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Food habits and space use of gray foxes in
relation to sympatric coyotes and bobcats

Jennifer C.C. Neale and Benjamin N. Sacks

Abstract: To investigate interspecific relationships between gray foxéedyon cinereoargentedisnd sympatric coy

otes Canis latran$ and bobcatsLiynx rufug, we quantified occurrence of food items in carnivore scats and used rela
tive abundances of scats on transects to assess space use. Dietary-overlap indices between the two canid species were
high during summer and falik(= 0.89) when fruits were prevalent in scats of both species, and were lower during
winter and springX = 0.70) when fruits were less available. Foxes differed most from coyotes in their relatively less
frequent ungulate consumption. Fox—bobcat dietary-overlap indices were relatively low in summer ard=fall3({)

and greater in winter and spring € 0.74). Foxes differed most from bobcats in their more frequent consumption of
fruits and less frequent consumption of lagomorphs. Abundance of fox scats was positively correlated with abundance
of coyote scats during both winter—spring< 0.52,p = 0.02) and summer—fallr (= 0.75,p < 0.001) and with abun

dance of bobcat scats during winter—sprimg=(0.59, p < 0.01) and summer—fallr(= 0.22,p > 0.10). Thus, despite
similarities in diet, we found no evidence that gray foxes avoided these larger predators in space.

Résumé: Pour décrire les interactions interspécifiques entre les Renards argendéyqn cinereoargenteliet les

coyotes Canis latran$ et lynx (Lynx rufug sympatriques, nous avons quantifié la fréquence des aliments dans les fe

ces de ces carnivores et déterminé les abondances relatives des feces pour évaluer leur utilisation de I'espaee. Les indi
ces de chevauchement de niches alimentaires entre les deux canidés sont élevés durant I'été et a llastdh89 (

lorsque les fruits prédominent dans les feces des deux espéces et moins élevés en hiver et au pxirtedifd) (

lorsqu’il y a moins de fruits. Les renards different des coyotes par leur consommation relativement moins fréquente
d’'ongulés. Les indices de chevauchement alimentaire entre les renards et les lynx sont relativement faibles en été et a
'automne & = 0,37), mais plus élevés en hiver et au printemps-(0,74). Les renards différent des lynx surtout par

leur consommation plus fréquente de fruits et leur consommation moins fréquente de lagomorphes. L'abondance des
feéces de renard est en corrélation positive avec celle des féces de coyote, aussi bien durant la période hiver—printemps
(r =0,52,p = 0,02) que durant la période été—automne= (0,75,p < 0,001) et avec I'abondance des féeces de lynx au

cours de la période hiver—printemps= 0,59,p < 0,01) et au cours de I'été—automme=0,22,p > 0,10). Donc, en

dépit de la ressemblance des régimes alimentaires, rien n’indique que les Renards argentés évitent ces grands prédateurs.

[Traduit par la Rédaction]

Introduction Ecological relations between gray foxes and sympatric

) ) coyotes or bobcats have received little attention (Small 1971,
Gray foxes Urocyon cinereoargenteligo-occur with both  Rijey 1999; Fedriani et al. 2000). However, relations be

coyotes Canis latrang and bobcatslynx rufug over a large  yeen other fox species and coyotes have been well studied

part of their range in North America. Consequently, grayanq broadly characterized as agonistic, with coyotes domi

foxes might be expected to experience negative interactiongsnt over red foxesMulpes vulpesMajor and Sherburne

including exploitation competition and interference, with the 1987; Sargeant and Allen 1989), swift foxedu(pes velox

two larger predators, especially where dense populations Oijtchen et al. 1999), and kit foxes/(lpes macrotisRalls

cur in sympatry. The degree of overlap in food habits repre 5nq \white 1995). Relations between foxes and bobcats have

sents a major interspecific relation that strongly affects thggceived less attention, although one study that examined

potential for competition. diet and space use showed no evidence of competitien be
tween red foxes and bobcats (Major and Sherburne 1987).
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pared composition, breadth, and interspecific overlap of dietsulated for each predator during summer (July—September) 1994,
as well as distribution of scats as indicators of space use. fall (October—December) 1994, winter (January—March) 1995, spring
(April-June) 1995, and summer—fall 1995 (July—December-com
bined, owing to low numbers of fox scats). We also compared an
Materials and methods nual diets (i.e., based on averaged values for summer 1994, fall
1994, winter 1995, and spring 1995). For simplicity, food items
Study area constituting<2% of occurrences in every season and for all 3 pred

