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AsstracT.—Diets of coyotes (Canis latrans) and abundance of mammalian prey were estimated
during 8 winters (1979-1986) in southern Texas. Lagomorphs (Sylvilagus audubonii and Lepus
californicus) composed the greatest percentages of coyote diets (40-54%) in 6 of 8 winters; woodrats
(Neotoma micropus) were staple prey; proportions of cotton rats (Sigmodon hispidus) in diets
varied markedly in association with population irruptions; and small rodents and white-tailed
deer (Odocoileus virginianus) were minor dietary components. The proportion of other minor
prey items in coyote diets varied inversely with abundance of the five principal prey types.
Although coyotes exhibited a general functional response to changes in abundance of prey types
in the diverse prey community, evidence for selective feeding on cotton rats was revealed by

regression analyses.

Coyotes (Canis latrans) are facultative predators that feed on a diversity of mammalian prey
and other foods (Fichter et al., 1955; Gier, 1968; Johnson and Hansen, 1979; Korschgen, 1957;
Meinzer et al., 1975; Niebauer and Rongstad, 1977; Sperry, 1941). A functional response by
coyotes to cyclic fluctuation of snowshoe hares (Lepus americanus—Keith et al., 1977) and black-
tailed jackrabbits (L. californicus—Hoffman, 1979) was reported in regions where those lago-
morphs were dominant prey. However, predation by coyotes in a diverse prey commuanity has
not been evaluated in relation to fluctuations in abundance of prey.

In southern Texas, the coyote food base is broad and abundant, and coyotes attain high densities
(Andelt, 1985; Bean, 1981; Knowlton, 1972; Knowlton et al., 1986). Based on dietary studies in
the region, coyotes ate primarily mammalian prey in winter, and fed mainly on a variety of
fruit, insects, and white-tailed deer (Odocoileus virginianus) fawns available during the warm
season (Andelt, 1985; Andelt et al., 1987; Brown, 1977; Knowlton, 1964). Similar dietary shifts
by coyotes from mammalian prey to seasonally available fruit and insects was reported for other
regions (Harrison and Harrison, 1984; Horn, 1941; Litvaitis and Shaw, 1980; Meinzer et al.,
1975; Nellis and Keith, 1976; Toweill and Anthony, 1988). Although Bowen (1981) concluded
that coyotes formed larger social groups to use large prey in Jasper National Park, Alberta,
Andelt (1985) reported fewer large prey (deer) in coyote diets and no similar relationship with
group size in southern Texas.

We measured coyote diets and relative abundance of mammalian prey during 8 consecutive
winters from 1979 to 1986 in southern Texas. The objective was to relate changes in feeding
patterns of coyotes to fluctuations in prey abundance during the season when food was assumed

to have been most restricted.

METHODS

The study area of approximately 700 km? was located 540 km NE Laredo, Webb Co., Texas. Habitats
and land use are typical of the South Texas Plains vegetational area (Gould, 1975; Windberg et al., 1985).

Four systematically spaced 24-km routes along unimproved ranch roads were used for sampling both
coyote diets and prey abundance. We collected all coyote feces observed while driving the routes at 2-3-
week intervals from earlv January to late March. Based on physical appearance or associated tracks, feces
of other carnivores (<5%) were excluded from the samples.
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Prey remains in dried feces were separated manually and identified by comparison with reference spec-
imens. The volume of individual prey items was estimated visually to the nearest 5% of each fecal specimen.
Minor food items were excluded from estimates of diet using the methods of Andelt (1985), Bowen (1981),
and Knowlton (1964), in which the major item (>40% volume) of each fecal specimen was tallied as the
sample unit. Estimates of diets are reported as percent distribution of the following prey categories: lagomorph,
southern plains woodrat (Neotoma micropus), hispid cotton rat (Sigmodon hispidus), small rodents, white-
tailed deer, and other prey. Rodents were separated into three categories for dietary analysis because they
represented different values in terms of predatory effort and food intake: the relatively large woodrats
typically inhabit areas of dense woody vegetation hence are probably more difficult to capture than other
rodents (Gier, 1968); medium-size cotton rats exhibited erratic population irruptions; and all other rodents,
collectively, were abundant but their relatively small size necessitated capture of substantially greater numbers
to satisfy dietary requirements of coyotes.

