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Home Range Use of Coyotes: Revisited

Abstract

The sagebrush-steppe is a seemingly homegeneous community in southeastern Idaho, nevertheless coyotes in this community do
not use their home ranges unifermly. Also, they display two different movements: back-and-forth (B) and ranging (C). We uscd a
GIS analysis to test if coyoles were selecting specific habitat characteristics in this community and if there was a relationship
belween habitats selected and B and C type movements. Gur results show that coyotes exhibit habitat selectien within their home
range with sagebrush on and off lava as the preferred habitats, They also selected primarily sagebrush-steppe on lava habitat for B
moverments and sagebrush oll lava habitat for C movements, During their 24 hr travels, males and females used differant habitat
combinations for both B and C movements. Males primarily used the sagebrush on and off lava habitats while females commonly
used a wider range of habitat types. There were significant differences in habitat composition of areas coyotes used daily relative
to season. Coyotes in gencral used u greater diversity of habitat types during the pair formation and pup rearing but concentrated
their activity in the sagebrush-steppe on Lava habitat during gestation. We suggest that coyotes used ditfering behaviors in differ-

cnt habitat types to meet their daily/seasonal [ood needs.

Introduction

Coyotes are medium sized canids that occupy a
variety of habitats in much of North America. Be-
cause of their ubiquitous distribution and frequent
conflicts with human activities, there have been
numerous studies of their ecology and hehavior.
Various investigators have studied habitat selec-
tion and have amply demonstrated that coyotes
prefer certain habitat types and actively avoid others
(Ozoga and Harger 1966, Gipson and Sealander
1972, Berg and Chesness 1978, Andelt and Gipson
1979, Litvaitis and Shaw 1980, Roy and Dorrance
1985, Gese et al. 1988, Holzman et al. 1992,
Herndndez et al. 1993, Murry et al. 1994), Addi-
tionally. some have reported differences in habi-
tat use among seasons (Person and Hirth 1991).

In addition to demonstrating habitat selection
by coyotes, some investigators have implied coy-
otes will select habitats for different behaviors
such as for resting (Andelt and Gipson 1979} or
for hunting (Chesness and Bremicker 1974, Murry
et al. 1994, Ochler and Litvaitis 1995). Others
have even shown that hunting success varies among
habitat types (Murry et al. 1994, Gese et al. 1995),
providing a possible rational for preferred use.
However, the main objective of these studies was
not to test the hypothesis that coyotes were se-
lecting different habitats for different behaviors.
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Coyotes in southeastern Idaho use two distinct
movement types within the 24-hr cycle (Laundré
and Keller 1981). Type B movements are charac-
terized by relatively small distances (<0. 25 km)
between relocations and produced a back and forth
or zig zag pattern. Type C movements were char-
acterized by longer distances between relocations
which produced a much more elongated pattern.
They also found home ranges consisted of areas
of high and low use reflecting different combina-
tions of frequency of use of these movement types.
Additionally, coyotes use different proportions of
types B and C movements between the sexes and
through the year. Laundré and Keller (1981) pro-
posed that these two movement types possibly
represented different hunting strategies and that
dissimilarities in their use represented differences/
changes in the needs of males and females over
the reproductive cycle. for instance, more terri-
torial activity by males during pair formation
{Camenzind 1978). Finally, they hypothesized that
the differing spatial and temporal occurrence of
the two behaviors corresponded to selection of
habitat based on vegetational and structural dif-
ferences in areas used for each strategy.

Laundré and Wilkosz (1991) attempted to test
the hypothesis that areas used for different be-
haviors by coyotes were related to habitat com-
position by measuring various habitat character-
istics of areas used by coyotes. They measured
percent cover of each perennial plant species, lit-
ter, rock, bare ground, and dead sagebrush and



found a weak association between types of be-
haviors and some habitat characteristics. How-
ever. the sample consisted of only four animals
(two males and two females}. They concluded a
larger sample size would be necessary to test the
hypothesis that coyotes selected certain habitat
types for specific behaviors within the sage-steppe
environment.

