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ABSTRACT 

Coyotes (Cants latrans) are common in many urban areas in North America, but 

little is known about how they adapt to urbanization. I studied the way th^ use the urban 

landscape by determining the patch types chosen for foraging travelling, and resting. 

Home ranges encompassed a smaller proportion of natural areas and a greater proportion 

of parks and residential areas than were available in Tucson. Rates of nocturnal 

movement by coyotes peaked at midnight and at dawn. Natural areas, parks, and 

residential areas were used most by coyotes throughout the night, but rates of movement 

did not differ among these patch types. 

I created a GIS (geographic information system) model to predict the presence or 

absence of coyotes in all patch types throughout Tucson. The model indicates that most 

areas in Tucson are likely to be used by coyotes; it may be refined by adding new variables 

and by examining these variables at a finer spatial scale. 

Studies have not documented the health of coyotes in urban areas, where they may 

be reservoirs of disease for domestic cam'ds. I determined the prevalence of pathogens, 

estimated survival rates, and identified sources of mortality. The prevalence of canine 

distemper virus was 27%, the prevalence of infectious canine hepatitis was 50%, the 

prevalence of canine parvovirus was 100%, and the prevalence of leptospirosis was 27%. 

The annual survival rate of coyotes was 0.72. Most necropsied coyotes were killed by 

humans. 

Coyotes in urban areas come into conflict with humans. Few humans have been 

attacked by coyotes, but small pets are susceptible to attack. The primary means of 



9 

deterring coyotes from areas where their presence is unwanted is by eliminating all sources 

of food and water. The urban-dwelling public must become better educated about coyotes 

to minimize human-coyote conflicts. 
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INTRODUCTION 

Explanation of the Problem 

After 1950, cities in the United States expanded into native vegetation (Quinn 

1991) and fragmented the landscape into a mosaic of small patches of land (Quinn 1997). 

Fragmentation isolates patches of native vegetation and in some patches native vegetation 

is replaced with man-made features (Germaine et al. 1998). Therefore, urban wildlife 

managers are faced with trying to retain areas Avith sufBcient native vegetation to support 

wildlife in and around urban areas (Agee 1995, NfiUigan Raedeke and Raedeke 1995). 

Furthermore, although it is assumed that remnants of areas with native vegetation 

are important to wildlife living in urban areas, it is often unclear ^ctiy what role these 

areas play in maintaining wildlife populations (Harris 1977). 

Response to the Problem: Explanation of Objectives of Study 

Objective /.—Coyotes (Canis latrans) are well-known for their ability to survive in 

a diversity of environments throughout North America (Bekoff 1982, Bekofif and Wells 

1986). Recently, coyotes have become conmion in many urban areas (Gill and Bennett 

1973, Howell 1982, Loven 1995, Baker and Timm 1998). Indeed, urban environments 

offer a unique opportunity to explore questions about the adaptability of coyotes. For 

example, how do coyotes in urban environments respond to urbanization: do they use the 

landscape in a different way than coyotes in more natural settings, or are they adapting to 

urban environments by using the remnants of natural areas that still east. Conversely, 

coyotes are ideal animals with which to study the effects of urbanization on mammalian 

predators because they may be affected by the loss of natural areas, th^ pr^ upon small 
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animais whose distribution may be affected by urbanization, and their home ranges are too 

large to be contained within a single patch of remnant natural habitat ^am'son 1993). 

A few studies have explored aspects of coyote ecolo^ in urban settings. 

Commonly studied parameters include home-range size and activity patterns (Andelt and 

Mahan 1980, Shargo 1988, Bounds and Shaw 1997, Quinn 1997), diet and habitat use 

(Atkinson and Shackleton 1991, Quinn 1991), the value of public sighting information 

(Quinn 1995), and public perceptions of coyotes (Kellert 1985). These studies have 

shown that coyotes in urban areas exhibit a wide range of charaaeristics, thus reinforcing 

our understanding of the coyote as an adaptable, opportunistic mammal. 

Human residents of Tucson are concerned about the presence of coyotes in their 

city (Grinder and Krausman 1998), and wildlife managers in Tucson are interested to 

know how they can best manage coyotes in the area. To address these concerns, residents 

and managers must know more about the way coyotes in Tucson use the urban matrix. 

My objectives were to provide this information by evaluating the size, contiguity, 

and overlap of coyote home ranges in Tucson; by assessing habitat use by coyotes at 2 

different scales: at the scale of the home range, and within the home range; by determining 

d£Serences in home-range size and patch use at these 2 scales between sexes, during the 

day versus at night, and seasonally; and by comparing my findings with those of 

researchers working with coyotes in less-developed areas. 

Objective 2.—To determine the temporal and spatial activity patterns of coyotes in 

urban areas to understand how anthropogenic Actors influence them. Sunply ocploring 

coyote habitat use patterns in urban areas by examinmg home-range characteristics may 



12 

have limited ecological application because descriptions of these areas cannot be used to 

determine how and why an animal uses an area (Woodruff and Keller 1982, Laundre and 

KeUer 1984, Shargo 1988, Quinn 1997). 

Using data from sequential radiolocations, Laundre and Keller (1984) were able to 

document 3 types of coyote activi^ patterns; resting, hunting, and travelling. They did 

not assign these activities to specific patch types, but speculated that they were related to 

unique vegetational, faunal, or physiographic characteristics of the areas in which they 

occurred. Similarly, sessions of sequentially-collected radiolocations can be used to 

determine rates of speed and time spent in various patch types at different times of the 

night. If an animal is monitored throughout the night, amounts and kinds of use in patch 

types can be considered estimates of overall patterns of use. It may then be possible to 

infer that certain activities occur in certain patch types. For example, if a coyote spends a 

large proportion of its time and has a slow rate of speed in a patch type, it may be using 

that patch for resting. by contrast, a coyote spends a lot of time in a patch type, and 

travels quickly during its time there, it may be using the area for hunting. A coyote that 

spends little time in a patch type but travels quickly in it may be using the patch as a travel 

corridor. 

Coyotes (Andelt and Andelt 1981) and gray foxes {Urocyon cinereoargenieus) 

(Elarrison 1997) living close to humans avoid areas fi-equented by humans when humans 

are most active. D^erences throughout the night in coyote rates of movement or in 

preferences for certain patch ^es may indicate that coyotes in Tucson are also altering 

then- activi^ patterns to avoid conflict with humans. Habitat use by animals is determined 
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by a combinatioii of factors including the distribution of food and water, shelter from 

predators (human and non-human), and breeding sites (Saunders et ai. 1997). The 

average rates of speed and percent of time that coyotes spend in d^erent patch types 

during an entire night can be used to infer the patches that provide the factors needed for 

survival in urban areas. 

Related to the rate of movement during a night is the distance traveled during the 

night by an individual. If a non-dispersing individual moves long distances while hunting, 

one could infer that the habitat in which the individual is hunting has less food available 

than a habitat in which an individual does not move long distances while hunting. Quinn 

(1997) found that coyotes moved ferther in what he deemed to be lower quality habitat 

(i.e., less prey). 

My objectives were to describe rates of movement and percent of time spent in 

different patch types at 1-hr intervals during the m'ght, to evaluate average rates of 

movement and percent of time spent in each patch ^e over the entire night, to associate 

rates of movement in each patch type with activities that may have occurred in that patch 

type, to quantify the distances moved by coyotes during the night, to determine the 

importance of individual variation in rates of movement and percent of time spent in 

dif^ent patch types, and to compare the percent of time spent by mdividual coyotes in 

each patch type with the percent of that patch type in each individual's home range. 

Objective 5.—Coyotes have been observed in a range of urban environments, from 

New York City's Central Park to the suburbs of Chicago. Although it may not be possible 

to accurately predict all of the places used by coyotes in urban areas, one would expect 
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coyotes to inhabit places that provide food, cover, water, and flilM any other special 

needs they may have, such as holes for den sites during the breeding season. Patch ^es 

in Tucson that might provide for such needs include parks, areas with natural vegetation, 

washes, and some residential areas (Shaw et al. 1996). Identifying patch types that meet 

the ecological requirements of coyotes will enable human residents of Tucson to quantify 

the effect that development and other changes to the landscape may have on coyotes in 

these areas. My objective, therefore, was to create a model that predicted the potential 

use of different patch types in Tucson by coyotes. 

Objective •/.—Factors related to the survival of coyotes have been examined in 

depth. In particular, many studies have examined the survival of coyotes and causes of 

mortality in different locations (Nellis and Keith 1976, Wmdberg et al. 1985, Gese et al. 

1989, Windberg et al. 1997). The pervasiveness of sarcoptic mange (Pence et al. 1983, 

Pence and Windberg 1994) and internal parasites (Seesee et al. 1983, Smith and Kennedy 

1984, Holzman et al. 1992, Radomski and Pence 1993) in coyotes have also been topics 

of research. In the past two decades, studies have also evaluated the prevalence of 

pathogens in coyotes (Drewek et al. 1981, Thomas et al. 1984, Guo et al. 1986, Gese et 

al. 1991, Holzman et al. 1992, Thomas and Hughes 1992, Gese et al. 1997, Cypher et al. 

1998). 

No studies, however, have assessed the health and condition of coyotes in urban 

areas. It is important to assess the health of urban coyotes to establish the impact of 

diseases on populations in these areas. Furthermore, coyotes m urban areas may be 
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reservoirs and sources of infection of common canid diseases for domestic dogs (Guo et 

al. 1986). 

My objectives were to assess the health of coyotes in Tucson, Arizona by 

determining the prevalence of pathogens known or suspected of being able to produce 

mortality in coyotes (Gier et al. 1978), estimating survival rates, and identifying sources of 

mortality. 

Objective 5.—The adaptation of coyotes to urban areas has been the subject of 

newspaper articles in cities such as Mahwah, New Jersey, Chicago, Illinois, Los Angeles, 

California, Langely, Washington, and Phoenix and Tucson, Arizona ^artin 1994, 

Copenhaver 1996, Aleshire 1997, Ramaat 1997). Their presence in these areas has met 

with mixed reactions from the human residents of urban centers. A major concern of 

many urban residents is the vuhierability of their small children and pets to attacks by 

coyotes. My objectives were to surv^ veterinarians in Tucson to evaluate the prevalence 

and severity of coyote attacks on pets and to investigate how city and county governments 

are dealing with human-coyote conflicts. 

Explanation of Dissertation Format 

The papers that comprise the appendices of this dissertation commum'cate the 

results of work that explores the ecology of coyotes in Tucson, Arizona. As such, thqr 

investigate separate but related aspects of coyote ecolo^. Appendbc A through E deal 

with objectives 1 through 5 stated in the introduction, respectiveiy. 

An of the papers mcluded in this dissertation are the results of work conducted by 

the candidate while enrolled as a student at The University of Arizona. The candidate was 
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guided by her major advisor and committee members but was ultimately responsible for 

collecting and analyzing the data, and communicating the results of the research for the 

dissertation. 
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PRESENT STUDY 

The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a sununary of the most important findings 

of these papers. 

Study Area 

I captured and collared coyotes in Tucson, Arizona, and a few urbanized areas 

directly outside of the dty limits. Tucson, which is in eastern Pima County, encompasses 

about 500 km^ with an estimated human population of475,000 (Tucson Update 1999). 

Tucson is situated in the Sonoran Desert, the most varied and the hottest of the North 

American deserts. 

I used a GIS database (i.e., ARC/INFO, ESRI, Redlands, Caliform'a) (Shaw et al. 

1996) to class^ patch types within Tucson. The database assigned eastern Pima County 

to I of 33 patch types at a resolution of 0.4 ha. I collapsed these to create 7 patch types 

(natural, conunercial, park, vacant, residential, wash, road). I formed the new patch types 

based on the amount of native and non-native vegetation present, the intensity of human 

activity, and on obvious structural differences and similarities among the patch types 

(Shaw et al. 1996). 

Methods 

A professional trapper live-trapped coyotes using padded leg-hold traps (i.e., # 3 

Victor Softcatch Coilspring). I trapped in locations that represented a variety of 

landscapes and human population densities within Tucson. I immobilized each trapped 

coyote then fit the animal with a uniquely-colored radiocollar (Telonics Inc., Mesa, 
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Arizona). I weighed each coyote, drew 10 ml of blood, and determined the sex and 

reproductive condition. I approximated age by tooth wear (Gier 1968), and identffied 

young of the year, by the condition of the coat and tail. Finally, I evaluated the animal's 

general health by checking for external parasites, wounds, or other obvious signs of ill 

heath, and released it at the trapping site. 

I located coyotes by homing with hand-held Yagi antennas (White and Garrott 

1990:42). I located each coyote 2 times per week to determine home range size and 

habitat use, and followed coyotes continually during full-night or half-night sessions to 

determine patterns in activity and habitat use throughout the night. I collected data in 4 

seasons; breeding (Jan - Feb), gestation (Mar - Apr), pup-rearing (May - Aug) and 

dispersal (Sep - Dec) (McClure 1993). I recorded coyote locations on a Tucson street map 

(1:40,000). I then used ArcA^ew (Desktop Mapping System, ESRI, Redlands, California) 

and ARC/INFO (Geographic Information System, ESRI, Redlands, Caliform'a) to analyze 

habitat use. I used the home-range package RANC^S V (Kenward and Hodder 1996) to 

estimate home-range size. I used 2 methods of home-range estimation: the minimum 

convex polygon ^CP) method (Mohr 1947), and the adapth^e kernel method (Worton 

1989). 

I evaluated coyote blood samples for the prevalence of heartworm {Diroftlaria 

imnritis) antigens, antibodies to canine distemper virus (CDV), infectious canine hepatitis 

(ICi^, canine parvovirus (CPV), and 7 serovars of Leptospira interrogans. I also 

performed necropsies on coyotes that died within the city limits to quanti^ the general 
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health of coyotes in Tucson, to determine the presence of internal and external parasites, 

and to evaluate causes of mortality. 

I conducted a surv^ of veterinary clinics throughout Tucson to establish an index 

of coyote attacks on pets in Tucson, and interviewed offidals responsible for managing 

wQdIife in the city to appraise the policies in place concerning urban wildlife. 

I tested for habitat preferences, and for differences in the prevalence of antibodies 

among age classes and between sexes and years using chi-square goodness-of-fit tests 

(Thomas and Taylor 1990). I used Mests to determme differences in habitat use between 

sexes and during the day versus at night. I used analysis of variance to evaluate seasonal 

differences in habitat use, and differences in weights among age classes of coyotes ^aniel 

1991). I used a modification (Pollack et al. 1989) ofKaplan and Meier's (1958) technique 

to estimate survival, and tested for differences in survival rates between sexes and age 

classes using a normal approximation r-test (Pollack et al. 1989). I used stepwise logistic 

regression to build my predictive model of coyote habitat use and used ARC/INFO to test 

the model. 

Results and Discussion 

Objective L—l radiocoUared 19 coyotes fi-om October 1996 through January 

1998. I used data fi-om 16 animals (6 F, 10 M) for which I had enough locations to 

determine home-range size and habitat use. The 95% minimum convex polygon home 

ranges of 13 resident coyotes ranged fi-om 1.7 to 59.7 km^(r = 12.6); the home ranges 

size of transient coyotes ranged from 58.3 to 180.2 km^ (x = 105.2). Home ranges 

encompassed a smaller proportion of natural areas and a larger proportion of parks and 
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residential areas than were avaflable in the study area. Coyotes used patch types within 

the home range in proportion to their availability, except during the dispersal season, when 

more coyote locations occurred in natural areas and washes, and fewer locations occurred 

in parks and residential areas than would be ecpected. There was significant individual 

variation in the composition of patch types in the home range, and in the proportion of 

locations in patch types. 

Coyotes in Tucson appear to be adjusting to life in proximity to humans by making 

habitat selections at the home-range scale, and by choosing, at this scale, to inhabit parks 

and residential areas. These areas, characterized by possibly abundant anthropogenic 

sources of food and cover, are likely to remain in the city, and to continue to provide 

habitat for coyotes. Anthropogenic disturbances such as urbanization are important, 

multi-scaled, and widespread, ^wildlife biologists and managers are to address the issues 

that face them in these areas effectively, they must leam to appredate and study patterns 

and processes at multiple scales. I have addressed only 2 scales at which coyotes may be 

affected by urbanization, and further research into the effects of urbanization on 

microhabitat characteristics is needed. Research at other scales might address the 

juxtaposition of patches within the urban matibc, and the relevance of the landscape 

surrounding urban areas. 

Objective 2.—I used data from 11 animals (6 F, 5 M) for which I had at least 7 

observation sessions to analyze activity^ and habitat use during the m'ght. Rates of 

movement peaked at midnight and dawn; there were no d^rences in the tme spent m 

diflferent patch types at different times durmg the night, except for a peak in the use of 
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parks by females in the early morning hours and in their use of washes around dusk and 

dawn during the pup-rearing season. Parks, residential areas, and natural areas were most 

used by coyotes durmg the entire night, but rates of movement did not differ among patch 

types. The percent of time coyotes spent on roads was greater during the dispersal season 

than the pup-rearing season. Individuals moved 1.3 - 6.2 km during the night. There was 

significant variation in activity peaks and in time in different patch types among individuals 

and within an individual. The composition of home ranges also varied, but all home ranges 

encompassed > 10% parks, residential areas, or natural areas. Coyotes were most active at 

times when they could avoid contact with humans. They used patch types that provided 

them with adequate food, cover, and water. 

The emerging picture of coyotes in urban areas indicates that they are able to fulfill 

their daily requirements by shifting their periods of greatest activity to times when humans 

are least active and by concentrating their time in parks, residential areas, and natural 

areas. In the urban setting these areas are often small and diqunct fi'om one-another but 

may be able to fulfill the coyote's daily needs in terms of food, cover, and water. Thus, 

coyotes may benefit from some level of alteration to the natural landscape, even ^ to do so 

thQT must change their activity patterns. There is probably a threshold of alteration above 

which coyotes can no longer benefit. This may be reached when small areas providing 

food, cover, and water become too small to sustain coyotes, or when the distances 

between these areas become too great for safo travel by coyotes (Wiens 1996). Coyotes 

m our study avoided major commercial centers that were isolated from parks, residential. 
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or natural patches; these areas probably exceeded the level of disturbance that coyotes can 

tolerate. 

Many human urban dwellers enjoy seeing coyotes as a part of their daily life 

(Kellert 1985). A greater understanding of the effects of urbanization on the way coyotes 

use the landscape is necessary if managers are to maintain (or reduce) habitat for coyotes 

in these areas. I used rates of movement, distances moved, and time spent in various 

patch types to characterize coyote use of the landscape. These measures of behavior are, 

however, simplified descriptions of the activity that actually occurs. Ideally, the behavior 

of coyotes in urban areas should be studied at a finer spatial and temporal scale, possibly 

using activity-sensitive radiocollars, to allow researchers to determine the components of 

each patch type that are being used for specific activities. 

Objective i.—My model of habitat use predicted that most areas in Tucson were 

suitable for coyotes, and that areas near the commercial center of town, especially around 

washes, had the lowest probability of being used by coyotes. The model is a first step 

toward being able to locate the areas in Tucson that are used by coyotes. It indicates that 

most of Tucson has the potential to be used, at least transiently, by coyotes. As coyote 

have been observed in abnost every location in Tucson, the model is probably accurate at 

this scale. Some refinements to the model should be made, however, to more precisely 

locate areas that are used by coyotes to fiiM their habitat requirements. 

