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Coyote (Canis latrans) Habitat Selection in Urban Areas of Western
Washington via Analysis of Routine Movements

Abstract

Hrbitat preference is otlcn derernired b) cxamining ienporall,v independenl rnimal location d t.r $ilh liltle alieniion pdd to

molcmcnt beh rv ior .  lnt989 90.1exalr incd coyore habi t | t  prc i i rence in urbar arcas of \Vashingt(  Slatcb!  examining habi la(

used bt 6 radio-col1 red coyote\ during foutinc morenert\ I rcprcsented routine mo\cnrent\ as \tfaighl linc! connectrng con

secuti\ e ladio felocations taLcn at I -lnn[ irtcntls dufing r seri.s of 6 hour trrcking sc\sions. I u\ed comPosilionalanalysis tL)

derermirc ifco,votes selectcd forpafiicular hubiul lypes al2 \palial scale\: i) hoDre rangc jiom $ithin rn arbilnrilJ defined studl

ll|ea conuining rll hone ranges and ii) are!! us!'d during routirc no\.'emenls fron wilhil] the home range. Thcre was no difier

encc (p = 0.631) in habirar composition bc($een the hone rmgcs and dre stud) JIca. Ho\\eref. based on hibitat a\ailabilit) in

honre ranges. co)olc\ prefeffed (P < 0.016) Fore\r = Shrub > Densely mixed !egclalion > Nloderalel) rnixed legeration > Spar\clv

mj\ed vegetation during routrne lno!c enIs.

I uscd srep$'ise nnrl(iplc regression ro.rplore the relarionship betq een nnrvencnl distance and quality ofhabitat in $'hich the

molelncl1t bcgan (iniri.rl hl]bilar), habirrt in whict the movemenl endcd lfinal habitat). habitat gradient (inidal final hlbiiao. .rnd

t ighr condi{ ions (n ighr vs.  da! t .  L ight  condi t ior \  (P= 0.00(t . lnd t te intefactxn of l ightand in i t i r l  habiht  (P=0.00.1)  $efe

significrnt bur $eak predicto^ (mulritle R: = 0.1-17) of nl()\elnenr distance. Coyotes no\cd longef distances at nighi thxn duriDg

rhe d.N. \{ovement distancc lcnded ro increir\c with decrersing habira! qurlity at Dighl but sho\r'ed litde relalionship $ith habilal

qurtil) during the day. Co)otes pfefered to ralel through. and remain in cl(xe proxi iry to, felatilel) undist rbed (Forest ,tnd

Strlh) hxbitats ir Lrrban en\ ironmenls ol washinst(m Stalc.

lntroduction

Urbanization dramatically altcrs natual landscapes
and fiequently results in a mosaic of small habi-
tat fragments which themselves valy in their de
grec of disturbancc. Perhaps the most obvious
change accompanying urbanizatiol is the dccrease
in the anlount of ratural vegetation. The largest
remaining patches of natural vegctation are typi-
cally associatcd with parks and reserves and of
ten constilute importrnt habitat fbr mammahan
wildlife (Haris 1977. Harris and Rayner 1986).
For example. Dickman (19871 recorded as nany
as l7 species of marnmals using small rl ixrdland
patches in Oxtbrd, England and futhcr showed
that species chness iD these patches was nega-
tively cofielated with several nleasures of distur-
bance. However, oftcn it is not clear what role
these fragments ofvegetation play in tbe maintc-
nance ofurbar wildli l t populations. ln addition,
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few studies have looked at the way wildlile spe-
cies use thcse areas.