The study area was located at the 212kropland Research and ators were excluded from analyses. .
Extension Center (HREC; 39°00, 123°03W) in Mendocino We calculated measures of dietary bread® &nd food-niche
County, California. This site was located in the Coast Range mounoVverlap ¢) according to Pianka (1973):
tains in the Russian River drainage and had a primarily southweitl] B = 1
aspect; topography was hilly to semi-rugged, with elevations-rang 5 p2
ing from 150 to 915 m. Vegetation consisted of a mosaic of four :
principal types: chaparral (24%), mixed evergreen—deciduous for
est (16%), annual grassland (34%), and oak woodland (19%). /TZ] o = >(p xq)
detailed description of the vegetation was given in Murphy and 2 2
Heady (1983). The climate was characterized by cool wet winters V2 PP x 2
and warm dry summers. Potential prey included 2 lagomorph . . o .
species, 13odent species, black-tailed de€docoileus hemionus \év:sr_ei%i Itiéher(?rgﬂ?c:goor} gofé)(i)tgrlifei}gntgl t(;]iztdc;fet ?equ%dat\?vg
cp!umbiang);, and various birds, reptilt_as, and invertebrat_es._ln ad 'den?ified 14pdiffperent foods consumed by the 3ppredatg.rs there
tdr:telogitteo wild prey, 900-2500 domestic sheep were maintained a#ore seasonal dietary breadths potentially ranged from 1 (only 1

’ food item taken) to 14 (all food items taken, in equal proportions).
. The index of dietary overlap ranged from 0 (complete dissimilar
Scat collection ) ity) to 1 (complete similarity). Dietary-overlap indices should be

Scats of foxes, coyotes, and bobcats were collected biweeklpased on resource categories at least as fine as those perceived by
from 21 transects (0.5 km in length) established throughout theonsumers (Krebs 1989), therefore we categorized prey to the spe
study area, and opportunistically when found fresh. Transects wergjes |evel whenever possible (Greene and Jaksic 1983).
established along dirt road_s because _carnivores frequently used Nevertheless, it is also important to identify groups of prey that
these for travel and defecation. Our de“berat_e use of roads n:leaMay be selected similarly by sympatric carnivores. Neale and Sacks
that transect placement was not random with respect to microg2001) found that coyotes and bobcats at this site selected similarly
habitat. However, transects, which were selected to cover the Stu(ymong rodent species but differently among higher taxonomic
area uniformly, also covered a representative variety of vegetatiogroupings. To investigate whether similarity in prey groups existed
types. On each transect, five points separated by 100 m were clagetween foxes and coyotes and between foxes and bobcats, we
sified as to their adjacent vegetation as follows: 29, 22, 39, 11, angotted relative frequencies of occurrence of prey species in fox
4 points in chaparral, woodland, grassland, forest, and other, rescats versus those in scats of coyotes and of bobcats. Regressions
spectively, Whlch did not differ significantly from the composition \yere used to quantify relative use of rodent specig®) @nd
of these vegetation types on the HREg = 4.96,p = 0.29). rodents as a group relative to other prey (slope).