Lagomorph abundance was estimated by flushing-transects (Gross et al., 1974). Forty permanently marked
1.6-km transects (in square configurations, 0.4 km per side) were spaced 28 km apart. Censuses were along
transects between 2 h after sunrise and 2 h before sunset during January-February. Estimates of density for
desert cottontails (Sylvilagus audubonii) and black-tailed jackrabbits were computed separately by use of
program TRANSECT (Burnham et al., 1980).

We suspect that the reliability of density estimates for lagomorphs was inconsistent among years because
variation in flushing behavior (Gross et al., 1974) and visibility (Wywialowski and Stoddart, 1988) likely
resulted from annual differences in the quantity of vegetative cover. Estimates of relative abundance of
lagomorphs from visitations at scent stations for coyotes (Roughton and Sweeny, 1982) in the preceding fall
(September) and following spring (May) were incorporated with flushing-transect data to reduce the assumed
distortions in those estimates. There were 32 scent-station transects in 1979 and 72 per year during 1980-
1986. The computation of indices of lagomorph abundance followed methods of Roughton and Sweeny
(1982) and incorporated an adjustment for inoperable scent stations (Caughley, 1977). Annual estimates of
lagomorph abundance in winter were weighted equally between flushing-transect and scent-station estimators.
The estimate for 1979 was extrapolated from scent-station data because flushing-transects were not initiated
until 1980.

Relative abundance of rodents was estimated from capture rates in kill-trap censuses conducted in January—
February. Twenty-five permanent trap transects were spaced 1 km apart along each of the four routes used
for sampling coyote diets. There were 10 M-4 Victor rat traps (Woodstream Corporation, Lititz, PA; iden-
tification of commercial products and companies does not constitute endorsement by the U.S. Government)
with expanded treadles (5 by 5 cm) baited with a peanut butter-rolled oats mixture, spaced 10 m apart, per
transect. The transects were operated for 4 consecutive nights and effective trap nights ranged from 2,782
to 3,309/year. Indices of relative abundance of rodents were derived from total captures per unit of trap
effort and incorporated a correction for occupied and inoperable traps (Caughley, 1977).

Estimates of abundance for white-tailed deer were from aerial censuses for Webb Co. conducted in
September-October by Texas Parks and Wildlife Department (H. G. Gore and W. F. Harwell, 1983, in litt,;
H. G. Gore and |. M. Reagan, 1986, in litt.). We considered estimates of density in fall representative of
relative abundance of deer on the study area during the subsequent winter. Percent survival of adult deer
was estimated annually (fall-to-fall) by dividing population density at the beginning of the year into density
of adults at end of the year; percent mortality was derived as 100% minus percent survival. Body condition
of deer was estimated each winter by composite mean weights (n = 35-334/year) of eviscerated mature
males (5.5-7.5 years) and females (2.5-7.5 years) harvested during the preceding November-December on
the southern portion of the study area (F. D. Matthews, 111, pers. comm.).

Chi-square contingency tables were used to compare distribution of prey in coyote diets among sample
periods, years, and prey types. The annual proportion of cottontails and jackrabbits also was compared by
chi-square tests. The relationships between percent prey in coyote diets and estimates of prey abundance,
and deer in coyote diets and deer weights were analyzed by linear correlation.

Optimal models were selected for regression of each prey type in coyote diets on abundance of the five
principal prey types. Because some estimates of prey abundance were in different units of measurement,
all received the standard normal transformation for regression analyses. Percentages of prey in diets (de-
pendent variables) did not require transformation. Predictive models for multiple linear regression were
identified by use of forward selection, backward elimination, and maximum R? procedures. The optimal
model for each dependent variable was determined by Mallows’ criterion C, (Draper and Smith, 1981) and
Akaike’s information criterion (Akaike, 1969). The proportionate contribution of independent variables in
the models to R? was calculated by systematically removing eacl from the equation and dividing its extra
sum of squares by the regression sum of squares. Statistical significance was accepted at £ < 0.05.
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TaBLE 1.—Percent prey in coyote diets among three randomly selected subsamples of 50 fecal specimens
from two samples of 150 specimens, Webb Co., Texas, January-February, 1981.

