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A B STR A C T
I investigated use of food resources among coyotes (Canis latrans), red foxes (Vulpes
vulpes), and gray foxes (Urocyon cinereoargenteus) in southern Illinois. All three species
used similar food items; coyote and red fox diets were most similar while coyote and gray
fox diets were least similar. Gray fox diets also exhibited greater diversity and omnivory.
The high dietary overlap among species results in the potential for resource competition.
Competition with coyotes may have reduced red fox abundance in southern Illinois.
Despite competition for food resources, gray foxes appear able to coexist with coyotes
possibly through habitat segregation and avoidance of antagonistic encounters by
climbing trees.
INTRODUCTION
Three canid species, coyote, red fox, and gray fox, are sympatric in southern Illinois, and
potentially compete for similar resources. Both fox species are native to Illinois, and are
relatively abundant. Red fox numbers even may have benefitted from the clearing of
forests for agriculture (Hoffmeister and Mohr 1972). The historical distribution of
coyotes in Illinois is less clear. Coyotes may have always been present in Illinois, but
were never abundant until recently, particularly in southern Illinois. In 1969, coyotes
were reported to be widespread but scarce in southern Illinois (Klimstra and Roseberry
1969). Coyote abundance appears to have increased significantly in the 1970's (Ellis
1985), and coyotes are now abundant throughout southern Illinois.
Competitive interactions between coyotes, red foxes, and gray foxes are poorly
understood. Coincident with the increase in coyote abundance, fur trappers began
reporting a decline in fox abundance, particularly red foxes (Ellis 1985). Although
coyotes and foxes consume a diversity of food items, many items are used by all three
species. Thus, competition for food resources may result in competitive exclusion of one
or both fox species by the larger coyote. I assessed the potential for resource competition
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among coyotes, red foxes, and gray foxes in southern Illinois by comparing food item use
and measuring dietary overlap.
METHODS
Food item use by coyotes and foxes was determined by collecting gastrointestinal and scat
samples in winter 1988-89 and 1989-90. Gastrointestinal (stomach and large intestine)
samples were collected from carcasses obtained from four furbuyers in southern Illinois.
Scat samples and additional gastrointestinal samples were obtained from trapsites and
carcasses, respectively, of coyotes and gray foxes captured as part of an investigation of
coyote ecology at Crab Orchard National Wildlife Refuge in Williamson and Jackson
Counties (Cypher 1991). To facilitate handling, stomach samples were washed in a
strainer, and large intestine and scat samples were oven-dried.
Mammalian remains in scats were identified from teeth and bone fragments (Glass 1981,
Roest 1986) and guard hair characteristics (Stains 1958, Adorjan and Kolenosky 1969,
Moore et al. 1974). Seeds of fleshy fruits were identified by comparison to known
specimens (U.S. Department of Agriculture 1974).
Frequency of occurrence of items in samples and use of animal prey versus fruit were
compared among coyotes and foxes using contingency table analysis and a chi-square
test. To compare diets among species, items were grouped into the following categories:
deer, rabbit, small rodent, bird, insect, persimmon, and other. Dietary diversity was
