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Home Range Use of Coyotes: Revisited

Abstract
The sagebrush stcppc is a seemingl) homogeneous communily in southeaslern ldaho. nevcrlhcless colotes in this communiry do
not use their home ranges unilbrmly. Also, the! display two dilTcrcnt moveneDts: back-and-forrh (B) and ranging (C). We uscd a
GIS aDalysis to test if coyotcs sere selecting specific habital characredstics in this communit_v and il there rvas a relationship
bet$een habitats selected and B and C lype moveDrents. Our resultr show rhur coyotes exhibit habita! selecrion wirhin rheir homc
range \\' ith sagebrush on and olf lava as the preferred habitats. Thc), also selecled primaril) sagcbrush sreppe on lava h abi rar for B
movements and sagcbrush ol lava habitat for C movements. During their 2,1hr travels, malcs and females used different habil.tt
combinations for both B and C norements. Males prinarily used the sagebrush on and off 1a\'a habilars while females commonly
used a wider rangc ofhabilal llpes. There $,ere significan! diflerences in habirat composjtion ofarers covotes used daily rcladve
to season. Co]otes in gcncral used a greater diversity ofhabital lypcs during the pairfornration and pup rearing bur concenrraled
their activil) in the sagebrush stcppc on lava habitat during gestalion. Wc suggesr thar coyotes used difturing behaliors in difttr
cnl babilal tlpes to meet their daily/sca\onal lbod needs.

Introduction

Coyotes are medium sized canids that occupy a
variety ofhabitats in much ofNorth America. Be-
cause oftheir ubiquitous dist bution and frequent
conflicts with human activities, there have been
numerous studies of their ecology and behavior.
Various investigators have studied habitat selec-
tion and have amply demonstratcd that coyotes
prefer certain habitat types and actively avoid others
(Ozoga and Harger 1966. Gipson and Sealander
l972, Berg and Chesness 1978, Andelt and Gipson
1979. Litvaitis and Shaw 1980, Roy and Dorrance
1985, Gese et al. l98ii, Holzman et al. 1992.
Herndndez et al. 1993. Munl et al. 199,1). Addi-
tionally. some have reported differences in habi-
tat use among seasons (Pcrson and Hirth l99l).

In addition to demonstrating habitat selection
by coyotes. some investigators have implied coy-
otes \\"ill select habitats for diffcrent behaviors
such as for resting (Andelt and Gipson 1979) or
forhunting (ChesnessandBrenicker 197,1, Munl'
et al. 199,1, Oehler and Litvaitis 1995). Others
have even shown that hunting success varies among
habitat typcs (Murry et al. 1994. Gese et al. 1995).
providing a possible ralional tbr preterred use.
However. the main objective ofthese studies was
nol to test the hypothesis that coyotes $,ere se-
lecting different habitats fbr different behaviors.

Coyotes in southeastem Idaho use two distinct
movement types within the 2,1-hr cycle (Laundrd
and Keller 1981). Type B movements are charac-
terized by rclatively small distances (<0.25 km)
between rclocations and produced a back and fonh
or zig zag pattem. 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
ofhigh and low use reflecting different combina-
tions of frequency ofuse ofthese movement types.
Additionally, coyotes use different proportions of
types B and C movements between the sexes and
through the year Laundrd and Keller ( 1981) pro-
posed that these two movement types possibly
represented different hunting sfategies and that
dissimilarities in their use rcpresented differences/
changes in the needs of males and females over
thc reproductive cycle. lor in.tunce. more terri-
torial activity by males during pair formation
(Camenzind 1978). Finally, they hypothesized that
the di11'ering spatial and tenporal occurrence of
the two behaviors corresponded to selection of
habitat based on vegetational and structural dif
ferences in areas used for each strategy.

Laundrd and Wilkosz (1991) attempred ro tesr
the hypothesis that areas used for different be-
haviors by coyotes were rclated to habitat com-
position by measuring various habitat character-
istics of areas used by coyotes. They measured
percent cover ofeach perennial plant species, lit-
ter, rock, bare ground. and dead sagebrush and
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found a wcak association between types of be-
haviors and some habitat charactcristics. How-
ever. the samplc consisted of only four animals
(two males and two females). They concludcd a
larger sample size would be necessary to test the
hypothcsis that coyotes selecred certain habitat
types for specific behaviors within the sage steppe
environment.

