987). A musk gland on top of the 
tail extends one third to one half the length of the tail. This is the largest tail 
gland of North American canids and might function to identify individuals (Se-
ton 1923, Hildebrand 1952, Rue 1968).

Pups are nearly hairless and have dark skin at birth, and their eyes open 
at 10 to 12 days of age (Linhart 1968). Juveniles have characteristic puppy fur 
until about mid-August, when they can be distinguished from adults by brightly-
colored tails. In contrast, tails of adults at this time are faded and badly worn 
due to shedding prior to new growth of hair in autumn. A single annual molt 
extends from summer to autumn (Grinnell et al. 1937), and fur is prime between 
late November and mid-February, with peak primeness during December (Stains 
1979). Gray foxes have 6 mammae; compared to adult females, juvenile females 
generally have smaller mammary nipples (Lord 1961).

Skulls of gray foxes can be distinguished from those of other canids in 
North America by the presence of conspicuous, widely separated temporal ridges 
that approach each other posteriorly to produce a lyrate or U-shaped form on top 
of the skull. The supraorbital crest is slightly curved downward and has a distinct 
concave depression on the upper surface, and temporal bones are roughened be-
low temporal ridges (Fritzell 1987). The 
rostrum is relatively heavy and short. A 
distinct “step” occurs on the ventral bor-
der of the dentary, midway between the 
interior border and the coronoid process 
and tip of the angular process. This step 
results in 3 “notches” at rear of the jaw, in 
contrast to jaws of kit foxes (Vulpes velox 
macrotis) and red foxes (Hall and Kelson 
1959).

Well-defined tracks of gray foxes 
are similar in appearance and size to tracks 
of kit foxes, slightly smaller than those of 
red foxes, show 4 toes with claw marks, 
triangular shaped heel pads, and are about 
1.5 to 1.6 inches long and slightly narrow-
er in width (Murie 1974, Fritzell 1987). 
Tracks of coyotes (Canis latrans) also are 
similar in appearance to those of gray fox-
es, but generally are larger and similar in 
size to tracks of red foxes.

The gray fox (above) has a distinct U-
shaped depression on the top of its skull, and 

a shorter nose than the red fox (below).
 Figure 1. Distribution of gray foxes in Arizona.

Distribution
 Gray foxes occur throughout much of the United States, except for 
portions of the Northwest, northern Rocky Mountains, and Great Plains. They 
inhabit brushy, wooded, and rocky regions from extreme southern Canada to 
northern Columbia and Venezuela (Fritzell 1987). Gray foxes occur throughout 
Arizona (Figure 1), are particularly abundant at elevations within or below oak 
(Quercus spp.) and pinyon-juniper (Pinus spp.–Juniperus spp.) woodlands, and 
occupy habitats between about 10,000 feet and lowest desert regions (Hoffmeis-
ter 1986).
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 The genus Urocyon has been present in North America for about 5 mil-
lion years, and oldest fossils found are from the Pliocene epoch. Oldest fossils of 
U. cinereoargenteus are associated with Pleistocene deposits about 1 million years 
old (Fritzell 1987). Fossils of gray foxes have been found in eastern North America 
(Guilday and Bender 1958, Waters 1964). Gray foxes historically inhabited much 
of eastern North America (Churcher 1959), but disappeared from New England 
until the 19th century (Grayce 1957). Urocyon moved north and east during a 
warm Hypsithermal period (the warmest postglacial period from 5000 to 2000 
B.C. when temperatures rose to as much as 36 °F above present temperatures, 
precipitating a dramatic rise in sea level), and its range contracted southward as 
weather cooled. Other shifts in distribution might have occurred during a second 
warm period (1000 to 1300 A.D.). Re-distribution into New England since 1850 
might be related to a climatic warming trend (Dorf 1959).

