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ABSTRACT 

This study was conducted to determine if suburban 

development adjacent to Saguaro National Monument (SNM) 

affected coyote (Canis latrans) populations. I estimated 

density, described grouping behaviors, and analyzed the 

diets of coyotes living near the interface of SNM and 

Tucson, Arizona from November 1991 to December 1992. I used 

a mark-resighting method to estimate the density of coyotes 

in a 13 km2 area. Seven territorial groups (n = 48 coyotes) 

lived in the 13 km2 area. Group size varied among 

behavioral seasons. I compared diets of coyotes between 2 

areas: suburban and rural. Coyote scats from the suburban 

area contained less (P < 0.05) plant material annually, and 

less mammal material during coyote breeding and gestation 

periods than the scats from the rural area. Dog food, 

bread, and other human related items comprised 35% of the 

coyotes' annual diets in the suburban area. Supplemental 

sources of food in the suburban area helped support high 

densities of coyotes. 
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INTRODUCTION 

Coyotes (Canis latrans) are among the most studied 

mammals in the United States (Bekoff 1978) . However, 

biological information is particularly fragmentary in areas 

where coyotes are invading new areas (e.g., the southeastern 

[Hill et al. 1987, Holzman et al. 1992] and northeastern 

United States [Hilton 1978, Moore and Millar 1984]), and 

where they are adapting to urban (human populations > 620 

km2 [McDonnell and Pickett 1990, United States Bureau of 

Census 1990]) and suburban (developments on the fringes of 

urban areas with generally less human density than urban 

areas) areas (MacCracken 1982, Shargo 1988, Atkinson and 

Shackleton 1991, Quinn 1991). 

Generally, coyotes are studied to understand their role 

as a predators (Ozoga and Harger 1966, Wagner and Stoddart 

1972, Beasom 1974, Salwasser 1974, Guthery and Beasom 1977, 

Pederson and Tuckfield 1983, Pyrah 1984) and to minimize the 

"human-coyote" conflict (Knowlton 1972, Quinn 1991). 

Ranchers resent coyotes killing or harassing livestock (Wade 

1978, Taylor et al. 1979). Conflict is apparent also when 

coyotes habituate to humans. Habituation increases the 

potential for coyote attacks and may increase aggressive 

behavior by particularly facultative individuals (Gill and 

Bonnet 1973, Howell 1982, Quinn 1991). 
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Preliminary observations and surveys by Shaw et al. 

(1991) indicated that a large population of coyotes lived 

near the interface of the Rincon Mountain District (RMD) of 

SNM and the suburban area of eastern Tucson, Arizona. 

Coyotes were using resources (food and water) provided by 

humans in the suburban area. I assumed that resources were 

easier to obtain in suburban areas than from an environment 

without humans. I further assumed that resources may be 

consistently more available in suburban areas opposed to 

natural areas. Natural, endemic foods and those provided by 

humans in the suburban area may enable coyote densities to 

exceed those in more natural environments. 

Knowledge of population densities are critical for 

management decisions. However, information regarding coyote 

densities is limited (Clark 1972, Knowlton 1972, Nellis and 

Keith 1976, Todd et al. 1981, Pyrah 1984, Andelt 1985, Babb 

and Kennedy 1989, Crabtree 1989, Gese et al. 1989, Hein 

1992). Knowledge of coyote densities, and grouping 

behaviors in the desert Southwest (Fisher 1980) and suburban 

areas is particularly limited. 

Much of the effort directed toward understanding the 

coyote has been aimed at defining feeding patterns 

(MacCracken 1984). Coyotes generally are considered 

facultative and often opportunistic predators (Nellis and 

Keith 1976, Litvaitis and Shaw 1980, Bowyer et al. 1983, 
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Toweill and Anthony 1988), although MacCracken and Hansen 

(1987) suggest that coyotes may be optimal foragers. Some 

researchers have also suggested that the size of coyote 

groups is correlated with the size of prey items captured 

and consumed or visa versa, that prey size or prey abundance 

may dictate the social organization of coyotes (Bekoff and 

Wells 1981, Bowen 1981, Gese et al. 1988). Woolsey (1985) 

speculated that coyotes form large groups in areas with high 

densities of coyotes and in suburban and urban areas. 

Preliminary observations by local residents and park service 

personnel indicated that cohesive groups at the suburban 

interface between Tucson and SNM ranged from 3 to 11 

coyotes/group. Few studies have been published on the diets 

of coyotes living in the Sonoran Desert (Short 1979, Drewek 

1980). The diets of coyotes living close to humans 

(MacCracken 1982, Shargo 1988, Atkinson and Shackleton 1991) 

and in protected areas are also relatively unknown. 

My objectives were to estimate and compare densities 

and diets of coyotes between suburban and rural (countryside 

[Nolon and Connolly 1979, United States Bureau of Census 

1990]) areas near SNM. I examined also the group dynamics 

of coyotes living at the interface. 

This research was supported by the National Park 

Service through the University of Arizona, Cooperative 

National Park Studies Unit. I thank W.W. Shaw and N.S. 
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Smith who supervised this project and provided helpful 

advice for all aspects and stages of this study. P.R. 

Krausman provided editorial comments and advice throughout 

the study. D.L. Bounds provided assistance with much of the 

field work, including the capture and attachment of radio-

collars to specific coyotes and the home-range data of these 

individuals. A. Abel assisted with the capture of coyotes. 

K.L. Hiett assisted with portions of the field work. I 

especially thank B.C. and E.J. Burkholder, E. E. and V.C. 