Objective 4.—No coyotes tested positive for heartworm antigens. The prevalence 

of ODV was 27%, the prevalence of ICH was 50%, and the prevalence of CPV was 

100%. Twenty-seven percent of coyotes tested positive for one of five serovars ofL 
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interrogans. The diseases for which coyotes in Tucson possessed antibodies appear to be 

enzootic in the population. The annual survival rate of coyotes was 0.72. Eleven 

necropsied coyotes were killed by cars, five coyotes were hit by cars, two were killed by a 

trapper, and the cause of death for one coyote was unknown. I found tapeworms (Taenia 

pisiformes) and nematodes (Pf^saloptera rara) in seven and three coyotes, respectively. 

Three collared coyotes and one necropsied animal had sarcoptic mange. 

Coyotes in Tucson appear to be exposed to the viral, bacterial, and parasitic 

infections common in many coyote populations, but man is the major source of mortality. 

Indications are that their body condition is similar to those of coyotes in more rural areas. 

As in less-urbanized locations, man constitutes the major source of mortality for coyotes. 

Coyotes in urban areas are exposed to the same factors that confi-ont coyotes elsewhere. 

The potential exists for urban coyotes to be sources of disease for domestic canids in these 

areas, but it is not clear how important coyotes may be in this capacity. 

Objective 5.— Veterinarians do not often treat pets for wounds inflicted by 

coyotes; presumably, most pets that are attacked do not survive to be treated. The pets 

that receive treatment are most often small dogs. The Arizona Game and Fish Department 

recommends that urban-dwellers deter coyotes &om an area by eliminating all sources of 

food and water. Tucson's poliqr for dealing whh human-coyote conflicts emphasizes 

education, with trapping and removing individual coyotes being considered only as a last 

resort 



24 

Further education is needed to more efifectivety teach the public about coyotes 

because without proper education about the habits and ecology of coyotes, people will 

continue to misunderstand and &ar them. 
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Abstract: Coyotes (Canis latrems) are becoming common residents of many urban areas 

in North America but little is known about how th^ adapt to urbanization. We studied 16 

radiocoUared coyotes in Tucson, Arizona from October 1996 through December 1998 to 

determine home-range size and overlap and habitat use at 2 levels: at the scale of the home 

range, and within the home range. The 95% minimum convex polygon home ranges of 13 

resident coyotes ranged from 1.7 - 59.7 km^ (x = 12.6). Home ranges encompassed a 

smaller proportion of natural areas and a larger proportion of park and residential areas 

than were available in the study area. Coyotes used patch types within the home range in 

proportion to their availability, except during the dispersal season, when more coyote 

locations occurred in natural areas and washes and fewer locations occurred in park and 

residential areas than would be expected. There was a great deal of individual variation in 



the patch types encompassed by home ranges, and in proportions of locations in patch 

types. Home-range size did not indicate that coyotes in Tucson were using the landscape 

differently than coyotes in other areas. Habitat selection appear to occur at the home-

range scale; within the home range, patch types were used m proportion to their 

availability. Urbanization disturbances are multi-scaled and widespread; wildlife biologists 

and managers must study habitat selection by animals that can survive in these areas at 

multiple scales. 

JOURNAL OF WELDUFE MANAGEMENT 00(0): 000-000 

Key words: Canis latram, coyote, habitat use, home range, urban, Tucson 

After 1950, cities in the United States expanded into native vegetation (Quinn 

1991) and fragmented the landscape into a mosaic of small patches of land (Quinn 1997). 

Fragmentation isolates patches of native vegetation and in some patches native vegetation 

is replaced with man-made features (Germaine et al. 1998). Therefore, urban wildlife 

managers are &ced with trying to retain areas with sufiBcient native vegetation to support 

wildlife in and around urban areas (Agee 1995, Milligan Raedeke and Raedeke 1995). 

Furthermore, although it is assumed that remnants of areas with native vegetation 

are important to wOdltfe living in urban areas, it is often unclear exactly what role these 

areas play in maintaining wfldlife populations (Eliarris 1977). Animals respond to 

enviroimient at many spatial scales (Johnson 1980, Pickett et al. 1994). However, our 

understanding of these responses at multiple scales is in its infiincy (Kotliar and Wiens 

1990, Hyman et al. 1991, Ward and Saltz 1994). Traditional studies of wildlife have 
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focused on a single species or scale of investigation (Bissonette 1997) but this single-scale 

approach does not reflect the hierarchical way in which organisms perceive the 

environment. 

Coyotes are well-known for their ability to survive in a diversity of environments 

throughout North America ^Bekoff 1982, BekofiTand Wells 1986). Recently, coyotes 

have become common in many urban areas (Gill and Bonnett 1973, Howell 1982, Loven 

1995, Baker and Timm 1998). Indeed, urban environments oflfer a unique opportunity to 

ocplore questions about the adaptability of coyotes. For example, at what scale do 

coyotes in urban environments respond to urbanization: do th^ use the landscape in a 

different way than coyotes in more natural settings, or are they adapting to urban 

environments by using the remnants of natural areas that still exist. Conversely, coyotes 

are ideal animals with which to study the efifects of urbanization on mammalian predators 

because th^ may be affected by the loss of natural areas, they pr^ upon small animals 

whose distribution may be affected by urbanization, and their home ranges are too large to 

be contained within a single patch of remnant natural habitat ^larrison 1993). 

A few studies have explored aspects of coyote ecolo^ in urban settings. 

Commonly studied parameters include home-range size and activity patterns (Andelt and 

Mahan 1980, Shargo 1988, Bounds and Shaw 1997, Quum 1997), diet and habitat use 

(Atkinson and Shackleton 1991, Quitm 1991), the value of public sighting information 

(Qu^ 1995), and public perceptions of coyotes (Kellert 1985). These studies have 

shown that coyotes ui urban areas «chibit a wide range of characteristics, thus remfbrcing 

cor understanding of the coyote as an adaptable, opportum'stic mammal 



As in other western cities, coyotes are common in Tucson, Arizona. Human 

residents of Tucson are concerned about the presence of coyotes in their city (Grinder and 

Krausman 1998), and wQdIife managers in Tucson are interested to know how they can 

best manage coyotes in the area. Therefore, we conducted a study of coyotes in Tucson. 

Our objectives were to evaluate the size, contiguity, and overlap of coyote home ranges in 

Tucson; to assess habitat use by coyotes at 2 deferent spatial scales: at the scale of the 

home range, and within the home range; to determine differences in home-range size and 

patch use at these 2 scales between sexes, during the day versus at night, and seasonally; 

and to compare our findings with those of researchers working with coyotes in less-

developed areas. 

STUDY AREA 

We captured and collared coyotes in Tucson, Arizona, and a few urbanized areas 

directly outside of the city limits. Tucson, which is in eastern Pima County, encompasses 

about 500 km^ with an estimated human population of475,000 (Tucson Update 1999). 

Tucson is situated in the Sonoran Desert, the most varied and the hottest of the North 

American deserts. The elevation is 745 m in midtown Tucson, and increases toward the 

foothills of the Santa Catalina Mountains to the north, the Tucson Mountains to the west, 

and the Rincon Mountains to the east. The climate in Tucson is characterized by low, 

unevenly distributed rainM (about 28 cm annually. Sellers and Hill 1974), low humidi^, 

high air temperatures and periodic strong winds fastings and Turner 1965). 

We used a previously-created GIS database ARC/INFO, ESRI, Redlands, 

Califonua) (Shaw et al. 1996) to classify patch ^es. The database assigned eastern Pima 
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County to 1 of 33 patch ^es at a resolution of 0.4 ha. We collapsed these to create 7 

patch types. We formed the new patch types based on the amount of native and non-

native vegetation present, the intensity of human activity, and on obvious structural 

differences and similarities among the patch types (Shaw et al. 1996). 

"Natural" patches included residential areas with low-density housing (<1 

house/0.4 ha), state and federal parks, privately-owned natural open space, and cropland. 

"Commerdal" patches included industrial areas, maUs and other shopping centers, public 

buildings, and o€5ce buildings. "Parks" included schools, military grounds, cemeteries, 

zoos, golf courses, neighborhood, district and regional parks, and stables or pens with 

horses or cows. "Vacant" patches included mines, landfills, graded vacant land, 

abandoned agricultural lands, and railway yards. "Residential" patches included 

neighborhoods with >1 house/0.4 ha. "Washes" included major and minor rivers and 

washes. "Roads" included only roads with > 4 lanes; smaller roads were incorporated into 

the surrounding patch types. 

METHODS 

Trapping, lUdiocoUaring and Telemetry 

A professional trapper live-trapped coyotes using padded leg-hold traps (i.e., # 3 

Victor Softcatch CoOspring). We trapped and radiocoOared 14 coyotes &om October 

1996 through March 1997, and 5 coyotes fi*om December 1997 through January 1998. 

We trapped in locations that represemed a variety of landscapes and human population 

densities within Tucson. We were not able to trap everywhere we chose, however, 

because some landowners did not allow us to trap on their property; other areas were too 
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often traversed by dogs and people that might step in a trap. We closed the traps at dawn 

and opened them at dusk daily to roiniinize the time that a coyote spent in a trap, and to 

minimize the chances of trapping non-target animals. We immobilized each trapped 

coyote with a noose rod, muzzle, and nylon stockings to tie its legs (Woolsey 1985). We 

then fit the coyote with a uniquely-colored radiocoUar (Telonics Inc., Mesa, Arizona). We 

weighed each coyote, determined the sex and reproductive condition, and approximated 

age (< 12 months, > 1 yr, > 2 yrs) by tooth wear (Gier 1968) and identified young of the 

year by condition of the coat and tail. Finally, we evaluated the animal's general health by 

checking for external parasites, wounds, or other obvious signs of ill heath, and released it 

at the trapping site. 

We located coyotes by homing with hand-held Yagi antennas (White and Garrott 

1990:42). We attempted to visually locate animals, if we could do so without trespassing 

or disturbing the animal. We tested each technician's error in locating coyotes by placing 

radiocollars at locations, known to the tester, in various patch types and having techm'cians 

estimate collar locations via their usual hommg procedure C^itvaitis and Shaw 1980, 

Boimds 1993). 

We collected data in 4 seasons: breeding (Tan - Feb), gestation (Mar - Apr), pup-

rearing O^y - Aug) and dispersal (Sep - Dec) (McClure 1993). We located each coyote 

> 2 times/week, once during the day (0600 - I7S9) and once at night (1800 - 0559). 

bidividuals were not relocated more than once in a 24-hr period to avoid autocorrelation 

of data points (Swihart and Slade 1985a,3). We also used sightings of animals by the 

public as valid relocations ^the person who saw the coDared animal could accurately 
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describe the color of the collar and the time, date, and location of the sighting. We 

recorded coyote locations on a Tucson street map (1:40,000). We then entered the 

locations into ArcA^ew (Desktop Mapping System, ESRI, Redlands, California) as a 

coverage that overlaid the patch type database (Shaw et al. 1996). Finally, we converted 

the coyote locations mto ARC/INFO (Geographic Information System, ESRI, Redlands, 

California) coverages to assign the locations UTM coordinates. 

We imported the ARC/INFO coverages of coyote locations to the home-range 

package RANGES V (Kenward and Hodder 1996) to estimate home-range size. We 

constructed area-observation curves for each home range to determine that the number of 

locations we obtained reached an asymptote and was therefore sufiScient to describe the 

size of that home range (Odum and Kuenzler 1955). We used 2 methods of home-range 

estimation: the minimiffli convex polygon (MCP) method ^ohr 1947), and the adaptive 

kernel method (Worton 1989). We used 95% of all points to estunate the MCP home-

range size and 100% of all points for the adaptive kernel home-range estimations. The 

95% MCP method is commonly used m coyote research (Litvaitis and Shaw 1980, Althoff 

and Gipson 1981, Andelt 1985, Bekofif and WeUs 1986, Bounds 1993); we used this 

method to compare our data with those of other studies. The adaptive kernel method is a 

nonparametric method of estimating home-range size that allows one to identify diqunct 

areas of activity, an important &ctor in urban areas where coyotes habitat may be 

fiagmented. We used the adaptive kernel home-range estunations m our analyses of 

habitat use. For both methods of home range estimation, we used Mests to determine 
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differences in home-range size between sexes and during the day versus at night, and 

analysis of variance to evaluate seasonal differences ^aniel 1991). 

Determining Use venus Availability  ̂of Patch Types 

Patch Types Encompassed by Home Ranges and by the Study Aiea.-̂ t 

determined the patch ^es that were encompassed by each coyote's home range by 

importing the adaptive kernel home ranges from RANGES V to ARC/INFO as polygons. 

We delineated the study area we used for determining habitat use by coyotes by combining 

the adaptive kernel home ranges of all coyotes to create another polygon. We used these 

polygons to clip out the patch types in each home range, and then determined the amount 

of each patch type that was within the home range. We also determined the amount of 

each patch type that was in the study area. We compared the proportion of each patch 

^e that was within the home range with the proportion of each patch type that was in the 

study area by using chi-square goodness-of-fit tests (Thomas and Taylor 1990) on 

individual home ranges, on composite home ranges of all individuals, on day and night 

home ranges of all individuals, and on seasonal home ranges of all individuals (Table 1). 

We used Bon&rroni corrections (Manly et al. 1993) when conducting chi-square tests on 

individual home ranges. 

Patch Types of Locations within the Home Range and Encompassed by the Home 

Range.—W^ determined if patches within the home range were being used in proportion to 

their availability by comparing the number of coyote locations in each patch type with the 

number of locations that would be expected in that patch (Table I). We assigned 

each location to a patch type by intersecting the coverage with the coyote locations with 
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that of the patch types within each coyote's home range. We took the proportion of each 

patch type in each home range previously determined) to represent the number of 

«cpected coyote locations in each patch type. We used chi-square goodness-of-fit tests 

(Thomas and Taylor 1990) on individual home ranges, on composite home ranges of all 

individuals, on day and night home ranges of all individuals, and on seasonal home ranges 

of all individuals to compare the actual number of locations in each patch type with the 

expected nimiber if use equaled availability within the home range. We used Bonferroni 

corrections (Manly et al. 1993) when conducting chi-square tests on individual home 

ranges. 

RESULTS 

Trapping and Relocating Animals 

We collected 2,115 radiolocations and 56 public-sightmg locations on 19 coyotes 

from October 1996 through December 1998. Forty-one of the public sighting locations 

were made on 3 coyotes, and all occurred during the day in residential areas. We present 

the data from the 16 coyotes (5 F, 10 NQ for which we had sufficient locations to 

accurately determme home-range size. When collared, 13 coyotes were 1-2 years old, 2 

males were about 10 months old, and 1 female was > 5 years old. We did not have a 

large enough sample size in difierent age classes to analyze differences in home-range size 

and habitat use among them. We relocated 5 animals for more than 1 year. We found no 

significant seasonal difi^ences in home-range size or in habitat use (F ^ 1.91, P > 0.188) 

among years for any of these animals, therefore we collapsed across years. Because of 

radio interference from communications systems, traffic, and buildings in the ci^, it was 
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often difficult to receive accurate signals from collared animals. We were able to locate 

13 of our 16 animals in > 70% of all attempts to do so, and we considered these animals to 

be residents. The remaining 3 animals, all males, were located during < 50% of all 

radiolocation attempts, so we considered these animals to be transients (Andelt 1982). 

Residents also used a unique area for at least 1 biological season, whereas transients 

displayed nomadic movements over a large area (Gese et al. 1988). 

Home-mnge Size Estimates 

Technician location error ranged from 0 to 99 m (r = 46.1); the largest errors 

occurred when locating animals in large patches. We are confident that ail animals were 

correctly assigned to a patch type. The composite 95% MCP home-range estimates for 

the 13 residents ranged from 1.7 to 59.7 km^ (*= 12.6); the composite 95% MCP home-

range estimates for the 3 transients ranged from 58.3 to 180.2 km^ (x= 105.2). There 

were no significant differences in resident home-range sizes between males (x =13.2) and 

females (r = 12.5) (/12 = 1.33, P - 0.814), during the day (x = 18.0) versus at m'ght (x = 

15.3) (^24 = 0.369, P = 0.715), or among seasons (Fs.w = 0.3740, P = 0.772). We did not 

test for day versus night or seasonal differences (Si = 6.5, S2 = 7.5, S3 = 8.3, S4 = 11.2) in 

the home-range size of transients. The home ranges of 5 males and 1 female were 

composed of ^ 2 polygons. The home ranges of all collared anunals overlapped during at 

least some seasons of the year, and most collared animals were also observed in the 

company of uncoUared coyotes durmg all seasons. 
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Patch Types Encompassed by the Study Area and by Home Ranges 

The study area was composed of 65% natural areas, 5% commerdal areas, 4% 

parks, 3% vacant areas, 12% residential areas, 8% washes, and 3% roads. All composite 

coyote home ranges encompassed more than 30% of at least I of 3 patch types: natural 

areas, parks, and residential areas (Table 2). The composite home ranges of 5 coyotes 

encompassed 10-15% commercial areas. The remaining 3 patch types each accounted for 

< 5% of the area in each composite home range and in the study area. We therefore 

focused on the use and availability of natural areas, parks, and residential areas. 

Composite home ranges encompassed a smaller proportion of natural areas and a larger 

proportion of parks and residential areas than was available in the study area. We found 

the same results for daytime, nighttime and seasonal home ranges (Table 3). Individual 

coyotes, however, showed a great deal of variation in their preferences for these 3 patch 

types (Table 2, Fig. I). This variation remained when the data were analyzed by time of 

day and seasonally. The overall trend appeared to at least partially describe the 

preferences of females, however. During the day and night, and during ail seasons, the 

home ranges of all 6 females encompassed a smaUer proportion of natural areas and a 

larger proportion of residential areas than was available in the study ar̂  (X  ̂> 34.7, P < 

0.001, df=6). 



45 

Locations in Patch Types within the Home Range and Patch Types Encompassed by 

the Home Range 

In the composite analysis, during the day, at night, and during the breeding, 

gestation, and pup-rearing seasons, >30% of all locations for each coyote were in at least 

I of 3 patch types; natural, park, and residential (Table 2). The remaining 4 patch types 

each accounted for <10% of the locations of each coyote, except for 1 female (coyote 8) 

for whom 40% of all locations were in the vacant patch type, although <5% of her home 

range ever encompassed the vacant patch type. Therefore, we concentrated on the use 

and availability of natural areas, parks, and residential areas within the home range for 

these times and seasons. In the dispersal season, >10% of coyote locations occurred in 

washes, so we included that patch type in our results for that season. As a group, coyotes 

did not use any patch type out of proportion to its availabflity in the home range when 

considered over all times and seasons or during the day, at m'ght, or during breeding, 

gestation, and pup-rearing seasons (Table 4). In the dispersal season, however, more 

coyote locations occurred in natural areas than would be expected, and fewer locations 

occurred in parks and residential areas than would be «q)ected. More locations also 

occurred in washes (11% vs. 4%) than would be expected. Once again, individuals 

showed a great deal of variation in their preferences for patch types. Despite this 

variation, all females were located less often than expected in natural areas (X  ̂̂  54.34, P 

0.001, df = 6) and more often than «cpected in residential areas > 47.70, F < 0.001, 

df=6). 
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DISCUSSION 

Home-range Size Estimates 

Many radiotelemetiy studies have documented home-range sizes for coyotes in 

relatively undisturbed areas (Messier and Barrett 1982, WoodrufiE^and Keller 1982, Andelt 

1985, Windberg and Knowlton 1988, Mills and Knowlton 1991), in areas where 

agriculture or ranching have modified the landscape (Andelt and Gipson 1979, Danner and 

Smith 1980, Fisher 1980, Althoff and Gipson 1981), and in at least partially urbanized 

areas (Andelt and Mahan 1980, Shargo 1988, Atkinson and Shackleton 1991, Bounds and 

Shaw 1997). The 95% MCP home-range size of resident coyotes in western North 

America has been found to vary from LI km^ in urban areas of Los Angeles (Shargo 

1988) to 118 km^ in Washington (Springer 1982). Less extreme values range from 10 -

31 km^ (Efibler 1977, Bowen 1978, Litvaitis 1978, Andelt and Gipson 1979, Bekoff and 

Wells 1980, Woodruff and Keller 1982, Pyrah 1984, Roy and Dorrance 1985, Gese et al. 