Scats were assigned to predator species primarily on the basis of
size (Murie 1954; Danner and Dodd 1982) as well as tracks, odor.
and other sign. Fox and coyote scats were similarly shaped an
overlapped somewhat in size (Danner and Dodd 1982). Approxi,
mately 10% of carnivore scats were of ambiguous origin and were, o
discarded. Inspection of scats collected from known individuals;,
from traps or during radio-tracking sessions helped to confirm
classification.

patial overlap
For spatial analyses, only scats collected on transects {79,
5, and 121 scats of fox, coyote, and bobcat, respectively) were
ed. We examined correlations between numbers of scats (log-
ansformed; Zar 1984) of foxes and both coyotes and bobcats to
investigate interspecific spatial overlap during wet (winter—spring)
and dry (summer—fall) periods. We assumed that relative abundance
of scats corresponded to relative use of space and that avoidance of
Food habits coyotes and bobcats by foxes would be indicated by negative correla

All scats of gray foxesrn( = 205) and bobcatsn(= 226) and a tionsbetween numbers of their scats. We used a standard multiple-
random sample of coyote scats £ 537 of 1095 collected) were regression analysis to test for effects of bobcat- and coyote-scat
analyzed for prey remains. Scats were oven-dried, placed in nyloabundance on fox-scat abundance. The significance of each explana
bags, and washed in an automatic clothes washer to remove-the fery variable (i.e., numbers of bobcat and coyote scats) was based
cal matrix, then tumble-dried (Neale 1996). Hair, teeth, and bonen theT statistic of the multiple regression. If numbers of bobcat and
were identified using reference material from the study area, keys;oyote scats were intercorrelated, the magnitude ofTtiseatistics
and photomicrographs (e.g., Mayer 1952; Glass 1973; Moore et aland associategh values) would be underestimated (Tabachnick
1974). Grass, found in scats of all 3 predators, was assumed to tand Fidell 1989). Therefore, we also report Pearson’s product moment
used as an aid to digestion (Makar 1980) or as a purgative focorrelation coefficientsry.
accumulations of tapeworms in the digestive tract (Toweill and
Anthony 1984) and was excluded from analyses. Results

Ideally, food-habits analyses are based on estimation of actual
biomass consumed (Kelly and Garton 1997; Neale and Sacks 2oopood habits

and (or) energy gain. Because correction factors were not available Most prey were present in the diets of all 3 carnivores, but

for foxes, we used frequency of occurrence of food items in scat?h lative f . f food it differed
to make comparisons of relative consumption of prey over time '€ '€laliveé frequencies of tood Items dilfereéd among-sea

and among consumers. Because the larger scats of coyotes apdNS and among predators (Table 1). Fruit occurred at a
bobcats contained more items, on average, than fox scats, we calgh frequency in canid (especially fox) scats relative to its
culated and compared the relative frequency of occurrence. Thfequency in bobcat scats during summer and fall in both
relative frequency of occurrence of each food type in scats was calyears. Almost all fruits consumed by foxes and coyotes were
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Table 2. Seasonal dietary niche breadth (possible range 1-14) and overlap (possible range
0-1) of gray foxes, coyotes, and bobcats.

Niche breadth Niche overlap

Fox Coyote Bobcat Fox—coyote Fox—bobcat
Summer 1994 3.60 6.80 9.25 0.91 0.37
Fall 1994 241 4.38 8.98 0.93 0.24
Winter 1995 9.49 8.10 8.97 0.70 0.67
Spring 1995 7.94 9.22 7.59 0.70 0.80
Summer—fall 1995 3.62 7.81 9.51 0.86 0.43

manzanita Arctostaphylosspp.) berries. Rodents were pres Fig. 1. Annual relative frequency of occurrence (FO; percentage
ent in diets of all 3 predators but were highest year-round irof total occurrences) of foods in scats of gray foxes versus those
bobcat scats and spring fox scats (Table 1). Lagomorphsf coyotes (A) and bobcats (B). Each open circle represents a
were generally more prevalent in seasonal diets of the twadlifferent rodent (squirrel, wood rat, pocket gopher, kangaroo rat,
larger predators (especially bobcats) than foxes. Coyotes corhipmunk, vole, or mice). Likewise, the threés represent bird,
sumed ungulate prey with much greater frequency than dithsect, and reptile prey, and the two solid circles represent deer
either bobcats or foxes. During summer and fall, when foxand sheep. Regression lines and statistics refer to rodent species.
scats were largely composed of manzanita berries, dietary

breadth was narrower for gray foxes than for coyotes and (A) @Ungulate  Alagomorph ORodent

bobcats (Table 2). During winter and spring, dietary breadths A Fruit X Other
were similar among the 3 carnivores.