Habitat
Vegetation types occupied by gray foxes can include ponderosa pine 

(P. ponderosa) and Douglas fir (Pseudotsuga spp.), but are primarily open des-
ert scrub, chaparral, 
and pinyon-juniper 
(Hoffmeister 1986). In 
general, dense, protec-
tive cover is an essential 
component of habitats 
of gray foxes (Fuller 
1978, Haroldson and 
Fritzell 1984, Hallberg 
and Trapp 1984, Frit-
zell 1987, Yearsley and 
Samuel 1980). Brush-
lands, riparian cor-
ridors, rocky, broken 
terrain, and diversity 
of cover and vegetation 
can be important com-
ponents of habitats 

(Wood 1952, 1958; Fuller 1978; Trapp 1978; Hallberg and Trapp 1984; Fritzell 
1987; Fedriani et al. 2000). Wildfire in central Arizona reduced vegetation more 
than 90% and likely contributed to decline in abundance of gray foxes (Cun-
ningham et al. 2006). Dens of gray foxes can be located in crevices in cliffs, holes 
in the ground, piles of brush, rocks, or wood, hollows of trees, and mine shafts 
(Trapp and Hallberg 1975, Hoffmeister 1986).

Gray fox habitat in chaparral vegetation near Pinal Mountains in 
southeastern Arizona. Fire previously reduced vegetation density 

in much of the foreground area of the photo.

Diets and Prey
 Gray foxes eat a wide variety of animal and plant matter, and might 
be more omniverous (eat both plants and animals) than other canids in North 
America. Food resources eaten by gray foxes vary by region and season, and in 
Arizona include small rodents, rabbits, insects, reptiles, birds, carrion, and fruits 
of cactus, hackberry (Celtis spp.), manzanita (Arctostaphylos spp.), and juniper; 
scats (feces) often consist entirely of berries or seeds (Hoffmeister 1986, Fritzell 
1987, Novaro et al. 1995, Cunningham et al. 2006). Fruits comprised nearly 
91% of diets of gray foxes in Zion National Park in Utah between September and 
February, and average occurrence of fruits in diets declined to about 43% dur-
ing other months (Trapp and Hallberg 1975). Insects and grasses in diets of gray 
foxes in Arizona increased during March through August (Hoffmeister 1986). In 
Belize, diets of gray foxes consisted primarily of fruits during the transition from 
late dry season to early wet season (Novaro et al. 1995). 

During autumn and winter in Maryland, plants, mammals, birds, and 
insects, in descending order, were major foods in diets of gray foxes (Hockman 
and Chapman 1983). In another study in Maryland, animals exceeded plant ma-
terial in diets (Llewellyn and Uhler 1952). Similarly, diets of gray foxes in Texas 
consisted mainly of small mammals, followed by birds, plants, and insects (Wood 
1954). Plants were eaten more by gray foxes than by sympatric red foxes, and gray 
foxes scavenge carrion when it is available (Llewellyn and Uhler 1952, Scott 1955, 
Hoffmeister 1986). 

In the Sonoran Desert of the Southwest, gray foxes were opportunistic 
with respect to foods eaten, and mammals comprised (frequency of occurrence) 
57% to 65% of diets, whereas insects comprised 53% to 57%, and plants com-
prised 39% to 40% (Turkowski 1969). Gray foxes in Mazatzal Mountains in 
central Arizona primarily ate berries and fruits, but scats also contained rabbits 
(6.5%–23.5%), rodents (17.1%–62.8%), birds (4.3%–17.5%), insects (7.8%–
25.4%), and reptiles (1.1%–5.9%) (Cunningham et al. 2001, 2006). Relative 
abundance of gray foxes likely is linked to availability of food resources, which 
in turn is influenced by habitat type (Wood et al. 1958, Novaro et al. 1995). 
Reduced abundance of gray foxes following a wildfire in central Arizona likely 
corresponded with reductions in availability of cover and food (Cunningham et 
al. 2001, 2006).