1988, Servin and Huxl^ 1995). Although the smallest coyote home range in this study 

was similar to smallest reported home ranges, the largest home range was larger than has 

been found by most researchers, and the average home-range size was comparable to the 

size of home ranges in many other studies. Other researchers (Andelt and Gipson 1979, 

Andelt 1982, Bekoffl982, Bounds and Shaw 1997) also found considerable individual 

variation m home-range size among coyotes. 

We found no signfficant differences in home-range size between males and females 

or among seasons. Some studies have found di£^ences in home-range size between sexes 

(Berg and Chesness 1978, Litvaitis and Shaw 1980, Servin and Huxl^ 1995) but Laundre 
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and Keller (1984), in a comparison of several studies, found no evidence of males and 

females having different size home ranges. Some researchers have also reported seasonal 

differences in home-range size (Andelt and Gipson 1979, BekofT 1982, Servin and Huxlqr 

1995, Bounds and Shaw 1997) but others have reported no such differences (Camenzind 

1978, Bowen 1982, Andelt 1985). Thus, home^range size does not appear to be an 

indicator that coyotes in Tucson are using the landscape differently than coyotes in other 

areas, but home-range size may be of little ecological consequence without information on 

the vegetational and faunal characteristics of the area (Laundre and Keller 1984). 

As was documented in Los Angeles (Shargo 1998), most coyote home ranges in 

Tucson overlapped and some were disjunct. This could be a characteristic of home ranges 

in urban areas where suitable habitats for foraging or resting may be disconnected from 

one-another (Adkm and Stott 1998). Elibler (1977), working in natural areas in Utah and 

Idaho, also found that some coyotes had diqunct home ranges. 

Patch Types Encompassed by the Study Area and by Home Ranges 

The largely (65%) natural composition of the study area is representative of 

Tucson and other western cities where there is an abrupt transition between the man-made 

and the natural environments (Gill and Bonnett 1973, Bounds 1993). This juxtaposition 

may play a role in allowing coyotes to gain access to urban areas, as wildlife do not tend 

to recognize human-designated boundaries. 

The relative proportion of patch types in the home ranges of coyotes in Tucson 

d^red from the composition of the study area. Theoretical studies suggest that animals 

must operate at larger spatial scales as resources become clumped across a landscape 
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(O'Neill et al. 1988, Turner et al. 1993). The urban matrix tj^pifies a landscape with 

isolated, clumped resources. Coyotes in Tucson appear to be selecting habitat at the scale 

of the home range. In contrast to our study, Quinn (1997) found no difference in the 

habitat composition of coyote home ranges and the study area in Seattle, Washington. 

The home ranges of all coyotes in Tucson included large percentages of patch 

types that would be expected to provide food, cover, and possible breeding sites (natural, 

park, residential). Patch types that would be expected to provide little in the way of these 

attributes (commercial, roads) comprised a small proportion of coyote home ranges. 

Washes might be expected to provide a certain amount of habitat, but washes are linear 

landscape features with little area that are dispersed throughout the landscape, and we did 

not expect home ranges to encompass large areas of washes. It is difiScult to compare 

coyote use of urban areas with coyote use of more natural habitats, but other studies have 

found that coyote home ranges encompassed habitats that offered more cover (during the 

day) or opportunities for foraging (at m'ght), and less opportunity for interactions with 

humans than the study area as a whole (Andelt and Andelt 1981, Roy and Dorrance 1985, 

Holzman et al. 1992). Researchers studying red foxes (Vulpes vulpes) (Adkins and Stott 

1998) in Toronto, Ontario and gray foxes {Urocyon dnereoargentens) (Harrison 1997) in 

urban areas of New Mexico, found that both of these species also avoided areas used 

heavily by humans, especially during the day. 

The fiict that the home ranges of coyotes in Tucson encompassed natural areas less 

than avaflable, and park and residential areas more than available at all times of the day 

and night and during all seasons of the year indicates a trend toward a consistency of use 
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of urban areas, especially by females. Andelt and Mahan (1980) also found that a single 

collared coyote oi Lincoln, Nebraska used residential areas extensively both during the day 

and at night. Variations in the size and location of home ranges, and therefore the habitat 

encompassed by home ranges, has been attributed to changes in food availability (Mils 

and Knowlton 1991). Urban environments may consist of enough different types of 

patches that food becomes less variable in space and time (Quinn 1991) and therefore 

coyotes may not need to alter their home ranges during a 24-hr period or seasonally. 

White et al. (1996), studying red foxes in Bristol, England also found home ranges to be 

stable and suggested that this stability was caused by predictable food sources in urban 

areas. 

Locations in Patch Types within the Home Range and Patch Types Encompassed by 

the Home Range 

As a group, coyotes appeared to use patch types in home ranges in proportion to 

their availability accept during the dispersal season rather than selecting for certain 

features of habitat within the home range. However, we did not quant^ factors that may 

influence habitat selection at a finer scale than the patch types identified by our GIS 

database (i.e., temperature in daytime resting locations); therefore we may not have 

identMed selection that was occurring at this level. Quinn (1997) reported that coyotes in 

Seattle, Washington also used habitats withm the home range in proportion to their 

availability. In contrast, Shargo (1988) found that most of his collared coyotes used 

residential areas at m'ght to forage, but returned to the adjacent chaparral at night to rest. 

Researchers discovered that red foxes (Saunders et al. 1997) and gray foxes ^iarrison 
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1997) in urban environments used residential areas more than would be expected at night, 

but remained in areas away from human disturbance during the day. Working in more 

natural areas, Litvaitis and Shaw (1980) reported that coyotes in southwestern Oklahoma 

preferred habitats with cover (savaima, prairie creeks, woodlands) over more open 

habitats (prairie). 

The preference of coyotes in Tucson for natural areas and washes during the 

dispersal season may indicate that coyotes use these areas as travel corridors. Similarly, 

coyotes in south Texas used roads and fencelines as travel lanes (Bradley and Fagre 1988). 

Individual Variation in Coyote Use of Patch Types 

There was a great deal of individual variation in the patch types encompassed by 

home ranges. Some coyotes appear to have adapted to living close to humans (coyotes 1, 

3,9, Table 2) whereas other coyotes appear to be living on the edges of urbanization 

(coyotes 4,6, 7,10,11, Table 2). Coyotes in Texas have been reported in older, 

established residential areas that are up to several km inside city limits (Loven 1995). 

Coyotes in Seattle, Washington, however, lived primarily in forested cover adjacent to 

residential areas, which were probably used for foraging (Quinn 1991). Others have also 

documented variation in the way individuals use urban areas (Shargo 1988, Baker and 

Tnnm 1998) and more natural areas (Andelt and Gipson 1979, Gese et al. 1988). Baker 

and Timm (1998) speculated that coyotes that appear better adapted to living close to 

humans might be animals that have been m urban areas longer than those that are living on 

the edges of urbanization. 
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Individual variation also occurred in the way coyote locations were distributed 

within the home range. This was to be expected, as coyotes used patch types in 

proportion to their availability in the home range, and there was individual variation at the 

level of the home range. Coyote locations within the home range may also be related to 

the amount of human activity an individual tolerates. Some coyotes may be deterred from 

using certain patch types by even non-invasive human activities, whereas other individuals 

may not be afiected by being close to humans (Bowers and Breland 1996). 

Public-sighting Locations of Coyotes 

The public sightings of our collared coyotes were biased toward a few individuals. 

On the basis of these observations, we would conclude that coyote use of residential areas, 

especially during the day, was greater than it was determined to be via radiotelemetry. 

Other researchers have used public sighting information on gray foxes (Harrison 1993), 

bobcats {Lynx rufus) (Harrison 1998), and coyotes ^Hill et al. 1987, Quinn 1995) in urban 

areas to evaluate habitat use and determine indices of relative abundance. Public-sightings 

may provide valuable information in urban areas where more tradition methods of data 

collection (e.g., trappings radiocoUarin^ scent stations) are not practical (Quinn 1995). It 

is important, however, to be aware of the biases assodated with public sightings (Qumn 

1995), and to be conservative in drawing conclusions from information gathered in this 

way. 

MANAGEMENT D^LICATIONS 

Coyotes m Tucson appear to be adjusting to life in proximity to humans by making 

habitat selections at the home-range scale, and by choosing at this scale, to inhabit parks 
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and residential areas. These areas, characterized by possibly abundant anthropogenic 

sources of food and cover, are likely to remain in the city, and to continue to provide 

habitat for coyotes. Anthropogenic disturbances such as urbanization are important, 

multi-scaled, and widespread. If wfldlife biologists and managers are to address the issues 

that &ce them in these areas effectively, they must learn to appreciate and study patterns 

and processes at multiple scales. We have addressed only 2 scales at which coyotes may 

be affected by urbanization, and further research into the effects of urbanization on 

microhabitat characteristics is needed. Research at other scales might address the 

juxtaposition of patches within the urban matrbc, and the relevance of the landscape 

surrounding urban areas. 
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Table 1. Percent of locations (%L) and of area (%A) in each patch type in the composite home ranges of coyotes in 

Tucson, Arizona, October 1996 - December 1998. 

Natural Commercial Park Vacant Residential Wash Road 

Coyote 
# 

No. 
loc. 

Sex %L %A %L %A %L %A %L %A %L %A %L %A %L %A 

2 216 F 35 17 8 13 14 20 4 8 34 38 5 4 0 0 
8 185 F 27 59 9 1 3 20 45 2 14 14 2 4 0 0 
9 113 F 6 5 0 15 2 2 0 4 83 68 7 3 2 3 

10 97 F 64 32 0 12 0 0 1 3 27 48 8 5 0 0 
11 166 F 63 50 2 8 0 0 4 2 27 35 4 5 0 0 
14 157 F 57 26 0 1 0 0 0 0 34 69 9 4 0 0 

1 104 M 0 0 0 14 19 13 0 I 73 70 8 2 0 0 
3 141 M 40 4 4 15 13 5 4 7 34 64 5 5 0 0 
4* 113 M 71 84 7 2 6 2 0 3 13 7 3 2 0 0 
5 192 M 32 87 0 2 54 3 0 0 5 6 9 2 0 0 
6* 72 M 78 77 0 2 7 2 1 5 14 10 0 4 0 0 
7 160 M 79 90 0 0 0 1 3 1 13 5 5 3 0 0 

12 186 M 9 3 0 0 87 86 0 2 0 9 4 0 0 0 
15* 79 M 38 67 4 4 0 5 4 3 44 16 8 3 2 2 
16 88 M 59 47 1 5 0 2 0 2 37 36 3 8 0 0 
17 98 M 53 22 4 6 19 37 0 3 20 28 4 4 0 0 

'Transient coyotes. 



Table 2, Percent of area in natural, park, and residential patch types in coyote composite, day, night, 

and seasonal home ranges (HR) compared to the percent of area in the study area (SA) in Tucson, Arizona, 

October 1996 - December 1998, 

Naluial Park Residential 

•/•HR %SA %HR %SA. •/•HR •/•SA 

Composite 42 65 12 4 32 12 X' = 29.90* 

Day 39 65 16 4 32 12 X' = 96,45* 

Nigiil 40 65 17 4 29 12 X' = 95.10* 

Breeding 36 65 13 4 36 12 X' = 97,27* 

Gestation 38 65 12 4 35 12 X' = 69.37* 

Pup- 43 65 IS 4 29 12 X' = 83,64» 

reaiing 

Dispersal 31 65 21 4 30 12 X'= 143.!!• 

*F<0.001.  
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List of Figures 

Figure 1. Individual variation in proportion of patch types in home ranges. Each 

individual is represented by an open square ), which expresses the proportion of that 

individual's home range that contains each patch type (used proportion) minus the 

proportion of that patch type in the study area. Each closed square (•) represents the 

mean of all individual's responses. 
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APPENDIX B. Nocturnal activity and habitat use by coyotes in an urban environment. 
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NOCTURNAL ACTIVITY AND HABITAT USE BY COYOTES IN AN URBAN 

ENVIRONMENT 

MARTHA GRINDER, Wildlife and Fisheries Science Program, School of Renewable 

Natural Resources, The University of Arizona, Tucson, AZ 85721, USA. 

PAUL R. KRAUSMAN, Wildlife and Fisheries Science Program, School of Renewable 

Natural Resources, The University of Arizona, Tucson, AZ 85721, USA. 

Abstract: Coyotes {Canis latrans) are common in many urban centers, but their temporal 

and spatial patterns of activity and habitat use are largely unknown in these areas. Our 

objectives were to describe rates of movement and time spent in 7 patch types throughout 

the m'ght, to assodate rates of movement in each patch type with activities, to quantify the 

distances moved by coyotes during the m'ght, to determine the onportance of individual 

variation in rates of movement and time spent in various patch types, and to compare 

percent of tone spent by individual coyotes m each patch type with the percent of that 

patch type in each individual's home range. We used radiolocation data from 120 

nighttime observation sessions on 11 animals in Tucson, Arizona, to address our 

objectives. There were no statistically significant difl^ences in rates of movement or in 

the time spent in various patch types at different times during the night. A trend toward 
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peaks in rates of movement at midnight and dawn may be biologically significant. Parks, 

residential areas, and natural areas were most used by coyotes during the entire m'ght, but 

rates of movement did not dfflfer among patch types. The percent of time coyotes spent 

on roads was greater during the dispersal season than the pup-rearing season. Individuals 

moved 1.3 - 6.2 km during the night. There was significant variation in activity peaks and 

time in various patch types among individuals and within individuals. The composition of 

home ranges also varied, but all home ranges encompassed > 10% parks, residential areas, 

or natural areas. Coyotes were most active at times when they could avoid contact with 

humans. They used patch types in the urban environment that provided them with 

adequate food, cover, and water. It is important to understand how and why animals are 

using various patch types in urban areas. Monitoring animals at a finer temporal and 

spatial scale may aUow researchers to better understand what patch types are used for 

specific behaviors. 

JOURNAL OF WILDLIFE MANAGEMENT 00(0):000-000 

Key words: activity. Cams latrans^ coyote, habitat use, nocturnal, urban 

Coyotes are well-known for their ability to survive throughout North America 

^ekoff 1982, Bekoff and Wells 1986). In recent years, coyotes have become common in 

many urban areas (Gill and Bonnett 1973, Howell 1982, Loven I99S, Baker and Timm 

1998) where humans have inevitably altered natural habitats. A few studies have explored 

patterns of coyote habitat use in urban areas by ecamining radiolocations (Shargo 1988, 
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Quinn 1995, Bounds and Shaw 1997, Grinder and Krausman 1998). These studies may 

have limited ecological application because independent locations cannot be used to 

determine bow and why an animal uses an area (Woodruff and Keller 1982, Laundre and 

Keller 1984, Quinn 1997). It is particularly important to determine the temporal and 

spatial activity patterns of coyotes in urban areas to understand the influence of human 

activities on them (Shargo 1988). 

Using data from sequential radiolocations, Laundre and Keller (1984) were able to 

document 3 types of coyote activity patterns: resting, hunting, and travelling. They did 

not assign these activities to specific patch types, but speculated that they were related to 

unique vegetational, faunal, or physiographic characteristics of the areas in which they 

occurred. Similarly, sessions of sequentially-collected radiolocations can be used to 

determine rates of speed and time spent in various patch types at different times of the 

m'ght If an animal is monitored throughout the night, amounts and kinds of use in patch 

types can be considered estimates of overall patterns of use. It may then be possible to 

infer that certain activities occur in certain patch types. For ocample, if a coyote spends a 

large proportion of its time and has a slow rate of speed in a patch type, it may be using 

that patch for resting. ^ by contrast, a coyote spends a lot of time in a patch type, and 

travels quickly during its time there, it may be usmg the arra for hunting. A coyote that 

spends little time in a patch type but travels quickly in it may be using the patch as a travel 

corridor. 

Coyotes (Andelt and Andelt I98I) and gray foxes (JJrocyon cmereoargenteus) 

^iainson 1997) living close to humans avoid areas frequented by humans when humans 
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are most active. Differences throughout the night in coyote rates of movement or in 

preferences for certain patch types may indicate that coyotes in Tucson are also altering 

their activity patterns to avoid conflict with humans. Habitat use by animals is determined 

by a combination of &ctors like the distribution of food and water, shelter from predators 

(human and non-human), and breeding sites (Saunders et al. 1997). The average rates of 

speed and percent of time that coyotes spend in different patch types during an entire night 

can be used to infer the patches that provide the factors needed for survival in urban areas. 

Related to the rate of movement during a night is the distance traveled during the 

night by an individual. If a non-dispersing individual moves long distances while hunting, 

one could infer that the habitat m which the individual is hunting has less food available 

than a habitat in which an individual does not move long distances while hunting. Quinn 

(1997) found that coyotes moved &rther in what he deemed to be lower quality habitat 

Q.e., less forage). 

Our objectives are to describe rates of movement and percent of time spent in 

different patch types at 1-hr intervals during the m'ght, to evaluate average rates of 

movement and percent of time spent in each patch type over the entire night, to associate 

rates of movement in each patch type with activities that may have occurred in that patch 

type, to quant^ the distances moved by coyotes during the night, to determine the 

importance of individual variation in rates of movement and percent of time spent in 

different patch types, and to compare the percent of time spent by individual coyotes in 

each patch type with the percent of that patch type m each individual's home range. 
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STUDY AREA 

We captured and collared coyotes in Tucson, Arizona, and urbanized areas directly 

outside of the city limits. Tucson, in eastern Pima Coun^, encompasses about 500 km^ 

with an estimated human population of475,000 (Tucson Update 1999). Tucson is in the 

Sonoran Desert, the most varied and the hottest of the North American deserts. The 

elevation is 745 m in midtown Tucson, and increases toward the foothills of the Santa 

Catalina Mountains to the north, the Tucson Mountains to the west, and the Rincon 

Mountains to the east. The climate in Tucson is characterized by low, unevenly 

distributed rainfall (about 28 cm annually. Sellers and I£ll 1974), low humidity, high air 

temperatures and periodic strong winds (Hastings and Turner 1965). 

We used a GIS database (i.e., ARC/INFO, ESRI, Redlands, California) (Shaw et 

al. 1996) to classify patch types. The database assigned eastern Pima County, including 

Tucson, to 1 of 33 patch types at a resolution of 0.4 ha. We collapsed these to create 7 

patch types. We formed the new patch types based information on the amount of native 

and non-native vegetation present, the amount of human activity present, and on obvious 

structural differences and similarities among patch types (Shaw et al. 1996). 