Leavitt, and E.P. and C.B. Sharp who frequently updated me 

on the behaviors of particular groups of coyotes. Several 

Arizona Cooperative Fish and Wildlife Research Unit (ACFWRU) 

students helped live-trap rodents to determine their 

relative abundance. I thank F.F. Knowlton for providing 

unpublished data. P. Jones and M. Meretsky helped with 

statistical analyses. 
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STUDY AREAS 

This study was conducted in a 13 km2 area near the 

western boundary of SNM (RMD) and the eastern boundary of 

Tucson, Arizona (Fig 1.)- I compared the relative numbers 

of coyotes (suburban) and their diets to those in a 

population in a 12.5 km2 area (rural) near the southern 

boundary of SNM (Fig. 1). Minimum airline distance between 

the 2 sites was 5.3 km. Tanque Verde Ridge, a 400-1,000 m 

rise in elevation, separated the 2 areas. Topography and 

climate were similar in both areas. Elevations ranged from 

800 to 1,400 m. Daily maximum temperatures at SNM 

headquarters in 1992 ranged from 22.1 C in January to-37.8 C 

in June, and daily minimum temperatures ranged from -0.2 C 

in January to 15 C in June (SNM files, unpubl. data, 1992). 

There were 51.8 cm of precipitation at the headquarters in 

1992. Mean annual precipitation in the Tucson area is 28 cm 

(Sellers and Hill 1974). Within 2 km of the SNM boundary, 

housing density on the suburban site was 1 house/2.5 ha. 

There was 1 ranch house in the rural study area. Hunting 

and trapping were prohibited on the suburban site, but not 

on the rural site. 

Several sub-associations of Sonoran desert-scrub 

existed throughout both areas (Brown 1982). Palo verde 
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Saguaro National Monument (Rincon Mountain District) and the 
and rural study areas near Tucson, Arizona, 1991-1992. 
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(Cercidium SDP.), mesquite (Prosopis velutina) and saguaro 

(Carneaea gigantea) were dominant in the over-story. Common 

under-story plants included triangleleaf bursage (Ambrosia 

deltoidea), brittle-bush (Encelia farinosa), Staghorn cholla 

(Qpuntia versicolor), prickly pear (Oguntia phaeacantha), 

Christmas cactus (Qpuntia leptocaulis), pencil cholla 

(Qpuntia arbuscula), hedgehog cactus (Mammillaria 

microcarpa), barrel cactus (Ferocactus wizlizenii), Mexican 

crucillo (Condalia warnockii), desert hackberry (Celtis 

pallida), creosote bush (Larrea tridentata), Sangre-de-

Cristo (Jatropha cardiophvlla), white-thorn acacia (Acacia 

constricta) , catclaw acacia (Acacia crreggii) and mesquitilla 

(Calliandra eriophvlla). Plant names follow Kearney and 

Peebles (1964). There were several xeroriparian corridors 

in both areas. Vegetation in xeroriparian areas is diverse 

and forms different vegetation associations than the 

surrounding desert. 

Wildlife in the region is diverse (Killian 1954, 

Phillips et al. 1974, Hoffmeister 1986). Ungulates within 

the area included mule deer (Odocoileus hemionus) and 

collared peccary (Tavassu taiacu). Lagomorphs included 

desert cottontail (Svlvilaaus audubonii), black-tailed 

jackrabbit (Lepus californicus), and antelope jackrabbit 

(Lepus alleni). Large predators, besides coyotes, included 

mountain lion (Felis concolor), bobcat (Lynx rufus), gray 
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fox (Urocyon cineroarqenteus), raccoon (Procvon lotor), and 

skunk (Mephitis spp.)(Shelton 1985, Hoffmeister 1986). 
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METHODS 

I trapped coyotes (17-19 October 1991) inside SNM (< 

1.5 km from suburban boundaries) using number 3 Softcatch 

padded leg-hold traps (Woodstream Corp., Lititz, Penn.). I 

trapped coyotes (23-24 November and 2-5 December 1991) on 

the rural site. I controlled coyotes with a snare poll and 

secured their muzzles and legs with seamless pantyhose. 

Coyotes were weighed and aged by tooth eruption and wear 

(Gier 1968) as juveniles (< 12 months) or adults (>12 

months). I ear-tagged juvenile coyotes and fitted adults 

with radio collars (MOD315, Telonics Inc. Mesa, Ariz.). 

Collared coyotes were radio-located from the ground using 

portable receivers (Telonics Inc. Mesa, Ariz.) and hand-held 

yagi antennae. I established study area boundaries by 

radio-locating collared coyotes for 3 0 days, determining 

their centers of activity (COA), and defining lines that 

encompassed their COA. 

Within the suburban area, I estimated the size of the 

population using 3 methods: visual mark-resight techniques, 

direct counts, and an extrapolation based on the number of 

groups, group size and the size of their associated 

territories. The latter 2 approaches complemented the 

visual mark-resight data and allowed me to estimate minimum 

numbers. 

Within the suburban area, I selected 7 vantage points. 
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From each, I could see a different section of the area. 

From these vantage points, I recorded the number of collared 

and uncollared coyotes I saw during 2-3 hour segments. To 

minimize the bias that might be introduced by inaccuracies 

in the ratio of collared:uncollared coyotes, I did not 

locate coyotes by telemetry during the observation periods. 

After I saw them, I verified the number of collared animals 

present by telemetry. I systematically visited different 

vantage points at random times of day. Data on the number 

of collared and uncollared coyotes observed from these 

points were accumulated over the periods of 1 November 1991 

- 6 April 1992 and 1 October - 31 December 1992. Because I 

could establish the location of collared coyotes by radio-

tracking, I knew the marked sample size in the 13 km2 area 

at all times. I calculated ratios of the collared 

coyotes:total coyotes observed within varying time frames 

with the MEANS procedure of SAS (SAS Inst., Inc. 1988). 

With the known number of collared coyotes in the area, I 

calculated population size based on these ratios. To 

determine any significant population differences between 

sampling dates, I calculated the Chi-square statistic 

between the 2 periods using the number of marked and 

unmarked coyote sightings for each time period. 

