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

Abstract

Habitat preference is ofien determined by examining temporally independent animal location data with litile artention paid Lo
movement behavier. In 1989 - 90, 1 examined coyote habitat preference in urban arcas of Washington State by examining habitat
nsed by 6 radio-collared coyotes during routine movements, 1 represented routine movements as straight lines connecting con-
secutive radio-relocations laken at 1-hour intervals during a series of 6-hour tracking sessions. Tused compositional analysis to
determine if coyotes selected for particular habitat types at 2 spatial scales: i) home runge from within an arbitrarily defined study
area containing all home ranges and i) areas used during routing movements from within the home runge. There was ne differ-
ence (P = 0.631) in habiiat composition between the home ranges and the study arca. However. based on hahitat availability in
home ranges, coyoles preferred (£ < 0.030) Forest = Shrub > Densely mixed vegetation > Moderaiely mixed vegetation > Sparsely
mixed vegetation during routing movements.

L used stepwise multiple regression to explore the relationship between movement distance and guality of habitat in which the
movemenl began (initial habitat), habitat in which the movement ended {final habitat). habitat gradient (initial - final habitat), and
light conditions (night vs. day). Light conditions (P = 0.006) and the interaction ol light and initial habital (P = 0.004) were
significant but weak predictors (muitiple B = (.137} of movement distance. Coyotes moved longer distances at night than during
the day. Movement distance tended to increase with decreasing habirar quality at nigit but showed little relationship with habitat
quality during the day. Coyotes preferred 1o rravel through. and remain in close proximity to, relatively undisturbed (Forest and

Shrub) habitats in urban environments of Washington State.

Introduction

Urbanization dramatically alters natural landscapes
and frequently results in a mosaic of small habi-
tat fragments which themselves vary in their de-
gree of disturbance. Perhaps the most obvious
change accompanying urbanization is the decrease
in the amount of natural vegetation, The largest
remaining patches of natural vegetation are typi-
cally associated with parks and reserves and of-
ten constitute important habitat for mammalian
wildlife (Harris 1977, Harris and Rayner 1986).
For example, Dickman {1987) recorded as many
as 17 species of mammals using small woodland
patches in Oxford, England and further showed
that species richness in these patches was nega-
tively correlated with several measures of distur-
bance. However, often it is not clear what role
these fragments of vegetation play in the mainte-
nance of urban wildlife populations. In addition,
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few studies have looked at the way wildlife spe-
cies use these areas.

The coyote {(Canis latrans) is a common in-
habitant of cities throughout the United States and
is often associated with patches of natural veg-
etation (Gill and Bonnett 1973, Quinn 1995).
Urban environments offer a unique opportunity
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 habitat?

Many studies have cxplored coyote habilat use
patterns by examining temporally independent
radio-locations. However, the use of independent
observations may limit the type of inference that
can be made about coyote behavior because 1t
fails to document how and why animals use an
area { Sanderson 1966, Laundré and Keller 1984).
Using sequential radio-telemetry data, Laundré
and Keller (1981) were able to identify three types
of coyote movement patterns that represented three
general types of behavior: resting, hunting, and
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traveling behavior. Although Laundré and Keller
(1981) did not explicitly study the effect of habi-
tat type on movemenl behavior, they postulated
that specific movement patterns were associated
with unique vegetal, faunal, or physiographic
characteristics of the home range. To my knowl-
edge there are no studies that have looked at habitat
use during routine movements of coyotes where
routine movements were defined as movements
other than dispersal. The purpose of this study
was to explore the relationship between coyote
movements and habitat patterns in urban envi-
ronments.

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 lies in the wetter
region of the Western Hemlock Zone (Franklin
and Dryness 1984). Although most of the forest
area has been cleared for urban expansion, there
are numerous small patches of 40-80-year-old
forest consisting primarily of Douglas-fir
(Pseudotsuga menZiesii), western hemlock (Tsuga
heterophyila), red alder (Alnus rubra). bi g leaf
maple (Acer macrophytlum), and vine maple (Acer
circinatum) (Franklin and Dyrness 1984).