Fox—coyote dietary overlap was generally high and was 35
greatest, and fox—bobcat overlap least, during seasons when A
the majority of scats of both canids contained fruits (summer @ 30
and fall; Table 2). Overlap of fox and bobcat diets was great- %
est during winter and spring, when both predators consumed 2 25 4
rodents at high frequencies. Figure 1A demonstrates the shared ke 20 -
high frequency of fruits in annual diets of gray foxes and £
coyotes, the relatively greater frequency of deer and sheep in O 45 |
the coyotes’ diet, and the similarity in frequency of rodent % _
species, lagomorphs, and other food items. In contrast, Fig. 1B 2 10 - O y = 1.16x
demonstrates that selection of ungulates and rodents was % R?=0.58
similar for bobcats and foxes, lagomorphs occurred more = 54 A o0
frequently in the annual diet of bobcats relative to foxes, and
fruits were very rare in the annual diet of bobcats. Rodent 0 O— ‘ ‘ ‘ ‘ ‘ ‘
species were selected in a similar fashion by bobcats and 0 5 10 15 20 25 30 35
foxes, as indicated by the close fit of points about the rodent ) )
regression line, but as a group were relatively more frequent relative FO in coyote scats
in bobcat scats, as indicated by the slope of the regression
line (Fig. 1B).

(B) ® Ungulate  AlLagomorph ORodent

Spatial overlap A Fruit X Other

During winter—spring, the multiple regression of fox scats
on coyote and bobcat scats was significafp (g = 6.19, 35 -
R? = 0.41,p = 0.009). The slopes were nonsignificant for A
both coyote scatsT(= 1.40,p = 0.18) and bobcat scat¥ € @ 30 1
2.02,p = 0.06) because of intercorrelation (coyote scats vs. 8
bobcat scats, = 0.52,p = 0.02). Univariate regressions were 2 25 1
significant for both predictors (Figs. 2A, 2B). During sum Rel 20 |
mer—fall, the multiple regression of fox scats on coyote scats £
and bobcat scats was also significaﬁtfzygg] = 11.25R? = 8 15 4
0.56,p = 0.001). The slope was significant for coyote scats °
(T = 4.53,p < 0.001) but not bobcats scat € 0.00,p = 2 10 A
1.00). Similarly, the univariate regression was significant for g XX y = 0.60x
coyote scats but not for bobcat scats (Figs. 2C, 2D). = 51 o A R2=096

H H 0 O T T T T T T 1
Discussion

0 5 10 15 20 25 30 35

Food habits

Use of fruits by foxes during summer and fall constituted relative FO in bobcat scats

© 2001 NRC Canada
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Fig. 2. Abundance of fox scats versus coyote scats (A and C) and bobcat scats (B and D) on 21 transects during winter—spring and
summer—fall periods.

Winter-spring

Winter-spring
*7(A)

Ln(number of gray fox scats +1)
Ln(number of gray fox scats +1)

r=10.59
p <0.01
0 1 2 3 4 5 0 1 2 3 4 5
Ln(number of coyote scats + 1) Ln(number of bobcat scats + 1)

Summer-fall Summer-fall

*7(c)

Ln(number of gray fox scats +1)
N
|

Ln(number of gray fox scats +1)