To estimate the minimum size of the coyote population 
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in the suburban area, I and < 3 residents that lived near 

the interface, counted coyotes 6 times from 29 January to 

21 December 1992. All residents involved in the counts fed 

coyotes, and thus had familiar, recognizable groups and 

individuals visiting their houses at specific times. During 

the 1-2 hour surveys, I moved from hilltop to hilltop to 

locate coyotes that did not visit those residences involved 

in the counts. Immediately before and after the counts, I 

located all radio-collared coyotes by telemetry to determine 

how many marked animals were within the 13 km2 area. This 

number served as the known marked population for Lincoln-

Peterson estimates (Hein 1992). Possibly, some coyotes were 

counted > IX by different observers. However, double 

counting is unlikely as the residents' houses used for the 

counts were > l km apart and D. Bounds (Univ. Arizona, pers. 

commun.) estimated that the 6 collared coyotes in the area 

travelled < 1 km within 2 hours. Also, all counts were made 

when coyote groups were occupying discrete territories (Nov-

Feb), and all residents were aware of the presence of easily 

identifiable animals (e.g., colors of collars of those 

coyotes wearing transmitters). 

From 1 October to 31 December 1992, I attempted to 

identify each cohesive coyote group and their numbers living 

within or consistently occupying portions of the suburban 
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area. This time of year was ideal for observing coyotes 

because 1) temperatures were relatively cool (coyotes were 

active for portions of daylight hours and group behaviors 

were visible); 2) group numbers were large; and 3) groups 

occupied discrete territories. 

To locate groups, I pinpointed collared coyotes and 

associated groups with telemetry, observed groups from the 7 

vantage points, and visited residences when coyotes were 

fed. Once I located a group, I counted members, noted 

agonistic behaviors among members (Lehner 1978), and 

described identifiable individuals (i.e., collars, scars, 

and distinctive coat colors). To determine territorial 

boundaries, I visually followed group movements. I 

estimated density by delineating the location and boundaries 

of group territories, determining the number of 

coyotes/group, then dividing numbers by the total study area 

(Mech 1973, Van Ballenberghe et al. 1973, Gese et al. 1989). 

Throughout the year, I recorded the size of all groups seen. 

To compare the diets of suburban and rural coyotes, I 

collected (1 December 1991 - 30 November 1992) 667 and 449 

scats from the suburban site and the rural site, 

respectively. I cleared all washes, roads, and trails of 

scats prior to collection dates, so only fresh scats were 

collected. I used criteria described by Murie (1954) and 

Danner and Dodd (1982) to distinguish coyote scats from 
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other similar scats commonly found in the region (i.e., 

mountain lion, bobcat, and gray fox). Domestic dogs were 

not permitted on SNM except on leash at the visitor's 

center. However, some larger dogs roamed freely in the 

suburban area and may have crossed into SNM and deposited 

scats. To minimize the probability of collecting domestic 

dog scats on the interface, I only collected scats inside 

SNM (< 1 km from the interface). 

I stored scats in paper bags, air-dried them for > 14 

days, pressurized (15 psi) each in an autoclave at 120 C for 

30 minutes and rinsed them through fine mesh nylon before 

analysis. I identified food items in each scat by 

comparison with known specimens of bones, teeth, and hair. 

Skull, teeth, and hair keys were used also when necessary 

(Glass 1973, Moore et al. 1974). Occasionally (particularly 

when the majority of them was prickly pear fruit or bread), 

scats were too moist and broken to be transported. I 

analyzed these scats in the field; any unknown material was 

recovered and compared with reference material. 

I pooled data on coyote foods over time and separated 

them by 4 behavioral periods: breeding (Jan-Feb), gestation 

(Mar-Apr), pup-rearing (May-Aug), and post reproductive 

(Sep-Dec). The post reproductive period included dispersal 

and the time when group fidelity was most evident. I 

differentiated among behavioral periods based on data by 
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Andelt and Gipson (1979), Drewek (1980), Laundre and Keller 

(1984) , Andelt et al. (1987), and Person and Hirth (1991). I 

determined if the frequency of foods in scats varied between 

sites and among seasons by Chi-square tests. 

To evaluate relative rodent abundance between the 

suburban and rural sites, I set 4 trapping lines on each 

site in September 1991, and May and September 1992. All 

traps on the suburban site were placed inside SNM, < 1 km 

from interfaces. Each line was 200 m long with pairs of 

Sherman-live traps set every 10 m (160 traps with 40 

traps/line). Rodents were trapped for 3 consecutive nights 

on each site. I set and baited (with oatmeal and peanut 

butter) traps 2-3 hours before sunset and checked them at 

first light the following morning. Rodents were marked with 

an ink marker on the ventral portion of the neck and 

released at the site of capture. I compared the relative 

abundance of rodents by trapping success rates between 

sites. I determined if the relative abundance of rodents 

differed between sites and among time periods with Chi-

square tests. 

To evaluate the relative abundance of coyotes between 

the suburban site (estimated N) and the rural site, I 

compared trapping success rates of coyotes and scat 

deposition rates. All traps were similarly handled and the 

same predator lures and commercial coyote urine concentrates 
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were used to bait traps on both sites. Most traps were set 

(by a professional trapper) in similar topography and 

vegetation. On the occasions the trapper did not set the 

traps, I mimicked his protocol. Indices (coyotes 

captured/trap night) were compared between sites. 

From 1 June to 30 November 1992, I compared the number 

of scats deposited in 2.85 km of washes on the suburban site 

to 2.70 km of washes on the rural site. There were 5 

washes/transects on the suburban site and 4 on the rural 

site. I initially walked each transect at the beginning of 

the sample period and removed all scats. Approximately 

every 10 days, I walked the washes and recorded the number 

of scats deposited. I removed the scats after counting 

them. I calculated indices for each transect based on the 

number of scats/km walked/day. I compared site differences 

with t-tests. 
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RESULTS 

Capture 

I captured and fitted 7 adult coyotes with radio 

collars in the suburban area (x wt = 10.3 + 0.90 [SE] kg, n 

= 6). Six survived through the study and frequently 

occupied portions of the area. The seventh collared coyote 

died approximately 10 km from the study area within 60 days 

of being captured. I captured 3 juvenile coyotes and ear-

tagged 2 of them. I never saw the 2 ear-tagged coyotes 

after capturing them. 