With the advent of Geographical lnfbrmation
System (GlS) capabil it ies, such I larger scale
analysis is now possible. A detailed (30 m x 30
m pixels) GIS habitat map based on satell i te im-
ages from l9ll7and 1989(Andersonetal. 1996.1
is now available lor the area. Doninant commu
nity structurc (slualbs grasslands) docs not change
significantlv overtime (Anderson and Holte 1981).
Thus, the overall habitat stmcture ofthe area would
not have changed signiticantly in the l0 yr be
tween collection ofthe telemetry data (1977-78)
and the constmction of thc habitat map. Conse
quently. \i'e have the opportunity to use this map
with the original telemetry locations of coyotes,
to test the h,vpothesis that dilfcrent movements,
and thus pattenls of habitat use by coyotes, are
related to differcnt habirars.

We testcd flve predictions: l) habitat charac-
teristics ofthe home range area (the area coyotes
select to livc) rl'i1l di11er lrom the overall surround-
ing area (within 300 m around and including the
home range area); 2) within the homc range, ar-
eas of type B movement dift-er in habitat type
conrpared to areas of type C movement; 3) the
habitat types coyotes usc fortypes B and C move-
meDts during their 2.1-hr travels differ:4) the sexes
use habitat differently for thc two movementtypes:
and 5) because coyotes exhibit a scasonal differ-
ence in thc type of movements they use. there will
be seasonal difference in ovcrall daily habitat use.

To test these predictions and the hypothesis
that coyotes are selecting dithrent habitat types
fol difltrcnt types of movenents, we conducted
a GIS analysis ofhabitat types relative to the dif
terent use types defined abole. Results ofour anal1,-
sis should hclp determine ifcoyotes are selecting
habitats based on their potential use for speciflc
behaviors and t'urther our understanding of the
driving fbrces behind habitat selection.

Methods

The original telemetry study was on thc ldaho
National Enginccring and Environmental Labo-

ratory (INEEL), Iocated - 55 km north ofPocatello.
Idaho. The vegetation is typicrl ofa northem cool
deset with big sagcbrush (Anemisia tritlendata)-
grass connunitics (Anderson and Holte 1981.
Anderson et al. 1996). The habitat map wc used
was based on two satellite images tiom 8 May
1987 and l7 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 l).

The telemetry data forthis analysis came tiom
the sludy ofLaundrd and Keller ( 1981) conducted
in 1976-79. The data consisted of 69 24-hr moni-
toring blocks 1'rcm 20 animals (9 females and I 1
males). Each 2,1-hr monitoring block consisted
of sequential relocations taken every l5 min. In
the original study. the sarrple animals (n =20)
were a random subset of over 130 collzred ani-
mals and were well distributed arcund the INEEL.
Except fbr one mated pair, their home range ar
eas didnotoverlap. Thus we considered the samples
to be statistically valid tbr the analyses we used
to test the predictions. The location elror for the
. )  \ tem o [  rh i5  5 rud)  wa. -L  1 .1 { )m.To incoryora le
this erlor, we included a 3fi) nr buffer (150 x 150m)
around telemetry locations and movcment traiec-
tories when we ovcrlaid them on the habitat map.

We used similar preliminary map procedures
to test if coyotes selected specific habitat types
for their ovcrall home range area (Prediction 1)
and fbr different types of movement (B and C)
within the home range area (Prediction 2).In both
cases, we tlrst detined home range arcas of coy-
otes by the gridmethod (Laundrd zrnd Keller 1981)
with 30 x 30 m grid cells. We estimated levels of
use (timc spent, distance tnveled. and velocity)
within each grid cell bascd on the l5-min sequential
relocations over 2,1-hr monitoring blocks and theo
used thcse estimates to assign use types to each
ccll. Laundrd and Keller ( 1981) demonstrated that
a mjnimum offive 24 hr monitoring blocks were
needed to adequately define acoyote's home range.
Consequently, we only used data for five females
and three males with five ormore such time blocks
(range: 5-10) lbr the home range area analyses.