With the advent of Geographical Information
System (GLS) capabilities, such a larger scale
analysis is now possible. A detailed (30 m x 30
m pixels) GIS habitat map based on satellite im-
ages [rom 1987 and 1989 (Anderson et al. 1996)
is now available for the area. Dominant commu-
nity structure (shrubs-grasslands) docs not change
significantly over time (Anderson and Holte 1981).
Thus, the overall habitat structure of the area would
not have changed significantly in the 10 yr be-
tween collection of the telemetry data (1977-78)
and the construction of the habitat map. Conse-
quently, we have the opportunity to use this map
with the original telemetry locations of coyotes,
to test the hypothesis that different movements,
and thus patterns of habitat use by coyotes, are
related to different habitats.

We tested five predictions: 1) habitat charac-
teristics of the home range area (the area coyotes
select to live) will differ from the overall surround-
ing area (within 300 m around and including the
home range area); 2) within the home range, ar-
eas of type B movement differ in habitat type
compared to areas of type C movement, 3) the
habitat types coyotes use for types B and C move-
ments during their 24-hr travels differ; 4) the sexes
use habirat differently for the two movement types:
and 5) because coyotes exhibit a scasonal differ-
ence in the type of movements they use, there will
be seasonal difference in overall daily habitat use.

To test these predictions and the hypothesis
that coyotes are selecting ditferent habitat types
for different types of movements, we conducted
a GIS analysis of habitat types relative to the dif-
ferent use types defined above. Results of our analy-
sis should help determine if coyotes are selecting
habitats based on their potential use for specific
behaviors and further our understanding of the
driving forces behind habitat selection.

Methods

The original telemetry study was on the Idaho
National Engincering and Environmental Labo-

ratory (INEEL), located - 55 km north of Pocatello,
Idaho. The vegetation is typical of a northern cool
desert with big sagebrush (Artemisia tridendata)-
grass communitics (Anderson and Holte 1981,
Anderson et al. 1996). The habitat map we used
was based on two satellite images from § May
1987 and 17 August 1989. Pixel size was 30 x 30
m. The map was extensively ground checked and
corrected in 1990 (Anderson et al. 1996}, We used
nine vegetation classifications, as defined by
Anderson et al. (1996), for our analysis (Table 1).

The telemetry data for this analysis came from
the study of Laundré and Keller (1981) conducted
in 1976-79. The data consisted of 69 24-hr moni-
toring blocks from 20 animals (9 females and 11
males). Each 24-hr monitoring block consisted
of sequential relocations taken every 15 min, In
the original study. the sample animals (n =20)
were a random subset of aver 8( collared ani-
mals and were well distributed around the INEEL.
Except for one mated pair, their home range ar-
eas did not overlap. Thus we considered the samples
to be statistically valid for the analyses we used
to test the predictions. The location error for the
system of this study was + 140 m. To incorporate
this error, we included a 300 m buffer (150 x 150m)
around telemetry locations and movement trajec-
tories when we overlaid them on the habitat map.

We used similar preliminary map procedures
to test if coyotes selected specific habitat types
for their overall home range area {Prediction 1)
and for different types of movement (B and C)
within the home range area (Prediction 2). In both
cases, we first defined home range arcas of coy-
otes by the grid method {Laundré and Keller 1981)
with 30 x 30 m grid cells. We estimated levels of
use (lime spent, distance traveled, and velocity)
within each grid cell bascd on the [ 5-min sequential
relocations over 24-hr monitoring blacks and then
used these estimates to assign use types to each
ccll. Laundré and Keller (1981) demonstrated that
a minimum of five 24 hr monitoring blocks were
needed to adequately define a coyote’s home range.,
Consequently, we only used data for five females
and three males with five or more such time blocks
{range: 5-10) for the home range area analyses.

We estimated habitat makeup of the home range
areas by first constructing raster image files of
the areas (30 x 30 m pixels) based on telemetry
relocations. We georeferenced each of these im-
age [iles to the habitat image based on the UTM
coordinates of the original telemetry data, Foreach
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TABLE 1.Vegetation classes from INEEL vegetation map used in the analyses of this study. Classification and descriptions are
based on Anderson ¢t al. {1996).

Habitat Class (ha)

Description

Basin Wildryc (BW)
(735)

Steppe Grassland (5G)
(2.850)

Grasslands {(3)
(11,065)

Sagebush-Steppe off Lava (S5-off}
(85.892)

Sagcbrush- Steppe on Lava (S5-on)
{90.366)

Sagebrush - Wintwerfat (SW)
(9.208)

Salt Desert Shrub (SD)
(7,134

Sagebrush - Rabbitbrush (SR)
(14.292}

Low SagebruslvRabbitbrush (SR-low)

(1331

Near purc stands of Great Basin wildryve (Levimus cinereus)

Mixture of thizomalous grasses (e.g. Pascopyriim smithir), bunchgrasses
(e.g.Orvzopsis hymenoides), and shrub species (e.g. Artemisia spp.)