I captured and fitted 4 adult coyotes with radio 

collars on the rural site. Only 1 coyote was weighed (7.5 

kg) . 

Population estimates - Suburban Site 

Visual Mark-Resiaht Techniques. — I saw coyotes 514 

(43 marked) times (November 1991 - April 1992) from the 7 

vantage points. Five or 6 collared coyotes were in or 

consistently used the area. Population estimates ranged 

from 58 to 73 (Table 1) depending on the number of collared 

coyotes (5 or 6) that were used to calculate the 

marked:total ratios. 

I saw coyotes 349 (32 marked) times from October to 

December 1992. Population estimates during these dates 

ranged from 51 to 65 coyotes. There was no evidence (P > 

0.30) that estimates for both time periods could not 
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Table 1. Population estimates of coyotes by 3 methods in a 13 km2 

suburban area near Tucson, Arizona, November 1991 - December 1992. 

No. Estimated Estimated 
Dates Method M Ratio x SD marked no. unmarked 1 total 

Nov 1991- DR* 82 0.0827 0.1557 6 67 73 

Apr 1992 5 56 61 

ARb 1 0.0838 6 66 72 

5 55 60 

2W° 11 0.0859 0.0206 6 64 70 

5 53 58 

Oct-Dec DR 44 0.0979 0.0160 6 55 61 

1992 5 46 51 

AR 1 0.0917 6 59 65 

5 50 55 

2W 6 0.0918 0.0274 6 59 65 

5 50 55 

Nov 1991- DR 126 0.0880 0.1582 6 62 68 

Dec 1992 5 52 57 

AR 1 0.0869 6 63 69 

5 53 58 

2W 17 0.0880 0.0225 6 62 68 

5 52 57 

* Daily Ratio - The daily ratios of marked:total coyotes observed 
are calculated. The mean of these ratios is then calculated. 

b Aggregate ratio - The sums of marked and total coyotes observed 
are added over the mark-resighting season. The ratio of total 
marked:total coyotes is then calculated. 

c 2-Week Ratio - The ratios of marked:total coyotes are calculated 
for each 2-week interval. The 2-week interval ratios are then combined 
and the mean ratio is calculated. 
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be combined. Population estimates ranged from 57 to 69 

when data from the 2 time periods were combined. 

Direct Counts. — Direct counts of coyotes ranged from 

28 to 40 (x = 32.5, SE = 2.03 [Table 2]). Lincoln-Peterson 

population estimates ranged from 33.6 to 90.0 coyotes for 

the entire study period. 

Extrapolation from group size. — From 1 October to 31 

December 1992, I identified 7 groups (x size = 6.2 + 0.81, n 

=58) of coyotes living within or consistently occupying 

portions of the suburban area. Groups ranged from 4 to 10 

coyotes (Table 3). 

Radio-collared coyotes were members of groups A, D, E, 

and G. Two radio-collard coyotes were members of group D. 

The largest coyote I captured (13.0 kg) and radio-collared 

was the alpha male for group A. He was particularly 

noticeable by his thick, red coat and exceptionally large, 

red tail. Two coyotes with an unknown skin or coat disease 

were always present in group F. The alpha male of group F 

had a large, hairless scar at the base of his muzzle. Group 

C was recognizable by 3 particularly large, red coyotes and 

2 smaller pale-yellow coyotes. Differentiating among 

individuals in group B was difficult. From a distance, all 

were morphologically similar and could not be distinguished 

from each other. 
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Table 2. Direct counts of coyotes and Lincoln-Peterson population 
estimates in a 13 km2 suburban area near Tucson, Arizona, 1992. 

No. No. No. marked 
coyotes marked coyotes on or < 1 Lincoln-Peterson 

Date counted counted km of area population estimate 

29 Jan 92 36 2 5 90.0 

9 Feb 92 34 3 5 56.7 

12 Mar 92 29 4 5 36.3 

18 Nov 92 40 4 6 60.0 

2 Dec 92 28 5 6 33.6 

21 Dec 92 28 2 6 84.0 

Combined 
x 195 20 5.5 53.6 
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Table 3. Sizes of 7 coyote groups in and < 1 km from a 13 km2 

suburban area near Tucson, Arizona from October to December, 1992. 

Size of each group 
Radio collared 

Group 
animals in 
each group X 

No. obs/ 
group SE Range 

A 1 7.7 7 3.0 5-10 

B 0 5.8 8 2.0 4-7 

C 0 4.3 6 1.8 4-5 

D 2 9.2 10 2.9 8-10 

E 1 4.7 6 1.9 4-5 

F 0 4.9 11 1.5 4-5 

G 1 5.5 10 1.7 4-6 
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As units, groups maintained territories of 1-3 km2 

(Fig. 2). However, I frequently observed singles or pairs 

of coyotes from specific groups beyond the group's boundary. 

The boundaries of all group territories overlapped with > 1 

other group territory. However, I never observed groups < 

100 m from each other. Groups traversed territorial 

overlaps when neighboring groups were not nearby. Group 

communication via group yip-howls and other territorial 

vocal announcements (Lehner 1978) were noticeable day and 

night, but most commonly occurred at dusk and dawn. Also, I 

frequently observed all or most members of a group scent 

marking (Kleiman and Brady 1978) via urination, scoring, and 

ground scratching. None of the collared, distinctively 

marked, or distinguishable animals was ever seen associating 

with other groups. 