Radio Telemetry

[ captured 6 (3 M, 3 F) adult {>1 year old) coy-
otes using Victor #3 traps with padded jaws dur-
ing 1989-90. T captured coyotes in the greater
Seattle metropolitan area; 3 within | km of Seattle’s
northern border, whose home ranges included part
of Seattle, and 3 in urban environments adjacent
to Seattle (Figure 1). Each coyote was fitted with
aradio transmitter and released at the capture site.
During 1990, I followed each coyote during 12,
6-hour, tracking sessions in each of 4 $CUSONS,
breeding (1 Jan - 15 Mar), gestation (16 Mar - 30
Apr), pup-rearing (1 May - 31 Jul), and dispersal
{L Aug - 31 Dec). Tracking sessions started at
0600, 1200, 1800. or 2400 with 3 sessions/time
period. Consecutive tracking sessions for an in-
dividual were separated by =24 hours and were
typically spaced evenly thronghout the season. 1
located coyotes at 1-hour intervals during a trackin I
session resulting in 6 locations and 5 movements.
I represented movements as straight lines con-
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Coyote Home
Range

Washington State

Figure 1. Localion of the radio-telemetry study arca in the
greater Seartle metropolitan area, King County.
Washingion, 1989-90. The study area was defined
as the smallest area containing all coyote reloca-
tions. Circles show approximate location of coyote
home ranges.

necting consecutive locations and movement time
as the hour the movement was completed (Fig-
ure 2). I designated daylight {day) movements
as those occurring from 0700-1700 for breeding
seasor, 0700-1900 for gestation season, 0600-2100
for pup-rearing season, and (700-1900 for dis-
persal season. All other movements were con-
sidered night movements.

Clearly, characterizing coyote movements as
straight lines between radio-locations at 1-hour
intervals is a simplification that could affect the
validity of my study. However, I believe my study
approach was appropriate for three reasons. First,
[ had to chose a time interval to characterize
movements that would be tong enough to allow
an animal to move across a number of pixels so
that proportions for used and availuble habitat
could be calculated, but not so long as to com-
pletely abscure important aspects of behavior
related to general (all behaviors combined) use
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Figure 2. A single covote movement represented by astraight
Iine connecting relocations taken 1-hour apart.
Available habitat during this movement was based
on the composition of habitat inside a circle (actu-
ally a polygon on raster based maps). outlined here
in black. with radius equal to movement distance.
Used habitat was based on the composition of habi-
lal intersected by the line connecting peints t and
+ 1. Each squarc represents a pixel 28.5 m on a
side.

of habitat. Habitat types in my study area tended
te occur in patches larger than a single pixel (i.e.,
pixel types were clumped in their distribution,
unpubl. data). Thus to efficiently generate a pro-
portion of available habitat that was different {and
thercfore comparable to used habitat) in its com-
position from a used proportion, the movement
had te be large relative to the scale of clumping.
Second, I had little guidance on appropriate time
intervals from published literature since no one
to my knowledge had looked at coyote movements
as a function of habitat prefercnce in this way
and there were no studies of coyote movements
in urban habitats to guide me. Finally, I chose
the relocation time interval a priori. 1 was con-
servative in my use of statistics and in making
conclusions because [ did simplify coyote move-

ments. 1 used a P value of 0.05. I chose not to
weight compositional analysis by number of ra-
dio locations because it would have made it easier
to find pattern (i.e.. reject the null hypothesis that
habitat use was random).

I obtained radio locations using a Yagi antenna
with a 95% error arc (0, £ 2 SD, Springer 1979)
of 16.29 (n = 10). I took most (>90%) bearings
from locations within 400 m of the animals. At
distances of 400 m and with bearings at 90° to
each other, the 93% error polygon was approxi-
mately 13,071 m* (an area represented by 4 x 4
pixels). To minimize actual bearing error, | took
three bearings per animal whenever possible and
in most cases was able to get very near the ani-
mal because of the extent of roads in the urban
areas. | found no evidence of bias in my telem-
etry equipment. Since my study was a compara-
tive one (i.e., use vs. availability) random mea-
surement error should make it more difficult to
detect significant differences among use of habi-
tats; that is, more difficult to reject the null hy-
pothesis that use of habitat was proportional to
availability.