Areas dominated by rhizomalous grasses, bunchgrasses, or crested whealgrass
(Agropyrow desertorum).

Non volcanic soils with shrub-grass communities dominated by sagebrush.

Areas of basaltic uplands with shrub-grass communities dominated by sagebrush.

Communitics dominated by Wyoming big sugebrush and winterfat
(Krascheninnikovia lanata).

Various salt desert shrubs primarily saltbrush (Atripfex falcata) and shadscale
(A. confertifolia)

Dominated by a mixture of sagebrush and green rabbitbrush
(Chrvsothanmus viscidiflorus).

Areas of low growing (usually on lava) shrubs. primarily sagebrush (Artemisia spp.)
and green rabbitbrush.

animal, we overlaid the home range image on the
habitat image and madc a section (windowed
image} encompassing the home range area with
4300 m buffer to account for telemetry error (Figure
1a). The total windowed image was the area avail-
able to a coyote and the delineated home range
was the area coyotes selecied, We estimated the
habitat makeup (total number of pixels per habi-
tat type) of the total windowed image and, later.
the home range area, with the histogram func-
tion of the IDRISI software. This function sums
the number of pixels of each habitat type in the
selected images.

Predicticn 1

Intesting prediction | (habitat characteristics within
the home range will differ from surrounding ar-
eas), we tested to determine if the arcas selected
by coyotes for their home range ditfered in habi-
tat from what was available in the whole area (home
range included) within the 300 m buffer around
the home range. We uscd a G-test (Sokal and Rohlf
198 1) and caleulated the number of expected pixels
within the home range area from the proportion
of each habitat type within the total image. We
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used the number of pixels of each habitat type
within the home range beundary as the observed
values. The null hypothesis was that use of all
habitats was in proportion to their availability.
Because not all coyotes had the same habitat com-
position available (Table 2), we used the individual
coyotes as the sample units and calculated sepa-
rate G-tests for each individual.

Frediction 2

For Prediction 2 (within the home range, areas of
type B and C movement will differ in habitat types),
we used the same animals as in Prediction 1 (n=
8) and distinguished cells where animals used cither
types B or C movements with different cell val-
ues. We then separated each group of cell types
from the rest of the home range cells with the use
of boolean images (Eastman 1992). To construct
a boolean image, we assigned 1.0 1o all the de-
sired cells (a given movement type) and 0.0 to all
undesired cells. We overlaid these images (im-
age 1 x image 2) on the original windowed im-
age and obtained a final habitat image for a par-
ticular movement type (Figures Lb & l¢). Insuch
an overlay, all desired cells retain their original




Total arca used by male Mt over 6 24-hour blocks

Area of type B use in the home range
of male M1

Habitul type S5-0it fava

u Habitat type SS-on fava

1.0 K

Figure 1. Demonstration of hew habitat composition of the home range area (1a) and areas of type B (1b) and C (1¢) use were
determined. Once separated, the number of 30 x 30 m pixels of each habitat type were calculated with [DRISI soflware.
The habitat of the tetal area encompassed by the border around 1a (including the defined home range) was used as the
estimate of available habitat for testing the prediction of habitat selection for the home range area (Prediction # 1). For
clarity, only the two most abundant habitat types are depicted here.
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TABLE 2. Availability (percent of tetal in arca) of the habitat types in the home range of each individual coyote used to test
predictions | and 2; M = male, F = fernale. Habitat codes are explained in Table 1.

Coyote 1D number

Habitat M-1 M-2 M-3 F-1 F-2 F-3 F-4 E-5
BW 0.6 0.5 0.5 i1 0.1 02 1.6 0.0
5G 0.5 e 1.0 31 08 0.0 29 0.5
G 1.8 7.5 5.8 8.3 6.5 2.2 11.2 20
S8-off 31.0 38.2 1.2 325 33.0 554 49.2 27.3
SS-on 60.8 36.4 80.1 345 377 30.3 7.5 1.2
SW 0.5 1.2 0.1 1.1 3.7 6.5 4.3 255
SD 0.t 1.8 0.0 23 6.3 1.5 32 16.5
SR 1.0 2.5 0.2 1.7 6.0 21 6.7 18.3
SR-low 1.8 1.1 0.3 1.3 35 Q.1 0.0 0.0

value (multiplied by 1.0) and all undesired cells
revert to a value of (1.0. Again, we obtained habi-
tat composition of each movement type areas with
the histogram function.