Using the observed maximum number of coyotes in each 

group, I estimated 48 coyotes (density = 3.7/km2) lived or 

consistently occupied portions of the suburban area. This 

estimate does not include an unknown number of loners and 

pairs that live in the area that were never observed as part 

of a group. 

Group size for all coyote sightings (including loners 

an d  p a i r s )  d u r i n g  t h e  b r e e d i n g  p e r i o d  a v e r a g e d  3 . 6 + 0 . 3 1  (n  

= 78); gestation period, 2.7 + 0.27 (n = 70); pup-rearing 
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boundaries of 7 coyote groups in 
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suburban area near Tucson, Arizona, 
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period, 2.0 + 0.24 (n = 33); and post-reproductive period, 

4.1 ± 0.26 (n = 114). 

Population Estimates - Rural Site 

Coyotes on the rural site were less visible than 

coyotes on suburban site. Therefore, I was unable to 

estimate their numbers. 

Diets 

Seasonal Variation on the Suburban Site. — I found 

more (x2 =88.3, 3 df, P < 0.0001) plant material in scats 

during the pup-rearing and post-reproductive periods than 

during the breeding and gestation periods (Table 4). Most 

of this difference was associated with the availability of 

mesquite pods, prickly pear fruit, and graythorn berries 

(Condalia spp.) that ripened at these times. There was no 

evidence (x2 = 4.9, 3 df, P > 0.15) that mammals were 

consumed differently among seasons. However, lagomorph 

remains varied significantly (x2 = 8.36, 3 df, P < 0.05) 

among seasons. The greatest consumption of lagomorphs was 

during the coyote gestation period (Mar-Apr). Remains of 

rodents in scats did not vary (x2 = 3.85, 3 df, P > 0.20) 

among seasons. I identified dog food and/or bread in 27% 

(annually) of the scats from coyotes in the suburban area. 

Other human-related food items (i.e., fruits, vegetables, 

and table scraps) were found in 8% (annually) of the 
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Table 4. Percent occurrence of prey items identified in 667 coyote scats 
collected in Saguaro National Monument (Rincon Mountain District) < 1 km 
from suburban interface near Tucson, Arizona, December 1991-November 1992. 

Breeding Gestation Pup-rearing Post reprod. 
(Jan-Feb) (Mar-Apr) (Mav-Aual (Sep-Dec) Annual 

Prey N % N % N % N % N % 

Plants 22 26 22 26 172 66 162 68 378 57 

Forbs 11 13 6 7 19 7 21 9 57 8 

Grass 10 12 10 12 27 10 32 14 79 12 

Mesquite pods 13 15 4 5 63 24 114 48 194 29 

Prickly pear 1 1 80 31 27 11 108 16 

Graythorn 20 8 20 3 

Saguaro fruit 5 2 5 1 

Native seeds 3 4 2 2 5 2 12 5 22 3 

Exotic seeds 2 2 3 1 3 1 8 1 

Dog food/bread 22 26 26 31 69 27 61 26 178 27 

Human related 4 5 6 7 22 8 21 9 53 8 

Mammals 50 59 52 61 135 52 117 49 354 53 

Rodents 18 21 21 25 77 30 74 31 190 28 

Lagomorph 22 26 26 30 58 23 39 16 145 22 

Deer 6 7 4 5 4 1 7 3 21 3 

Collared 
peccary 

1 1 1 1 1 Tr* 2 1 5 1 

Domestic cat 1 1 2 1 3 Tr* 

Unknown mammal 4 5 4 5 1 Tr* 6 2 15 2 

Bird 3 4 3 4 19 7 10 4 35 5 

Eggshell 1 1 3 1 4 1 

Reptile 1 1 8 3 9 1 

Insect 1 1 12 5 5 2 18 3 

Plastic 1 1 4 1 3 1 8 1 

Inorganics 2 2 2 2 1 Tr* 5 1 

Unknown 7 8 2 2 8 3 5 2 22 3 

No. of Scat 85 85 260 237 667 

Tr* = < 1% 
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scats (Table 4). I identified remains of domestic cat in 3 

coyote scats. Annually, I found insect, reptile, and bird 

remains in 3, 1, and 5% of the scats from the suburban area, 

respectively. I found deer remains in 3% of the scats, 

annually (Table 4). 

Seasonal Variation on the Rural Site. — Plant material 

was in more (x2 = 115.4, 3 df, P < 0.0001) scats during the 

pup-rearing and post reproductive periods than during the 

breeding and gestation periods (Table 5). I identified more 

(X2 =44.6, 3 df, P < 0.0001) mammals in scats during the 

breeding and gestation periods than during the pup-rearing 

and post reproductive periods. Much of this difference was 

associated with the increased number of lagomorph and deer 

remains in the scats during the breeding and gestation 

periods. Rodent remains did not differ (x2 = 7.58, 3 df, P 

> 0.05) among seasons. I found 1 human-related item 

(cantaloupe rind) in a scat from the rural site during the 

post reproductive period. Cattle comprised 1% of prey 

remains on an annual basis. Insects, reptiles, and birds 

comprised 1, 3, and 2% of prey remains on an annual basis, 

respectively. These items were mainly found from May to 

August, during the coyote pup-rearing period (Table 5). 

Variation Between Sites. — Rural coyotes consumed 

significantly more (x2 =59.66, 1 df, P < 0.0001) plants 
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Table 5. Percent occurrence of prey items identified in 449 coyote scats 
collected in a rural area adjacent to Saguaro National Monument (Rincon 
Mountain District), Tucson, Arizona, December 1991-November 1992. 