"Natural" patches included residential areas with low-density housing (<1 

house/0.4 ha), state and federal paries, privately-owned natural open space, and cropland. 

"CommerdaT patches included industrial areas, malls and other shopping centers, public 

buildings, and ofiSce buildings. "Parks" included schools, military grounds, cemeteries, 

zoos, golf courses, neighborhood, district and regional parks, and stables or pens with 

livestock, '̂ acan^ patches included mines, lancffiUs, graded vacant land, abandoned 
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agricultural lands, and railway yards. "Residential" patches included neighborhoods with 

>1 house/0.4 ha. "Washes" included primary, secondary, and tertiary xeronparian rivers 

and washes. "Roads" included only roads with > 4 lanes; smaller roads were incorporated 

into the surrounding patch types. 

METHODS 

Trapping, RadiocoUaring, and Telemetry 

A professional trapper live-trapped coyotes using padded leg-hold traps (i.e., # 3 

Victor Softcatch CoQspring). We trapped and radiocollared 14 coyotes from October 

1996 through March 1997, and 5 coyotes from December 1997 through January 1998. 

We trapped in locations that represented a variety of landscapes and human population 

densities within Tucson. We were not able to trap everywhere we chose, however, 

because some landowners did not allow us to trap on their property; other areas were too 

often traversed by dogs and people that might step in a trap. We closed the traps at dawn 

and opened them at dusk daily to minimize the time that a coyote spent in a trap, and to 

minimize the chances of trapping non-target animals. We immobilized each trapped 

coyote with a noose rod, muzzle, and nylon stockings to tie its legs (Woolsey 198S). We 

then fit the coyote with a uniquely-colored radiocoUar (Telonics Inc., Mesa, Arizona). We 

weighed each coyote, determined the sex and reproductive condition, and approxnnated 

age (< 12 months, > 1 yr, > 2 yrs) by looking at tooth wear (Gier 1968) and, for young of 

the year, by looking at the condition of the coat and tail. Finally, we evaluated the 

animal's general health by checking for octemal parasites, wounds or other obvious signs 

of ill heath, and released it at the trapping site. 
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We collected data in 4 seasons: breeding (Jan - Feb), gestation (Mar - Apr), pup-

rearing (May - Aug) and post-reproductive or dispersal (Sep - Dec) ^cClure 1993). We 

followed coyotes during iull-night (1800 - 0500) and half-night (1800 - 2400 or 2400 -

OSOO) observation sessions using hand-held Yagi antennas. In nearly all cases, if we 

stopped following an animal at dawn, we were able to relocate that animal before dusk 

within 100 m of its dawn location. This indicated that coyotes in Tucson did not move 

significant distances during the day, and we ther^re did not track animals during this time. 

Other researchers, working with coyotes throughout North America, have also reported 

little or no activity by coyotes during the day (Ozoga and Harger 1966, Gipson and 

Sealander 1972, Chesness and Bremicker 1974, Andelt and Gipson 1979, Laundre and 

Keller 1981, Andelt 1985, Atkinson and Shackleton 1991). We observed each coyote 

during 1 full-night session and a similar number of evening (1800 - 2400) and morning 

(2400 - 0500) half-night sessions. Durmg an observation session, we relocated an animal at 

least every 15 min, and more often if the animal was moving quickly. We stayed in vehicles 

and remained on roads at all times durmg observation sessions to minimize disturbance to 

the animal. Because of the dense matrbc of roads in urban Tucson, we were able to stay 

close to, and often see, the animal being followed during observation sessions. Thus, we 

are confident that we were able to accurately describe each animal's movements through 

the various patch types. 

To evaluate the patch types encompassed by home ranges, we also determined 

pomt locations of each coyote > 2 tunes/week, once during the day (0600 - 1759) and once 

at m'ght (1800 - 0559). Individuals were not relocated more than once in a 24-hr period to 
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avoid autocorrelatioii of data points (Swihart and Slade 1985a,6). We used homing (White 

and Garrott 1990:42) and attempted to visually locate animals, if we could do so without 

trespassing or disturbing the animal. We tested each technician's error in locating coyotes 

by placing radiocollars at locations, known to the tester, in various patch Q^es and having 

technicians estimate collar locations via their usual homing procedure (Litvaitis and Shaw 

1980, Bounds 1993). 

We recorded coyote locations for observation sessions and point locations on a 

Tucson street map (1:40,000). We then entered the locations into ArcA/^iew (Deslctop 

\fopping System, ESRI, Redlands, California). We joined the locations from observation 

sessions with the patch type database (Shaw et al. 1996) to determine the patch type in 

which locations occurred. 

Analysu ofMovement and Habitat Use at 1-hr Time Intervals 

We used a spatial analyst movement extension in ArcA^ew (Hooge and 

Eichenlaub 1997) to determine the distance (m) and elapsed time (min) between adjacent 

locations within an observation session. We then determined the rate of movement 

(m/min) between adjacent locations. We used the elapsed time between adjacent locations 

to estimate the time spent in a patch ^e. If a coyote changed patch types between 2 

adjacent locations, we assigned Yz of the tune between the 2 locations to each patch type. 

We then determined average rates of movement and total time spent in each patch ^e for 

each hour of the night in each observation session. We combined observation sessions for 

each individual to determme average rates of movement and time in patch types. We used 

the average rates of movement and time in patch types for each individual to analyze. 
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using a repeated measures analysis of variance (Diggle et al. 1994:18), differences in rates 

of movement and time in patch ^es at 1-hr intervals during the night for all seasons and 

both sexes combined and for each season and sex alone. 

Average Rate and Percent of Time in Land Use Categories over the Entire Night 

For each observation session on an individual, we averaged the rate of movement 

in each patch ^e over all time intervals in the night. We also obtained a total time spent 

in each patch type over all time intervals, and from that, determined the percent of time a 

coyote spent in each patch type during each observation session. We then combined 

observation sessions for each individual. We analyzed average rates of movement and 

percent of time in patch types for aH seasons and both s^es combined, and tested for 

dMerences among seasons and between sexes using analysis of variance (Sail and Lehman 

1996:294). 

Distances Moved by Individuab 

We summed the distances moved between adjacent radiolocations during each 

observation session to obtain total distances moved during that session. If the session 

spanned a fiill night, we divided it into 2 half-night sessions to &cilitate combination with 

half-night sessions. We combined observation sessions for each individual, then tested for 

d^rences ui distances moved among mdhdduals, seasons, and between sexes using 

analysis of variance (SaQ and Lehman 1996:294). 

Individual Variation 

To evaluate if individual variation in rates of movement and tune spent in patch 

types at I-hr intervals throughout the night was obscuring patterns of use by individual 
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animals, we analyzed data using repeated measures analysis of variance (Diggle et al. 

1994) from only the 3 most-observed animals. These animals, 2 females and 1 male, were 

observed during similar numbers of observation sessions throughout the year and during 

each season. Therefore, if there were any differences in rates of movement or habitat use 

at I-hr intervals throughout the night, we would expect to observe it in these animals. 

To determine the importance of individual variation in average rates of movement 

and percent of time in patch types over the entire night, we analyzed the differences in 

individual average rates of movement and percent of time in patch types using analysis of 

variance (Sail and Lehman 1996:294). 

Percent of Time Spent in Patch Types and Patch Type-composition of Home Ranges 

To determine the percent of each patch type in each animal's home range we 

converted the point coyote locations mto ARC/INFO (Geographic Information System, 

ESRI, Redlands, Califonua) coverages to assign the locations UTM coordinates. We then 

imported the ARC/INFO coverages of coyote locations into the home-range package 

RANGES V ^enward and Hodder 1996) to obtain 100% adaptive kernel home-range 

estimates (Worton 1989). The adaptive kernel method is a nonparametric method of 

estimating home ranges that allows one to identify diq'unct areas of activity, an important 

factor in urban areas where coyote habitat may be fragmented. We constructed area-

observation curves for each home range to determine that the number of locations we 

obtained reached an asymptote and was therefore sufScient to describe that home range 

(Odum and Kuenzier 1955). 
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We determined the patch types that were encompassed by each coyote's home 

range by importing the adaptive kernel home ranges from RANGES V to ARC/INFO as 

polygons. We used these polygons to ch'p out the patch ^es in each home range, and 

then determined the amount of each patch type that was within the home range. We 

determined ^ the percent of time spent ui patch types equaled the percent of patch types in 

home ranges using chi-square goodness-of-fit tests (Thomas and Taylor 1990, Manly et al. 

1993). 

RESULTS 

We obtained 141 observation sessions on 18 animals from January 1997 • 

December 1998. Seven of these animals, however, were observed during < 5 observation 

sessions, and therefore were not used in the analyses. The remaining 11 animals (6 F, 5 

M; 10 animals 1-2 yrs old, 1 animal >5 yrs old), on which we obtained 120 observation 

sessions, were each observed during > 7 observation sessions; 3 of these animals were 

observed during 16 -18 observation sessions. Most of our observation sessions occurred 

during the pup-rearing (54 sessions) and dispersal (41 sessions) seasons, therefore we 

analyzed data for all seasons combined, and for each of these seasons. We also analyzed 

differences between males and females, but did not analyze d^erences among anunals of 

different ages because most of our anunals were in the same age class. 

Rates of Movement during 1-hr Time Intervals 

There were no dfferences in rates of movement at 1-hr time intervals for all 

seasons combined (F104.76 = 0.88, P=0.72) or during the pup-reaiing season (Fio4,g7= 

0.96, P = 0.91) or dispersal season (F353 = 0.25, P = 0.99). There were also no 



78 

diSerences in rates of movement when we considered only males (^52.4 = 0.25, P = 0.99) 

or only females (Fsg^ = 0.22, P = 0.99). 

Time Spent in Patch Types during 1-hr Time Intervals 

There were no differences among I-hr time intervals in the time spent in any of the 

patch types when we considered ail seasons combined (Fio4.g7 ^ 1.10, P ̂  0.30), only the 

pup-rearing season ^ 0.70, P - 0.70) or dispersal season (F343 ^ 0.94, P ^ 0.62), or 

only males (F52.4 ^ 2.3, P > 0.21) or only females (Fjg^ < 0.30, P > 0.98). Coyotes spent 

5-30 min of each hr throughout the night in natural areas, parks, and residential areas. 

They spent <5 min of each hr throughout the night in commercial areas, vacant areas, 

washes, and roads. 

Percent of Time and Average Rate of Movement in Patch Types during the Night 

When we considered all seasons combined, natural areas, paries, and residential 

areas were most used by coyotes, but the rate of movement by coyotes did not difiTer 

among patch ^es (Table 1). The rate of movement in each of the patch types also did 

not differ between the pup-rearing and dispersal seasons (f ^12, P> 0.27) or between 

males and females (f ^ 1.6, P ^ 0.14). The percent of time coyotes spent on roads was 

greater during the dispersal season (4%) than the pup-rearing season (1%, hz = 1.7, P = 

0.03). The percent of time coyotes spent in patch types did not d^er between males and 

females {t < L2, P > 0.24). 



Distances Moved by Individuals 

Individuals differed in the average distances they moved during the m'ght (Table 2). 

The longest distance moved was 19.3 km by an adult female during the gestation season. 

The shortest distance moved was 48 m by a different adult female during the pup-rearing 

season. There were no differences in distances moved between the pup-rearing and 

dispersal season (/lu = 1-0, P = 0.29) or between sexes (tm = l.l, P = 0.26). 

Individual Variation 

When we considered data from each of the 3 most-observed coyotes, there was no 

difference in rate of movement or time spent in patch types among l-hr intervals of the 

night for all seasons combined (F^xi ^ 0.49, P > 0.85) or for the pup-rearing (F29^ £ 5.34, 

P 0.17) or dispersal seasons ^ 1.16, P s 0.57). Thus, it does not appear that 

individual animals were exhibiting differences in the rate of movement or in time spent in 

various patch types at d^rent times during the m'ght. This may be because there was a 

great deal of within-individual variation in the rates of movement and time spent in patch 

types at 1-hr intervals throughout the night. When we looked at average rates of 

movement and percent of time spent in patch types, there was also significant variation 

among individuals (Fig. 1,2) and within an individual (as exemplified by the 3 most-often 

observed coyotes. Table 3). The within-individual variation we observed remained when 

we looked at the data for Just the pup-rearing season or just the dispersal season. 

Percent of Time Spent in Patch Types and Patch Type-composition of Home Ranges 

Technician error for point locations ranged &om 0 to 99 m (x =" 46.1); the largest 

errors occurred when locatmg animals in large patches. We are confident that all pomt 
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locations were correctly assigned to a patch type. The percent of time spent by each 

individual in patch types was significantly different from the percent of the patch types in 

each individual's home range (Table 4). Eight of the 11 coyotes, however, spent >10% of 

their time in both natural and residential areas, and had home ranges that were composed 

of >10% natural and residential areas. Four coyotes spent >10% of their time in parks, 

and had home ranges that were composed of >10% parks. 

DISCUSSION 

Rates of Movement during 1-hr Time Intervals 

Commonly, coyotes are most active in the hours surrounding sunset and sunrise 

(Gipson and Sealander 1972, Chesness and Bremicker 1974, Andelt and Gipson 1979, 

Laundre and Keller 1981, Woodruff and Keller 1982, Andelt 1985, Shargo 1988). But in 

urban areas activity^ peaks have also occurred around midnight (Andelt and Mahan 1980, 

Shargo 1988). Although not statistically significant, coyotes in Tucson exhibited peaks of 

activity around midnight and dawn that may be biologically significant (Fig 3). Adkins and 

Stott (1998) found that the red fox (Vulpes vulpes\ another medium-sized predator that 

commonly inhabits urban areas, exhibited similar activity patterns in Toronto, Canada. 

Humans are more active during the early hours of the evening than at other times of the 

night; coyotes m Tucson may remain inactive longer than coyotes in more rural areas to 

avoid contact with humans. By contrast, a population of coyotes in Texas that had not 

been deposed to any type of exploitation by humans exhibited more activity during the day 

than has been found in most coyote populations (Andelt 1985). 
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Laundre and Keller (1984) associated rates of speed with behavior types in the 

following way: 0 - 300 m/hr = resting, 500 - 1,200 m/hr = hunting, >1,500 ra/hr = 

travelling. It is difficult to pinpoint behavior types using rates of speed, but Shivik et al. 

(1997), using activity-sensitive radiocollars, found a correlation between distances 

traveled per unit time and activity. Around sunset, coyotes averaged 300m/hr (Sm/min) 

and were probably still in their daytime resting places. Around midm'ght and dawn, when 

they exhibited their maximum rates of speed (l,320m/hr) coyotes were probably engaged 

in a combination of hunting and travelling activities. Coyotes were probably engaged in 

hunting activity more often than is indicated by their rates of speed, however, because 

hunting is often characterized by back-and-forth movement that can be difficult to quantify 

from radiolocations. 

In Tucson, activity patterns by males and females were similar, a finding that was 

supported by Andelt and Gipson (1979), Litvaitis and Shaw (1980), Andelt (1985), and 

Holzman et al. (1992). In more rural areas, seasonal differences in patterns of coyote 

activity are related to the coyote's reproductive cycle (Andelt and Gipson 1979, Andelt 

1985) and the ambient temperature (Andelt 1985, Shivik et al. 1997). Doncaster and 

MacDonald (1997) found no seasonal variation in activity patterns of the red fox in 

Oxford, England. Di Tucson, the evening temperature during May - October can exceed 

50® C in summer (Elastings and Turner 1965), and we expect coyotes during this time to 

be less active in the early evening than during the winter months. Our observations of 

similar low-activity patterns during the pup-rearing and dispersal seasons may mdicate that 

the avoidance of humans is paramount during all seasons. 
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Time Spent in Patch Types during 1-hr Time Intervals 

It is widely accepted that areas used at night by coyotes are probably used for 

hunting and travelling (Andelt and Andelt 1981, Laundre and Keller 1981, Shargo 1988, 

Holzman et al. 1992). Although there were no statistical differences among I-hr time 

intervals in the amount of time spent by coyotes in any of the patch types, 3 patch types 

exhibited trends in use that may be biologically significant. These trends occurred during 

all seasons combined, and for the pup-rearing and the dispersal seasons alone. The time 

spent in natural areas was lowest around sunrise and sunset (<10 min/hr), and peaked 

from 2100 to 0300 (15 - 20 min/hr). The time spent in parks was, by contrast, lowest 

from 2100 to 0100 (<10 min/hr) and peaked around sunrise and sunset (15 - 20 min/hr). 

Similarly, the time spent in residential areas was lowest from 2100 to 0100 (<20 min/hr) 

and peaked around sunrise and sunset (20 • 30 min/hr). Thus, coyotes may have been 

hunting and travelling in parks and residential areas during times when th^ were most 

likely to come into contact with humans in these areas. Th^r may have used natural areas, 

which one would expect to have low levels of human activity at any time of the night, 

during times of the night when there was probably little human activity in any of the patch 

types. If coyotes are using the urban landscape in such a way as to avoid contact with 

humans, these trends are counterintuitive unless parks and residential areas provide as 

much opportunity to avoid humans as do natural areas. This is plausible because coyotes 

m Tucson use parks and residential areas as day-thne resting areas Grinder and P. R. 

Krausman, unpublished data), mdicating that these areas do provide adequate cover when 

coyotes want to avoid humans. Adkins and Stott (1998), by contrast, found that although 



83 

red foxes in Toronto, Canada did not avoid human-altered landscapes, they used them at 

times when th^r were least likely to come in contact with humans. 

Percent of Time and Average Rate of Movement in Patcii Types during the Nigiit 

A number of studies have indicated a preference by coyotes for areas containing 

the most prey (Ozoga and Harger 1966, Chesness and Bremicker 1974, Litvaitis and Shaw 

1980, Andelt and Andelt 1981). Furthermore, areas used by coyotes at night are used 

primarily for hunting, so areas where coyotes spend most of their time during the night 

may be assumed to be areas where pr^ items are abundant. Coyotes in Tucson spent a 

third of their time during the night in residential areas, which indicates that these areas 

were important sources of food. A coyote in Lincoh, Nebraska also spent a majority of 

its time during the night in residential areas (Andelt and Mahan 1980). We have observed 

coyotes preying upon small rodents, lagomorphs, and domestic cats (Feliscatus) while in 

residential areas. Coyotes also spent a large percent of the^ time during the m'ght m 

natural areas and parks. Both of these patch types usually support an abundance of small 

rodents and lagomorphs ^cClure 1993). 

Cover is another important ingredient of coyote habitat. Coyotes in suburban 

Seattle preferred areas with more forest, shrub, and dense vegetation during nocturnal 

movements than occurred in home ranges as a whole (Quinn 1997). Coyotes in Nebraska 

preferred areas with abundant grass or other ground cover at m'ght, and avoided areas 

with sparse cover or that were used more by humans (Andelt and Andelt 1981). Red 

foxes in Toronto, Canada, also used patch types in inverse proportion to thetr use by 

humans duimg the night (Adkms and Stott 1998). The most hnportant mdicator of habitat 
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preference by red foxes in Bristol, England was cover, and exposed areas were avoided. 

Natural areas, parks, and residential areas in Tucson aQ have enough vegetation to provide 

adequate cover for foraging coyotes during the night. 