compared by calculating a Shannon diversity index (Brower and Zar 1984):
H' = -∑pi logpi
where pi is the proportional occurrence of item i in the sample. A t-test was used to test
whether diversity indices differed between species (Hutcheson 1970). Horn's similarity
index (Horn 1966) was used to estimate dietary overlap between species.
RESULTS
In coyote samples (Table 1), rabbit (Sylvilagus floridanus) was the most frequently
occurring item followed by microtine rodents (prairie vole [Microtus ochrogaster] and
southern bog lemming [Synaptomys cooperi]), persimmon (Diospyros virginia), bird, and
white-tailed deer (Odocoileus virginianus). Other items included pig (Sus scrofa), squirrel
(Sciurus spp.), deer mouse (Peromyscus spp.), Canada goose (Branta canadensis),
grasshopper (Orthoptera), corn, and wild pear (Malus communis). In red fox samples,
rabbit occurred most frequently followed by persimmon, bird, and white-tailed deer. Other
items included microtine rodent, deer mouse, muskrat (Ondatra zibethicus), shrew
(Soricidae), cardinal (Cardinalis cardinalis), domestic chicken, grasshopper, beetle
(Coleoptera), corn, and crabapple (Malus spp.). In gray fox samples, persimmon was the
most frequently occurring item followed by rabbit, bird, and white-tailed deer. Other
items included microtine rodent, deer mouse, shrew, Canada goose, cardinal, grasshopper,
corn, wild pear, wild grape (Vitis spp.), rose hip (Rosa spp.), and flowering dogwood
(Cornus florida). White-tailed deer in samples was probably from carrion resulting from
the fall deer harvest.
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Frequency of occurrence of items did not differ among the three canid species (coyote-gray
fox: X2 = 9.03, 6 df, P = 0.17; coyote-red fox: X2 = 1.08, 6 df, P = 0.98; gray fox-red
fox: X2 = 7.60, 6 df, P = 0.26).
Coyote samples had a significantly higher proportion of animal items compared to gray
foxes (X2 = 7.37, 1 df, P < 0.01). Frequency of occurrence of animal items versus fruits
did not differ between coyotes and red foxes (X2 = 1.02, 1 df, P = 0.31) or between fox
species (X2 = 2.52, 1 df, P = 0.11).
The number of different food items totaled 14 for coyote samples, and 16 for both gray
fox and red fox samples. Dietary diversity was highest for gray foxes (Table 1), but
diversity indices did not differ significantly among species (P > 0.05 for all pairwise
comparisons). Horn's similarity indices indicated that dietary overlap was high between
all species. The similarity index was 0.93 among coyote and red fox diets, 0.92 among
gray fox and red fox diets, and 0.89 among coyote and gray fox diets.
DISCUSSION
High dietary overlap indices among coyotes, red foxes, and gray foxes indicate a high
potential for resource competition. Coyote and red fox diets were most similar while
coyote and gray fox diets were least similar. Thus, resource competition may be most
intense between coyotes and red foxes. This competition may be a contributing factor to
the observed decline in red fox abundance in Illinois.
Gray fox diets were slightly more diverse than those of either coyotes or red foxes. Also,
gray foxes consumed a significantly greater proportion of fruit. The greater degree of
omnivory by gray foxes is consistent with most other fox food habit comparisons (e.g.,
Scott 1955, Hockman and Chapman 1983). The combination of greater omnivory and
euryphagy may confer a competitive advantage to gray foxes over red foxes (Hockman and
Chapman 1983).