To compare if habitat composition differed
between areas of type B and C movement, we
first conducted a Principal Components Analysis
(PCA) (Manly 1994) with the combined data of
both movement types. We used a PCA because it
effectively incorporated the contribution of mul-
tiple variables (via component loadings) of a given
entity (i.e., area of specific movement type) and
reduced them to one value {Z score) that described
the entity. We then compared the Z scores for the
appropriate treatments (type B and C movements)
with univariate parametric statistical designs or
their non parametric equivalents to determinc if
there were significant differences in habitat com-
position, The nine variables for the PCA were
the percentages of each habitat type (Table 1) for
each of the two movement types per animal. We
used the resulting loadings for each variable to
calculate Z, and Z, scores for the two types of
areas of use for each animal. We compared the
resulting Z, and Z, scores in a paired design with
types B and C movement being the treatments
and the different animais being the eight repli-
cates. The null hypotheses were the mean differ-
ences in Z or Z, scores between types B and C
movement were not significantly different from
Zero.

Predictions 3, 4 and 5

To test Prediction 3 (habitats coyotes used for B
and C movements differed during 24-hr travel)
we used the telemetry data (15-min locations) for
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each of the 69 individual 24-hr monitoring blocks
we had for the 20 coyotes. For each block, we
constructed a grid area similar to the home range
grid area. However, in this case the grid cells de-
fined an area used by the coyote during its 24-hr
movements (daily range). As with the home range
area, we assigned each cell a value for movement
type (B or C) based on time spent, distance trav-
eled, and velocity values for each. We then used
the cells of these daily ranges to generate a raster
image containing these use values. We geo-
referenced this daily range image to the habitat
image and overlaid it on this image. We again
separated the cells with different movement types
with boolean images to obtain just those cells with
either type B or type C movements. Finally, we
calculated the habitat composition with the his-
togram function.

The result of the above analyses produced es-
timates of habitat composition for types B and C
movements for each of the 69 24-hr monitoring
blocks of the animals. We used the data for the
two types of movements in a PCA that used the
percentages of the different habitats as the vari-
ables. We used the loadings from this analysis to
generate Z, and Z, scores for both type B and C
areas for each 24-hr monitoring block. To avoid
pscudoreplication for those animals for which we
had more than one 24-hr monitoring block, we
summed and averaged the replicate samples of
animals, resulting in 20 individual paired com-
ponent estimates (7. scores) of areas used for type
B and C movements within a 24 hr block. Fi-
nally, we compared these paired estimates within
a component (7, or Z,) with a paired-r design.
The null hypotheses tested was the mean difference



in paired scores of areas vused for types B and C
movements for the first or second principal com-
ponent was not significant from zero.

We tested Prediction 4 (the sexes should use
habitat differently for the two movement types)
with a two-way ANOVA design forZ and Z, scores
with movement type (B and C) and sex as the
two levels. As we had tested differences in move-
ment types with the more sensitive paired-t de-
sign {Prediction 3 above), here we used move-
ment type primarily as a block (Sokal and Rohlf
1981) to test the main null hypotheses that the
mean Z nor Z, scores for these movement types
did not differ significantly between males and
females.

To test Prediction 5 (seasonal difference in daily
habitat use), we used the 69 total daily range habitat
images{i.e. total cells entered during a 24 hr block}.
As before, the percentages of each habitat from
the daily ranges were the variables in a PCA with
the 69 24-hr monitoring blocks being the repli-
cates. We used the loadings for each variable to
generate Z, and Z, scores for each block. We sepa-
rated the 2 and Z, scores based on sex and sea-
son. We used the seasonal breakdown of Smith
et al. (1981) with the following modifications;
pair formation (Dec 1- Jan 31; 6 males, 4 females),
gestation (Feb 1- Mar 15; 2 males, 3 females),
and pup rearing (Mar 16- Aug 31; 7 males, 5 fe-
males) (Laundré and Keller 1984). We had no
sample blocks for the dispersal season (Sept 1 -
Nov 30). We used a two-way ANOVA design (sex
x season) to test the null hypothesis that a mean
component score (Z, or Z,} did not differ signifi-
cantly between sexes nor among seasons. Again,
to avoid pseudoreplication, we calculated the means

of those animals that were represented by two or
more 24-hr monitoring blocks within a given sea-
son. We used these mean values for these ani-
mals within their appropriate sex x season cell.
Thus, each animal within a sex x season cell was
only represented by one Z score.