Coyotes spent <10% of their time in commercial areas, vacant areas, washes, and 

roads. None of these patch types have much vegetation that could provide cover for 

coyotes or their pr^. Coyotes did use roads more during the dispersal season than during 

the pup-rearing season, and may have been using them to facilitate travel during this time. 

Although average rates of speed were not statistically different among patch types, 

the faster rate of travel on roads than in other patch Qrpes may be biologically significant. 

If coyotes were using roads to facilitate travel, they would probably travel on them as 

quickly as possible, to minimize their interactions with humans. Red foxes in Bristol, 

England also avoided roads in terms of the amount of time spent, but traveled long 

distances on them (Saunders et al. 1997). 

Distances Moved by Individuab 

Because we took radiolocations > every 15 min, the range of distance values that 

we obtained for coyotes in Tucson (1.3 - 6.1 km. Table 2) include, to some octent, the 

back-and-forth movements assodated with hunting, Shargo (1988) collected data in a 

s^ar manner to this study, and reported that coyotes moved an average of 4.8 km during 

the night in suburbs of Los Angeles. Taking feces every IS min, Laundre and Keller (1981) 

found coyotes m rural Idaho to move fi'om 16.7 km (females during the reproductive 

season) to 30.4 km (males during the reproductive season). Although Laundre and Keller 
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(1981) determined how far coyotes moved during 24-hr periods, their results can be 

compared to ours, as coyotes in Tucson did not move appreciably during the day. 

Other studies calculated distances moved during the night or during 24-hr periods 

as straight line distances between hourly locations, which underestimates the true travel 

distances. The values obtained ranged fi-om 0.04 km traveled during the night in Georgia 

(Holzman et al. 1992) to 27.6 km traveled in a 24-hr period in Idaho (Woodruff and 

Keller 1982), with a few researchers reporting values of 6 - 11 km traveled in 24 hrs 

(Andelt and Gipson 1979, Litvaitis and Shaw 1980, Andelt 1985). Andelt (1985) and 

Laundre and Keller (1981) also documented d^erences in distances moved among 

seasons and between sexes. 

Although there is significant variation in the distance values reported for coyote 

movements, it appears that coyotes in urban areas may travel less during a m'ght's hunting 

than do coyotes in many rural areas. Andelt (1985) speculated that the shorter distances 

moved by coyotes during the m'ght in Texas than in other areas might be related to there 

being a higher percentage of preferred habitat there. Similarly, the abundance of small but 

potentially pr^-rich patch types like golf courses, parks, and natural open spaces in urban 

areas may enable coyotes to fiilfiU their needs for food and water without travelling great 

distances. 

Individual Variation 

The individual variation we found m rates of movement and percent of time spent 

in different patch ^es is not unusual. Other researchers, studymg coyotes in rural 

(Woodruff and Keller 1982) and urban settings (Shargo 1988, Quinn 1997) have reported 
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individual variation. It may be individual variation that has allowed the coyote as a species 

to adapt to such a great diversity of habitats, including urban environments. The within-

individual variation we documented in the most-often observed coyotes indicates that 

individuals were plastic in their behavior at all times of the year. This flexibility may allow 

coyotes to adapt to the constant change in the landscape that occurs in urban areas with 

ongoing development such as Tucson. 

Percent of Time Spent in Patch Types and Patch Type-composition of Home Ranges 

There was a great deal of variability among coyotes in the composition of their 

home ranges. All home ranges, however, contained >10% of the natural, park, or 

residential patch types, areas that were probably most useful to coyotes for hunting and 

cover. Most coyotes also spent >10% of their time in whatever patch type encompassed 

>10% of their home range. Thus, it appears that coyotes were choosing to hunt in 

whatever patch type within theff home range was suitable for such activity. Quinn (1997) 

made a similar finding in suburban Seattle, and postulated that the suitability of various 

regions for coyotes in urban areas may be more a function of their distribution than of the 

prey availability in them. 

MANAGEMENT IMPLICATIONS 

The emerging picture of coyotes in urban areas mdicates that th^ are able to fulfill 

their daily requirements by shifting their periods of greatest activity to times when humans 

are least active and by concentratmg their time in parks, residential areas, and natural 

areas. In the urban settm^ these areas are often small and disjunct fi'om one-another but 

may be able to fulfill the coyote's daily needs in terms of fi)od, cover, and water. Thus, 
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coyotes may benefit fi'om some level of alteration to the natural landscape, even if to do so 

they must change their activity patterns. There is probably a threshold of alteration above 

which coyotes can no longer benefit. This may be reached when small areas providing 

food, cover, and water become too small to sustain coyotes, or when the distances 

between these areas become too great for safe travel by coyotes (Wiens 1996). Coyotes 

in our study avoided major commercial centers that were isolated fi'om parks, residential, 

or natural patches; these areas probably exceeded the level of disturbance that coyotes can 

tolerate. 

Many human urban dwellers enjoy seeing coyotes as a part of their daily life 

(Kellert 1985). A greater understanding of the effects of urbanization on the way coyotes 

use the landscape is necessary if managers are to maintain (or reduce) habitat for coyotes 

in these areas. We used rates of movement, distances moved, and time spent in various 

patch types to characterize coyote use of the landscape. These measures of behavior are, 

however, simplified descriptions of the activity that actually occurs. Ideally, the behavior 

of coyotes in urban areas should be studied at a finer spatial and temporal scale, possibly 

using activity-sensitive radiocoUars, to allow researchers to determine the components of 

each patch type that are being used for specific activities. 
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Tabfe I. Percent of time and average rate of coyotes (n « 11) during the night (1800 -

0500) in Tucson. Arizona, January 1997 - December 1998. 

Patch type %time* X rate (m/min)* 

X SE X SE 

Natural 24.1 5.4 25.1 2.8 

Commercial 6.0 2.1 24.9 3.5 

Park 19.3 8.0 29.7 5.6 

Vacant 8.1 3.8 25.8 6.4 

Residential 32.0 6.2 23.2 2.7 

Wash 7.9 2.1 26.5 52 

Road 2.6 0.4 35.8 8.9 

'Significant difference in the percent of time spent in patch types (F6.70 = 6.4, 

/'< 0.0001). 

*^0 difference in the average rate of speed among patch types = 0.6, P = 

0.73). 
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Table 2. Mean distances (tn) traveled by coyotes during the night in Tucson, Arizona, 

January 1997 - December 1998. 

X distance traveled (m) 

Coyote' Sex* r SE' 

2 F 6,123 738 

8 F 3,715 738 

9 F 3,406 1107 

10 F 2,183 1184 

11 F 1,667 1107 

14 F 1,336 837 

3 M 4,296 1107 

5 M 2,774 1183 

7 M 3,074 1278 

12 M 3,900 783 

17 M 6,090 990 

'Distances traveled by coyotes are significantly different (F10.109 = 3.1, P = 0.002). 

distances traveled by females are not dififerent than distances traveled by males 

(ru. = l-I.-P = 0.26). 

'Standard errors are from an analysis of variance and use a pooled estimate of 

variance. 



Table 3 Minimum anU maximum rules of movemeni and percent of Ume spenl in each patch type by the ^ inoKt-ol\cn 

observed voyoles in Tucson, An/ona, January 1997 - Dcccmber I99R 

% »»f lime in pnlch types 

Rale (ni/inin) Natural Commercial Park Vacant Rcsidcnilal Wash KOIKI 

Cwyolc Nil Min Ma« Min Max Min Max Min Max Min Max Mm Max Mm Max Mill Max 

2 (> ISS 0 9 0 04 0 0 2S U f>7 0 17 0 17 

R (» 2H 0 40 0 54 0 01 0 81 0 «>l 0 7 (1 11 

12 1 5S 0 IS 0 0 0 00 1) II 0 •U 0 (1 K 



Table 4 Pcrceni liinc spcnl and pcrccni of paich lype in home fangc for cach coyote in Tucson, Ariz.. January lOO? • Peccmhcr IW8 Numbers in bold 

indicaic ihni, I'or a Kivcn coyolc and palch lype, bolh lime in palch lype and amount of patch lype in home range are > 10% Underlined numbers indicate 

thai, for a (^ivcn coyote and palch lype, cither lime in palch lype or amount of patch type in home range is > 10% 

Palch types 
• 

Natural Commercial Park Vacani Residential Wash Road 

Coyolc No' Sex If T H T H T H T H T II T 11 

2 F 17 2S 13 io ^20 4 8 " 15 38 5 4 4 " Q 

8 1' H 59 12 1 11 20 2? 2 33 14 1 4 2 0 

»• 5 4 ii 27 Z 0 4 57 68 9 3 0 3 

10 r 24 32 4 U, 1 2 10 3 40 48 20 5 1 0 

n 1 47 50 5 8 2 0 9 2 34 35 3 5 0 0 

H 1- in 26 0 1 0 0 0 0 42 69 m 4 0 0 

M 4 4 13 IS 5 5 2 7 72 64 2 5 2 0 

.*) M 17 »7 0 2 n 3 0 0 12 6 14 2 S 0 

7 M 42 90 0 0 0 1 12 ] 39 5 6 3 1 0 

12 M ] 3 0 0 83 86 1 2 4 9 8 0 1 0 

17 M 44 22 1 6 21 37 IK 28 8 4 0 
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Table 4. Continued. 

*% time in patch types and percent of patch type in home range are significantly 

dififerent for each coyote (X^ ^ 26.3, P < 0.0001). 

time in patch type. 

"% of patch type in home range. 
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List of Figures 

Figure 1. Variation in the rates of movement (m/min) of coyotes (n = 11) in 7 patch types 

in Tucson, Arizona, January 1997 - December 1998. 

Figure 2. Variation in the percent time spent by coyotes (n = II) in 7 patch types in 

Tucson, Ariz., January 1997 - December 1998. 

Figure 3. Mean (± SE) rates if movement (m/min) by coyotes (n = 11) at 1-hr intervals 

throughout the night (1800-0500) in Tucson, Arizona. January 1997 - December 1998. 

Rates of movement are not significantly different among time intervals (Fto4.76 ~ 0.88, F = 

0.72). 
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APPENDIX D. Disease, parasites, survival, and causes of mortality of coyotes in Tucson, 

Arizona. 



104 

Martha Grinder 
Wndltfe and Fisheries Science Program 
School of Renewable Natural Resources 
The University of Arizona 
Tucson, Arizona 85721 
520-621-3361; FAX 520-621-8801; E-maU mic@u.arizona.edu 

RH; Grinder and Krausman' Diseases of Urban Coyotes 

DISEASES, PARASITES, SURVIVAL, AND CAUSES OF MORTALITY OF 

COYOTES IN TUCSON, ARIZONA 

Martha Grinder^ and Paul R Krausman' 

' Wildlife and Fisheries Science Program, School of Renewable Natural Resources, The 

University of Arizona, Tucson, AZ 85721, USA. 

ABSTRACT: Studies have not documented the health of coyotes (Cam's latrans^ in urban 

areas, where th^r may be reservoirs of disease for domestic canids. Our objectives were 

to assess the health of coyotes in Tucson, Arizona by determining the prevalence of 

antibodies to selected pathogens, estimating survival rates, and identifying sources of 

mortality. We drew blood from 22 coyotes to evaluate the prevalence of heartworm 

(Dirofilaria immitis) antigens, and antibodies to canine distemper virus (CDV), infectious 

canine hepatitis (ICH), canine parvovirus (CPV), and seven serovars ofLeptospira 

interrogans. We trapped and radiocollared 19 coyotes to determine survival rates. We 

performed necropsies on 19 coyotes to quantify their general health, the presence of 

internal and ectemal parasites, and causes of mortality. No coyotes tested posith^e for 

heartworm antigens. The prevalence of antibody to CDV was 27%, the prevalence of 
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antibody to ICH was 50%, and the prevalence of antibody to CPV was 100%. Twenty-

seven percent of coyotes tested positive for one of five serovars of L. interrogans. The 

diseases for which coyotes in Tucson possessed antibodies appear to be enzootic in the 

population. The annual survival rate of coyotes was 0.72. Eleven necropsied coyotes 

were killed by cars, five coyotes were hit by cars, two were killed by a trapper, and the 

cause of death for one coyote was unknown. We found tapeworms (Taenia pisifbrmes'> 

and nematodes (Phvsaloptera rara^ in seven and three coyotes, respectively. Three 

collared coyotes and one necropsied animal had sarcoptic mange. Coyotes in Tucson 

appear to be exposed to the viral, bacterial, and parasitic in&ctions common in many 

coyote populations, but man is the major source of mortality. It is unclear how important 

urban coyotes may be as sources of disease for domestic canids in these areas. 

Key words: canine distemper, canine parvovirus, Canis latrans. coyote, heartworm, 

mfectious canine hepatitis, leptospirosis, parasites, sarcoptic mange, survival. 

INTRODUCTION 

Coyotes rCam's latrans) are one of the most widely-studied canids in North 

America ^ekofi^ 1982). As such, fiictors related to their survival have been examined in 

depth. In particular, many studies have ^amined the survival of coyotes and causes of 

mortality in different locations ^ellis and Keith, 1976; Windberg et al., 1985; Gese et al., 

1989; Windberg et al., 1997). The pervasiveness of sarcoptic mange (Pence et al., 1983; 

Pence and Windberg 1994) and mtemal parasites (Seesee et al., 1983; Smith and 

Kennedy, 1984; Holzman et al., 1992; Radomsfcy and Pence, 1993) in coyotes have also 

been topics of research. In the past two decades, studies have also evaluated the 
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prevalence of pathogens in coyotes (Drewek et al., 1981; Thomas et al., 1984; Guo et al., 

1986; Gese et al., 1991; Holzman et al., 1992; Thomas and Hughes, 1992; Gese et al., 

1997; Cypher et al., 1998). 

In recent years, coyotes have become common in many urban areas (Gill and 

Bonnett 1973, Howell 1982, Loven 1995, Baker and Timm 1998). No studies, however, 

have assessed the health and condition of coyotes in urban areas. It is important to 

document the health of urban coyotes to establish the impact of diseases on populations in 

these areas. Furthennore, coyotes in urban areas may be reservoirs and sources of 

infection of common canid diseases for domestic dogs (Guo et al., 1986). 

Our objectives were to evaluate the health of coyotes in Tucson, Arizona by 

determining the prevalence of pathogens known or suspected of being able to produce 

mortality in coyotes (Gier et al., 1978), estimating survival rates, and identifying sources 

of mortaUty. 

MATERIALS AND METHODS 

We captured and coUared coyotes in Tucson, Arizona, and a few urbanized areas 

directly outside ofthedty limits (32°09'to 32''22'N, 110''44' to llPOl' W). The 

composition of the study area was about 65% natural (residential areas with < 1 

house/0.4 ha, state and federal parks, privately-owned open space), 12% residential 

(neighborhoods with > 1 house/0.4 ha), 8% wash^ (diy riverbeds), 5% commercial 

^dustrial areas, shopping centers, public buildings, office buildings), 4% parks (schools, 

cemeteries, zoos, golf courses, neighborhood parks) 3% vacant areas (mines, landfills, 

graded vacant Ian(Q, and 3% roads ^ four lanes wide. Tucson, which is in eastern Pima 
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County, encompasses about 500 km^ with an estimated human population of475,000 

(Tucson Update, 1999). Tucson is in the Sonoran Desert, the most varied and the hottest 

of the North American deserts. The elevation is 745 m in midtown Tucson, and increases 

toward the foothills of the Santa Catalina Mountains to the north, the Tucson Mountains 

to the west, and the Rincon Mountains to the east. The climate in Tucson is characterized 

by low, unevenly distributed rainfall (about 28 cm annually; Sellers and EGll, 1974), low 

humidity, high air temperatures and periodic strong winds (Hastings and Turner, 1965). 

A professional trapper live-trapped coyotes using padded leg-hold traps (i.e., # 3 

Victor Softcatch Coilspring). We trapped in locations that represented a variety of areas 

and human population densities within Tucson. We were not able to trap everywhere we 

chose, however, because some landowners did not allow us to trap on their property; 

other areas were too often traversed by dogs and people that might step in a trap. We 

closed the traps at dawn and opened them at dusk daily to minimize the time that a coyote 

spent in a trap, and to minimize the chances of trapping non-target animals. We 

immobilized each trapped coyote with a noose rod, muzzle, and nylon stockings to tie its 

legs (Woolsey, 1985). We then fit coyotes with a uniquely-colored radiocollar (Telonics 

Inc., Mesa, Arizona). 

We weighed each coyote, determined the sex and reproductive condition, and 

classed coyotes as juveniles (<12 months), yearlings (1-2 yr), or adults (>2 yr) by looking 

at tooth wear (Gier, 1968) and, for young of the year, by looking at the condition of the 

coat and tail. We used analysis of variance to test for di^rences m weights among age 

classes and between sexes (Daniel, 1991). We ectracted a 10-ml blood sample from a 
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saphenous vein of trapped coyotes. Finally, we evaluated the animal's general health by 

checking for external parasites (including the mange mite, Sarcoptes scabier>. wounds, or 

other obvious signs of ill heath, and released it at the trapping site. 

S'a coyote had sarcoptic mange, we assigned it to 1 of 3 categories, depending 

upon the severity of the mange infestation (Pence et al., 1983). Mange I was typified by 

one-to-several small dry, scabby encrustations with or without hair loss, and without 

pronounced thickening of the skin. Lesions were usually located on the lower fore- and 

hind-legs, a small region on the ischium, and occasionally on the ear. Mange II was 

characterized by an active progressing infection with lesions of several cm on the elbow, 

knee, or ischial region, hair loss, encrustations, and thickened, wrinkled skin. Coyotes 

were categorized as having Mange in if more than half of the body was a£fected with hair 

loss over the legs, flanks, shoulders, tail, ears, and &ce. The skin over much of the legs, 

flanks, abdomen, chest, shoulders, ischial region, and &ce was greatly thickened, wrinkled, 

slate-gray in color and with numerous encrustations. 

Prior to performing blood tests, each blood sample was placed into a glass serum 

tube (Vacutainer, Becton Dickinson, Rutherford, New Jers^, USA) and centrifiiged for 

30 min; the serum was then harvested and stored at -20° C. The serum samples were 

analyzed for the presence of to heartworm rPirofilaria immitist antigens, and antibodies to 

canine distemper virus (CDV), and seven serovars ofLeptospira interrogans at the 

University of Arizona's Veterinary Diagnostic Laboratory, Tucson, Arizona, USA. Serum 

samples were sent to the Texas Medical Diagnostic Laboratory in College Station, Tecas, 

USA, to be analyzed for the presence of antibodies to mfectious canine hepatitis 
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and canine parvovirus (CPV). We tested for the presence of heartworm antigens using an 

en^rme immunoassay (Snap'̂ , IDEXX Laboratories, Inc., Westbroolc, Maine, USA). The 

presence of CDV and ICH antibodies was determined by the serum virus neutralization 

test described by Appel and Robson (1973). A titer of ̂ 1:16 was considered positive for 

antibodies against CDV (Gese et al., 1997). A titer level of 5:1:10 was considered 

positive for antibodies against ICH (Gese et al, 1997). We used the hemagglutination 

inhibition test following the procedures outlined by Carmichael et al. (1980) to detect 

antibodies against CPV. A titer of ̂ 1:100 was considered positive for CPV antibodies 

(Gese et al., 1997). A CPV titer level of ^1:1,280 was considered evidence for a recent 

infection (Carmichael et al., 1980). Antibodies for seven serovars of the bacterium L. 

interrogans fbratislava. canicola. icterohemorrhagiae. pomona. hardjo. szwatizak, and 

grippotvphosa^ were detected using the microscopic agglutination test (OfiSce 

International Des Epizooties, 1996). A titer of ^1; 100 was considered evidence of 

exposure to leptospires (Gese et al., 1997). We tested for differences in the pr^alence of 

antibodies among age classes (adults vs. a combined yearling-and-juvenfle non-adult class) 

and between sexes and years (winter/spring 1996/1997 vs. winter 1997/1998) using a 

logistic model with chi-square tests where we had sufficient prevalence to test for (Sail 

and Lehman 1996'.224). We considered P-values ^ 0.05 to be significant. 