The . , , \o le  rCan i '  la t ran ' t  i s  a  comtn , 'n  i t r -
habitant ofcities throughout the Unitcd States and
is ofien associated with patches of natural veg
etation (Cil l and Bonnett 1971. Quinn 1995).
I rbun enr ironments ,rffq1 1 unique opptrrtunit;
to explore aspects of coyote behavior. For ex
ample. does the coyote represent a species that
has changed its behavior to exploit urbanized
habitat or is it simply a species clinging to rem-
nant patches of natural habitatl

Many studies have cxplored coyote habiLat use
pattens by examining temporally independent
radiolocations. However, thc use of independent
observations may limit the type of inferencc Lhat
can be made about coyote behavior because it
fails to docunent how and why animals usc an
area (Sanderson 1966. Laundr6 and Keller l9E4).
Using sequential radio-telemetry data. Laundre
and Keller (1981) were able to idcntify three types
of coyote movenent patterns that represented threc
gencral types of behavior: resting, hunting, and
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traveling behavior Although Laund16 and Kellcr
( 1981) did not explicirly srudy the etfccr ofhabi
tat type on mo\cment behavior. thcy postulated
that spccitic movenrent pa erns were assoclated
with unique vegetal, faunal, or physiographic
characteristics ofthe honte range. To nrv knirwl
ctlge there ue n,' '111tlre. rhlr hari l,,,,kcd ar habirrt
use during rouline movements of coyotes where
routinc movcmeDls u'ere defined as movemcnts
othcr than dispersal. The purpose of this study
was to explore the relationship betwecn coyote
mo\emen[s arrd habitat patterns in urban envr_
IOnmentS.

Methods and Materials

Study  Area

The study area was the low elevation (<100 m),
portion of King County. Washington (Figure 1).
This part of Washington State l ies in the wetter
region of the Western Hemlock Zone (Franklin
and Dryness 198.1). Although most of rhe forest
area has been clcared lirr urban expansion. therc
are nunerous small patches of 40-S0-year.old
torest consisting primarily of Douglas-fir
( P.se udot.sugu nrc nje.rll). westem henlock (Zsrga
h?teroph)ll.t). rcd aldcr (Alirirs rirDra). big leif
maple (Acer mat roplt t.llirn ), and vine mrple (,4 cer
circinutuntl (Franklin and Dyrness 198,1).

Radio Te ernetry

I captured 6 (3 M, 3 F) adult (> I year old) coy-
olcs using Vick)r #3 n.aps with padded jaws dur_
ing 1989-90. I captured coyotes in the greater
Seattlc metlopolitan area:3 u'ithin t km ofSeattle,s
nodhem bordcr, whose home ranges included part
of Seattle. and 3 in urban environments arljaient
k) Sealtle (Figure l.). Each coyote was fitted with
J  mdr , ,  t ran \mi l t c r  rnd  r r ' le l \ rL l  i r l  lhc  r  i lp lu re  . i te .
During 1990, I tbllowed each coyote during I 2.
6 hour. tracking sessions in each of 4 scasons,
breed ing( l  Jan  15  Mar ) .  gesra t ion( l6Mar -30
Apr). pup-rearing (l May - 3l Jul). and dispersal
(t Aug 31 Dec). Tracking sessions staned at
0600, 1200. 1E00. or 2400 wirh 3 sessions/tirne
period. Consecutive tr.acking sessions for an in-
dividual were separated by )2,1 hours and wcre
typically spaced e,,'enlv throughout the season. I
k)cated covotcs at Ilrourintervals during atracking
session rcsulting in 6 locations and 5 rnovemenrs.
I lepresented movements as straight lines con-
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Irigure L Location of lhe radio reiemcrN stuoy area n rnc
greater Seaftlc metfopolita. area. Kirg County.
\\'ashingron. l9E9-90. The study area was dc[ned
as the smallest area conltdning rll coyote reloca_
tions. Circles show approimatc locarion ofcoyote
hone ftngcs.

necllng consecutivg locations and movement time
as the hour thc movement was completed (Fig
ure 2.). I designated daylight (day) movements
as those occurring fiom 0700- i700 fbr breeding
season, 0700- I 900 forgesration season, 0600-2100
ror pup rcarlng season, and 0700_1900 fbr dis-
persal season. All other movements were con_
sldered Dight nlovements.