Geographical Analysis Telemetry
Locations

1 plotted radio locations of coyotes on 1:24.000-
scale topographic maps and assigned Universal
Transverse Mercator (UTM) coordinales for each.
These coordinates were entered into a database
read by Geographical Resources Analysis Sup-
port System (GRASS 4.1, U.S. Army Corp. Eng..
Construction Eng. Res. Lab. Champaign, [llinois).
A GRASS procedure overlays each set of coor-
dinates on an existing geo-referenced base map.

I conducted analyses of telemetry locations in
GRASS using a habitat database from a 1985
LANDSAT image of King County. Personnel at
the University of Washington Remote Sensing
Laboratory used aerial photographs and field veri-
fication to classify each pixel, which corresponded
to a square parcel 28.5 m on a side, into L of 13
different habitats. Overall accuracy (Story and
Congalton 1986) of the classified map was §8%
{King Co. Open Space Program 1987, King
County. Wash., unpubl. data). For this study. 1
removed freshwater habitat and grouped together
other similar types so the study arca was repre-
sented with 3 habitats (Table 1): (1) Forest—areas
dominated (>70%) by trees >6 m in height, >50%
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must be native tree species; {2} Shrub—areas domi-
nated (>50% cover) by any combination of un-
cut grass, shrubs, or trees 1 - 6 m in height; (3)
Densecly mixed vegetation—areas dominated
(>70%) by any combination of vegetation including
shrub and forest, but contained <50% shrub cover
or 70% tree cover, and 250% of the total plant
cover was composed of nonnative species. This
habitat was characterized by relatively high in-
come housing developments with densities of 1-
4 single family houses/ha: (4} Moderately mixed
vegetation—areas in which any combination of
vegetation types composed 30-70% of total ground
cover, 250% of the total plant cover consisted of
nonnative species, and <70% of the total ground
cover could be covered by structures and imper-
vious surfaces. This habitat characterized most
residential development in King County with
densities of 5-12 single fumily houses/ha: (3)
Sparsely mixed vegetation—arcas in which any
combination of vegetation types composed <30%
of the ground area. This habitat characterized
most industrial development in King County in-
cluding downtown metropolitan areas. There were
few, if any, single family houses in this habitat,

Compaositional Analysis

I used compositional analysis (Aebischer et al,
1993) to compare habitat selection at two spatial
scales, i) home ranges versus study area, and ii)
discrete areas of use, described either by coyote
movement data or telemetry points, versus home
ranges. Compositional analysis eliminates many
of the common problems associated with habitat
selection studies and uses the individual animal
rather than a single telemetry location as the ex-
perimental unit (Aebischer et al. 1993, Aebischer
and Robertson 1994). T used randomization tests
provided in MacComp 0.90 (J. P. Carroll, The
Game Conservancy, Fordingbridge, Hampshire
SP6 1EF United Kingdom) to determine signifi-
cance levels of Wilk's lambda (L) and ¢ values
used in the ranking matrices (Aebischer etal. 1993),

I defined the study area as the smallest area
that included all coyote locations. Like many study
areas. my study area was somewhat arbitrary be-
cause it included areas which were not trapped
and were outside study animal home ranges. Using
all radio locations for each animal, 1 calculated
100% adaptive kernel home range estimates
(AKHR)}(CALHOME, U.S. For. Ser. Pac. South-
west Res. Sta., Albany, CA) for cach coyote.

Sequential telemetry locations (as described above)
were probably autocorrelated and may underes-
timate true home range size (Swihart and Slade
1985, but sec Gese et al. 1990 and Reynolds and
Laundré 1990). However, 1 was interested in
delineating a boundary in which I could estimate
habitat availability rather than home range size
(Quinn 1995). Sequential locations as described
above were appropriate for compositional analy-
sis since racking sessions were distributed in a
relatively uniform manner throughout the sam-
pling peried (Aebischer et al. 1993:321).

The use of compositional analysis typically
assumes equal sampling effort (sume number of
radio-locations} among animals. One way to ac-
count for the effect of unequal sampling effort
among animals is to weight each animal’s habi-
tat composition by the number of radio-locations
tor that animal. Although weighting ensures that
all animals contribute equally to the test of non-
random habitat use, weighting might give too much
emphasis to frequently observed animals. [ chose
not to weight samples by the number of radio lo-
cations, which resulted in a more conservative
test (i.e., more difficult to reject the null hypoth-
esis that habitat use was random (N.J. Aebischer,
pers. comm.).