Sample group n Lagomorph Woodrat Cotton rat Small rodents Deer Other prey
A 150 62 10 1 5 8 15
50 66 9 2 3 10 11
50 62 7 8 5 17
50 59 13 3 9 16
B 150 50 21 2 11 3 13
S0 33 21 3 11 1 10
50 52 16 3 12 4 18
50 47 25 ‘ 10 3 15

RESULTS AND DISCUSSION

Validation of estimates of diets.—Based on feeding trials with captive canids, fecal remains
of small prey items were less detectable (usually underestimated) than larger prey (Floyd et al.,
1978; Weaver and Hoffman, 1979). Our estimates of coyote diets were derived from the major
prey item in each fecal specimen (78% of 2,335 specimens had only one item). We believe that
exclusion of minor food items provided estimates that reflected the principal prey for each meal.

The number of fecal specimens collected ranged from 276 to 1,851/winter. Instead of ex-
amining all specimens, we selected a representative sample for each year. Preliminary analysis
of 150 feces collected during each of two sample periods in January-February 1981 was conducted
to establish a minimum sample size for estimating diets of coyotes. We first compared the
percentages of prey types in the diet for cumulative subsamples, in increments of 10, from 10
to 150 fecal specimens. Because percentages of prey generally were similar with subsamples of
230 specimens, we hypothesized that minimum samples of 50 feces should provide adequate
estimates of coyote diet. We validated that assumption by comparing the percent of prey types
in three randomly selected subsamples of 50 fecal specimens from each of the two samples of
150 specimens (Table 1) and found similar distributions (x? = 12.7, d.f. = 15, P = 0.63; x* =
8.3, d.f. = 15, P = 0.91). Based on the validation, each winter sample comprised six subsamples
of 50 feces collected at approximate 2-week intervals during the first 4 years of study. During
the latter 4 years, sampling intensity was reduced to four comparable subsamples of 75 feces
collected at approximate 3-week intervals. Equal numbers of fecal specimens were randomly
drawn from the total number collected from each of the four routes during each subsample
interval. Because fewer than the prescribed number of feces were available for three subsamples,
annual samples ranged from 276 to 300.

Prey types.—Six prey categories were used for analysis of coyote feeding response (Fig. 1).
Although there were differences in size, habitat use, and abundance of the two species of
lagomorphs, we combined desert cottontails and black-tailed jackrabbits into one category because
their remains often were difficult to distinguish in coyote feces. During 1980-1986, the lagomorph
population averaged 83% cottontails and 17% jackrabbits with similar (x2 = 7.7, d.f. =6, P =
0.26) annual proportions of the two species. During the study, a four-fold fluctuation (CV =
44%) in relative numbers of lagomorphs was observed with greater abundance during the first
5 years followed by relatively low abundance during the last 3 years (Fig. 1).

The largest rodents were woodrats (X = 265 g, n = 510) and cotton rats (X = 87 g, n = 465).
Woodrats typically inhabit dense brushy cover with densities of 15-30/ha reported in optimum
habitat in southern Texas (Raun, 1966). Woodrat abundance fluctuated five-fold (CV = 49%)
during the study (Fig. 1). Cotton rat abundance fluctuated dramatically and rapidly (CV =
189%) with irruptions of 46-fold from 1981 to 1982 and 13-fold from 1985 to 1986.

Other species of rodents were relatively small and were combined as a prey category because,
individually, they rarely composed a large volume in feces. Based on 4,409 captures during the
8-year study, composition of the small-rodent category included: Peromyscus sp. (X = 25 g)—
68.4%; Onychomys leucogaster (X = 38 g)—18.1%; Reithrodontomys fulvescens (X = 12 g)—
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Fic. 1.—Percent distribution of six prey types in coyote diets (above line) and indices of prey abundance
(below line) during 8 winters, Webb Co., Texas, 1979-1986. Lagomorph abundance is number/km?; rodent
abundance is captures/1,000 trap nights; deer abundance is number/10 km?

6.5%; Dipodomys ordii (X = 48 g)—4.8%; and Chaetodipus sp. (X = 32 g)—2.7%. Abundance
of small rodents varied three-fold (CV = 39%) during the study (Fig. 1).