Clearly. characterizing coyote movements as
slraighl l ines betwcen radio locations at l_hour
intervals is a simplification that could aftect the
validity ofmy study. However, I believe my study
approach was appropriate fbr three reasons. First,
I had to chose a time interval to cnaracrenze
movements that would be long enough to allow
an animal to move across a number of pixels so
that ploportions 1br ascrl and tuuiluble habitar
could be ci,t lculated, but Dot so long as to com
pletely obscure important aspects of behavior
related t{) general (atl behaviors combined) use



Figure L A singlc co! ote nnn e ment reprcscn ted bi a stfaighl

t inc connectrng fe local ions taken l -hour t lpart .

A\ai lable h|b i rd l  dur jng th is mo\emenl  ras based

on the composidon of habitat iDside r circle (actu-

all] a pollgon on raster ba\ed maps). oullired here

in bl.rck. v\ilh radius equal to mo\cncnt distance.

Lrsed habitat !l a\ based on lhc conrposition ofhabi

lal intersecred by the linc connectlng polnts I an.l t

+ L Erch squ$c r!'presents r pirel 28.5 m on a

ofhabitat. Habitat types in my study area tendcd
to occur in patches largcr than a sirgle pixcl (i.e..
pixel types werc clumped in their disffibution.
unpubl. data). Thus to efticiently generate a pro
portion ofauallable habitat that was different (and
therclore comparable to &iel habitat) in its conl
position liom a riserl proporlion. thc movement
had to be large relative to the scale of clumping.
Second, I had litt le guidance on appropriatc time
rn t ( r \a l \  I r  r l  pub l i .hed l i t c r l tu rc  . ince  no  one
to my knowledge had leokcd at coyote mo!emcnts
as a l lnction of habitat pretercnce in this way
and there rvere no studies of coyote nrovements
in urban habitats to guide me. Finally, I chose
the relocalion time i erval a priori. I rvas con-
servative in my use of statistics and in making
conclusions because I l id simplif-v coyote move-

ments. I used a P value of 0.0-5. I chose not to
weight compositional analysis by numbcr of ra
dio locations because it would have made it easier
to tind pattern (i.e.. reiect the null hypothesis that
habitat use was random).

I obtained radio locations using aYagi antennt
with a 95c/c error arc (go. t 2 SD, Springer 1979)
of 16.2" (n = 10). I took most (>907c) beanngs
from locations within ,100 m of the animals. At
distances of 400 m and Fith bcadngs at 90" to
each other, the 957. error polygon \!as approxr-
mately 13,071 n' (an area lepresented by 4 x 4
pixels). To minimize actual beadng error, I took
three beadngs per animal whenever possible and
in most cases was able to get vcry near the ani-
mal because of the extent of loads in the urban
areas. I lirund no evidence of bias in my telem-
etry equipment. Since my study was r compara-
tive one (i.e., use vs. availabil ity) random mea-
surcment eror should make it more difflcult to
detect significtnt differences among use of habi
tats; that is, more difficult to rcject the null hy-
pothesis that use of habitat was propofiional to
availabil ity.

Geograph ca Analysis Telemetry
LOCaItOnS

I plottcd ladio locations of coyotes on l:2;+.000-
scale topographic maps and assigned Univcrsal
Tlansverse Mercator (UTM) coordinaGs for each.
These coordinates $'cre entered into a database
read by Geographical Resourccs Analysis Sup-
port System (GRASS,1.l, U.S.Army Corp. Eng..
Construction Eng. Res. Lab. Champaign. Illinois).
A GRASS plocedure over]ays each set of coor-
dinates on an existing geo-referenced base map.