We did all image processing and analyses with
IDRISI32 software (Release 2, Clark Lab., George
Perkins Marsh Institute, Clark University, Worces-
ter, MA). For the principle component analyses
we used Systat software (Version 5.02, Systat,
Inc. Evanston IL) and for all statistical tests we
used Sigmastat software (Version 2, Jandel Corp.,
San Rafael, CA). Means are =+ standard error and
significance levels were P < 0.05.

Results

Regarding Prediction 1, habitats sapebrush-steppe
off lava (88-off) and sagebrush-steppe on lava
(5S-on) were the most abundant available habi-
tats for all animals, with the exception of coyote
F5 where SS-off and sagebrush-winterfat (SW)
predominated (Table 2). All eight coyotes selected
for specific habitats (P < 0.001) (Table 3), thus
supporting Prediction 1. The most selected habi-
tat types were $S-off and SS-on (six of eight coy-
otes). Although one or both of these habitats were
also abundant within the home ranges of the other
two coyotes, M1 selected low sagebrush/rabbit-
brush (SR-low) and F5 selected sagebrush-
winterfat {(SW).

Relative to the PCA analysis for prediction 2
(B and C movement areas within the home range
areas correspond to different types of habitats),
the first and second principal components explained

TABLE 3. G-test values to determine if coyotes (M = males, F = females) selected different kinds of habitat. Those values with
asterisks were used significantly (£ < (.03) more (+) or less (-) than available. Habitat codes are explained in Table 1.

Covote 1D number

Habitat M-1 M-2 M-3 F-1 F-2 F-3 F-4 F-5
BW 102.5 -24.6 -45.9 -117.40 L8 24.6 -161.2 -0.6
SG 91.6 166.6 2218 -122.4 -64.9 -3.0 -151.3 -39.2
G 1453 1365 -508.5% -427.8% -41.3 -93.4 -780.4* -41.1
S5-off -469.9% 971.6% -911.9*% 784.2% -1258.4* 200.3% 1953.9%  -1084.0%
$5-on -154.8 -1048.6* 2524 5% 321.0 2216.9% -69.5 675.5% -31.5
Sw -3.4 -99.2 1.6 -56.2 -337.3 -239.6% -430.9 1072.7%
SD 29.3 -40.8 -19 -187.3 -452.4 88.9 -267.2 2346
SR -9.4 126.7 -10.4 21.8 -182.2 179,4% -681.6% 136.4
SR-low 407.8* -29.9 46.6 3.0 8249 42 0.8 ¢
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61.8% of the total variance (Table 4). When we
tested if the B and C movement areas correspond
io different types of habitats, we used the Wilcoxon
signed rank test to compare the Z, scores calcu-
lated from the PCA (Table 4}, We found a sig-
nificant difference (P = 0.016) between ZJ SCOres
fortype B{(Xx =084 121)and C(x=-0.84 £
1.24) movement. We found no significant differ-
ences for the Z, scores. The value of a given Z, is
a function of the component loading valuc and
the magnitude of the standardized variable {(per-
cent use). As the loadings for each variable were
the same for types B and C movements, the dif-
ferences in Z, scores reflected habitats that had
ditferent percent use between the two movement
types; habitats with the same percent use between
movements contributed equally to the their 7
scores. To identify which habitats might be con-
tributing 1o the differences in Z, scores, we plot-
ted the pereent use of each habitat for types B
and C movement (Figure 2) along with thetr re-
spective component loadings. Since the compo-
nent loading for habitat SS-on was large (0.807)
and positive (Figure 2), the higher Z, scores for
type B movements reflected the higher use of this
habitat for type B movement compared to type C
movement. Other differences in habitat use con-
tributing to the differences in Z, scores were higher
uscs of §S-off (-0.25), SD (-(.81), and SR (-0.53)
for type C movements (Figure 2). Habitat type

SW had a high negative loading (-0.81) but it was
used equally for both movement types.