Wc estimated habitat makeup of the home range
arcas by flrst constmcting raster image files of
the areas (30 x 30 m pixels) based on telemetry
relocations. We georeferenced each of these im-
age filcs to the habitat image based on the UTM
coordinates of the original telemetry data. For each
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IABLE Lvegetation classc! iioin lNEEL vegetation map uscd in thc anal,vses ofthis sludy. Classilicrtion and dcscriptions are
based on Andcrson c l  a l .  (  1996).

H.rbitat Class (ha) Descip!ion

B.rsin Wildryc (BW)

Steppe Grassl.rnd (SG)
(2.880)

CIa\s lands (G)

(  l  1 , 0 6 5 )

Sagebush-Steppe offLa!a (SS ofi)
(85.892)

Sagcbrush Steppe on Lava (SS on)
(90.366)

SaSebrush Winlcrlat (Sw)

(9.20rJ)

Sall Dcscrt Shrub (sD)
(7.18,1)

Sagebrush Rabbi!brush (SR)

(  1.1.292)

Lo$ SagebNslvRabbilbrush (SR lorJ
( 1 . 5 3 1 )

Near purc nands of Great Basin wildrle (Z.,l,n&r .nrerstlJ)

Mi\ture ofrhizonatous grasses (e.9. .Pds.ot-\'r.!/r1 .errrii). bunchgrasscs

G.g.O\'.opsit h.\'mt,nide t. and shrub species (e.g Arld,rir-id spp.)

Areas dominated by rhizonalous grasses, bunchgfasses. of crested wheatgrass

\.48rcDron deletununt).

Non voLca c soih wjth shrub grass communities doninuled by ragcbru\h.

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

CommuDiljc! dominated by \!-voning big srgebrush and $interfat
(Ktusche inni',t id \atnta).

Various salt desel1 shrubs primarily sallbrush (Arril.r/a1.d@ and shadscale

lA. n lenilotia)

Dominatcd by a mixtufe of sagebrush and grecn rabbitbrush
( C h ̂  wthuntnu | \ i tc id i|lorus).

Afeas of low grolving (usually on la!tl) shrub\. prinarily sagcbrulh ('1l|e,rilid spp. )
and grccn rabbitbrush.

animal. we overlaid the home range image on the
habitat image and nradc a section (windowed
image) encompassing the home range area with
a 300 n buffer to account fbr tclemehJ elror (Figure
la). The total windowed image was the area avail
able to a coyote and thc delineated home range
was the area coyotes selected. We estimated the
habitat makeup (total number of pixels per habi-
tat typc) of the total windowed imagc and, later.
the home range area, with the histogram func-
t ion  o l  lhe  lDRlS l  .o f luare .  Th i .  lun , . t ion  .um.
thc nunber of pixels of each habitat type in the
selected images.

Pred c t ion  1

In testing prediction I (habitat chancteristics within
the hone range will differ from surrounding ar-
eas). wc tested to determine if the arcas selected
by coyotes tbr their home range differed in habi-
tat liom what \\"as available in thc whole area (home
range included) within the 300 nr butTer around
the home range.We uscd aG{est (Sokal andRohlf
l98l) and calculated the number ofexpected pixels
within the home range area fiom the proportion
of each habitat type $'ilhin the total image. we
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used thc number of pixels of each habitat type
within the home range boundary 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-
mte G tests tbr each individual.

Pred lc t  on  2

ForPrediction 2 (within the home range, areas of
typeB and C movement will differ in habitattypes),
we used the same animals as in Prediction I (n =
8) and distingrished cells where animals used cilher
types B or C movcments with different call val-
ues. Wc then separated each group of cell types
from the rest ofthe home range cclls with the use
of boelean inlages (Eastman 1992). To construct
a boolean image, we assigned 1.0 to all the de-
sired cells (a given movement type) and 0.0 to all
undesjred cells. Wc overlaid these images (im-
age I x image 2) on the original windowed im-
age and obtained a final habitat image for a par-
ticular movement type (Figures lb & I c). In such
an overlay. all desired cells retain thcir original



I  olal arcr usccl bv rrrale M I ovcr (r :- .1 hor:r blocks

Arca oi t l1rc l ]  use irr lht honro ranlc
o l  l t l l c  M  l

.\ic;r of tl'pc (l usc itr the ironre rangc ol :rule M I

x
I llrbnrl r) tt:isrtl hu

t labru  rypc  SSrD I^ ! .