I conducted analyses of telemetry locations in
GRASS using a habitat database liom a 1985
LANDSAT image of King County. Personnel at
the Univenity of Washington Remote Sensing
Laboratory used aerial photographs and lield veri-
fication to classify each pixel, which conesponded
to a square parcel 28.5 rn on a side. into I of l3
different habitats. Overall accuracy (Sk)ry alld
Congalton 1986.) of the classificd nap was 887r,
(King Co. Open Space Program 19ii7, King
County. Wash.. unpubl. data). For this study. I
removed tieshwater habitat ald grouped together
other similar types so the study arca was repre-
sented wirh 5 habitats (Tablc l): ( l) Forest areas
dominated (>70%) by trees >6 m in height. >507c
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must be nalivc trcc species: (2) Shrlb areasdomi-
nated (>50% cover) by anl combination of un-
cut grass, shrubs, or trces I - 6 m in height: (3)
Densciv mixed vegetatiol ' l  areas dominated
(>70'lr) bv anycombination of vegetation including
shrub and lirrest. but containcd (50% shrub covel
or 707. tree cover, and >50%, of thl] total plant
cover was composed ol nonnatire species. This
habitat was charactedzed by relatively high in-
come housing devclopments \\ ' i th densities of 1-
,1 singlc larnily houses/ha; (,+) Moderatcly mixed
vegetation areas in rvhich any combinatioD of
vcgetation types composed 30-70% oltotal ground
cover. )507i: of the total plant cover consisted of
nonnative species. and <7ocl. of the total ground
cover could be covered by structures and imper-
r,ious surfaccs. This habitat chalacterized most
rcsidcntial development in King County rvith
densities of 5-12 single flmily houses/ha: (5)
Sparsely mixed vegetation arcas in $hich any
combinalion ofvegetation tvpes composcd <30%
of the ground area. This habitat chalactedzed
most industrial developnent in King County in-
cluding downtown mctropolitan arcas. There were
Itu, if any, single lamily houses in this habitat.

Composit  onal  Ana ysis

I used compositional analysis (Aebischcr et al.
1993) to comparc habitat selection at two spatial
scales. i) home ranges versus studv area. and ii)
disclete areas of use. descr-ibed either by colotc
rTlovement data or telenetry points. versus home
runges. ComposiLional analysis eliorinates manv
of thc common problerns associated with habitat
selection studics and uses the individual animal
rather than a singlc tclenretry location as the ex-
pcrimental unit (Aebischer et al. 1993. Aebischer
lnd  Robcr r ' , ' r r  lq ,J - l l .  I  u \ed  r i lndo ln iza t ion  tc . t r
provided in MacCon.rp 0.90 (J. P Carroll. The
Game Conservancy. Fordingbridge, Hampshire
SP6 I EF United Kirgdom) to detcnnine signiti-
cance lcrcls of Wilk s lambda (l) and t values
used in the ranliing natriccs ( Aebischer et al. l993).

I defined the study area as the snallest area
that included llcovote locations. Like nrany study
areas. m1'study area was somewhat al'biffary be-
cause it included areas which were nol trapped
and were outside study arrinral home ranges. Using
all radio locations tbr each animal. I calculated
1 0 0 ' i  : r . l u p t i r . '  k e r n e l  h o m e  r r n g s  c : t i m r l e \
(AKHR) (CALHOME. U.S. Fol'. Ser. Pac. South-
wcst Res. Sta.. Alban)'. CA) lbr cach coyote.

Sequential telenefy locations (as described above)
were probably autocor:related and may underes
timate true home range size (Srvihart and Sladc
1985, buL sec Gese et al. 1990 and Reynolds and
Laundrd 1990). Howevcr, I was intelested in
delincating a boundary in which I could estimate
hab i t l t  r ru r l : tb i l i t l  ra ther  than homr  r r r rse  ' i ze
(Quinn l995). Sequcntial locatiols as described
above wcre appropriate for compositional analy
sis since tracking sessions were djstributed in a
relatively unifornr manner throughout the sam,
pling period (Aebischer et al. 1993:321).