Competitive interactions other than competition for food likely contribute to observed
canid abundance and distribution trends. Coyotes occasionally kill foxes which
constitutes interference competition (Case and Gilpin 1974). Reports of coyotes killing
red foxes are common (e.g., Major and Sherburne 1987, Sargeant and Allen 1989).
Coyotes also kill gray foxes although reports are less common (Wooding 1984, Cypher
unpublished data). Additionally, gray foxes are reportedly more aggressive than red foxes,
and may even exclude red foxes from some habitats (Carey 1982).
Such antagonistic interactions would explain declining fox abundance in Illinois
concomitant with increasing coyote abundance. However, competitive interactions
between coyotes and foxes appear to impact red foxes more severely, even resulting in
local extirpation of red foxes. Competitive exclusion of red foxes by coyotes has been
reported in Maine (Major and Sherburne 1987, Harrison et al. 1989), North Dakota
(Sargeant et al. 1987), Ontario (Voigt and Earle 1983), Yukon (Theberge and Wedeles
1989), and Alberta (Dekker 1989). The decline in number of red foxes harvested was
sharper in southern Illinois where coyotes are more abundant than in east-central Illinois
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where coyotes are less abundant (Ellis 1985). During efforts to trap coyotes at Crab
Orchard National Wildlife Refuge in southern Illinois, 19 gray foxes were incidentally
captured whereas only 1 red fox was captured (Cypher unpublished data). In North
Dakota, coyote and red fox population trends were inversely related (Johnson and Sargeant
1977). Fur trappers in Mississippi also reported an inverse relationship between coyote
and red fox abundance, but no such relationship between coyotes and gray foxes (Wooding
1984). Similarly, red foxes declined in Alabama as coyotes increased, but gray foxes
remained abundant (Wooding 1984).
Gray foxes apparently have a greater capacity to coexist with coyotes. Although coyotes,
red foxes, and gray foxes have overlapping habitat-use patterns, coyotes and red foxes
prefer more open habitat types (e.g., pastures, agricultural fields - Follman 1973, Priest
1986, Cypher 1991) while gray foxes prefer brushier types (e.g., woody old fields,
deciduous forests - Follman 1973, Wooding 1984). Thus, some degree of habitat
segregation may reduce interactions between coyotes and gray foxes. Finally, the treeclimbing ability of the gray fox probably provides this species with an escape strategy
during aggressive encounters with coyotes (Wooding 1984).
CONCLUSIONS
High dietary overlap among coyotes, red foxes, and gray foxes may result in high
potential for food competition, particularly between coyotes and red foxes. Such
competition may contribute to competitive exclusion of red foxes by coyotes resulting in
decreased red fox abundance. Gray foxes may avoid similar exclusion through a variety of
mechanisms, such as greater omnivory, habitat partitioning, and an ability to climb trees
and elude coyotes.
ACKNOWLEDGEMENTS
Funding was provided by the Cooperative Wildlife Research Laboratory, Graduate School,
and Department of Zoology at Southern Illinois University, Carbondale, and grants from
the Max McGraw Wildlife Foundation and the American Museum of Natural History
Theodore Roosevelt Fund. I thank Ty Lidner, Clyde Zanders, and Grant Richey for
providing carcasses. I thank E. Cypher, J. Scrivner, A. Woolf, and two anonymous
reviewers for reviewing the manuscript.