To test for differences in arcas used for types
B and C movements within the 24-hr monitoring
blocks (Prediction 3}, the PCA combined the data
relative to types B and C movements within the
69 24-hr monitoring blocks. Percent variance
explained by the first and second principal com-
ponents was 66.3% (Table 4). When we analyzed
Z, scores we found significantly higher (£ <0.001)
scores in areas coyotes used for type C move-
ment (0.82 £0.58) than for type B movement (0.03
+0.58) (Figure 3a). Again, therc was no signifi-
cant difference between the two movement types
for Z., values. For the first component, the lower
7, scores for type B movement compared to type
C (Figure 3a) primarily reflected higher use of
the $S-on habitat which, in this case, had a high
negative loading (Figure 3b) and lower use of the
58-off, G, and SR habitats relative to type C
movements (Figure 3b).

When we compared habitat composition of
areas used by males and females for types B and
C movements during 24 hr (Prediction 4), we found
significantly higher Z scores for females than
males (P = 0.042). Again, there was no signifi-
cant difference for Z, scores. The difference be-
tween sexes for the 7, scores reflected higher scores
for females compared to males for both type B

and C movements (Figures 4a, 4c). For both

TABLE 4 . Results of the various principal component analyses conducted te help test predictions #2-5 of this study. Prediction #
2 concerns the difference in habitat makeup of areas of types B and C use within the home range. Dilferences in
habitat of areas used by coyotes in types B and C manner within a 24-hr monitoring block constitutes prediction #3,
Prediction # 4 concerns differences in habitat use by males vs lemales for types B and C movements. Prediction # 5
states that there would be differences in habitat composition during daily use relarive o secason and sex of coyoles.
The component loadings for the first and second principal component and the percent ol the total variance explained
are given. Component loadings for habitat Basin Wildrye (BW) are not presented because of its low occurrence and

usc, Habitat codes are explained in Table 1.

Habitat Type 4 Total

Prediction 5G G SS-off 58-on SW SD SR Sr-low Variance

Z, 0.07 -.12 -0.25 0.81 .81 -0.81 -(0.93 (.44 33.5%
2

Z, -0.61 -0.83 -0.92 0.54 0.42 0.33 0.33 041 28.3%

z 0.26 0.32 0.51 -0.87 0.70 0.64 0.83 -0.53 37.9%
3&4

z, -0.68 -0.70 .62 0.29 0.36 0.51 0.46 0.28 28.4%

Z 0.24 0.16 0,40 -0.87 0.83 0.76 0.87 -0.54 41.2%
5

Z, -0.6% -0.61 0.72 0.39 (.50 0.51 0.37 0.42 29.2%
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Figure 2. Habital makeup (percent of total pixels) of areas within the home ranges coyotes used in either a type B or C manner.
The component loadings resulting from the PCA arc included for the eight most used habitats.

movements types, the higher Z, scores for females
reflected lower use of S5-on and higher use of
SS-off, SR, SD. and SW habitats when compared
to males (Figures 4b, 4¢). Basically, females used
a wider range of habirat types than males for both
types B and C movements.

Finally we also saw ditferences in habitat com-
position, as expressed by 7, of areas coyotes used
daily relative to season (P = 0.04) and sex (P =
0.03) (Prediction 5). Again, there was no signifi-
cant difference for Z, scores. Relative 1o seasons,
the mean Z, score for pair formation (1.5 £ 1.01)
was significantly higher than for gestatjon (-2.16
+ 0.77) with pup rearing (0.14 + (1.94) being in-
termediate between the other two (Figure 5a). An
analysis of the component loadings for these PCAs
and percentages of seasonal use (Figure 5) indi-
cated lower Z, scores (Figure 5a) reflected a se-
lection for habitat type SS-on and higher scores
reflected higher uscs of habitats G, SS-off, SW,
and SR (Figure 5b}. This means coyotes in gen-

eral were switching habitat use with a more di-
verse use of habitats during pair formation, a swiich
to higher uses of $5-on during gestation and then
increasing again the use of other habitats during
pup rearing.