The use of compositional analysis typically
assumes equrl sanpling effon (same number of
radio locations) trmong animals. One wry to ac-
count tbr the effect of unequal sampling effort
among animals is to rveight each animal's habi-
tat composition by the number of radio-locations
tbr that animal. Although weighting ensurcs thar
all animals contribute equally to the test of non-
random habitat use. weighting mightgive too much
emphasis to frequently observed animals. I chose
not to weight samples by the numbel ofradio 1o-
c r l ions ,  whrch  rc .u l ted  in  a  morc  con:c r \ r r i \e
test (i.e.. more difficult to rejcct the null hyporh,
esis that habitat usc was random (N.J. Aebischer,
pers. comm. ).

I calculated two estimates ofhabitat use based
l l  mo\emenl \ :  a r r i lab le  hah i tu t  dur ing  nr , \ \ c -

melts, and uscd habitrt during movemcnts. For
each movement.I defined availablc habitat as the
composition of habitat inside a circle (actuallv a
poly-qon on raster based maps) rvhose center was
the location of the coyote at time t and whose
radius was the movement distance from t to t + I
(Figure 2). Habitat selcction tt this scale was
akin to asking il coyotes moved in such a way as
to remain in proximitv to pafiicular habitats types.
I dcfined used habitat as the composition ofhabitat
intersected by the straight line movement (Fig-
ure 2).

To eltimate movemcnt data habitat composi-
tion for a coyote. I sumtned the nurnbcr ofpixels
ofeach habitat type across all movements (avail-
rble or used habitat) by that individual and cli-
r, ided by the total number of pixels. An annual
estimate was thc only time trame for which I could
aDalyze movement data since I did not haveenough
animals each season (a minimurn of 6 is requircd)
to test for scasonal effects (Aebischer ct al. I 993 ).
Ho*'ever. belbre pooling movement data. I de-
tennined that there was no differencc (a = 0.708,

Cn) ote Habitrt Sclection lg-l



P - 0.919) between habitat available at night and
habitat available during the day and no differencc
(.L = 0.798, P = 0.9630) between habitat used at
n ighr  ln t l  hab i ra r  used dur ing  the  t l r

Step wise Regression of l\,4ovement Data

I  u \cJ  re :u l l .  l rom compos i t i , ,nu l  i rn . r l )  . i \  I . ,  qurn-
titatively rank habitat quality from I to 5 where I
is most prcfened (Forest, Shrub. Densely mixed
vegetation. Moderately mired vegetatlon, and
Sparscly mixed vegetation, respectively; scc Table
2 for tests of significtncc among habitat types).
I  u reL l  . tepu isc  mul t ip le  reg le .s ion  to  e \umine
the relationship bet\\,een movement distance and
quality of habitat in u,hich the movement began
(init ial habitat), habitat in which the movement
ended (final habitat), habitat gradient (initial fi
nal habital). and l ight conditions (night vs. day).
The regression u,as designed to answer the ques-
tion: are coyotcs more l ikely to move long dis-
tances whcn they were in less prclerred habitats.
I initially used three dift'erent methods of calcu-
latjng habitrt quality: 1) the value of the single
p ixe l  in  wh ich  an  an imal  * 'as  loca ted :2)  the
sum of valucs for the nine pixel group (pixel
i l  which the anjmal was located plus the eight
surrounding pixcls). and the mode of the nine
p ixe l  g roup.  The idea beh ind  us ing  the  sum
and mode of a nine pixel group is that an ani

mal may be responding to the "value" ofhabitat
at larger scales than a single pixel. In other words.
9 pixels (3 x 3) of forest cover might be more
prefered (affect movement distance morc) than
9 pixels consisting of 5 forest and 4 moderately
mixed vegetation. However,I excluded the 9 pixel
sum and mode from fu(her analysis because thcsc
measures were corrclated (r> 0.7) with their single
cell analogues (i.e., pixel types tended to be
clunrped in their distribution). I used a stepwise
multiple regression on the pooled data sct (a11
coyotes combined). I pooled movement data of
a l l  ind i r idur ls  ba .ed  on  re .u l r .  l rom (1)mpo\ i -
t ional analysis. whicb indicated that habitat sc-
lection occurrcd al the level of my sample popu
lation.