LITERATURE CITED
Adorjan, A. S., and G. B. Kolenosky. 1969. A manual for the identification of hairs of
selected Ontario mammals. Ontario Dep. Lands and For., Res. Rep. (Wildlife) No. 90. 63pp.
Brower, J. E., and J. H. Zar. 1984. Field and laboratory methods for general ecology. Second
ed. William C. Brown Publ., Dubuque, Iowa. 226pp.
Carey, A. B. 1982. The ecology of red foxes, gray foxes, and rabies in the eastern United
States. Wildl. Soc. Bull. 10:18-26.
Case, T. J., and M. R. Gilpin. 1974. Interference competition and niche theory. Proc. Natl.
Acad. Sci. 71:3073-3077.

143
Cypher, B. L. 1991. Coyote foraging dynamics, space use, and activity relative to resource
variation at Crab Orchard National Wildlife Refuge, Illinois. Ph.D. Thesis, Southern Illinois
Univ., Carbondale. 167pp.
Dekker, D. 1989. Population fluctuations and spatial relationships among wolves, coyotes,
and red foxes in Jasper National Park, Alberta. Can. Field-Nat. 103:261-264.
Ellis, J. A. 1985. Wildlife harvests. Illinois Dept. of conservation, Fed. Aid Proj. No. W-49R(2), Study XV, Job No. 1. 73pp.
Follman, E. H. 1973. Comparative ecology and behavior of red and grey foxes. Ph.D. Thesis,
Southern Illinois Univ., Carbondale. 152pp.
Glass, B. P. 1981. Key to the skulls of North American mammals. Oklahoma St. Univ.,
Stillwater. 59pp.
Harrison, D. J., J. A. Bissonette, and J. A. Sherburne. 1989. Spatial relationships between
coyotes and red foxes in eastern Maine. J. Wildl. Manage. 53:181-185.
Hockman, J. G., and J. A. Chapman. 1983. Comparative feeding habits of red foxes and gray
foxes in Maryland. Am. Mid. Nat. 110:276-285.
Hoffmeister, D. F., and C. O. Mohr. 1972. Fieldbook of Illinois mammals. Dover
Publications, New York, N.Y. 233pp.
Horn, H. S. 1966. Measurement of "overlap" in comparative ecological studies. Am. Nat.
100:419-424.
Hutcheson, K. 1970. A test for comparing diversities based on the Shannon formula. J .
Theoret. Biol. 29:151-154.
Johnson, D. H., and A. B. Sargeant. 1977. Impact of fed fox predation on the sex ratio of
prairie mallards. U.S. Fish and Wildl. Serv. Res. Rep. 6. 56pp.
Klimstra, W. D., and J. L. Roseberry. 1969. Additional observations on some southern
Illinois mammals. Trans. Illinois St. Acad. Sci. 62:413-417.
Major, J. T., and J. A. Sherburne. 1987. Interspecific relationships of coyotes, bobcats, and
red foxes in western Maine. J. Wildl. Manage. 51:606-616.
Moore, T. D., L. E. Spencer, and C. E. Dugnolle. 1974. Identification of the dorsal guard hairs
of some mammals of Wyoming. Wyo. Game and Fish Dep. Bull. 14. 177pp.
Priest. J. M. 1986. Some aspects of the ecology of the coyote: Dixon Springs Agricultural
Center, S. E. Illinois. Ph.D. Thesis, Southern Illinois Univ., Carbondale. 147pp.
Roest, A. I. 1986. A key-guide to mammal skulls and lower jaws. Mad River Press, Eureka,
Calif. 39pp.
Sargeant, A. B., and S. H. Allen. 1989. Observed interactions between coyotes and red foxes.
J. Mammal. 70:631-633.
Sargeant, A. B., S. H. Allen, and J. O. Hastings. 1987. Spatial relations between sympatric
coyotes and red foxes in North Dakota. J. Wildl. Manage. 51:285-293.
Scott, T. G. 1955. Dietary patterns of red and gray foxes. Ecology 36:366-367.
Stains, H. J. 1958. Field key to guard hairs of middle western furbearers. J. Wildl. Manage.
38:913-920.
Theberge, J. B., and C. H. R. Wedeles. 1989. Prey selection and habitat partitioning i n
sympatric coyote and red fox populations, southwest Yukon. Can. J. Zool. 67:1285-1290.
U. S. Department of Agriculture. 1974. Seeds of woody plants in the U. S. For. Serv., Agric.
Handb. 450. 883pp.
Voigt, D. R., and B. D. Earle. 1983. Avoidance of coyotes by red fox families. J. Wildl.
Manage. 47:852-857.
Wooding, J. B. 1984. Coyote food habits and the spatial relationship of coyotes and foxes i n
Mississippi and Alabama. MS Thesis, Miss. St. Univ., Mississippi State. 43pp.

144

Table 1.

Frequency of occurrence and diversity of dietary items in gastrointestinal and
scat samples from coyotes, red foxes, and gray foxes in southern Illinois,
winter 1988-89 and 1989-90.

Frequency of Occurrence (%)
Coyote
(n=44)
Animal
White-tailed deer
Eastern cottontail
Microtine rodent
Other small rodent
Pig
Other mammal
Bird
Insect
Fruit
Persimmon
Wild grape
Corn
Wild pear
Other fruit
Diversity Index

Red Fox
(n=55)

Gray Fox
(n=42)

93.2
20.5
47.7
36.4
11.4
9.1
4.6
29.5
4.5
38.6
36.4
0.0
2.3
2.3
0.0

94.5
14.5
41.8
9.1
7.3
0.0
3.6
32.7
5.5
41.8
36.4
0.0
5.5
0.0
1.8

90.5
14.3
40.5
9.5
9.5
0.0
2.4
19.0
4.8
54.8
42.9
9.5
2.4
9.5
4.8

2.03

1.91

2.11