Figure L Demonstration of ho$' habihl composition of the home range area ( la) and areas of t)pe B (1b) and C ( lc) use $ere
detemined. Once separatcd.lhc number of30 j( 30 m pixel\ ofeach habital rlpe were calculated with IDRISI soft$are.
The habita! of thc lolal area encompas\ed by $e border around 1a (including the defined home rangc) was used as the
estimaie of arailabl. habiht tbr testing the prediclion of habitat seleclion 1br rhe home range area (Prcdicrion # 1). For
clarit_v. only lhe t\ro most abundant habitai types are dcpic&d here.
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TABLE l. Ar'ailabilir] (pefcent oi tllral in arca) of the habitat types in rhc hoine range of each individuul coyotc uscd to tcsl

Dredictions I .rnd 1 Nl = malc. F = female. Habit.rt codes arc .rplained in Table 1.

Colote lD numbcr
Habitar \,1 I l\,1-2 N t l f 2 F-l F 5

2..9
1 1 . 2
49.2
7 .5
.1.3
3.2
6.1
0.0

0.0
0.5
Lt)

t7. l
t . 2

25.5
r6 .5
18 .3
0.0

0.1 0.2
0.8 0.0
6.5 2.2

3t.0 55..1
31.1 30.3

a t  o . )
6 .1  1 .5
6 .0  2 .1
3 .5  0 . r

0 .5  L l
1 .0  l . l
5 . 8  8 .3

r  r . 2  32 .5
80.I 3.1.5
0 . 1  L l
0.0 1.3
0 .2  1 .1
0 .5  l . l

0.5
3 .0
7 .5

18 .2
36.,1

1 . 2
1 . 8
2 .5

0.5

3 1 . 0
60.8
0.5
1 , . I

1 .0
1 . 8

BW
S G
G
SS ol l
SS on
sw
SD
SR
SRlo\\

value (multiplied by 1.0) and all undcsired cells
Ievefi to a value of0.0. Again, we obtained habi-
tat composition ofeach movenenl type areas wlth
the histogram function.

To compare if habitat composition differed
between areas of type B and C movement, we
fir'st conducted a Principal Components Analysis
(PCA) (Manly 1994) with the combined data of
both movement types. we used a PCA because it
ef'fectively incorporated thc contribution of mul-
tiple variables (via component leadings) ofa 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 tlle
appropriate treatments (type B and C movements)
with univadate pammetric statistical designs or
their non parametric equivalents to deterntinc if
thcre were significant differcnces in habitat com-
position. The nine variables fbr the PCA were
the pcrcentages ofeach habitat type (Table l) for
each of the two movemcnt types per animal. we
used the resulting loadings fbr each variable to
calculate Zr and Z. scores for the two types of
areas of usc for each aninlal. We compared the
resulting Z, and Z. scores in a paired design with
typcs B and C movement being the trcatments
and the diflerent animals being the eight repli-
cates. The null hypotheses were the mcan differ
ences in Z, or Z. scores betwcen types B and C
movement were not significandy diff'erent from
zcro.

Pred c t ions  3 ,4  and 5

To test Prediclion 3 (habitats coyotes used for B
and C movements difl'ered during 24 hr travel)
we used the telemetry data (15 min locations) 1br
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each of the 69 individual 24 hr monitoring blocks
we had for tlte 20 coyotes. For each block, we
constructed a grid area similar to the home range
grid area. Howeveq in this case the grid cells de-
tined an area used by the coyote during its 2i1-hr
movemcnts (daily range). As with the homc range
arca. we assigned each call a value lbr movenent
type (B or C) based on time spcnt. distance trav
eled. and velocity values for each. We then used
the cells ofthese daily ranges to generate a rastcr
image containing these use values. we geo
referenced this daily range image to tlle habitat
image and overlaid it on this image. We again
separated the cells with different movement types
with boolean images to obtainjustthose cells with
either type B or type C movements. Finally, we
calculated the habitat composition with the his
togram function.