Relative to the significant ditference between
sex, sample sizes were small but still indicated
that the overall seasonal mean 7 score for fe-
males (1.6 £ 1.10) was significantly higher than
for males (0.88 £0.50). The differences inZ scores
between sexes within seasons (Figures 6a, 6c. 6e)
reflected a more diverse selection of habitats by
females during pair formation {Figure 6b) and a
higher use of $8-on thigh negative loading} by
males. During gestation (Figure 6d) both sexcs
concentrated their activity on S5-on and §S-off
habitats but in different proportions; females used
SS-off more whereas males used SS5-on habitats
maore. During the pup rearing season, females again
diversified their habitat use (Figure 6f) whereas
males continued using the S8-on habitat.
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Figure 3. Plot of the Z and Z, scores for areas of type B and C movements within the 24-hr time blocks (3a). Figure 3b is the
habitat makeup (percen: of total pixels) of areas within the 24-hr monitoring block where coyotes used type B and C
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Discussion

Although the small sample size of our study (eight
animals) may limit interpretation of our results,
there is an indication that coyotes in our study
area exhibited selection for specific habitats in
defining their home range area. Additionally, we
found the home range area likely has a basis in
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the daily use of the back and forth and ranging
movement types by coyotes (Figure 2). Because
we defined coyote home range areas based on
24-hr monitoring blocks, this might be expected.
However, areas would be designated for a given
movement type only if its use predominated there.
Thus, the use of the 24-hr monitoring blocks
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delineates the home range area on a behavioral
basis rather than merely a polygon containing a
series of dots. The result is a home range area
that represents how coyotes integrate their daily
movements within the available habitats.

Our findings for Predictions 4 and 5 supported
the hypothesis that habitat use should differ be-
tween sexes and among seasons and again, not
only showed sexual differences and scasonal
changes in habitat use, but also linked these dif-
ferences to changes in behavior. For example,
seasonal and sexual ditferences in the uses of types
B and C movements (Laundré and Keller 1981)
corresponded to shifts in the habitat composition
of areas used for these movements (Figures 5,6).
However, because of limited sample sizes in some
sex X season categories, these results should be
interpreted cautiously. Additional data in this area
would help clarify these relationships.
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The idea of habitat selection by coyotes is not
new (Ozoga and Harger 1966, Gipson and
Sealander 1972, Berg and Chesness 1978, Andelt
and Gipson 1979, Litvaitis and Shaw 1930, Roy
and Dorrance 1985, Gese et al. 1988, Holzman
et al, 1992, Herndndez et al. 1993, Murry et al.
1994). However, in most other studies, coyotes
often selected among quite discrete habitats (wheat
fields vs. pasture). Herndndez et al, (1993} were
some of the first to demonstrate that fine habitat
characteristics (e.g. shrub density and topographic
features). may influence coyote habitat use. Qur
results concur with those of Herndndez et al. (1993)
and we now have ample data that coyotes exhibit
preferences in habitat use ranging from areas con-
taining discrete vegetational patterns t those where
habitats change in more subtle ways.

Given that coyotes do select habitat combina-
tions based on their different use of these arcas,
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the questions still remains as to why? Optimal
foraging theory predicts predators will make habitat
use (patch) decisions based primarily on food
availability and ease of capture (Brown et al. 1999).
Herndndez et al. (2002) have demonstrated that
coyotes Incorporate optimal foraging approaches
in their diet selection. Also, others have demon-
strated that prey in response to predation risk will
alter their behavior and habitat use patterns
(Laundré et al, 2001, Altendorf et al. 2001, Marin
et al. 2003). Within this landscape of fear created
by predation risk (Laundré et al. 2001), compo-
sition and densities of coyote prey will vary among
habitats (Murry et al, 1994, Marin et al. 2003)
and capture success can differ relative to habitat
type (Murry et al. 1994, Gese et al. 1993). This
produces an inverse landscape of opportunity for
coyotes relative to prey capture. If the two move-
ment types represent different hunting patterns
then one hypothesis is that coyotes of this study
exhibit differing hunting behaviors in various parts
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of their home range because of different prey
composition/density/catchability found there.

Further research needs to test the link between
behavioral use of a habitat type and prey compo-
sition and how well optimal foraging theory might
explain movement patterns and habitat selection
by coyotes. If these models are supported by fu-
ture research, we will then have a deeper under-
standing of the driving forces behind habitat pref-
erences in coyotes. This increased understanding
could help us in our effort to manage our coexist-
ence with this ubiguitous predator, specifically
in rangeland areas where conflicts are frequent.
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