Breeding Gestation Pup-rearing Post reprod. 
(Jan-Feb) (Mar-Apr) (Mav-Auq) (Sep-Decl Annual 

Prey N % N % N % N % N % 

Plants 20 40 16 37 164 89 155 90 355 79 

Forbs 4 8 5 12 6 3 9 5 24 5 

Grass 10 20 11 26 27 15 31 18 79 18 

Mesquite pods 7 14 41 22 125 73 173 39 

Prickly pear 71 39 24 14 95 21 

Graythorn 59 32 59 13 

Saguaro fruit 4 2 4 1 

Native seeds 3 6 5 3 12 7 20 4 

Human related 1 1 1 Tr* 

Mammals 41 82 39 91 95 52 79 46 254 57 

Rodent 13 26 7 16 55 30 47 27 117 26 

Lagomorph 18 36 14 33 35 19 20 12 87 20 

Deer 8 16 13 30 10 5 11 6 42 10 

Collared 
peccary 

3 6 2 1 5 1 

Cattle 2 4 2 5 2 1 6 1 

Unknown mammal 3 7 2 1 4 2 9 2 

Bird 1 2 7 4 6 3 14 3 

Eggshell 2 1 0 0 2 Tr* 

Reptile 1 2 4 2 1 1 6 1 

Insect 4 2 3 2 7 2 

Plastic 5 10 6 3 1 1 1 Tr* 

Inorganics 9 18 3 7 2 1 14 3 

Unknown 5 10 4 9 9 5 7 4 25 6 

No. of Scat 50 43 184 172 449 

Tr* = < 1% 
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than the suburban coyotes, annually. The consumption of 

mammals was not significantly different (x2 =1.32, 1 df, P 

> 0.20) between sites, annually. However, coyotes in the 

rural area consumed significantly more mammals during the 

breeding (x2 = 7.70, 1 df, P < 0.01) and gestation periods 

(X2 =12.01, 1 df, P < 0.001) than coyotes in the suburban 

area. 

Twenty-three different food items were identified in 

scats from the suburban area (Table 4). Twenty-one were 

identified in rural scats (Table 5). Based on frequency of 

occurrence, mesquite pods (29%), rodents (28%), dog food 

and/or bread (27%), lagomorphs (22%), and prickly pear fruit 

(16%) were the 5 most common food items in scats from the 

suburban area. Mesquite pods (39%), rodents (26%), prickly 

pear fruit (21%), lagomorphs (20%), and grasses (18%) were 

the most common food items in scats from the rural area. 

Relative Availability of Rodents. — I trapped 681 (47% 

trapping success) rodents on the suburban area during the 3 

trapping sessions (Appendix A). I trapped 522 (36% trapping 

success), rodents on the rural site. There were 

significantly more rodents (x2 = 36.0, 1 df, P < 0.0001) on 

the suburban site. Heteromyids and cricetids comprised 

98.7% and 99.8% of the species captured on the suburban and 

the rural sites, respectively. 
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Population Comparisons 

Trapping Success. — I captured 10 coyotes (16 - 18 

October 1991) on the suburban area in 46 trap-nights. I 

captured 4 coyotes in 107 nights on the rural site. 

Sample sizes were too small for statistical comparisons of 

relative abundance of coyotes. 

Scat Deposition Rates. — From 1 June to 30 November 

1992 I found a mean of 0.40 scats/km walked/day in 2.85 km 

of washes on the suburban site. Within these dates, I found 

0.41 scats/km walked/day in 2.70 km of washes on the rural 

site. There was no evidence (F = 1.39, 3 df and 4 df, P = 

0.82) that scat deposition rates differed between sites. 
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DISCUSSION 

The visual mark-resight data suggests that the population 

number averaged between 57-69 coyotes (4.5-5.3/km2) in the 

13 km2 suburban area, from November 1991 to December 1992. 

These coyote densities are the highest reported in the 

literature (Table 6). 

With 84 3 coyote sightings (75 of which were marked 

animals) during the 2 resighting sessions, I assumed the 

ratio of marked:unmarked coyotes was accurate. With this 

assumption, one can estimate that 57-69 coyotes lived in 13 

km2. The estimates from the direct counts and group size 

data substantiated the mark-resighting results. As a 

minimum estimate of population size, 40 coyotes were 

directly counted on 18 November 1992 between 0700-0830. The 

Lincoln-Peterson estimates calculated from the direct count 

data averaged 53.6 coyotes. This number was less than those 

produced by the resighting ratios. The differences may be 

explained by the direct count survey design. Three collared 

coyotes that were fed at 2 different houses were more likely 

to be counted in the survey than unmarked coyotes that did 

not visit houses. If the survey was biased toward marked 

animals, the more likely the estimate was smaller. Also, 

the group size and territorial boundary (Fig. 2) data 

generated an estimate of 48 coyotes. This estimate may also 
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Table 6. Coyote densities in North America. 

Density (km2) Location Reference 

0.24 Kan. Gier (1968) 

0.24 Ut./Id. Clark (1972) 

0.90 Tex. Knowlton (1972) 

0.10-0.60 Wise. Nellis and Keith (1976) 

0.53 Wyom. Camenzind (1978) 

0.35 Alta. Bowen (1981) 

0.30 Alta. Todd et al. (1981) 

0.39 Mont. Pyrah (1984) 

0.90 Tex. Andelt (1985) 

0.35 Tenn. Babb and Kennedy (1989) 

0.29 Colo. Gese at al. (1989) 

0.71 Colo. Hein (1992) 

4.40-5.30 Ariz. This study 
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be less than actual because only those coyotes known to be 

in cohesive groups were included. One of the 6 collared 

coyotes was obviously a loner. He was observed only twice 

near another animal and was not included in the group size 

survey. An unknown number of uncollared, loner and pairs of 

coyotes also used the area. If these animals were added to 

the group size estimate, population numbers would be closer 

to those produced by the resighting ratios. 

The mark-resight estimates may be slightly biased 

because of egress and ingress within the area, and unequal 

visual coverage of the 13 km2. Resighting observations 

suggest that egress was probably greater than ingress. 

Without telemetry, the 6 collared coyotes were observed an 

average of 7 times each < 5 months of their capture. 