To determine survivorship, we relocated coyotes > two times/week by homing 

with hand-held Yagi antennas (White and Garrott, 1990:42). We estimated the date of 

death as the midpoint between an animal's last recorded location and the date of 
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discovery, unless carcass condition or observations from the public provided a basis for a 

more accurate date of death. We estimated overall survival estimates and obtained 

separate estimates for males, females, adults, and a combined yearling-and-juvenile (non-

adult) class by Pollack et al.'s (1989) modification ofKaplan and Meier's (1958) non-

parametric technique. This method allows the staggered entry of animals into a study and 

censor of animals that can no longer be located or have left the study site. We converted 

Kaplan-Meier estimates of survival (S) from 11 October 1996 through 28 February 1999 

(870 days) to annual survival rates (Sw) to enable us to make comparisons with other 

studies, by the formula: S = (Sm)^"""* (Holzman et al., 1992). We used Cox and Oakes' 

(1984) method of approximating variance, which we then used to construct 95% 

confidence intervals (PoUack et al. 1989). We tested differences in survival rates between 

sexes and age classes using a normal approximation z-test (Pollack et al., 1989). 

To determine sources of mortality for coyotes in Tucson, we performed necropsies 

on collared animals that died during the study and uncoUared animals reported to us by 

The Arizona Game and Fish Department and Pima Animai Control OfiScers. Animals had 

usually been dead >24 hours when we collected them; we froze them immediately upon 

receipt. We thawed animals for 24-48 hr before performing necropsies. Animals were not 

frozen onmediately upon death, therefore we were only able to make general 

determinations about the presence of disease (i.e., occurrence of helminths, broken bones, 

damage to internal organs). Because our necrop  ̂procedures were not designed to 

detect and enumerate internal parasites, we only noted the more obvious helminths. As a 

crude indec of health, we subjectively rated the amount of fat on the kidneys and 
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mesentaries as absent (poor health), light (feir health), or moderate-to-heavy (good health) 

(Pence et al., 1983). 

RESULTS 

We trapped and radiocoQared 14 coyotes from October 1996 through March 

1997, and five coyotes from December 1997 through January 1998. We trapped three 

additional animals in July and August 1996 but did not coUar them because they were sick 

or young. 

We collected blood from 22 coyotes (Table 1). No coyotes tested positive for 

heartworm antigens. Sbcof22 coyotes (27%) tested positive for antibodies to CD V. Rve 

of these animals were adults but there were no significant differences in the prevalence of 

antibodies to CDV between age classes (X^ = 0.002, df = 1, P = 0.99), or sexes (X  ̂= 

0.151, df = 1, P = 0.69) or years (X  ̂= 0.004, df = 1, P = 0.93). Eleven of 22 coyotes 

(50%) tested positive for antibodies to ICH. There were no differences in the prevalence 

of antibodies to ICH between age classes (X  ̂= 0.006, df = I, P = 0.94), or sexes (X  ̂= 

0.42, df = 1, P = 0.52), or years (X  ̂= I.I8, df= 1, P = 0.28). All coyotes tested positive 

for CPV antibodies; the titers of most animals (14 of22,64%) were ̂ 1:1,280, indicating 

recent exposure to the disease. There were no differences between age classes (X  ̂= 0.43, 

df = 1, P = 0.51), or sexes (X^ = 0.07, df = 1, P = 0.78), or years (X  ̂= 1.77, df = 1, P = 

0.18) in levels of antibodies indicating recent exposure to CPV. No animals had 

antibodies to serovars hardjo or szggjg  ̂of L. interrogans. Six of22 (27%) animals had 

antibodies to at least one of the other five serovars. There were no differences between 

age classes (X^ < 0.004, df = 1, P > 0.95) or sexes (X  ̂< 0.002, df = I, P > 0.96) in the 
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prevalence of antibodies to any serovars of L. interrogans. More animals captured during 

winter 1997/1998 had antibodies to serovars of L. interrogans than did animals captured 

during winter 1996 or spring 1997 (X  ̂^11.81, df = 1, P ̂  0.0006). There were no 

differences in the prevelance of antibodies to any serovors of L. interroganus by age class 

(X^< 0.004, df = 1, P > 0.95) or sex (X  ̂= < 0.002, df = 1, P = 0.96). 

The weights of 19 trapped animals ranged from 7.3 kg for a juvenile male to 15.5 

kg for an adult male (Table 1). There were no differences, however, in weights among 

age classes (F = 1.81; df = 2,16; P = 0.19) or between sexes (F = 0.48 P df = 1, 17; P = 

0.49). Most of these animals were in good health when trapped; two had slight cases of 

mange (Mange I), one had a severe case of mange (Mange IQ), and one suffered hair loss 

that was not due to mange. No animals appeared to be suffering from any of the diseases 

for which many had antibodies. 

Overall annual survival was 0.72 and there was no difference m the survival rates 

of males versus females  ̂= 1.14, P = 0.13) or adults versus non-adults (z = 0.94, P = 

0.17) (Table 2). Of the 19 animals radiocoQared, we determined the date of death and fate 

of nine (Table 3). All collared animals were in good or health when coDared; of the 

four whose condition was known at the time of death, three were in good health, and one 

was in poor health. Seven coyotes were hit by cars, one was euthanized by and Arizona 

Game and Fish Department ofiBcer, and one was killed by a trapper. 

We performed necropsies on 19 anunals (Table 4). Most coyotes were in good 

health when th^ died but one had a severe case of mange flange m). We found 

tapeworms (Taenia pisiformes^ in the intestines of seven coyotes and nematodes 
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fPhvsaloptera ranO in the stomachs of three coyotes. The intestines of one coyote also 

contained an unidentified helminth fi'om the phylum Acanthocephala. 

DISCUSSION 

Canine heartworm disease was not an important cause of mortality for coyotes in 

Tucson during our study. By contrast, animals in Georgia (Holzman et al., 1992) and 

other southeastern states (Custer and Pence, 1981a) tested positive for canine heartworm. 

Canine heartworm is transmitted by mosquito vectors and was originally thought to be an 

important helminth only in canids within 160 km of the coastal areas of North America 

(Otto, 1972), In recent years, canine heartworm disease has been an increasing problem in 

urban areas. We were asked by local veterinarians to conduct tests for canine heartworm 

antigens because there was some concern that coyotes in urban areas might be a reservoir 

for heartworm that infects domestic canids. Weinmann and Garcia (1980) demonstrated 

that 45% of coyotes fi'om central California had h^irtworms and postulated that coyotes 

were a good potential reservoir for disease transmission to domestic cam'ds. Coyotes do 

not appear to be an important transmitter of the disease to domestic canids in Tucson. 

Our result of 27% CDV seroprevalence in coyotes in Tucson is among the lowest 

reported. Other studies have found prevalences as high as 76% (Gese et al., 1997) in 

Yellowstone National Park, Wyomm  ̂57% in Colorado (Gese et al., 1991), 56% and 

37% in Texas (Guo et aL, 1986; Trainer and Knowlton, 1968), 50% m other parts of 

Wyoming (Williams et al., 1988), and 37% in California (Cypher et at., 1998). Holzman 

et aL (1992), however, found no antibodies to CDV in coyotes in Georgia. 



114 

Five of 6 coyotes that tested positive for CDV antibodies were adults; canine 

distemper virus may be &tal to young coyotes not protected by antibodies (Gier et al., 

1978), which would minimize the chances of capturing juvenile or yearling animals with 

antibodies to the disease. Other studies have found an increase ui prevalence of CDV 

antibodies with increasing age (Guo et al., 1986; Gese et al., 1997). Gese et al. (1997) 

postulated that the higher prevalence of antibodies in adults may be due to adults surviving 

infection or ocposure, with resultant antibody formation. In urban areas, coyotes may be a 

reservoir of CDV and a source of infection for domestic canids (Guo et al., 1986; Gese et 

al., 1991). 

The prevalence of antibodies to ICH was 50% in coyotes in Tucson, similar to the 

levels reported by Trainer and Knowlton (1968) in Texas (51%) and by Holzman et al. 

(1992) in Georgia (41%). By contrast, Gese et al. (1997) found >80% seroprevalence in 

coyotes in Yellowstone National Park although the population was healthy and had 

normal natality rates (Gese, 1995). Thus, the degree to which ICH limits coyote 

populations is unknown. It is easily transmitted via urine from in&cted animals, and is 

relatively resistant to chemical and physical exposure (Stephenson et al., 1982) so it may 

exist in an enzootic state in coyote populations. 

The prevalence of CPV in coyotes in Tucson is high compared to many other 

studies. We found 100% exposure to CPV; Gese et al. (1997) also reported 100% 

exposure to CPV m all coyotes m Yellowstone National Park, Wyoming, except among 

pups ̂  3 months old. In Texas, Utah, Idaho, and Colorado, >70% of the coyotes had 

antibodies to CPV (Thomas et al., 1984; Gese et aL, 1991). In Georgia ̂ olzman et al.. 
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1992) and California (Cypher et al., 1998) 65% of coyotes had antibodies to CPV. 

Thomas et al. (1984) considered CPV antibody prevalence >50% to be "high." Because 

prevalence is measured among coyotes that survive exposure, high prevalence is 

associated with a highly contagious but nonfatal infection (Thomas et al., 1984). The 

CPV virus is extremely resistant to heat and desiccation, so many coyotes are probably 

ocposed to contamination. Although CPV is most likely widespread throughout coyotes 

populations, only one report has been made of a coyote dying from CPV enteritis 

(Holzman et al., 1992). Such wide-spread contamination may be a danger to domestic 

dogs and other susceptible species in the coyote's range, however (Thomas et al., 1984). 

ECgh titers, indicating recent exposure to CPV, occurred in all health, age, and sex 

categories of our study. 

Close to one third of the coyotes in our study tested positive for antibodies to at 

least one serovar of L. interrogans. Other studies have found much lower evidence of 

exposure to leptospirosis (Trainer and Knowlton, 1968; Holzman et al., 1992; Gese et al., 

1997). Drewek et al. (1981), however, reported that 44% of coyotes in another Arizona 

study tested positive for leptospirosis. The impact of leptospirosis on canid populations is 

unknown, but in most populations, animals probably recover from the initial stages of the 

disease and remain carriers for a short time (Drewek et al., 1981). 

All but one of the animals in this study with antibodies to serovars of L. 

interrogans were males. Leptospnrae are passed m the urine of infected animals and may 

survive for weeks in moist soil or stagnant ponds (Shotts, 1981). The means of spread of 

leptospirosis in coyotes might be s^ar to that in dogs where males, due to their behavior 
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of smelling and licking the urinogenital organs and using scent posts, are infected more 

often than females (Bruner and Gillespie, 1981). Wild animals may also become infected 

by eating infected animals; the latter may be a more important mode of spread among 

coyotes ^eilly et al., 1970). Rodents have antibodies to L. canicola (Cirone et al., 1978), 

a serovar for which three coyotes in Tucson tested positive. 

As is true fbr most infectious diseases (Davis et al. 1981), some researchers have 

suggested that CD V, ICH, CP V, and other viral and bacterial diseases have the capacity to 

exist in an enzootic state within coyote populations (Thomas et al., 1984; Quo et al., 

1986; Pence, 199S) and may only cause significant mortality during stressful conditions 

such as high density, food scarcity, or parasitism (Trainer and Knowiton, 1968; Pence and 

Custer, 1981). Because apparently healthy coyotes in our study tested positive for 

antibodies to such diseases this may be the case in Tucson. 

The annual survival rate of coyotes in Tucson (0.72) is similar to that reported by 

other studies in North America, which range fi'om 0.68 to 0.90 (Andelt, 1985; Windberg 

et al., 1985; Crabtree, 1988; Gese et a!., 1989; Harrison, 1992). Some studies, however, 

have found survival rates to be in the range of 0.38 to 0.50 (Roy and Dorrance, 1985; 

Holzman et al., 1992). Although we did not find it to be so in Tucson, annual survival is 

often lower for Juveniles than adults (Windberg et al., 1985; Andelt, 1985; Gese et al., 

1989). 

All collared coyotes and most coyotes (95%) on which we performed necropsies 

were killed by humans; most of these were hit by cars. Mortality due to shootm  ̂

trappmg, poisoning, or road fittalities is high m many coyote populations (Pence et al.. 
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1983; Andelt, 1985; Windberg et al., 1985; Harrison, 1986; Gese et al., 1989) and 

reported percentages of coyotes killed by humans ranges from 22% in Georgia ^olzman 

et al., 1992) to 95% in Utah ^dills and Knowlton, 1991). Gese et al. (1989) found that 

the mortalities of all dispersers and transients were human-related. In general, the survival 

of adult coyotes tends to be lower in areas with greater human exploitation (Windberg et 

al., 1985) and in Tucson, adult coyotes appeared to be as susceptible to being hit by cars 

as non-adults. 

The prevalence (37%) of tapeworms (Taenia pisiforms') in coyotes in Tucson was 

similar to that found in Alberta (31%; Holmes and Podesta, 1968). Taenia pisiformes is 

the most common cestode of coyotes in North America (Custer and Pence, 1981 .̂ 

Various hares and rabbits are the intermediate hosts and the source of infection to coyotes. 

Thus, the degree to which these leporids are present in the diet of coyotes influences the 

prevalence of T. pisiformes. In areas such as Kansas where rabbits constitute a major 

food source for coyotes, prevalence of 1. pisiformes approaches 95% (Gier and Ameel, 

1959). In Tucson, leporids make up a smaller proportion of the diet of coyotes 

Grinder and P. R. Krausman, unpublished data). 

Sbcteen percent of the coyotes on which we performed necropsies contained the 

dog stomach worm (Phvsaloptera raraV The prevalence of P. rara in the coyotes we 

necropsied was lower than that found by other studies (30-67%) (Gier and Ameel, 1959; 

Smith, 1967; Thornton et al., 1974; Franson et al., 1978; Smith and Kennedy, 1984). 

Stomach worms of the genus Physaloptera are commonly reported in wild canids and P. 

rara is the most frequently reported species ̂ ence and Custer, 1981). Othroptera (e.g.. 
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grasshoppers) and coleoptera (e.g., beetles) are the intermediate hosts for Phvsaloptera 

species. The highest prevalences of P. rara (51-76%) in coyotes are found in the more 

arid areas of Kansas, Texas, and Utah, possibly resulting from the high use of arthropods 

by coyotes in those areas (Custer and Pence, 1981 .̂ 

Three of the 22 coyotes (14%) from which we drew blood showed signs of mange, 

and one of the necropsied animals appeared to have a severe case of mange. Three of 

these animals were males; others have found mange severity to be greater among male 

than female coyotes (Todd et al., 1981; Pence and Windberg, 1994). Pence et al. (1983) 

suggested that adult males may have greater contact with other coyotes and may therefore 

be more likely to contract and transmit mange. Pence et al. (1983) and Pence and 

Windberg (1994) documented the effects of a mange epizootic in a coyote population in 

southern Texas from 1971 to 1991 and found that coyotes with mange had lower 

reproductive rates and higher mortality rates due to other diseases than did non-infected 

coyotes. Despite such population effects, mange-induced mortality was considered 

compensatory with other mortality Actors in the population. To the urban public, easily 

visible diseases such as mange may appear devastating to a species but a more thorough 

examination of the disease-host relationship may reveal an insignificant effect at the host 

population level (Pence and Wmdberg, 1994). 

Coyotes in Tucson appear to have exposure to viral, bacterial and parasitic 

in&ctions that are common in mai  ̂coyote populations. Indications are that their body 

condition is similar to those of coyotes in more rural areas. As in less-urbanized locations, 

man constitutes the major source of mortality for coyotes. Coyotes in urban areas are 
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exposed to the same factors that con&ont coyotes elsewhere. The potential exists for 

urban coyotes to be sources of disease for domestic canids in these areas, but it is not clear 

how important coyotes may be in this capacity. 
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Table I. Weight (kg), health, and serological titers to selected pathogens of coyotes captured in I'ucson, Arizona, 

July 1996 through January 1998. 

Weight Health* L. L L. ictero. L, CDV= CP\* ICH 

(kg) brfttis,^ canicola pomona grippQ, 

Adult mates 

CO' 15.5 Good N« N N N N 128" 5120 64 

C'5 11.8 Mangel N N N N N N 2560 128 

c-n 12.7 Good N N N N N 16 640 256 

Adutl females 

C-A 10.5 Mange III N N N N N N 2560 128 

C-C Good 100 N N N lOU N 1600 N 

C-8 8.6 Alopecia N N N N N 256 640 N 

C.9 10.5 Good N N N N N 32 320 32 

C-ll 9.5 Good N N N N N N )2»iO N 

C-14 11.8 Good N N N N N 64 m 32 

C-D Good N N N N N N 2561) 128 

Yearling males 

C-4 8.2 Good N N N N N N 1600 N 

C.|5* Good too N N lUO 400 N 2560 N 

C.|7 12.7 Good N N N N 100 N 640 N 



Table I. Continued 

Weight Health" u L L. ictero. L L CDV CPV* icir 

(kg) bratis.** canicola pomona grippo. 

Juvenile males 

C-B 7.3 Good N N N N N N 2560 128 

C-1 12.3 Good N N N N N N 2560 N 

C-7 8.6 Good N N N N N 256 640 N 

C.13 8.6 Mangel N N N N N N 1280 1024 

C'it 10.0 Good 100 100 100 100 100 N 640 N 

018 9.5 Good 100 100 100 100 6400 N 640 N 

C-l> 10.9 Good 100 100 100 100 800 N 1280 1024 

Juvenile females 

C-2 10.0 Good N N N N N N 5120 N 

C-IO 9.1 Good N N N N N N 2.560 1024 

'Cufsoiy evaluation of health at time of capture. Good >= no obvious sign.'; of ill-bealih such as mange, broken bones, tumors, 

lesions, malnutrition. Alopecia "= loss of hair not due to mange. Mange I, Mange 11, Mange 111 follow classifications by Pcncc ci al. 

1983), see text. 

''Antibody titer to S seiovars of Leptospirosis imerrnpan^ fbratislava. canicola. icierohemorrhaeiac. pomona. erippoivphosaV 



Table 1. Continued 

'Antibody titer to canine distemper virus. 

''Antibody titer to canine parvovirus type 2. 

'Antibody titer to infectious canine hepatitis. 

'Coyotes with number identifications (e.g., C-3) were radiocollared animals. Coyotes with letter identifications (e.g., C-

A) were not radiocollared, 

"Negative titer (no antibodies detected). 

''Positive titer, reported as the reciprocal of the highest dilution factor at which antibodies were detected (e.g., I ;S 120). 