Behavior
 Although gray foxes are primarily nocturnal, they are often crepuscular 
and active in early morning or evenings (Trapp 1978, Haroldson and Fritzell 
1984, Hoffmeister 1986, Fedriani et al. 2000). They reportedly are active from 
25% to 54% of the time during daylight, and from 77% to 87% of the time at 
night (Yearsley and Samuel 1980, Haroldson and Fritzell 1984). They also move 
more rapidly at night than during the day (Follmann 1973, Yearsley and Samuel 
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1980, Hallberg and Trapp 1984, Haroldson and Fritzell 1984). Gray foxes might 
tend to avoid habitats with higher densities of coyotes, and thus avoid or reduce 
risk of predation by the larger canid (Fedriani et al. 2000, Chamberlain and Leo-
pold 2005).
 Feces and urine apparently play a role in communications between gray 
foxes, and excretions often are deposited in conspicuous locations on bare ground, 
logs, rocks, elevated sites, or along 
trails (Grinnell et al. 1937, Rich-
ards and Hine 1953, Trapp 1978, 
Fritzell 1987). Scats usually are 
deposited singly, but might be 
deposited in groups of 2 to 8 ball-
shaped masses (boluses) (Trapp 
1978). Barking is the most com-
mon vocalization, and gray foxes 
might vocalize more in February 
during the breeding season and in 
late summer when pups are learn-
ing to hunt (Rue 1968).
 Gray foxes are well 
adapted to climbing and can climb 
branchless, vertical tree trunks to 
more than 50 feet by grasping the 
trunk with forefeet and pushing 
with hind feet. They can climb by 
jumping from branch to branch 
(Seton 1929, Grinnell et al. 1937, 
Terres 1939, Taylor 1943, Leopold 
1959). They also might become 
nuisances to humans in some 
situations by preying on poultry 
or pets (Hockman and Chapman 
1983).

Reproduction
 Gray foxes are assumed to be monogamous, but conclusive evidence is 
lacking (Fritzell 1987). Gray foxes breed between January and April, but tend 
to breed earlier in southern than in northern areas of their range (Samuel and 
Nelson 1982), and females are monestrous (they have one estrous cycle per year) 
(Rowlands and Parkes 1935). Breeding season in California is in February; in 
Texas it occurs during February and March (Hoffmeister 1986). Estrus (sexual 
receptivity) lasts 1 to 6 days (Asdell 1964), and females might breed at about 10 

Gray fox in ponderosa pine forest habitat in north-
ern Arizona. Foxes are best known for capturing their 
prey by pouncing, jumping up to three feet above the 
ground and diving with their front paws onto the prey. 

The pouncing action either stuns or flushes the prey. 

months of age, but all females likely do not breed their first year of age. Some 
yearlings might reach puberty too late for successful breeding (Layne 1958), but 
timing of breeding might not differ between yearling and older females (Wood 
1958). About 8% of females may not produce young their first year (Wood 1958); 
a female that does not produce offspring may have unfertilized eggs, experience 
mortality of embryos, or may not have a mate (Layne and McKeon 1956). 

Spermatozoa form in testes of males during October and November, and 
most males are capable of breeding their first year, although the penis is not com-
pletely ossified (the process of bone formation, in which connective tissues such as 
cartilage are turned to bone or bone-like tissue) (Lloyd and Englund 1973, Storm 
et al. 1976). Throughout the reproductive cycle, testes of adults and yearlings 
had equivalent numbers of spermatogonia (the cells that sperm originate from), 
primary spermatocytes, spermatids, and spermatozoa (Follman 1978). Weights 
of testes are maximal from December to January and decrease until quiescence 
(inactivity) be-
tween late June 
and September 
(Layne 1958). 