We considered the indices of abundance for all rodents comparable based on the assumption
that capture rates were similar. Kaufman et al. (1978) removed rodents from 12 grids (165 by
165 m) for 10 successive days in California and Nevada and reported similar percentages of
captures (56-61%) after 4 days for four of the same genera (Peromyscus, Chaetodipus, Dipod-
omys, Neotoma) that we sampled.

Abundance of white-tailed deer was relatively stable (CV = 16%) except for 2 years (1981
and 1985) when the population declined following periods of below-average rainfall (Fig. 1).
During the 8-year study, the other-prey category in coyote diets comprised: insects (predomi-
nantly Coleoptera)—24%; collared peccary (Dicotyles tajacu)—21%; unidentified large mam-
mals (presumably flesh of deer, peccary, cattle, other carnivores)—21%; cattle—20%; vegeta-
tion—9%; unidentified birds—4%; and miscellaneous items—2%. We did not measure abundance
of these components of coyote diets but assumed that it was relatively stable.

Dietary patterns.—We analyzed percent distribution of the six prey types among the sub-
samples for each winter sample. There was a numerical trend toward more deer in diets in early
winter subsamples in 6 of 8 years. We believe that trend resulted from coyotes feeding on deer
carrion available after the annual hunting season (November-December). Comparison of the
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distribution of prey in diets of coyotes between the first (early) and second (late) halves of each
winter sample indicated significant differences (x2 = 16.0, d.f. = 5, P < 0.01) in 6 of 8 years.
The differences were associated with more (x2 = 4.9, d.f. = 1, P = 0.03) deer in diets during
early winter in 1979, 1981, and 1986 and greater proportions of the other-prey category during
late winter in 1983 and 1984. The latter was attributed primarily to greater consumption of
insects when they became available with warmer temperatures in late winter. Comparison of
dictary distributions between early and late winler for all years combined indicated no significant
differences for the three principal prey types (lagomorphs, woodrats, cotton rats) that averaged
70% of the overall diet. From the overall comparison we also showed a greater proportion of
small rodents (x* = 6.8, d.f. = 1, P < 0.01) and othér prey (x* = 4.2, d.f. = 1, P = 0.04) in
diets during late winter. Although these variations in diets occurred during the 8-year study, we
combined all data for estimation of overall diet each winter for subsequent analyses. We believe
that pooling data for estimates of winter diets was justified because the observed differences
involved deer, small rodents, and other prey, which, collectively, represented only 30% of the
overall diet and which were consistent annually.

During the 8-year period, diets of coyotes in winter averaged 95% mammalian prey. At least
two prey types composed >15% of the diets each winter (Fig. 1). The principal prey type
(lagomorph in 6 years and cotton rat in 2 years) composed 32-54% of the diets. The second most
common prey type composed 16-35% of diets each winter and was woodrat in 3 years and four
different prey types in the other 5 years. Each year, a third item composed 9-20% of diets and
included all prey types except lagomorph.

The representation of two or three different prey types as major components of coyote diets
each winter reflects the diverse prey base of the area. Nevertheless, lagomorphs were dominant
prey in the diets (Fig. 1). Overall, woodrats were a staple prey composing 8-21% of the diets
during 7 of 8 years. Dietary portions of cotton rats varied markedly (Fig. 1). They composed
the greatest percentage (32% and 40%) of diets in 2 years but composed <5% of diets in 4 years.
Occurrence of small rodents and deer in coyote diets ranged from 4% to 12% except for 19%
deer during drought conditions in winter 1980. The main components of the other-prey category
were insects, peccary, unidentified mammal, and cattle, which composed 3.0%, 2.7%, 2.7%, and
2.5%, respectively, of the diet for the 8 years combined. The proportion of insects in diets during
winter differed significantly among years (x? = 374, d.f. = 7, P < 0.01) with above-average
percentages in 1983 (4%), 1984 (6%), and 1986 (7%). The proportion of peccary and cattle in
diets did not differ significantly (x2 = 11.2, d.f. =7, P = 0.14; x> = 74, d.f. = 7, P = 0.40)
among years.