'Animals in bold-Qpe were captured in winter 1997/1998. Animals not in bold-type were captured in winter 1996 or spring 

1997. 



Table 2. Kaplan-Meier annual survival probabilities for coyotes in Tucson, Ariz., October 1996 - February 1999. 

Group n* Annual survival rate 95% confidence interval 

All animals 19 0.7249 0.5032 to 0.9466 

Males 13 0.8571 0.6170 to 1.0972 

Females 6 0.6307 0.3228 to 0.9386 

Adults 11 0.6542 0.4000 to 0.9084 

Yearling-juveniles 8 0.8389 0.5538 to 1.1240 

* Sample size of coyotes. 

hrransformed from an estimated survival rate of coyotes, 11 October 1996 - 28 February 1999. 



Table 3. Survival duration and fate of collared coyotes that died during study in Tucson, Ariz. 

Date of 

capture 

Date of death Cause of death Health at 

capture* 

Health at death 

Adult females 

C-8 2/13/97 12/15/98 AGFD officer'' Alopecia Alopecia- severe 

C-9 2/15/97 2/23/98 Car Good Good -

C-14 3/18/97 2/22/99 Trapper^ Good Good - N 

Yearling males 

C-4 1/11/97 11/5/98 Car Good Unknown* 

C-15 1/22/97 12/26/98 Car Good Unknown 

Juvenile males 

C-13 3/17/97 5/2/97 Car Mange I Unknown 

C-18 1/2/98 5/17/98 Car Good Unknown 

C-19 1/2/98 3/3/98 Car Good Good - N 

Juvenile females 

C-10 3/2/97 4/11/98 Car Good Unknown 



Table 3 continued 

'Cursoiy evaluation of health at time of capture and of death. Good no obvious signs of ill-health such 

as mange, broken bones, tumors, lesions, malnutrition. Alopecia = Continued loss of hair not due to mange. 

Mange 1, Mange II, Mange III follow classifications by Pence et al. (1983). 

""Coyote bit a golf course worker, had to be euthanized by an Arizona Game and Fish Department ofRcer 

to be tested for rabies, 

"Coyote was killed by a trapper as a part of a coyote control program at a horse stable, 

''Cursory evaluation at time of death revealed good condition, necropsy done later, reported in Table 3. 

"No recovery of body, only collar returned. 



Table 4. Results of necropsies performed on coyotes that died in Tucson, Arizona from May 19% tluough Dcccntbcr I99K. 

Date of Cause of death Index of health* Major diagnostic 
death rmdings, camincnis 

Adult males 

970723-02 2/13/97 Step on chest Good 

970202-4)l 2/IS/97 Step on chest Good 

970716^)1 5/15/97 Shot Fair 

Adult females 

970723-01 5/9/97 Shot Good 

98-1166 2/23/98 Car Good 

Coyote bit trapper, had to be killed and tested for rabies. 
Tested negative, tapeworms fTaenia pi^iformes) 
in intestines, empty stomach. 

Coyote killed for damage control purposes. 
Tapeworms fTaenia pisiformes) in intestines 

Major abrasion on i\imp, left rear femur broken in past, 
nicks and bloody areas on head and sides, mange or other 
skin disease over 50% of body, skin blackcncd, 
tapeworms fTaenia pisiformes), full stomach. 

Coyote C-D. Skull fracture, lactaling Tapeworms 
fTaenia pisiformest and nematodes (Ptivsaloplcra rara) 
in intestines 

Coyote C-9. No mange or other internal or, external 
parasites, internal bleeding in abdominal cavity, 
ruptured liver in left lobe, blood m thoracic c.i\'ily 
Evidence of possible pregnancy included large ovaries 
with corporea lulea and \well-dcvclopcd ulcnis 



Table 4. Continued 

Date of Cause or Index of Major diagnostic findings 
death death health' 

Adult Temales 

9806I6'03 3/18/98 Car Good 1 lobe or lung exploded, blood-filled 
thoracic cavity. 3 types of intestinal 
worms identified as 
nematode ffhvsaloptcra rara), a 
member of the phylum 
Acanthocephala, and unknown. 

98'45SI 12/15/98 Shot Poor C<^oteC-8. Extensive hair loss, but not due to mange, 
suggestive of bacterial dermatitis. Tapeworms 
(Taenia pisifonnes't in intestines. 

Yearling 
males 

980616.4)1 3/26/98 Car Good 

970702^2 6/12/96 Car Fair 

970710^2 2/6/97 Car Good 

Broken rear left leg, front right elbow, bloody head, 
abrasions on right flank, blood in ear, fractured jaws 
and skull. 

Many fractures including skull, appears lo have 
been hit many times by cars. Some hair loss on 
body but no evidence of mange. 

Small cut on knee of leA rear leg, blood in 
esophagus, punctures in heart. 



Table  A.  Cont .  
Date of Cause of Index of Mi^r diagnostic findings, comments 
death death health* 

Juvenile 
males 

Fracture to right rear hip, laccniiions on fionl legs, 
intestines coming out of anus. Tapeworms 
(Taeniit pisiformes) and nematodes 
ffhvsalopieni rara) in intestines. 

970716-03 3/16/97 Shot Good Shot-wound on leA rib cage, healthy-looking pup 
with full stomach. 

980611-02 10/2/97 Car Fair Compound fractures on left and right rear legs. 
Stomach empty, liver yellow, gall bladder enlarged, 
full, possible liver damage. 

980611-01 10/3/97 Car Good Blood in chest and stomach cavity, Tapeworms 
(Taenia oisiformes) and a worm from the phvlum 
Acanthocephala in intestines. 

971114-01 10/29/97 Car Fair Fatally wounded by car. AGFD oflicer administered 
200 mg Telazol* to euthanize then stepped on chcsi 
Abrasion on lef) hip and crippled, 2 ticks in ears 
(unknown spccics), no food in stomach. 

980611-03 11/1/97 Unknown Animal loo decomposed for analysis. 

98-1165 3/3/98 Car Good Cayoit C-19. Left rear hock broken, ruptured belly, 
right side hemorrliage and bruising, also bniising on 
intestine. Left side inletthoracic hemorrhage from 
returning veins, around heart. No internal parasites 



TabJe A.  Cont .  

Juvenile 
females 

970716.02 5/16/97 Shot Good Skull fracture, healthy-looking pup with full stomach 

*As determined by subjectively rating the aroounl of fat on the kidneys and mesenlaries as absent (poor healUi), light (fair 

health), or moderate-to-heavy (good health) (Pence et al, 1983). 
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APPENDIX C. Using GIS to predict coyote use of habitats in Tucson, Arizona. 
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Martha Grinder, Wolfgang Grunber  ̂D. Phillip Guertin, Paul R. Krausman. 

USING GIS TO PREDICT COYOTE USE OF HABITATS IN TUCSON, ARIZONA 

ABSTRACT: Coyotes (Cam's latrans") are becoming common in urban areas 
throughout western North America. Our goals are to characterize the areas 
used by coyotes in Tucson, Arizona, and to create a predictive model to 
determine the presence or absence of coyotes in all land-use categories 
throughout Tucson. We used location data from 13 radiocollared coyotes, 
combined with a previously-existing Arc/Lifo database of land-use 
categories in Tucson, to create the model. In Arc/Info we created nine 
grids of habitat variables. These variables were the distances from coyote 
locations and from 5,000 random points, to each of nine land-use 
categories. We then used stepwise logistic regression to choose the seven 
variables that differentiated between coyote locations and random 
variables. We created a logistic regression model with these seven distance 
variables. We multiplied the regression coefficients fbr each variable by 
the respective grid, and added the grids to create a probability grid fbr 
locating coyotes in Tucson. The current model indicates that most areas in 
Tucson are likely to be used by coyotes. The model may be refined by adding 
some new variables and by creating the model at a different scale. 

INTRODUCTION 

Coyotes (Cam's latrans) are one of the least specialized, most primitive 
living members of their genus (Nowak 1978). Th^ are opportunistic feeders 
(Bekoff^and Wells 1980), have a flexible social structure (Andelt 1985), 
and can be active at m'ght and during the day (Shargo 1988). These traits 
have enabled the coyote to adapt to diverse enviromnents throughout North 
America (Bekoff^ 1982). 

As urban centers throughout North America expand, coyotes are also adapting 
to life m the city (Howell 1982, Quinn 1991), which makes them ideal 
subjects for study of the affects of urbanization on wildlife (BekofT and 
Wells 1986). To date, however, no studies have thoroughly investigated the 
response of coyotes to increasing urbanization. Some studies have 
investigated coyotes on the outsk  ̂of urban areas (Shargo 1988, Atkinson 
and Shackleton 1991, Bounds 1993, McClure 1993), but have not concentrated 
on then- use of urban centers. Researchers have recorded the presence of 
coyotes in Los Angeles, California (Gill and Bonnett 1973, Howell 1982) and 
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Seattle, Washington (Quinn 1991, 1995) but because of experimental design 
limitations, were not able to adequately quantify habitat use and movement 
patterns. 

Although many aspects of coyote ecolo^ along a rural-urban gradient are 
difiScult to predict, one would expect coyotes to inhabit places that 
provide food, cover, water, and fiilfill any other special needs they may 
have, such as holes for den sites during the breeding season. Land-use 
categories in Tucson, that might provide for such needs, include parks, 
areas with natural vegetation, washes, and some residential areas (Shaw et 
al. 1996). Our goals are to characterize the land-use categories that are 
used by coyotes in Tucson, and to create a model that predicts the 
potential use of different areas throughout Tucson. 

STUDY AREA 

The area in which we captured and radiocoUared coyotes encompassed most of 
the city of Tucson, Arizona, and a few urbanized areas directly outside of 
the dty limits figure 1). Tucson, in eastern Pima county, encompasses 493 
km2, with an estimated population of456,100 (Tucson Planning Department, 
unpubl. data). Tucson is situated in the Sonoran Desert, the most vaned 
and the hottest of the North American deserts. The elevation is 745 m in 
midtown Tucson, and increases toward the foothills of the Santa Catalina 
Mountains to the north, the Tucson Mountains to the west, and the Rincon 
Mountains to the east The climate in Tucson is characterized by low, 
unevenly distributed rainM (about 28 cm annually; Sellers and Hill 
1974), low humidity, high air temperatures and periodic strong winds 
(Blastings and Turner 1965). 

Determination of Study Area within Tucson 

The size of coyote home ranges and the land-use categories used by coyotes 
in Tucson was variable. To account for these differences among coyotes, we 
created a study area from the combined home ranges. We buffered each home 
range with one-half the long axis of that home range, and merged all 
bufifered home ranges mto one primary study area; one buffered home range 
was disjunct from the others and created a small satellite to the study 
area (Figure I). 

Determination of Land-use Categories m Study Areas 

We used a previously created Arc/Info vector database (Shaw et aL 1996) as 
a basis for creatmg land-use categories. The original database (Shaw et 
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al. 1996) assigned all of eastern Pima county, including Tucson, to one of 
33 land-use categories at a resolution of one acre (0.4047 ha). We 
coUapsed the original land-use categories into seven land-use categories. 
We formed the new land-use categories based information from Shaw et al. 
(1996) on the amount of native and non-native vegetation present, the 
amount of human activity^ present, and on obvious structural differences and 
similarities among the original land-use categories. To supplement the 
original database, we also used two Pima county vector coverages (ALRIS 
database), for washes and streets. 

The natural category included residential areas with low-density housing 
(<1 house/0.4 ha), state and federal parks, privately-owned natural open 
space, and cropland. The commerdal category included mdustrial areas, 
malls and other shoppmg centers, public buildings, and ofBce buildings. 
The park category included schools, military grounds, cemeteries, zoos, 
golf courses, neighborhood, district and regional parks, and stables or 
pens with horses or cows. The vacant category included mines, landfills, 
graded vacant land, abandoned agricultural lands, and railway yards. The 
residential category included neighborhoods with > one house/0.4 ha. The 
Avash category included major and minor rivers and washes. The road category 
included only roads with > four lanes; smaller roads were incorporated into 
the surrounding land-use categories. 

METHODS 

Trapping and RadiocoUaring 

We trapped coyotes usmg padded leg-hold traps (# 3 Victor Soflcatch 
Coilsprmg, Lititz, Pa). We trapped and radiocoUared 14 coyotes from 
October 1996 through March 1997, and five coyotes from December 1997 
through January 1998. We will use the data from 13 coyotes. We tried to 
trap in locations that represented a variety of areas and human population 
densities within Tucson. We were not able to trap everywhere we chose 
because some landowners did not allow us to trap on their property; other 
areas were too often traversed by dogs and people that might step m a 
trap. We closed the traps at dawn and opened them at dusk daily to mmimize 
the time that a coyote spent in a trap, and to minimize the chances of 
trapping non-target animals. We immobilized each trapped coyote with a 
noose rod, muzzle, and nylon stockings to tie its legs (Wools^ 1985). We 
then fit the coyote with a radiocoOar (Telonics Inc., Mesa, Ar^). We 
weighed each trapped coyote, determined the coyote's sex and reproductive 
condition, and ̂ proximated its age (< 12 monthly > 12 months, > 24 months) 
by looking at tooth wear (Gier 1968) and, for young of the year, by looking 
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at the condhfon of the coat and tail. Finally, we evaluated the animal's 
general health by checking for external parasites, wounds, or other signs 
of ill heath, and released it at the trapping site, 

Radiotelemetiy 

We located coyotes by homing with hand-held Yagi antennas (White and 
Garrott 1990:42). We attempted to visually locate animals, if we could do 
so without trespassing or disturbing the animal. We tested each 
technician's error m locating coyotes by placing radiocollars at 
locations, known to the tester, in various habitats and having technicians 
estimate coQar locations via their usual homing procedure (Litvaitis and 
Shaw 1980, Bounds 1993). 

We collected data throughout the year. We located each coyote > two 
times/week, once during the day and once at night. We broke both day and 
night into two, six-hour blocks, and made an equal number of locations 
during each block. We recorded coyote locations on enlarged sections of a 
Tucson street map. We then entered the locations for each coyote into 
Arc/View as shapefiles. Each location was coded to an attribute table that 
contained the date, time of day, observer, and comments. Finally, we 
converted the coyote locations into Arc/Info coverages; this allowed us to 
assign the locations UTM coordinates. 

Home-range Estimation 

We imported the ARC/INFO coverages of coyote locations to the home-range 
package RANC£S V to obtain the 95% adaptive kernel home-range estimates 
that we used to create our study area. The adaptive kernel method is a 
nonparametric method of estimating home-range size that allows one to 
determine core areas of activity, an important factor in urban areas where 
coyotes habitat may be fragmented. 

Spatial Analysis of Habitat Use by Coyotes 

We used distances to land-use categories as the independent variables from 
which we built the model to predict coyote use of land-use categories m 
Tucson. To predict coyote use of difiTerent land-use categories we compared 
coyote locations to 5,000 randomly chosen pohits (Appendbc) relative to 
these distance variables. 

Using Arc/bifb, we rasterized the land-use categories in the study area at 
a resolution of 10 m, and separated the categories into nine different 
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grids. We created one grid per land-use category created from the original 
Tucson database; we also created grids from a county coverage of washes and 
a county coverage of streets. The county  ̂wash coverage was more accurate 
and complete than the Tucson coverage; the county streets coverage included 
all types of streets, whereas the Tucson coverage only included streets 
with > four lanes. 

Using the GRID command EUCDISTANCE, we created distance grids for each 
land-use category so that all cells in the study area were given a distance 
value to the nearest cell containing that particular land-use category. 
Using the GRID command SAMPLE, we then obtained t»ct files containing the 
distance of each coyote location, and each random point, to each land-use 
category. 

Statistical Analysis of Habitat Use by Coyotes 

We created a single text file containing coyote locations with their 
associated distance variables and random points with their associated 
distance variables. We coded the coyote locations as ones and the random 
points as zeros. We then performed stepwise logistic regression (Afifi and 
Clark 1984) to determine which distance variables to include in our model 
of coyote habitat. 

We performed logistic regression on the distance variables that we found to 
be indicative of coyote locations in the study area. We then used these 
variables to create probability model (Christopherson et al. 1996, Figure 
2). We multiplied the distance variable in each cell in the study area by 
the logistic regression coefiBcient for that variable, and sunmied the 
weighted variables and the corrected y-mtercept (Warren 1990, Appendbc), 
to create a probability of that cell being a coyote location. To clarify 
the results and facilitate comparisons, we logistically transformed 
(Appendbc) each cell's probability value, re-scaling its value to a 
probability score between zero and one. Finally, we used the RECLASSIFY 
command in GRID to change the grid's cell size to one acre (0.4 ha). We did 
this because our land-use categories came from a database that was at this 
resolution. Our end product was a map of the study area with a continuously 
changing surface, corresponding to the area's probability of containing a 
coyote location. 

We then queried the grid in two ways, using the GRID command SAMPLE, to see 
how well the model predicted our coyote locations. Firs  ̂we queried the 
ori^nal probability grid to determine the average probability values for 
coyote locations versus random pomts. K'the model accurately 
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differentiated between coyote locations and random points, the average 
coyote location should have a probability score near to one and the average 
random point should have a probability score near to zero. Second, we 
created a grid in which all probability values between 0.0000 and 0.4999 
were given a value of zero and all probability values between S.OOOO and 
1.0000 were given a value of one. We then tallied the number of ones and 
zeros included in the coyote locations versus the random points. Coyote 
locations should have mostly ones; random locations should have mostly 
zeros. 

RESULTS 

We chose seven variables for inclusion in the regression model: distance to 
county washes, distance to natural areas, distance to parks, distance to 
residential areas, distance to roads, distance to vacant areas, and 
distance to the Tucson washes. All of these variables were highly 
significant (P < 0.001) coefScients in the regression model. The 
regression coefficients for distance to county washes and distance to 
vacant areas were negative; all other regression coeffidents were positive 
(Figure 2). 

The probability grid based on these seven variables contains a large number 
of probabilities that are close to one (mean = 0.875 SD = 0.157, Figure 3). 
This indicates that, based on the variables we used to construct the model, 
most areas in Tucson are suitable for coyotes. The mean probability for 
coyote locations was 0.7287 (SD = 0.2040). The mean probability value for 
random points was 0.8899 (SD = 0.1366). When the probability grid was 
converted to a grid with zeros and ones, 89% of the coyote locations had 
values of one and 98% of the random points had values of one. An overlay of 
the model's probabilities (m ArcA^ew, as a hillshade) on the original map 
of the study area (Figure 1) indicated that areas near the commercial 
center of town, especially around washes, had the lowest probabilities of 
being used by coyotes. 

DISCUSSION 

Our model is a good first step toward being able to locate the areas in 
Tucson that are used by coyotes. It teOs us that most of Tucson is has the 
potential to be used, at least transiently, by coyotes. As coyotes have 
been observed in almcst every location m Tucson, this is probably a true 
statement. We need, however, to make some refiiements to the model to 
precisely locate areas that are used by coyotes to fiilfiU their habitat 
requirements. 
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Our model was based on the technique used by Christopherson et al. (1996) 
to determine the probability of finding Iron Age I and Iron Age H 
archeological sites in Jordon. The model built by Christopherson et al. 
(1996) accurately predicted the presence of both types of sites. 
Archeological sites, unlike coyote locations, are evidence that the 
inhabitants of mterest mvested time and energy in a particular site, and 
chose it over other sites. By contrast, a coyote location may be obtained 
for an animal that is traveling on its way to an unknown destination. In 
addition, our random points were not necessarily locations without coyotes. 
A random location could have been a point where a coUared coyote was 
located, or any coyote had been at one time without being located. 
Therefore, coyote locations and random points are not indicative of the 
same investment of tune and energy at a spot as is the location of an 
archeological site or a non-archeological site. This may, in part, be the 
reason why we were not able to accurately predict land-use categories in 
Tucson that would be used by coyotes. We are currently following coyotes 
for up to six hours at a time to determine how much time they spend in 
various land-use categories. These locations may be more usefiil m 
constructing a model of the type described above. 