G e s t a -
tion period is 
thought to be 
about 53 days 
(Sheldon 1949) 
but in captivity 
might be 59 days 
(Fritzell 1987). 
Mean litter size 
is about 4 pups 
(Fritzell 1987), 
likely does not 
vary among gray 
foxes less than 4.5 years old (Root 1981), and sex ratio of pups is equal (Samuel 
and Nelson 1982, Fritzell 1987). Females and males care for pups, the pair re-
mains intact through denning, and adults might attempt to decoy observers away 
from young (Turkowski 1969). Adult males might forage separately from females 
at night, and return to dens at daylight, but only females likely make repeated 
trips to dens at night (Nicholson et al. 1985). Dens are vacated when pups are 
2.5 to 3 months old, but pups remain with adult females until about 4 months of 
age, when they begin foraging on their own and are independent of their mothers 
(Wood 1958, Nicholson et al. 1985). Failure to excavate all pups from a den and 
communal denning might bias estimations of litter sizes and sex ratios (Hoffman 
and Kirkpatrick 1954). Intrauterine mortality might bias estimations of size of 

Gray foxes occupy habitats in the Sonoran Desert in Arizona. The So-
noran Desert is the hottest North American desert, however a bimodal 

rainfall pattern produces tremendous biological diversity. 
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litters based on placental scars (Englund 1970, Allen 1975). Size of litters, sex 
ratios, gestation period and development of young are poorly understood for gray 
foxes in Arizona (Hoffmeister 1986). 

Home Range, Density, and Dispersal
 Sizes of home ranges of gray foxes vary greatly between habitat types 
and seasons. Depending on sexual maturity, sex, and period of measurement, 
sizes of home ranges among studies have ranged from 0.1 to 2.6 square miles 
(Lord 1961, Follman 1973, Trapp and Hallberg 1975, Haroldson and Fritzell 
1984, Sawyer and Fendley 1990). Size of home range likely is larger for males 
than females in each season, and increases for males progressively from denning 
season through pup rearing, dispersal, and mating. Home range of females likely 
is smallest during pup rearing and largest during dispersal and mating seasons 

(Sawyer and Fendley 1990). Abundance of food resources, competition (intra-
specific and interspecific), type and diversity of habitat, and physical barriers to 
movements seem to influence sizes of home ranges (Samuel and Nelson 1982). 
However, differences in sizes of home ranges might be related to differences in 
quality of habitat, rather than age, breeding season, and weather (Fuller 1978), 
although birth of pups likely restricts movements by females (Follman 1973).

Few studies have estimated densities of gray foxes, but published es-
timates range from 0.5 to 0.8/square mile, depending on location, method of 
estimation, and season (Errington 1933, Gier 1948, Lord 1961, Trapp 1978). 

Bobcats may compete with and occasionally prey on gray foxes in some areas of the 
United States, but bobcats and gray foxes seem to share food and space resources in 

Arizona’s Sonoran Desert.

Scent-station surveys might be the most widely used method for indexing relative 
abundance of populations of mammalian carnivores (Sargeant et al. 2003), and 
the method has been used to estimate relative abundance of gray foxes (Wood 
1959, Hatcher and Shaw 1981, Hon 1981, Conner et al. 1983).

Survival
 Longevity of gray foxes in the wild generally might be about 4 years 
(Wood 1958, Lord 1961, Storm et al. 1976); despite relatively high annual mortal-
ity, gray foxes occasionally might live 14 to 15 years (Seton 1929). However, few 
gray foxes likely 
live longer than 
4 to 5 years. 
Nearly half of 
newborns might 
die within their 
first 7 months, 
90% of juveniles 
might die within 
their first year, 
and half to two-
thirds of adults 
might die each 
year. Human 
harvest by hunt-
ing and trapping 
undoubtedly rep-
resent the single 
most important 
source of mortal-
ity of gray foxes (Fritzell 1987). Predation of gray foxes by other predators likely 
do not have population-level effects, but golden eagles (Aquila chryseatos), coy-
otes, bobcats (Lynx rufus), and mountain lions (Puma concolor) occasionally prey 
on gray foxes (Grinnell et al. 1937, Gander 1966, Mollhagen et al. 1972, McKin-
ney et al. 2006).
 Gray foxes may be exposed to numerous infectious diseases that might 
be sources of mortality, including brucellosis, distemper, infectious canine hepa-
titis, leptospirosis, rabies, tularemia, and parvovirus. Gray foxes also host numer-
ous parasites, such as fleas, lice, ticks, chiggers, mites, cestodes, nematodes, trem-
atodes, and acanthocephalans (Nicholson and Hill 1984, Fritzell 1987, Samuel et 
al. 2001, Williams and Barker 2001). Gray foxes are highly resistant to infesta-
tion by sarcoptic mange mites (Sarcoptes scabiei) and infections with heartworms 
(Dirofilaria immitis) which might affect other canids (Stone et al. 1972, Monson 