I calculated two estimates of habitat use based
on movements: available habitat during move-
ments, and used habitat during movements. For
each movement, T defined available habitat as the
composition of habitat inside a circle (actually a
polygon on raster based maps) whose center was
the location of the coyote at time t and whose
radius was the movement distance fromttot+ 1
(Figure 2). Habitat selection at this scale was
akin to asking if coyotes moved in such a way as
to remain in proximity to particular habitats types.
I defined used habitat as the composition of habitat
intersected by the straight line movement (Fig-
ure 2).

To estimate movement data habitat composi-
tion foracoyote, I summed the number of pixels
of each habitat type across all movements (avail-
able or used habitat) by that individual and di-
vided by the total number of pixels. An annual
estimate was the only time trame for which [ could
analyze movement data since 1 did not have enough
animals each season (a minimum of 6 is required)
to test for seasonal effects (Aebischer ct al, 1993),
However, before pooling movement data. I de-
termined that there was no difference (£ = 0.708,

Coyote Habitat Selection 293




P=0.919) between habitat available at night and
habitat available during the day and no difference
(L =0.798, P =0.9630) between habitat used at
night and habitat used during the day.

Step-wise Regression of Movement Data

T used results from compositional anatysis to quan-
titatively rank habitat quality from 1 to 5 where 1
is most preferred (Forest, Shrub, Densely mixed
vegetation, Moderately mixed vegetation, and
Sparsely mixed vegetation, respectively; see Table
2 for tests of significance among habitat types).
I used stepwise multiple regression to examine
the relationship between movement distance and
quality of habitat in which the movement began
{initial habitat), habitat in which the movement
ended {final habitat), habitat gradient (initial - fi-
nal habitat), and light conditions (night vs. day).
The regression was designed to answer the ques-
tion: are coyotes more likely to move long dis-
tances when they were in less preferred habitats.
| initially used three different methods of calcu-
lating habitat quality: 1} the value of the single
pixel in which an animal was located; 2} the
sum of values for the nine pixel group (pixel
in which the animal was located plus the eight
surrounding pixels), and the mode of the nine
pixel group. The idea behind using the sum
and mode of a nine pixel group is that an ani-

mal may be responding to the “value” of habitat
at larger scales than a single pixel. Tn other words,
9 pixels (3 x 3) of forest cover might be more
preferred (affect movement distance more) than
9 pixels consisting of 5 forest and 4 moderately
mixed vegetation. However, I excluded the 9 pixel
sum and mode from further analysis because these
measures were correlated (> 0.7} with their single
cell analogues {i.e., pixel types tended to be
¢lumped in their distribution). Tused a stepwise
multiple regression on the pooled data set (all
coyotes combined). [ pooled movement data of
all individuals based on results from composi-
tional analysis, which indicated that habitat se-
lection occurred at the level of my sample popu-
lation.

The stepwise model fitting program used an
alpha = (. 15 (#-test) to enter and remove predic-
tors from the regression equation (Wilkinson 1992).
I natural log-transformed the dependent variable
[In(movement distance +1)] to reduce the num-
ber of outliers, improve normality, linearity, and
homoscedsticity of residuals (Sokal and Rohlf
1981). 1 removed 11 outliers after examining
Studentized residuals resulting in a sample size
of n =659. Although some outliers are expected
with a large data set such as this, all outliers [
removed underestimated movement distance and
skewed the distribution of residuals.

TABLE 2. Compositional analysis results for models comparing availability in the 100% adaptive kernel home range (AKHR)
with 3 measures of habital use within the home range: available habitat during movements, vsed habitar during
movements, and habitat use based on telemetry points. Available habital lor a coyote was based on the composition
of hubitat inside circles with radins equal to movement distance for that coyote. Used habitat was based on the
compusition of habitat described by lines connecting consecutive relocations of a coyote at 1-hour intervals. Habitat
types {Forest = FOR.. Shrub = SHR. Densely mixed vegetation = DMV, Moderately mixed vegetation = MMY, and
Sparsely mixed vegetation = SMV) arc ranked in order of preference from left to right and are underlined when not

ditferent (P > 0.05) from each other.