Although average movements of juvenile coyotes are 0.43-0.58 

those of adults (Person and Hirth 1991, Holzman et al. 

1992), I never saw the 2 juvenile, ear-marked coyotes. It is 

unlikely I overlooked the juvenile animals. They probably 

dispersed or died. High densities and large, established 

territorial groups may encourage dispersal of juvenile 

animals and discourage initiates (Harrison 1992). Most 

animals sighted during resighting sessions were part of 

resident groups or pairs, suggesting that ingress was 

limited. 
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Unequal visual coverage of the 13 km2 may have also 

biased the resighting ratios. It was not possible to view 

the whole area from the 7 vantage points. Inability to view 

the whole area may have biased the data toward the animals 

that spent most of their time in areas where they were 

easily observable. However, using the minimum convex 

polygon method, D. Bounds (pers. commun.) found that the 24-

hour individual home ranges of the 6 collared coyotes 

averaged 1.85 km2. Thus, it is reasonable to assume that 

coyotes in the area moved enough to ensure equal 

observability. 

Otis et al. (1978) noted that it is naive to divide 

population size by the area enclosed by the trapping grid to 

formulate an estimate of density. Overestimation of density 

is a result of the "edge effect." While some animals do not 

have their entire home ranges within the trapping grid, they 

may be captured because the outlying traps are set in parts 

of their home ranges. This premise is not valid for the 

mark-resighting technique in the 13 km2 area. Groups of 

coyotes (Fig. 2) and individuals (D. Bounds, pers commun.) 

traversed beyond the study area. The assumption of a closed 

population is violated (Otis et al. 1978, Eberhardt 1990). 

However, I also observed groups of coyotes that lived 

outside the area cross into the study area where they may 
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have been counted in the resighting ratios. I assumed those 

animals living near the boundaries of the area crossed in 

and out equally because there was no apparent lure to 

attract coyotes into or out of the area. Although residents 

fed coyotes within my study area, residents and 2 

restaurants outside the area also fed coyotes. 

I hypothesize that the area along the interface 

accommodates the greatest numbers of coyotes; densities 

decline in either direction. Unfortunately, the comparative 

indices between the rural and the suburban sites do not 

allow me to test this hypothesis. Six trapping sets on the 

rural site were investigated, but never triggered by 

coyotes. Traps that did not capture coyotes on the suburban 

site were not investigated. Because of apparent trap 

wariness, the index of trapping success may be inflated 

toward the suburban site. Danner and Smith (1980) captured 

13.3 coyotes/100 trap nights near a carcass dumping area of 

a cattle feed yard approximately 9 0 km south of my study 

area. On the same scale, we captured 21.7 coyotes/100 trap 

nights in the suburban area and 3.7 coyotes/100 trap nights 

in the rural area. Trap night indices of Nellis and Keith 

(1976) ranged from 0.16 to 1.18/100 trap nights. 

Standardization of trapping methods and differential 

vulnerabilities of individual animals reduce the reliability 

of this index. 
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Clark (1972), Davison (1980), and Stoddart (1984) 

assessed trends in coyote abundance using the scat 

deposition index. F.D. Knowlton (Utah State Univ., pers. 

commun.) recommended it for comparing relative coyote 

densities between similar sites. My scat index indicates 

similar numbers of coyotes on the suburban and rural sites. 

However, deposition rates are significantly greater when 

diets are composed of a greater percentage of vegetation 

(Andelt and Andelt 1984). Plant material was found in 22% 

more scats on the rural site than the suburban site. 

The combination of access to a protected area and 

abundant food sources are probably the major factors 

promoting high densities of coyotes in the suburban area. 

Based on frequency of occurrence, dog food, bread, and other 

human related items consistently supplied this population 

with 35% of its food. Data from scat analysis suggest that 

dog food, bread, and other human related items were 

substitutes for plant material (consumed 22% more by rural 

coyotes annually) and for mammals during coyote 

breeding and gestation periods (consumed 26% more by rural 

coyotes). Relative abundance of rodents was 13% greater on 

the suburban site than the rural site. However, rodent 

remains were identified in similar percentages between 

sites, suggesting that availability of rodents is not 

correlated with use on the suburban site. I assume that dog 
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food, bread, and other human related foods that are 

intentionally fed to coyotes are easier to procure than 

natural foods. The consistent supply of human related foods 

help support high coyote densities. 

It is unclear how long there have been large coyote 

populations along the SNM/suburban interface. Residents and 

park service personnel claim they have observed large groups 

since 1985. If this is true, and if populations were not 

just at a cyclic, short term peak during my field work, then 

the interface may provide optimum habitat for coyotes (Van 

Home 1983) . Optimum habitat for a species maintains 

components of high density, off-spring production, and 

survival. These requirements are met at the interface of 

SNM and suburban Tucson. Densities are high. Off-spring 

are produced (3 0% of the coyotes I captured were immature), 

and individuals are surviving (6 of the 7 adult coyotes I 

collared lived beyond the 1 year and 2 month study). 

Population densities of coyotes in the suburban area 

may, in part, be regulated by group fidelity and pack 

formation (Camenzind 1978, Harrison 1992). The coyote group 

yip-howl is considered a density regulatory mechanism 

(Kleiman and Brady 1978, Lehner 1978) and a means of 

indirectly defending a group's territory. I heard group 

yip-howls day and night. Considering that all group 

territories overlapped with > 1 other territory, it appears 
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that territories were somewhat flexible, depending on the 

location of neighboring groups. 