The result ofthe above analyses produced es-
timates of habitat composition for types B and C
movements fbr each of the 69 24-hr monitoring
blocks of the animals. We used the data fbr the
two typcs of movements in a PCA that used thc
percentages of the different habitats as the varj
ables. We used the loadings from this analysis to
generate Zr and Z. scores for both type B and C
areas for each 24 hr monitoring block. To avoid
pscudoreplication for those animals fbr which we
had more than one 2,1-hr monitoring block, we
summed and averaged the replicate samples of
animals, resulting in 20 individual paired com-
ponent estimates (Z scores) ofareas used for type
B and C movements within a 24 hr block. Fi-
nally. we compared these paircd estimates within
a component (Z\ or Z.) with a paired-t design.
Thenull hypothescs tested was the mean dillercnce



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

We tested Prediction 4 (the sexes should use
habitat differently for the two movement typcs)
with a two-wayANOVA design fbr Z, and Z, scores
with movement type (B and C) and sex as the
luo levcl:. As we had tested differences in move-
ment types with thc 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
nean ZL nor 22 scores for these movcment types
did not diff'er signiticantly between males and
females.

To testPrediction 5 (seasonal dillerence in daily
habitat use). we used the 69 total daily nngehabitat
images (i.e. total cells enteredduring a 24 hrblock).
As before, thc percentages of each habitat from
the daily ranges were the variables in a PCA with
the 69 2,1-hr monitoring blocks being the repli-
cates. We used thc loadings fbr each variable to
generate Zr and Z. scores for each block. We sepa-
rated the Zr and Z, scores based on sex and sea-
son. We used the seasonal breakdown of Smith
et al. (l981) with the following modifications:
pair tbrmation (Dec 1- Jtrn 3l;6 males,4 females),
gestation (Feb 1- Mar 15; 2 males, 3 females),
and pup rearing (Mar 16 Aug 3l; 7 males. 5 t'e-
males) (Laundrd and Keller 1984). We had no
sample blocks for the dispersal season (Sept I -
Nov 30). Wc used a t\\,o-way ANOVA design (sex
x season) to test the null hypothesis that a mcan
component score (2, or Z,) did not diff'er signif-r-
cantly betwegn sexgs nor among seasons. Again.
to avoid pseudoreplication, we crllculated the means

ofthose animals that were represented by two or
mr,re 2zl-hr monitoring block. u ithin a giren seu-
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., Ceorge
Pefkins Marsh Institute, Clark Unive$ity, 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 sofiware (Version 2, Jandel Corp.,
San Rafael, CA). Means rLre t standard error and
significance levels were P 3 0.05.

Results

Regarding Prediction l, habitats sagebrush-steppe
off lava (SS-off) and sagebrush-steppe on lava
(SS-on) were the most abundant available habi-
tats fbr all animals, with the exception of coyote
F5 where SS-ofl and sagebrush-winterfat (SW)
predominated (Table 2). AII eightcoyotes selected
for specific habitats (P < 0.001) (Table 3), thus
supporting Prediction 1. The most selected habi-
tat types were SS-offand SS-on (six ofeight coy-
otes). Although one orboth ofthese habitats werc
also abundant within the home ranges ofthe other
two coyotes. Ml selected low sagebrush,/rabbit-
brush (SR low) and F5 selected sagebrush-
\!intertat (SW).

Relative to the PCA analysis for prediction 2
(B and C movement areas within the home range
areas correspond to diflerent types of habitats).
the first and secondprincipal components explained

TABLE 3. G-test values to determine ifcoyotes (M = malcs. F = iemales) selecred diffefent kinds ofhabital.Thosc values wirh
ascrisks were used sigDificantly (P < 0.05) more (+) or less ( ) lhan a!ailable.Habitat codes are explained in Tablc l.