The stepwise model fitting program used an
alpha = 0. l5 (F{est) to enter and remove predic
tors from the re-qression equation (Wilkinson 1992).
I natural log-transfonned the dependent variable
[ln(movement distance +l)] to reduce the num
ber of outliers. inprove nornality, Iinearity, and
homoscedsticity of residuals (Sokal and Rohlf
la8 l  r .  I  renrnr rd  I  I  ou t l ie r .  u f te r  e r r rmin ing
Studentized residuals resulting in a sample size
of n = 659. Although some outlien are expected
with a large data set such as this, all outliers I
removed underestinated movement distance and
skewed the distribution of residuals.

TABI-E 2. (bmpositional analysis results ior nodcl\ comparing availability in the 100'Z adrpti\e kernel homc rangc (AKHR)

$ith 3 me|sures of habilal usc within the home range: a\'ailable habitat during nolcmcnls. uscd habila! during
molenents. und habilal use based on telemetry' pomts. Available habital lirr a cor. otc was based on the composrtion
of habitlt inside circlc\ $i!h radius equal to mo!eDrent distmce lbr (hal coyoic. Uscd habitat .|\,as based on the
comFr\ition ofhabirur describcd b,v Ine5 connecting consecuti!e relocalions oi a colo|c al I hour intcrvals. Habitat
ttfes (Forest = FOR.. Shrub = SHR. Dcnsely mired vegetalion = DNIV Moderately nired \egeladon = MN'V and
Spar\e l! nl i{ed veget ti(D = S\{V ) arc rankcd i n order of preference from left to fight and are underlined lrhen nol
different (P > {1.05) lioln each o|hcr.

\{odel
Individual Cortrasts

AKHR !s. ,A. \a i lable Habi ia i 0.0360

AKHR \ s. Used Hubiur

AKHR vs. Telemetr\ Porl1l\

D \ I \ '  [ ] \ I V

t) l \ l \  N|\t \  sMV

0.0001

0.05,f1

' P \alue is thc probabilit,v drar se ofhabitats $as equal to availabilily ofhabilals tirr that nrodel.
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Results

I analyzed approximately 1 season of telemetry
data (72 locations) fiom each of3 coyotes, 2 sea-
sons fiom each of 2 coyotes, and .1 seasons from
I animal representing I I coyote-scasons; 3 gach
lrom brccdrng. ge.t.rt ion. irnd pup relrine \rJ\on..
and 2 from dispcrsal season. This represented
79li locations and 665 I hour movcments (Table
l). Animals for which I had <4 seasons of data
cither dispersed fiom the study area or dicd.

Compositional analysis revealed that coyotcs
established their hone rangcs at ranclorn (l= 0.413.
P =0.631) withinthe study area, which was com-
poscd ol9.37c Forest, 12..17o Slulb, 12.0% Denscly
mixed vegetation. 39.9% Moderately mixed veg
c l r l i , r l -  i rnJ  26 . -+ ' ,  Spr r .e l )  n r i \ cd  \c8c lJ r i , ' n
(Table l). There was no difl'erence (l, = 0.099, P
= 0.205) between available habitat and usedhabitat
during movements. However, availrble habitat
and used habitat during movements were diff'er-
enl from cxpected based on the composition of
home ranges (Z=0.0340. P= 0.036, L= 0.0567.
P < 0.0001. respectively). Coyotes movcd in such

a way that available habitat and used habitat con-
tained more Forest. Shrub. and Densely nixcd
vegetatjon and less Moderatcly and Sparselynixed
vegetation than the home rangc as a u'hole (Table
2r .  Huh i t r r t  u . (  bascd on  tc lumet r l  p r r in t .  $1 .
n(' l Jif lerent f iom erpectc.l fr;1.q1 un qnmpgsi-
tion of hone ranges (L = 0.0420. P = 0.05.11;
Table 2).