Arizona Game and Fish Department biologist Thorry Smith prepares a 
scent-station tracking bed in the Sonoran Desert. Scent stations are widely 
used in monitoring abundance of carnivores and can provide indices of 

relative abundance and population changes of gray foxes. 
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et al. 1973, Simmons et al. 1980). Gray foxes might spread enzootic rabies to do-
mestic animals, and rabies in some cases might affect populations of the predator 
(Parker et al. 1957, Jennings et al. 1960, Trapp and Hallberg 1975). Gray foxes 
in wild populations might regularly associate with human developments, poten-
tially increasing their exposure to diseases such as canine parvovirus (Riley et al. 
2004).

Management and Conservation

Population Ecology and Trends
 Few management programs have focused specifically on populations of 
gray foxes (Trippensee 1953, Pils and Martin 1978), and little is known regarding 
ecology and trends of populations in Arizona. Inadequate levels of precipitation 
in deserts reduce production of small mammals (Beatley 1969, Reichman and 
Van De Graaff 1975, Whitford 1976), potentially influencing diets and relative 
abundance of gray foxes.

Harvest Strategies
 Management of gray foxes in Arizona is guided by Arizona Game and 
Fish Department’s Wildlife 2006 (Arizona Game and Fish Department 2001). 
The goal for all predatory mammals is to maintain historic range and distribution 
of species and to allow for maximum recreational, economic, and aesthetic uses 
commensurate with existing populations. No specific objective is outlined for 
gray foxes, but the desired annual harvest level for all 3 species of foxes found in 
Arizona (gray fox, kit fox, red fox) is 3,000 to 5,000 animals. Annual harvest by 
hunters and trappers in Arizona between 1990 and 2002 averaged about 4,800 
foxes. 

Research Needs
 Gray foxes seldom have been studied in Arizona, and very little infor-
mation is available regarding abundance, trends, effects of harvest levels, and 
status of the species in arid or semi-arid environments. No studies have provided 
broad-based ecological research of gray foxes in Arizona, and there are many gaps 
in knowledge and understanding of this species. The following actions and in-
formation are needed in Arizona, and ostensibly would enhance development of 
management prescriptions for gray foxes.
 
 1) Separate annual harvest levels for all 3 species of foxes.

2) Monitor habitat-specific harvest and trends of relative abundance.

3) Determine age and sex structure of annual harvest, at least at 3-year 

intervals.

4) Monitor nuisance activities and human interactions, including 
depredations and disease-related issues.

5) Evaluate habitat-specific association between abundance of gray 
foxes, bobcats, and coyotes.

6) Determine effects of environmental variables such as drought and 
habitat fragmentation on relationships between gray foxes, their prey,
and other food resources.

7) In general, increase knowledge about life history, particularly with 
respect to harvest levels, habitats, dispersal and environmental variables 
such as drought and habitat fragmentation.

8) Current fox species management guidelines in Arizona address re-
search needs for gray foxes, and include:
 
          a) Develop and implement standardized statewide survey  

 methods to index abundance;
  b) Assess status and impacts of harvest;
  c) Develop annual harvest surveys; and
  d) Evaluate age structure of harvested gray foxes using jaws 
  submitted by hunters and trappers.
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