Culore ID nu-,her
Habitat l\{- 1 \,1 l F,1 F 3 F ,I F-5

tsw
SG

G

SS-off

SS-on

SW

SD

SR

SR lo|r

r 02 .5
9 1 . 6

115 .3
-'169.9+

I5,1.8
-3..1

29.3
-9..1

,107.8+

21.6
r66 .6
156 .5
971 .6 : '

10,t8.9;
-99.2
,10.8

126.1
-29.9

-,15.9

21.9
-508.5*

9 1 1 . 9 i
252,1.5*

1 . 6
, t . 9

10.,1
:16.6

- 1 1 7 . 0
-122 .4
-,127.8*

181.2+
321 .0
56.2

-187 .3

2 1 . 8
3 .0

1 . 6

-61.9

41 .3
- 1258..1*
22 r6 .9 *
337.3

-152.1
-182 .2

82'1.9

69.5
-239.6*

88.9

21 .6  -  16 l . 2  0 .6
3 .0  151 .3  -39 .2

'93..1 -780..1* ,11.1

200.3" 1953.9+ - 108.1.6*
615.5*  3  r .5

-430.9 t012.',71.
-261.2 231.6

119.1' 681.6+ 136. '1
4.2 0.8 0
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61.8% of thc lotal variance (Table 4). When we
tested if thc B and C movement areas colTespond
to diffcrcnt typcs ofhabitats, we used the Wilcoxon
signcd rank test to compare the Zr scores calcu-
lated from the PCA (Table ,1), We tbund a sig-
nil icant differcnce (P = 0.016) between Zr scores
tbr t1'pe B (x = 0.84 t 1.21) and C (t = 0.84 1
1.2.1) movement. We tbund no signillcant differ-
ences for the Z_. scores. The value of a givcn Z, is
a function of the component loading valuc and
the magnitude of the standardized variablc (per-
cent use). As the loadings tbr each variable were
the same for types B and C movements. thc dif-
l'erences in Z, scores reflected habitats that had
ditlcrcnt percent use between the t\\,o movement
types; habitats with the same percent use between
movements contributed equally to the their Zr
scorcs. To idcntify which habitats might be con-
tribuling to the differences in Z, scoles, we plot-
ted the pcrccnl use of each habitat for types B
and C movement (Figurc 2) along with their re
spective component loadings. Since thc compo-
nent loading for habitat SS-on was large (0.807)
and positive (Figure 2), the higher Z, scores fbr
type B movements reflected the higher use ofthis
habitat for type B movement compared to type C
movenent. Other differences in habitat use con-
tributing to the differences in Zr scores were highcr
uscs oI S S-off (-0.25), SD ( 0.8 t ). and SR C0.93)
tbr type C movcm(rnls (Figure 2). Habitat type

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

To test for ditl'erences in arcas uscd tbr typcs
B and C mor  ement .  u  i th in  the  2 ,1 -hr  mon i to r ing
blocks (Prediction 3), the PCA combined the data
rclative to types B and C movements within the
bt )  2 ,1 -hr  mon i to r ing  h lock . .  Pcrccn t  r r r i rncc
explained by the first and second principal com
ponents was 66.37o (Table;l). When we analyzed
Z, scores we found significandy higher (P < 0.001)
scores in areas coyotes uscd fbr typc C movc-
ment (0.8210.58) than for type B movement (0.03
t 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
Zr scores lbr type B nlovcmcnt comparcd to typc
C (Figure 3a) primarily reflected higher use of
thc SS-on habitat which. in this case. had a high
negative loading (Figure 3b) and lower use ofthe
SS-off. G. and SR habitats relative to type C
movements (Figure 3b).

When we compared habitat composjtion of
areas used by malcs and females for types B and
C movements during 24 hr (Prediction 4), we lbund
significantly higher Z, scores for females than
males (P = 0.042). Again. there was no signitl-
cant differcnce for Z. scores. The difference be
tween sexes tbrtheZ, icores rcflected higher scores
for fcmales compared to males for both type B
and C movements (Figures 4a,4c). For both

TADLE:1. Rcsulls ofrlrc various principalcomponent anal)ses conducted to help testpredictions #2 5 l)1 this study. Prediction #
2 concerns lhe difttrence in habitat makeup of areas of tlpes B ard C use wilhin $c homc rangc. Dillcrences in
habirat of area\ used by co!otes in tlpes B ard C manncr wilhin a :4 hr monjtoring block constilulcs prcdiclion #3.
Prediction #'1 concerns differences ir habitat use b) males vs lemalcs fbr rypcs B and C movcmcnls. Prcdiction # 5
state! that thefe r\ould be difterences ir habilat composition duing daily usc rclati!c !o scason and scx oicololcs.
Thc component loadings fof the first and second p ncipal component and thepercentoflhe lotal lariance erplained
arc givcn. Componenl loadings fof habitat Basin Wildrle (BW) are not presented because ofiN low occurence und
usc. Ilabitat codes are explained in Table L