Ol thc 64,1 moves, 253 (39%) originated in
Forest. 1,19 (237r) originated in Shmb. 121 (19
' , )  o r ig in r te r l  rn  VoJgr l lq l ;  m i red  regemt i , 'n .
80 (12%) originatcd in Densely mixed vegcta-
tion, and,11 (6%) originated in Sparselv mixed
vegelation. Step-wisemultipleregression revealed
that l ighting conditions (F =1.617. P = 0.006).
and the interaction ofl ighting conditions and ini
t ial habitat type (i: = 8.139. P = 0.004) were sig-
nitlcant but weak predictors (multiple R'?= 0.137)
of movement length. Night movenents were
longer than dalr movements and movemcnt dis-
tancc tended to increase at night as init ial habitat
quality decreased (Figure 3). During the day.
however, movement distancc was relativelv un
relared to inirial habitar quality.

Qz
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Fz
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tr..l

3

7.0

6.5

6.0

5 .5

5 .0

4 .5
Forest Shrub Densely Moderately Sparsely

mixed mixed mixed
vegetation vegetation vegetation

HABITAT TYPE IN WHICH MOVEMENT BEGAN
Fignfe 3. Ilean movemcnt dislancc furlural log tftrnsli)rmed) and standard crror in relation to lighting condirions (lighr ! s. d rk)

and habitat tlpc in $hich lhe nolenent be8.rn for cotoies in thc grcxrer Seaitle metropolilar arca. King Count).
$'ashington. 1989 90. Nlo\cncnts $ere repfesented b! straigh! lincs connccrirg consecutive radiolocariots laken ar
t  h0ur interval \

tNight movements
n Day movements
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Discussion

Analysis of movement data suggestecl that coy-
otes preltrrcd rclatively undisturbed habitats in
Lrrban environments of WashingkD State dcspitc
the tact that the amount of those habitats types
(Forest and Shrub) was quite variable anong home
ranges and in some cases made up a snral) pro-
pofi jon ofthe home range (Tablc 1). Coyote se
lection for particular habitat was apparent only
at the level of habitat use within the home range
rather than at the level of the horne range within
the stucly area. although the failure to detect hone
rangc lcvcl habitat preference may have been an
artifact of my study area description. Analysis
of available habitat during nrovcments, used habitat
during novenents, and to a lessor degree, habi-
tat associatecl $ith telemctry points suggested that
co)rotes teDded to preter. in order of pretelcncc
Forest. Shrub, Densely mixcd vegetation. Mod
elately mixcd vegetation. and Sparsely mixed
vegetation (i.e., Ieast disturbed to most disturbed).
This was consistent with a previous habitat use
study Quinn (1995) conducted on a temporally
irdependent subset of thc sanle telemeff)/ data.
Forest and Shrub probably provided the best hid-
ing cover in urban wcstcrn Washington. In addi
tion, Shrub habitat which rvas typically found in
tlansition aleas between lorest and more urban-
ized habitats may represcnt inrpoflant foraging
arcas for coyotes in urban environments (Quinn
1997). Atkinson and Shacklcton (1991) shorved
that the diet of coyotes near Vancouver. Canada,
*as donrinatcd by I vole species (Micrrtr.!
tow se dii) found predoniDartly in grasslands.
In this study grassJands rvere includcd in Shrub
habitat.