0 1 2 3 4 5 0 1 2 3 4 5

Ln(number of coyote scats + 1) Ln(number of bobcat scats + 1)

a major commonality with coyotes and a major differencesummer and fall, when manzanita berries were consumed
from bobcats, resulting in relatively high fox—coyote and most frequently by canids, suggests that foxes specialized on
low fox—bobcat dietary-overlap indices during these seasonshis fruit when it was abundant.
Fruits have been reported to be heavily utilized seasonally by The primary difference between the diets of coyotes and
gray foxes (Small 1971; Novaro et al. 1995) and coyotegoxes in this study was in the use of ungulate prey, which
(Andelt et al. 1987) in other regions. During winter and likely reflected differences in body size of the predators.
spring in this study, when fruits were largely unavailable,Coyotes were known to both kill and scavenge ungulates in
fox—coyote and fox—bobcat dietary-overlap indices werethe study area (Neale et al. 1998; Sacks et al. 1999). As with
similar. coyotes, the frequency of ungulate consumption by the much
The apparent importance of fruit consumption in iater smaller foxes peaked in winter—spring, suggesting scaveng
specific food relations raises the issue of the limitations ofing on coyote kills or possibly predation on lambs.
measures of occurrence for food-habits analyses. Becauseln addition to differences in fruit consumption between
fruit consumption tends to increase scat production, the higlfoxes and bobcats, lagomorphs were prevalent in bobcat scats
frequency of manzanita berries in summer and fall scatand much rarer in fox scats. The main similarity in diets of
of canids reduced thapparentconsumption of other prey. bobcats and foxes was in their consumption of rodents- Dur
However, manzanita berries, which were found in 34% ofing winter and spring, when fruits were less available, foxes
coyote scats (21% of occurrences), were estimated to hav@nsumed rodents at high frequencies similar to bobcats, and
contributed <4% of the biomass consumed by this carnivorghe fox—bobcat dietary-overlap index peaked during spring,
(Neale and Sacks 2001). The amount of fruit consumed byoincident with a peak in occurrence of rodents in fox scats.
the smaller gray fox may represent a more substantial energetiurther, the relative occurencesnongrodent species were
contribution to its diet. Indeed, the considerably narrowersimilar between the two predators, suggesting that they se
dietary breadth for foxes than for coyotes (and bobcats) inected similarly among rodent species.

© 2001 NRC Canada
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Spatial overlap larities in diet between gray foxes and both coyotes and bob
Analyses of spatial overlap based on locations of predatogats, space use by foxes did not suggest avoidance of either
scats did not support the hypotheses that gray foxes avoidddrger predator.
coyotes and bobcats. In fact, correlations were positive. The Likewise, radiotelemetry studies of kit foxes and swift
high correlation coefficientr(= 0.75) during summer—fall foxes co-occurring with coyotes failed to reveal avoidance of
between abundances of fox and coyote scats probably-incogoyotes by foxes even though coyotes were responsible for
porated a bias due to increased production by canids of scaé and 48% of kit fox and swift fox mortalities, respectively
containing manzanita berries on high-elevation transects thdwhite et al. 1994; Kitchen et al. 1999). One explanation for
contained most of these fruiting bushes. Nevertheless, durindpe apparent lack of avoidance in space is that these smaller
winter—spring, when fruits generally were not available, thefoxes maintain numerous dens to facilitate escape from coy
abundance of scats on transects remained positively -corr@tes, which may result in finer scale avoidance than that ex
lated among all 3 carnivores (pairwise= 0.52—0.59). hibited by red foxes (White et al. 1994; Kitchen et al. 1999).
Because our scat sampling was restricted to roads, it i§he tree-climbing ability of gray foxes has been proposed as
conceivable that the results were biased. For example, roadssimilar means of fine-scale avoidance of coyotes (Cypher
could have been selected as travel ways similarly by all 3993). However, much of our study area frequented by gray
carnivores, even if these predators partitioned habitat usel@xes had heavy shrub cover and no trees were available.
for other purposes. Nevertheless, our study site was large Our failure to find evidence of spatial separation between
enough to encompass 10-20 gray fox home ranges, so thatfgxes and bobgats and especially between foxes and cqyotes
foxes established home ranges in such a way as to avoRMggests that if foxes avoided larger carnivores, they did so
larger carnivores, we should have detected a negative reld time (although there was no apparent difference in-con
tionship between numbers of fox scats and numbers of bosumption of nocturnal versus diurnal prey) or at scales finer
cat and (or) coyote scats, regardless of microhabitat selectioflan we examined. Because we did not monitor foxes di
Thus, at the landscape scale, foxes’ space use was apparerigtly, we did not know the density of foxes nor the extent, if