Feeding response.—In evaluating feeding response of coyotes, we assumed that our estimates
of diets were representative of coyotes on the study area and uninfluenced by variation in the
age or social structure of the population. Inherent biases in estimates, including underestimation
of small prey items (Floyd et al., 1978, Weaver and Hoffman, 1979), were assumed to have been
similar among years, therefore, should not affect comparison of annual variation in coyote diets.
Our census procedures for indices of prey abundance were standardized to assure comparable
estimates among years. We employed a transformation (standard normal deviate) that eliminated
the scale bias in estimates of prey abundance (Fig. 1) for multiple-regression analyses. Therefore,
relationships between changes in coyote diets and fluctuations in prey abundances should be
unaffected by biases in the estimators because they were assumed to be consistent among years.

Percentages of cotton rats in coyote diets fluctuated with their abundance (r = 0.87, t = 4.3,
d.f. = 6, P < 0.01). There were positive correlations between dietary percentages of lagomorphs
(r = 0.47), woodrats (r = 0.26), small rodents (r = 0.47), and deer (r = 0.49) with their respective
abundance indices but the relationships were weak (P = 0.25). Totals for indices of abundance
for the five principal prey types combined varied nearly three-fold during the 8 years of study
and were correlated inversely (r = ~0.92, ¢t = 6.6, d.f. = 6, P < 0.01) with the percentage of
other prey in diets of coyotes. Stenseth and Hansson (1979) developed a model for optimal
selection of food and predicted that animals broaden their food niche during food scarcity.
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TasLE 2.—Optimal models for regression of prey in coyote diets on abundance of prey types, Webb
Co., Texas, 1979-1986.

Prey in diet Regression Contribution
Prey abundance cocllicients to R* R? P

Lagomorph 0.87 9.0 0.03
Intercept 42.63
Lagomorph 5.19 © 027
Cotton rat —6.89 0.62
Woodrat 2.79 0.09

Woodrat - 0.92 15.0 0.01
Intercept 13.75 .
Woodrat 2.69 0.21
Cotton rat —2.63 0.19
Small rodents —4.38 0.52

Cotton rat 0.91 155 0.01
Intercept 13.75
Cotton rat 13.84 0.78
Lagomorph —6.02 0.13
Small rodents 5.35 0.12

Small rodents 0.75 7.6 0.03
Intercept 8.25
Small rodents 2.45 0.71
Lagomorph ~2.45 0.71

Deer 0.83 6.7 0.05
Intercept 9.13
Lagomorph 4.86 0.73
Woodrat -3.70 0.49
Cotton rat —-3.23 0.44

. anm‘bution to R® was the quantity by which R* was reduced by removal of each independent variable {(prey abundance) from the regression
equation.

MacCracken and Hansen (1987) reported a negative correlation between diet diversity of coyotes
and the abundance of black-tailed jackrabbits in Idaho. Similarly, Erlinge (1981) found that
breadth of the food niche of stoats (Mustela erminea) was correlated inversely with density of
their primary prey (voles).

The weak correlations between the proportion of prey in diets and their relative abundance
for most individual prey types leads us to suggest that prey choice of coyotes involved differential
responses to fluctuations among the diverse prey base. We assessed the influence of changes in
abundance of the five principal prey types on dietary contributions of each prey by use of optimal
models for multiple linear regression (Table 2). We assumed that the abundance of each prey
type was a direct influence on its own dietary occurrence. If abundance of alternative prey types
affected consumption of individual prey, we assumed that influence would be represented by a
negative coefficient in the regression equation. We judged the relative contribution of independent
variables (abundance of prey types) in the models by calculating the contribution of each to R?
(Table 2).

The percent of each prey type, except deer, in diets of coyotes was correlated directly with
its abundance (Table 2). Lagomorphs were the principal prey of coyotes (Fig. 1) and apparently
were consumed in direct relation to their abundance. However, based on contributions to R?
(Table 2), abundance of cotton rats had greater influence on consumption of lagomorphs than
lagomorph abundance per se. Conversely, consumption of cotton rats was correlated mainly with
their own abundance and was virtually unaffected by abundance of alternative prey. Occurrence
of woodrats in the diets had a weak direct relationship with their abundance and was influenced
negatively by abundance of cotton rats and small rodents (Table 2). The proportion of small
rodents in diets was correlated, with similar strength, directly with their own abundance and
inversely with abundance of lagomorphs.