In addition, the scale of resolution we used to create grids of land-use 
categories may have been inappropriately small. Coyotes probably choose to 
remain in a location based on more than just the habitat within a 10 x 10 m 
area. Mobile animals, coyotes may consider the habitat features within 100 
m or more of their present location when choosing places to inhabit. To 
address the scale at which coyotes may be making these decisions, we will 
consider re-analyzing our current data using a larger grid size. 

Finally, coyotes may not be choosing to inhabit particular locations based 
on the distance to certam land-use categories. A better way to evaluate 
coyote use of land-use categories in Tucson may be to create a series of 
grid layers, each of which has cells that contam uiformation on the 
percentage of a particular land-use category that is contained within the 
cell. We win need to collect additional data on the number and 
distribution of such landscape features as ponds and open water to include 
them in the model; coyotes in the desert southwest may be limited in the 
habitat they can use by their proximity to open water. We may also find it 
necessary to evaluate the abundance of pr  ̂items 0.e., bvds, ground 
squnrels) in various parts of Tucson, and add this information to the 
model. 
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Land-Use Oatagortos ofTucson, Arizona 

I
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Figure 1; Study area and surrounding major washes and roads in Tucson, Arizona. Probability values from the model are 
superimposed on the study area, with high-probability regions represented by plateaus and low-probability regions represented 
by depressions. 
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Figure 2: Steps taken to create the coyote probability model, and values used to weight the grids used in the model. 
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APPENDIX 

1. STATEMENT USED TO CREATE RANDOM POINTS IN STUDY AREA GRID, 
WHERE STUDY 
AREA GRID HAS VALUES = I FOR AREAS WITHIN STUDY AREA, ELSE 
NODATA: 

IN GRID: outfile = con(infile eq I, con(rand (.) < 0.00077, 1) 

Where 0.00077 is the proportion of the total number of cells in the 
grid that are desured as random points. 

2. FORMULA FOR CORRECTED Y-INTERCEPT, USED BECAUSE WE HAD A 
DIFFERENT 
NUMBER OF RANDOM POINTS (0 IN THE LOGISTO REGRESSION) AND 
COYOTE LOCATIONS 
(I IN THE LOGISTIC REGRESSION): 

a' = a + In (n2/nl) 

Where a is the Y-intercept in the regression, a' is the corrected 
Y-intercept, In is a natural logarithm, nl is the number of cases in 
the smaller sample, and n2 is the number of cases in the larger 
sample. This equation follows Warren, R. E. 1990. 

3. FORMULA FOR LOGISTIC TRANSFORMATION OF PROBABILITY GRID: 

IN GRID: docell 

templ:=exp (-in_jrid) 

outgrid= 1/(1 + tempi) 

end 
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Coyotes in Urban Areas: Conflicts and Solutions 

Martha Grinder  ̂and Paul R. Krausman  ̂

Abstract.—Coyotes (Canis latrans) are well-adapted to diverse 
environments throughout North America, including the increasing urban 
areas. In urban areas, coyotes come into conflict with humans. We discuss 
these conflicts, investigate how governments deal with the conflicts, and 
describe our research on coyotes in Tucson. Few humans have been 
attacked by coyotes in recent years, but small pets are in danger from 
attacks by coyotes. We conducted a surv  ̂ at 22 veterinary clinics 
throughout Tucson, and found that small dogs are most often treated for 
coyote attacks. The Arizona Game and Fish Department has issued a 
brochure recommending ways that urban-dwellers can deter coyotes from 
an area; the primary way is to eliminate all sources of food and water. 
Tucson, Arizona and other cities have adopted policies to deal with coyote-
human conflicts; these polides emphasize education, with trapping and 
removing individual coyotes being considered only as a last resort. Further 
education is needed to more effectively teaching people about coyotes. 
Studies are also necessary of the habhs of urban coyotes. We are currently 
conducting research on radiocoUared coyotes in Tucson, and have found 
that coyotes do not tend to become habituated to humans if they are not 
encouraged to do so. 

INTRODUCTION 

Coyotes (Cam's latram) are one of the least specialized, most primitive living members 
of their genus (Nowak 1978). As such, th  ̂have adapted to diverse environmems 
throughout North America (Beko£f 1982). Coyotes were originally confined to the great 
plains, but now inhabit all o^orth America, and are being seen in areas as far south as the 
Yucatan peninsula, Modco (Gier 1975, Nowak 1978, Sosa-Escalante et al. 1997). 

Concurrent with the expansion of the coyote^s range has been the expansion of urban 
areas throughout North America, including the southwest. Coyotes have adapted to life in 
the city (Howell 1982, Quinn 1991), and theu* expanding distribution has been the subject 
of newspaper articles in cities such as Mahwah, New Jersey, Chicago, Illinois, Los 
Angeles, California, Tucson, Arizona, and Langl^ Washington. Their presence in these 

' GrmiiagResearckAssoeiate, fKblB/iandfisherigsProgram, The School (̂ RtimittbktfaturaUiesources: The UniversUyof 
Araona. Tucson, Arizona 8S72I. 

'̂ Profissar,fnUUfeandFishtr(*sProgram,TheSchoalefSene»a6UN'aturtilItesaurcesi. TheUmverstiycf4raona,IUesoa. 
Arizona 84721. 
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urban centers has met with mixed reactions &om the human residents of these areas. We 
discuss the conflicts that surround the presence of coyotes in urban areas, investigate how 
city and county governments are dealing with these conflicts, and describe our research on 
coyotes in Tucson. 

HOW DOES THE PUBUC FEEL ABOUT COYOTES? 

The public's view of coyotes has recently changed. Once considered by most people to 
be vermin, the coyote now receives our respect and aide. A resident of a New Jersey 
county that initiated a bounty hunt on coyotes &sted to lose 11.25 kg in protest of the 
hunt (Tedeschi 1997). Phoenix wildlife rehabilitator Linda Searles especially loves 
coyotes, seeing in them the spirit of the southwestern deserts (Aleshire 1997). Nfichael 
Soule, renowned conservation biologist, comments that coyotes are a part of the healthy 
ecosystem and that removing them from an area will have serious deleterious 
consequences (Soule 1996). 

Other urban dwellers fear and distrust the coyote. A resident of Sun City Phoenix 
recently was followed to her doorstep by a coyote and says that she "...was never more 
terrified in my life..." (Bllison 1994). She wonders how long it will be before coyotes 
discover that they can attack and bring down one of her fraO, elderly neighbors. A Tucson 
resident, after losing her cat of 15 years, wrote to the Arizona Daily Star to complain that 
city officials have more sympathy for urban coyotes than for domestic pets. Residents of 
Tucson's northwest side have complained of numerous occasions when th^ have been 
followed and/or attacked by coyotes in Holy Hope Cemetery.^ A north-Phoenix resident 
has only recently become unnerved by the presence of coyotes, stating that "...they are 
getting braver and they're starting to come up under our bedroom window at night" 
(O'Grady 1996). 

RECORDS OF RECENT COYOTE ATTACKS ON HUMANS 

Urban dwellers' fears of coyotes are not unfounded. Within the last year, 2 boys in 
Scottsdale, Arizona were bit by coyotes. The boys were 3 and 7 years old; both boys 
were playing outside near their homes when th^ were bitten (Jackson and Askari 1997). 
In Tucson, Arizona an I8-month-old girl was bitten in a west-side city park by a coyote. 
In 1994, an 1 l-year-old girl in Bagdad, Arizona, was playing in her backyard with a dog 
when a coyote came out of a nearby wash and bit her. In 1990, a 5-year-old girl was 
bitten in the head by a coyote while sleepmg m her sleeping bag on a campout m southern 
Caltfomia. hi 1988, 3 children were bitten by coyotes in San Diego County, m southern 
Califonua. All of the children were playing outside m their neighborhoods when they were 
attacked. Finally, in 1981, a 3-year-old girl was attacked and killed by a coyote while 

' UnpubttsfMd tours to Th* Arizona Game and Fish Dtparmvn. 
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playing in her driveway in Glendale, California. California ofSciais report that coyote 
attacks are rare, and are usually on small children/ 

CAUSES OF ATTACKS 

Coyotes are not habitually aggressive toward humans and attacks on humans are usually 
provoked. The small girl in California who was killed by a coyote had been encouraged in 
the past by her father to feed coyotes.̂  The girl who was attacked m her sleeping bag had 
vomited earlier in the night, probably attracting the coyote that attacked her. The 2 boys 
in Phoenix who were bit by a coyote last year had been playing near a coyote den. Scott 
Richardson, the Arizona Game and Fish Department (AGFD) urban wildlife biologist in 
Tucson, states that '\..almost without exception, when a coyote is causing problems, there 
is someone in that area feeding those coyotes - either intentionally or unintentionally" 
(Associated Press 1997). Wildlife officials agree that in almost all coyote-human conflict 
cases where they are able to make a determination about the cause of the conflict, humans 
are the primary cause.^ 

RECORDS OF COYOTE ATTACKS ON PETS 

Small pets are also vulnerable to attack by coyotes. The Tucson Citizen ran a headline 
story and color picture of a man with his terrier that has survived 3 coyote attacks 
(Copenhaver 1996). Numerous pet owners, mostly of small dogs and cats, contact the 
AGFD each year to complain of coyotes attacking their pets, or harassing them from the 
other side of fences.  ̂

We conducted a survey of 22 veterinary clinics throughout Tucson to try to establish an 
ind»c of coyote attacks on pets in Tucson. The clinics selected in a stratified random 
fashion, to cover all areas in Tucson. We gave a surv  ̂to each of the selected clinics and 
asked them record any pets th  ̂treated for coyote-induced injuries. After a year, we 
consolidated our results. Of the 22 clinics surv^ed, 9 had treated pets for coyote-related 
injuries. Another 5 clim'cs had treated pets but had lost the information on these 
treatments. Twen^ pets were treated at the 9 clinics from which we received information 
(Table I). 

'itA. Thompson, Cali/bmiaStatg Director, USDA, unpublished report 

'R.A. Thompson, California State Director, USDA, unpublished report. 

*ItAikens,AGDF, unpublished report 

 ̂S.BSchardson, ArieomiGameandFiskDepartmenturbaifwiU^biologia, Tucson, personal communication. 
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Table !• Resiilto of survey of Tucson veterinary cliaies, January 1997 - April 1998. 
Veterinary Location of Type of Location of Attack Type of Injuries 
Clinic Clinic Pet 
Bear Canyon 
Pet Clinic 

Northeast 
Tucson 

Small dog Bear Canyon Road Superfidal leg 
Area wounds 

Bear Canyon Northeast Small dog Bear Canyon Road Scratches 
Pet Clinic Tucson Area 

Bear Canyon Northeast Small dog Bear Canyon Road Emotional 
Pet Clinic Tucson Area 

University Pet 
Hospital 

University Pet 
Hospital 

University Pet 
Hospital 

Central Tucson Poodle Central Tucson Bites and 
lacerations to 
chest 

Central Tucson Lacerations to Central Tucson Cat 
thigh 

Central Tucson Yorkie Central Tucson Carried away 

University Pet 
Hospital 

Central Tucson Schnauzer Northcentral 
Tucson 

Lacerations to 
back and neck 

Animal 
Emergency 
West 

West Tucson Chihuahua Northwest Tucson Pxmctured left 
thorax 

Animal 
Emergency 
West 

West Tucson Small dog Northwest Tucson Unknown 

Animal 
Emergency 
West 

West Tucson Chihuahua Southwest Tucson Pimcture under 
leg 

Tucson Small Southeast Lhasa-
Animal Hospital Tucson apso 

Northeast Tucson Bites and 
punctures 

Central Poodle/ Foothills, north Punctures in 
Chihuahua Tucson abdomen 
mix 
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Catalma Pet 
Hospital 

Central 

Tancpie Verde Northeast 
Pet Hospital 

Tucson Small Southeast 
Animal Hospital Tucson 

Unknown' 

Small dog Foothills, north 
Tucson 

Small dog East Tucson 

2Shih-
tzus 

Bishon 
Frise 

Northeast Tucson 

Central Tucson 

Unknown 

Lacerations to 
chest and 
abdomen 
Picked up by 
coyote 

Lacerations to 
neck and thorax 

Unknown Hmalayan Northeast Tucson Wounds to neck 
mbc and chest 

Unknown Bishon Northwest Tucson Wounds to neck 
Frise and chest 

Unknown Shepherd Foothills, north 
cross Tucson 

Bite in hind thigh 

Seventeen pets were small dogs under 6.7S kg; one cat was also treated. Most pets 
sustained lacerations or bites to the back, neck, or head (Table 1). Two medium-sized 
dogs were also treated for bites to the legs and chest. Our survqr uncovered fewer 
treatments to pets attacked by coyotes than we ecpected; however, many pets probably 
either do not survive being attacked by a coyote, or the attack is interrupted by the owner 
in time for the pet to escape without injuries. 

* InfbrmattoHfiom these eOniei war received in th* mail or byfax, with no fAntlficatlon. 
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WAYS TO DISCOURAGE COYOTES AND COYOTE ATTACKS 

The AGFD has issued a brochure to help urban-dweQers discourage coyotes (Table 2). 

Table 2.--Steps recommended in the Arnona Game and Fish Department brochure 
to discourage coyotes, issued 1993. 
Steps Recommended by the Arnona Game and Fish Department 
Do not feed coyotes 
Eliminate any source of water 
Eliminate the availability of bird seed 
Do not discard edible garbage where coyotes can get to it 
Remove any pet food &om outside 
Trim and clean to ground level any shrubbery that provides cover for coyotes 
Fence the yard 
Install a battery-operated electric fence 30 inches high 
Do not leave small children outside unattended 
Do not allow pets to run free, espedaily at night 
Assertively discourage coyotes by making loud noises and throwing rocks when 
th^ appear 
Ask neighbors to follow the same steps 

The AGFD distributes this brochure to citizens in response to complaints about coyotes. 
Periodically, complainants ask for a large number of brochures and distribute them to their 
neighbors. On the rare occasions that a complainant writes to the Tucson mayor's office, 
that office does a mailing of at least 500 brochures to the area where the complainant 
lives. The brochures are not generally given out to citizens who have not contacted the 
AGFD or another city agency about problem coyotes. 

COYOTE MANAGEMENT POUCY 

Di addition to brochure produced by AGFD, the City of Tucson has devised the 'Tucson 
Urban Coyote Response Procedures." These procedures focus on educatmg people about 
coyotes, and how th^ can deter them (Table 3). 
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Table 3.—City of Tucson policy on responding to calls about nuisance coyotes, as of 
June 1993» 
Tucson Urban Coyote Response Procedures 
Refer all calls to the Arizona Game and Fish Department 
First Complaint: 

Contact the person who filed the complaint and assess the situation 
Determine if the coyote has been aggressive and poses a threat to public safety 
If the coyote poses no threat to humans: 

Detennine household members are feeding coyotes and discourage this 
Recommend removing all sources of food, water, cover 
Suggest fencing the yard 
Encourage complainant to be assertive in discouraging coyotes (see Table 2) 
Encourage parents of small children to teach them about coyotes 
Advise that the complainant may not discharge a gun inside the city limits 
Send complainant pertinent literature about coyote safety 
Request a call back if the problem continues 

Second complaint; 
Visit the site of the complaint 
Interview the complainant 
Determine if coyotes pose a threat to public safety 

If pubb'c safety is threatened, initiate steps to eliminate coyotes in the area 
Determine if coyotes are a threat to pets 
Provide the same advise as with first complaint 
Suggest the services of a licensed wildl^e service permittee to assist with coyote 
removal 
Request a call back if the problem contuiues 

Further complaints; 
Initiate a neighborhood education program 
Issue a limited number of cage traps 
Monitor the situation 

Capturing problem individuals is only considered as a last resort. Similar policies have 
been adopted by many southern California communities. In 1993, Los Angeles banned 
coyote trapping but the city still struggles with the question of whether trapping and 
fcillmg coyotes can end the urban coyote problem, or if public education about co-existing 
with coyotes is more effective. Trapping and removal has been an ineffective short-term 
solution that rarely works because when I coyote is removed without altering the 
suitability of the habitat, othercoyoteswiSquickfy replace it (Martin 1994). 

The Tucson solution to the coyote problem has met with mixed reactions firom its 
citizens. Citizens who believe that their right to live ui a city like Tucson without fear for 
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their pets or small children are fiustrated at what they see as the lack of action and 
responsibility on the part of the city and other animal control agencies. This controversy is 
echoed in Los Angeles, California and Langl ,̂ Washington, cities that have adopted 
policies similar to those of Tucson (Martin 1994, Raamat 1997). 

NEED FOR FUTURE RESEARCH 

There are 2 areas m which more research is necessary, relative to the human-coyote 
controversy. First, educators and poliqr makers must determine the educational methods 
that win be most effective in teaching urban-dweUers to live with coyotes. This is an 
important facet of coyote management ui urban areas because without proper education 
about the habits and ecology of coyotes, people will continue to misunderstand these 
animals. This misunderstanding causes imelligent, rational people to demand that wQdlife 
managers take irrational actions such as inidatmg intense coyote sterilization programs and 
eliminating populations of ground squirrels and rabbits.' A lack of understanding about 
the situation also causes people to overestimate the possibility of disease transmission and 
attacks on pets and chUdren. Because trapping and removing coyotes is an almost 
impossible option for effective coyote management, education that addresses the above 
issues is a mandatory part of the urban wfldlife manager's solution to the coyote 
controversy. 

The second type of research that is needed in urban areas deals with the coyotes 
themselves. Almost everything that wildlife managers know about coyotes comes from 
studies of coyotes in rural areas. We have tittle information about the kinds of habitats 
used by coyotes in cities, and how th^ are used. To address these issues, we are 
conducting research on 19 radiocoUared coyotes in Tucson. We relocate coyotes 
numerous times per week to characterize their use of Tucson. We have discovered that, 
although there is much individual vanation in the way coyotes use Tucson, they do, in 
general, act like their rural counterparts ̂ th  ̂are not uiduced to change their behavior by 
humans. We have found mainly native rodents and rabbits in the stomachs of coyote killed 
in Tucson, which indicates that coyotes do not tend to search out garbage or dog food ^ 
given other opportunities for food. Two of our collared coyotes are fed by Tucson 
residents on a regular basis; the home ranges of these 2 animals are small compared to the 
home ranges of other coUared coyotes. This indicates that coyotes will become habituated 
to being fed, and will cease to search for other sources of food. Thus, humans have the 
power to promote the continued existence of wild, self-sustaining coyotes in urban areas, 
or to turn them into partly-domesticated animals that may eventually pose a threat to those 
who feed them and their neighbors. 

'SiSagpl, Tucsonrtsitltia,iuipublisfitdbtUrtotheAGFD. 
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