Pfediction SS ot] SS on SFlolv

H.'b i r . ' rT!n. % Total

)

3 & . 1

5

0.07

0 .61

0.26

0.68

0.2,1

0.69

0 .1 l

0.ril

0 l :

0.70

0 . l 6

0 .61

0.25

0.92

0 .51

-0.62

0..r0

a .12

0 .81

0.5,1

0.81

0.29

0.87

0.39

0.8r

0..t2

0.70

0.56

0.83

0.50

0 .E l

0.31

0.61

0 .51

0.16

0 .51

-0.93

0.33

0.l i1

0.16

0.87

0.37

zl

Z .

z l

7.

Z

Z ,

0.,1I

33.5%

28.3..r.

31.9L

18..17.

11.Tn

0.,11 29.28
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Figure 2. Hrbirat nakcup (percenl of bral pirels) of are,rs rvithir the home ranges coyotes used in either a lype ts or C manner

The componenl loadings rcsulting from the PCA arc included ibr the eight mosi used habitals

movements types. the higher Z, scorcs for females
reflected lower use of SS-on and higher use of
SS off, SR, SD. and SW habittrts when compared
to males (Figures;lb. 4c). Basically, temales used
a widerrange ofhabitat types than males for both
tYpesBandCmovements .

Finally we also saw dit'fcrences in habitat con.I-
position. as expresscdby Zt. ofareas coyotes used
d ily relative to season (P = 0.04) and sex (P =
0.03) (Prediction 5). Again. thcre was no signil i-
cant difference fbr Z. scores. Relative to seasons,
the mean Zr score foi pair f irrmation (1.5 t 1.01)
was significantly higher than for gestation (-2.16
+ 0.77.) with pup rearing (0.14 t 0.94) being in-
temediate between the other lwo (Figure 5a). An
analysis of the component loadings tbr 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-otr, Sw,
rnd  SR '  F igurc  5b  r .  Th i \  meun.  co)  o les  in  Pen-

eral were switching habitat use with a more di-
verse use ofhabitats during pair fonnation. a switch
to higher uses ofSS-on during gestation and then
increasing again the use of other habitats during
pup rearing.

Relative to the significant dil'ference between
sex, sample sizes were small but sti l l  indicated
that the overall seasonal mean Z, score for fe-
malcs ( 1.6 t l. l0) was significantly higher than
formales (0.8810.50). The differences inZ, scores
between sexes within seasons (Figures 6a.6c,6e)
reflected a more diverse selection of habitats by
1'emales during pair tbrmation (Figure 6b) and a
higher use of SS-on (high negative loading) by
males. During gestation (Figure 6d) both sexcs
concantrated their activity on SS-on and SS-off
habitats but in different propo ions: females used
SS-off more whereas males used SS on habitats
more. Dudng thepup rearing season.f'emales again
diversified their habitat use (Figure 6i) whereas
males continued using the SS-on habitat.
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habllat makeup (perccnl of total pixcls) of areas wilhin the 2,1-hr moniroring block where colores used type B and C
movemcnls. The component loadings resulting from the PCA are included for thc eight most used babita!s.

Discussion

Although the small sample sizc ofour srudy (eight
animals) may limit intelpretation 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
fbund the home range area likely has a basis in
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the daiiy use of the back and fbfih and ranging
movement types by coyotes (Figure 2). Because
we delined coyote home range areas based on
24-hr monitoring blocks, rhis might be expected.
However, areas would be designated fbr a given
movement type only ifits use predominated there.
Thus, the use of the 24-hr monitoring blocks



I

c
9 0

60

50

6

s

l 0

I Ar€as oftwe B movemeni for females

m ke s of tYPe B novement for males

b

- Areas oftype c novemeni lbr females (-0.87)

m keas of We C rr.ovement for males

BW SG G SS.OFF SS-ON

Habitat t)?es

a

T
- !7*

r__L__
l-.T

(0.64) (o 8l) (-0 53)

sR-LOW

s

60

5Lr

40

l0

20

1 0

0

I

g
3 0

b  - r

-2

c

- 2 - t 0 1 2 1

Alerage Zr Scores

( 0  7 0 )  i n  R r  I
(0.64) ( -0.5 i )