The sizes of territorial boundaries of coyote groups in 

the suburban area were small in relation to the home ranges 

of the 5 collared animals belonging to groups. Group 

territories varied from 1 to 3 km2 from October to December, 

1992. Using the minimum convex polygon method, D. Bounds 

(pers commun.) found that the mean annual home range of the 

5 collared coyotes was 8.9 km2. Her calculation lends 

credence to my observation that singles or pairs of coyotes 

from specific groups traversed beyond territorial 

boundaries. Camenzind (1978) also found that individual 

home-ranges extended beyond territories in Wyoming. Bounds 

also calculated the harmonic mean home-ranges for these 

collared coyotes at the 60% contour interval. These areas 

averaged 0.9 km2 and were usually within the boundaries I 

delineated as group territories, suggesting that core areas 

for individuals coincide with group territories during the 

fall and winter. 

Gese et al. (1988) found that 71% of the variation of 

ungulates in coyote diets was explained by group size. 

Similar data were reported by Bekoff and Wells (1981) and 

Bowen (1981). The percentage of large mammals in coyote 

scats from the suburban area is small (4%). Apparently, the 
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presence of large mammals in my study area (Bellantoni and 

Krausman 1991) did not affect the size of coyote groups, nor 

did large coyote groups influence the size of the prey they 

consumed. Most likely, the combination of abundant food 

sources, including a consistent supply of human-related 

items, and lack of exploitation, are responsible for the 

large group sizes found in my study. 

High densities of coyotes and a growing housing density 

along the SNM/suburban interface will increase the proximity 

of humans and coyotes. This proximity is a concern to some 

people, a value to others. Also, high densities of coyotes 

may affect the prey base along the interface. Litvaitis and 

Mautz (1980) demonstrated that a 12.9 kg coyote needed to 

consume 4,800 laboratory mice (134 kg) or 105 snowshoe hares 

(166 kg) annually, to meet minimum energy demands at the 

metabolic level. The mean weight of rodents in the Sonoran 

desert is probably similar to the mean weight the laboratory 

mice (28g) used in their previous study, and the mean weight 

of desert cottontails (Svlvilacms auduboniil and black-

tailed jackrabbits (Lejous californicus) is similar to that 

of snowshoe hare (Lepus americanus) (Cockrum 1982, 

Hoffmeister 1986). Considering that small mammals are 

generally overestimated when percent frequency is the method 

of diet estimation (Weaver and Hoffman 1979, Andelt et al. 

1987), I estimate that 18% of the coyotes' diets in the 
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suburban area are rodents (10% was subtracted from the 

annual percent frequency to compensate for overestimation) 

and 12% are lagomorphs (Table 4). Conservatively, a minimum 

of 3,460 rodents/km2 and 50 lagomorphs/km2 are consumed by 

coyotes (4 coyotes/km2) in the suburban area each year. 
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MANAGEMENT IMPLICATIONS 

Coyote densities along the interface of SNM and suburban 

Tucson are the highest reported in the literature. Numbers 

exceed those in other environments because food sources are 

supplemented with resources provided by humans, and coyotes 

are protected in SNM. 

As suburban development adjacent to SNM continues, the 

proximity of humans and coyotes will increase. Shaw et al. 

(1991) reported that 97% of survey respondents living within 

1.6 km of the SNM boundary saw coyotes on their properties. 

Many people (11%), encourage the presence of coyotes on 

their property by feeding them. Others are concerned that 

coyotes kill their pets or even pose a threat to humans. As 

humans increase in number near SNM, their interactions with 

coyotes may also increase. Also, high coyote densities may 

affect other species of wildlife in SNM. 

The primary goal and management objectives of SNM are to 

preserve and protect its natural and cultural resources for 

future generations. Currently, the research priority on SNM 

is to determine the effects of future intensive development 

of adjacent lands (Hall 1990). High coyote densities are, 

in part, promoted by suburban development, and may limit 

future management options. Coyotes, and their interactions 

with humans and other wildlife must be considered in any 

decisions concerning suburban development and management of 
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park resources. This consideration will require coordinated 

efforts among park managers, county planners, and 

developers. For example, an ordinance is being reviewed by 

the Mayor and the Tucson City Council that would prohibit 

feeding coyotes in the city. If this law is passed for the 

city, a similar law may be considered for Pima County (G. 

Frederick, Ariz. Game and Fish Dep., pers. commun.). The 

laws would eliminate a major source of coyote food in 

suburban areas. If a major source of food for the coyotes 

were eliminated, their behavioral responses and interactions 

with humans and other wildlife could be affected. 

Regardless of actions by local governments, the managers 

of SNM should attempt to minimize habituation of coyotes to 

humans. This objective can be accomplished through a 

variety of informational and public education programs at 

SNM. The goal should be to create an environment in which 

coyotes can be seen and enjoyed without loosing their 

wildness. 



Appendix A. Trapping success rates of rodents between a suburban area and a rural area near Saguaro 
National Monument (Rincon Mountain District), Tucson, Arizona 1991-1992. Trap nights = 480/night/site. 

September 21-23, 1991 May 15-17, 1992 September 18-20. 1992 

Suburban Rural Suburban Rural Suburan Rural 

Rodent group No. %Tot No. %Tot No. %Tot No. %Tot No. %Tot No. %Tot 

Spermophilus 
teretecaudus 

0 0 0 0 1 0.5 0 0 0 0 0 0 

Peroanathus spp./ 
Chaetodipus SPP. 

124 50.7 87 51.8 72 36.0 56 59.6 97 42.9 173 66.8 

Peromvscus SPP./ 
Onvchomvs SPP. 

27 11.0 65 38.7 21 10.2 26 27.7 27 11.9 53 20.5 

Siamodon 
arizonae 

22 9.0 0 0 3 1.5 0 0 29 12.8 4 1.5 

Neotoma 
albiaula 

36 14.7 10 5.9 101 49.0 10 10.6 68 30.1 24 9.3 

Dipodomvs 
merriami 

40 16.3 7 3.6 5 2.4 2 2.1 0 0 4 1.5 

Ammospermophilus 
harrisii 

0 0 0 0 3 1.4 0 0 5 2.2 1 0.4 

Total 249 100 169 100 206 100 94 100 226 100 259 100 

-J 
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