Whi le . rn . r l ) . i . , ' l '  i n t l cpcndent  te lemetq  po in t .
re!ealed a sinilar but less conclusive pattern of
hrbitat prcltrence as |novenent data (also see
Quinr 1995), analyzing movement data nlay ex-
pand the types of inferences that can be nade
about coyote behavior For example data fiom
both studies suggested that coyotes prefcr rcla-
tiYely undisturbed habitats but mo!enent data also
suggested that coyotes remain in close proximity
(\l i thin I hour travcl t ime) of prettred habitat
t lpcs . .uch  l .  Fore \ l  rnJ  Shruh. , lu r inF  r , 'u t rnc
movements. MaintainiDg a close proximity to
prcfcrred habitats was not simply a lunction of
home range habitat patterns since conrposition
based on availablc habitat during movements \\,as
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dil'ferent fron the composition of home ranges
as  a  wnore .

Nonrandom habitat use during lnovements may
have been driven morc by the avoidance o1, than
the selection fbr, particular habital types. For
example, Sparsely mixed vegetation had the stron
gest ellect of all habitat types on coyote Inove-
ment distance. Coyotes beginning their moves
in Sparsely mixed vegetation traveled relatively
Itrn!: Lli\ lJncc: :rl nrght but lunduJ to |e.lr i(] l nro\ c-
ment lelgth duing the day, presumably to avoid
contact with humans. ln addition, few movements
originated in Sparsely mixed vegetation despite
the fact that this habitat typically nrde up a large
percentage (>10%) ol coyote home ranges.
Sparsely mixed vegetation. which rnay facilitate
coyote travel at night bccrmc rclativcly unusablc
during the day. Sparsely mixed vegetation habi-
tat is charactcrizcd by dense residential housing
dere loprnen l . .  m l jo r  met ropo l i tan  are i l s .  o r  in
dustrial areas.

Heavily tbrested areas with low housing dcn-
sity provided the best ditytime cover. Day move-
nents were shortpossibJy because they minimized
the chance of being observed and/or because the
bcsthiding habitat often occurred in small patches
u,hicb l imited the distance coyotes could move
unobserved. Despite the fact that night move
ments $ere longer and less constrained by habi-
tat type than day movements, urban coyotes sti l l
prettrred relatiYely vegetated habitats at night.

Coyotes readily exploit human-dcrivcd fixrds
(MacCracken 19112, Quinn 1997) in urban areas.
which suggests that co.votes may benefit liom some
level of habitat disturbancc cvcn if i t means lim-
iting their movements to areas in or near undis-
turbcd habitlts. Coyotes in western Washington
pret'erred portions ofthcir homc rangcs that most
resembled undisturbed habitats but persistcd (or
established home ranges) in urban areas with <25
% combinedForest and Sharb habitat. Thus, given
the great variability in habitat compositions among
coyote home langes and the \\"ay coyotes struc
ture their movcments to stay close to hiding cover,
the suitabil ity of urban environments tirr coyotes
rnay be more a flnction of the distribution r-ather
than the overall quantity of preferred habjtats.

I attemptcd to dctcmline a general pattern of
coyote habitat preterence using a simple charac
teriztrt ion of routine rrovements. Simplit"ving
assumpt ions  about  an ima l  movements  w i l l



ultimately l imit the uscfulncss of habitat prcltr-
ence studies because animals tend to move at dif-
ferenl rates of speed depending on behavior
(Laundrd and Keller 19131). Ideally movement
data could be analyzed at rrultiple temporal and
spatial scales, which would allow researchers to
address questions about habitat pret'erence dur-
in-u specific behaviors (c.g., foraging) and how
difl-erent rclocation time intervals affect conclu-
sions abouthabitat use. Better resolulion ofhabitat
base maps and advances in technology such as the
u\c  o f  s f le l l i l e  r r l c rnc l r )  u  i l l  p rec t l )  i tnpro \c  o l r r
ability to examine horv aninal behavior is sh-tlc-
tured by the distribution and types of habitat.
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