Figure, l .  Plorsof lhcZ andZ, scores for female and nalc coyotes re lat iYe !o types B ( .1a)ardC ( , lc) .  F igures, lb&ddcpict the

h:tbitar makeup (percent tolal pixels) ofthc areas female andmale co,votes used for t-vpe B ('1b) and C ('{ d) movements

!vi&in the l4-hr monitoring block. The conpoment loadings resulting fron the PCA are included lbr the eight mosl

uscd habitats.

Coyote Home Range 223



a

L
3 _+

l F I
f -+-

I

r00

90

80

70

60

50

40

30

20

t 0

0

_l

2

l

0

, l

-2

-3

I

P

I Areas used in the Pair formation season
% Areas used in the Gestation season
ffi 41sas r.16 1. ,he Pup Rearing season

(0.83)

- 2 0 2

(0 40)

(0 . l 6 )

(0 87r (_o 54.)

G SS-OFF SS-ON SW

Habitat type

SR.LOW
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delineates the homg range area on a behavioral
basis mther 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.

Ourfindings 1br Predictions ,1 and 5 supponed
the hypothesis that habitat use should differ bc-
tween sexes and among seasons and again. not
only showed sexual differences and scasonal
changes in habitat use, but also linked these dif-
f'erences to changes in behavior For example,
seasonal and sexual dilTerences in the uses oftypes
B and C movements (Laundrd and Keller 1981)
corresponded to shifls in the habitat composition
of areas used fbr these movements (Figures 5,6).
Hou er er. becaurc ol' l imJted sarnJrle sizer in .ornc
sex x season categories, these results should be
inter?reted cautiously. Additional data in this area
would help clarify these relationships.
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The idea ofhabitat selection by coyotes is not
new (Ozoga and Hargcr 1966, Gipson and
Sealander 1972. Berg and Chesness 1978. Andelt
and Cipson 1979. Litvaitis and Shaw 1980, Roy
and Dorrance 1985, Gese et al. 1988. Holzman
et al. 1992, Hemdndez et al. 1993, MulTy et al.
laa4) .  Houerer .  in  mo. r  r l lher  s rud ie . .  L . , ryo te .
often selected among quite discrcte habitats (wheat
fields vs. pasture). Herndndez et al. (l993) were
some of the lirst to demonstmte that fine habitat
cheLracteristics (e.g. shrub density and topographic
features). may influence coyote habitat use. Our
results concur with those of Hemrindez et al. (1993)
and $e no$'havc ample data that coyotes exhibit
preferences in habitat use nnging from areas con
taining discrete vegetational pattems b those where
habitats change in more subtle ways

Given that coyotes do select habitat combina
tions based on their dift-erent 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 tbod
availability andease ofcaptwe (Brown etal. 1999).
Herniindez et al. (2002) have demonslrated 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
(Laundrd et al. 2001, Altendoff ct al. 2001, Marin
et al. 2003). Within this landscape oftear created
by predation risk (Laund6 et al.2001). compo-
sition and densities ofcoyoteprey will vary among
habitxts (Murry et al. 1994, Marin et al. 2003)
and capture success can differ rclative to habitat
type (Murry et al. 199,1. Gese et al. 1995). This
produces an inverse landscape ofoppofiunity for
coyotes rglative to prey capturc. ll the two move-
ment types represent different hunting pattems
then one hypothesis is that coyotes of this study
erhibit dilTering hunting hehar ior. in rariou' pan.
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of their home range because of different prey
composition/density/catchability found there.

Funherresearch needs to test the link between
behavioral use of a habitat type and prey compo-
sition and how well optimal fbraging theory might
explain movement patterns and habitat selection
by coyotes. [f thesc modcls are supponed by t'u-
ture research. we will then havc a deeper under-
standing ofthe driving forces behind habitat pref-
erences in coyotes. This increased understanding
(,'uld helf u\ in , 'ur cll 'ofl lo m:rn:rgc our coc\i: ' l-
ence with this ubiquitous predator, specifically
in rangeland areas where conflicts are ftequent.
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