The regression equation for deer in coyote diets was composed of three alternative prey and
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excluded abundance of deer (Table 2). Therefore, estimates of abundance may not have reflected
availability of deer as coyote food adequately. Deer typically were in poorer body conditior:
during periods of drought when there was less plant forage. The percent of deer in diets of
coyotes was correlated inversely (r = —0.85, t = 4.0, d.f. = 6, P < 0.01) with mean weights of

o adult deer during the 8 winters. During 5 winters when the percentage of deer (4-8%) in diets
of coyotes was lowest (x2 = 14.7, d.f. = 1, P < 0.01), estimated annual mortality of adult deer
averaged 19%. During 2 winters of greater percentages of deer (11-12%), annual mortality of
deer averaged 31%. In the winter (1980) of greatest (x2 = 10.3, d.f. = 1, P < 0.01) occurrence
of deer in diets (19%), annual mortality of deer was 40%. The trend for greater consumption of
deer associated with lighter weights and greater mortality leads us to suggest that vulnerability
of deer to coyote predation and availability of deer carrion varied among winters. Hence,
consumption of deer by coyotes on the study area apparently was influenced more by body
condition of deer than their abundance.

The positive correlations between proportions of prey in diets and relative abundance of
lagomorphs and rodents (Table 2), and with availability (body condition) of deer, documented
a general functional feeding response (Murdoch, 1973) by coyotes to the collective associated
fluctuations of the five major prey types. However, the negativé influence associated with abun-
dance of some alternative prey types on consumption of all items (Table 2) indicated that the
functional response may have been complicated either by prey selection or by differential
availability of prey. Selective feeding on cotton rats was suggested by a stronger correlation with
their own abundance than was indicated for other prey types and by their negative influence
on consumption of two staple prey (lagomorphs and woodrats).

Optimal diet.—Among factors that influence prey choice by predators are absolute abundance,
relative abundance, and relative value of potential prey types (Estabrook and Dunham, 1976).
All three factors are interrelated. Models of optimal diet are used to predict that greater abundance
of food results in greater specialization by increased foraging for the most profitable food (Pyke
etal., 1977). Stenseth (1981) discussed some inconsistencies in current theory of optimal foraging
and concluded that both relative and absolute densities of potential food items determine optimal
diet. Erlinge’s (1981) dietary analyses for stoats supported the concept that relative abundance
of prey contributes substantially to feeding responses of some predators.

MacCracken and Hansen (1987) ranked profitability of prey items based on body size for
assessment of optimal foraging by coyotes in Idaho. They concluded that coyotes selected prey
as predicted by optimal-diet models because consumption of low-ranked foods was influenced
by abundance of the most profitable prey (black-tailed jackrabbits).

Lagomorphs are primary prey for coyotes in many regions (Andelt et al., 1987; Gier, 1968;
Hoffman, 1979; Keith et al., 1977; Korschgen, 1957; MacCracken and Hansen, 1987) and con-
sistently composed a high percentage of coyote diets in winter on our study area (Fig. 1). When
lagomorphs were relatively scarce in 1985 and 1986, their dietary proportions decreased (Fig.
1). Abundance of lagomorphs was similar in 1980 and 1982 (Fig. 1) but percent lagomorphs in
diets of coyotes was significantly lower (x2=13.0,d.f. = 1, P < 0.01) in 1982 because consumption
of cotton rats, extremely abundant during that winter (Fig. 1), was greater (x* = 98.7, d.f. = 1,
P < 0.01). That dietary shift represented a feeding response to marked differences in relative
abundances of lagomorphs and cotton rats between 1980 (124:11) and 1982 (119:93). This was
a clear case of prey selection associated with relative abundance as postulated by Stenseth and
Hansson (1979). It also exemplifies a dietary shift away from a predominant prey type during
a period when lagomorphs were most abundant, suggesting that cotton rats might represent a
more profitable prey. In contrast to MacCracken and Hansen's (1987) assumption that handling
cost of prey and resultant prey rank were directly proportional to relative body size, coyotes
shifted from lagomorphs to the smaller cotton rats in response to change in relative abundance
between those prev. In the diverse prey community on our study area, diets of coyotes generally
reflected changes in the relative abundance of prey types with differentially greater consumption
of cotton rats when they were abundant.
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