more influenced by the distribution of resources than by theany, of coyote-caused injury or mortality of gray foxes- Al
distribution of larger carnivores. ternatively, sympatric gray foxes, coyotes, and bobcats may

have exhibited interspecific tolerance, possibly related to abun-
dantresource conditions (Neale and Sacks 2001) as has been
svmpatric covotes and bobcats observed between red foxes_ and coyotes (Gese et al. 1996).
ymp oy . . Coyotes were able to exploit larger prey than were foxes,
Interspecific relations among sympatric gray foxes andy,gesting that competition might also be more intense where
larger predators such as coyotes and bobcats have receivggyates are not available. Future investigations using radio-
very little study and are poorly understood. In previous fieldya|emetry, focal observations, and a range of environmental

o _9'%pnditions would clarify relations between gray foxes and
foxes was unclear but there was no indication of competitior), y gray

. tri dators.
between bobcats and gray foxes or avoidance of bobcats b)ympa fic precators
gray foxes (Small 1971; Fedriani et al. 2000). However,-neg
ative interactions between coyotes and gray foxes were sufACknowledgements

gested. Evidence included differential use of habitat types by \yg thank M.M. Jaeger for coordinating funding and legis
gray foxes and coyotes, indicating the possibility of avoid {jc 5rrangements for this research and providing valuable in
ance (Small 1971), and significant coyote-caused gray fox,t throughout the study. K.M. Blejwas, J.P. Dayton, J.A.
mortality and possible spatial avoidance of coyotes by grayyeisler, T.J. Weller, S. Ardley, J. Theade, E. Voight, M.E.
foxes (Fedriani et al. 2000). In both cases, high dietary-overJaegen D.R. McCullough, K. Finn, and C. Wu assisted in
lap petween gray foxes and coyotes was reported. various ways, and comments on the manuscript made by an
High overlap in food use between carnivores has frequentlynonymous reviewer were helpful. We thank HREC person
been associated with competition. In the present study, foxnel for their cooperation and for the use of HREC facilities.
coyote dietary overlap was high year-round and fox—-bobcagynding and equipment were provided largely by the USDA
overlap was high during winter and spring (the observed lowNational Wildlife Research Center through cooperative agree
summer and fall fox-bobcat dietary-overlap indices may havenents with the University of California at Berkeley (No. 12-
been artifacts of using frequency of occurrence data, ag4.74-0235-CA) and the Division of Agriculture and Natural
explained above). Our imstigation occurred during flush, Resources of the University of California (No. 12-34-74-
postdrought conditions in highly suitable habitat, and popup224-cA). Additional support was provided by the Graduate
lations of coyotes and bobcats were dense. (Although thetudent Fund in the Department of Environmental Science,

number of coyote scats collected was much greater than fgsolicy, and Management, the A. Starker Leopold endowed
foxes or bobcats, this probably indicated behavioral differenceghair, and a University Graduate Fellowship (J.N.) at the

related to the use of roads and trails rather than predatqQynjversity of California at Berkeley.
density, given that coyotes and bobcats occurred at similar

(high) densities on the study area, based on mark—resigIﬁﬁﬂ_}ﬂ_mces

methods (Neale 1996).) We hypothesized that high dietary

overlap would indicate the potential for interspecific food Andelt, W.F., Kie, J.G., Knowlton, F.F., and Cardwell, D. 1987.
competition, which might be mitigated via avoidance of bob  Variation in coyote diets associated with season and successional
cats and especially coyotes by foxes. However, despite simi changes in vegetation. J. Wildl. Managfl: 273-277.

Interspecific relations between gray foxes and
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