Model P

Tested Value® Individual Contrasts
AKHR vs. Available Habirtat 0.0360 FOR SHR DMV MMV SMV
AKHR vs. Used Habitat 0.0001 FOR SHR DMV MMV SMV
AKHR vs. Telemetry Points 0.0541 FOR SHR DMV MMV SMV

# P value is the probability that use of habitats was equal to availability of habitats for that model.
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Results

I analyzed approximately 1 season of telemetry
data (72 locations) from each of 3 coyotes, 2 sea-
sons from each of 2 coyotes, and 4 seasons from
1 animal representing 11 coyole-scasons; 3 each
from breeding, gestation, and pup-rearing seasons,
and 2 from dispersal season. This represented
798 locations and 665 1-hour movements (Table
). Animals for which T had <4 seasons of data
cither dispersed from the study area or died.
Compositional analysis revealed that coyotes
established their home ranges at random (L.=0.413,
P =0.631) within the study area, which was com-
posed of 9.3% Forest, 12.4% Shrub, 12.0% Denscly
mixed vegetation, 39.9% Moderately mixed veg-
ctation, and 26.4% Sparsely mixed vegetation
(Table 1). There was no difference (L. = 0.099, P
=(1.205) between available habitat and used habitat
during movements. However, available habitat
and used habitat during movements were differ-
ent [rom expected based on the composition of
home ranges (L = (.0340, P = 0.036, L =0.0567,
P <(0.0001, respectively). Coyotes moved in such

a way that available habitat and used habitat con-
tained more Forest. Shrub, and Densely mixed
vegetation and less Moderately and Sparsely mixed
vegetation than the home range as a whole (Table
2). Habitat use based on telemetry points was
not ditferent from expected based on composi-
tion of home ranges (L. = 0.0420, P = 0.0541;
Table 2).

Of the 644 moves, 253 (39%}) originated in
Forest, 149 (23%) originated in Shrub, 121 (19
%) originated in Moderately mixed vegetation,
80 (12%) originated in Densely mixed vegeta-
tion, and 41 (6%} originated in Sparsely mixed
vegelation. Step-wise multiple regression revealed
that tighting conditions {F = 7.647, P = 0.006),
and the interaction of lighting conditions and ini-
tial habitat type (F = 8.139, P = 0.004) were sig-
nificant but weak predictors (muttiple RZ=0.137)
of movement length. Night movements were
longer than day movements and movement dis-
tance tended to increase at night as initial habitat
guality decreased (Figure 3). During the day,
however, movement distance was relatively un-
related to initial habitat quality.

7.0
= I Night movements
> 6.5 | ODay movements
=
4
~ 6.0
=
= |
m
S 55| T
)
-
o T
2 5.0
&
4.5 : :
Forest Shrub Densely Moderately Sparsely
mixed mixed mixed

vegetation vegetation vegetation

HABITAT TYPE IN WHICH MOVEMENT BEGAN

Figure 3. Mean movement distance (natural log transformed) and standard errer in relation to lighting conditions (light vs. dark)
and habitat type w which the movement began for coyotes in the greater Seattle metropolitan arca. King County.

Washington, 1989-90, Movements were represented by

T-hour intarvals.

straight lines connecting consecutive radiclocations taken at
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Discussion

Analysis of movement data suggested that coy-
otes preferred relatively undisturbed habitats in
urban environments of Washington State despite
the fact that the amount of those habirats types
{Forest and Shrub} was quite variable among home
ranges and in some cases made up a small pro-
portion of the home range (Table 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 home range within
the study ares, although the failure to detect home
range level habitat preference may have been an
artifact of my study area description. Analysis
of available habitat during movements, used habitat
during movements, and to a lessor degree, habi-
tat associated with telemetry points suggested that
coyotes tended to prefer, in order of preference
Forest, Shrub, Densely mixed vegetation. Mod-
erately mixed vegeration. and Sparsely mixed
vegelation (i.e., least disturbed to most disturbed).
This was consistent with a previous habitat use
study Quinn (1993} conducted on a temporally
independent subset of the same telemetry dara.
Forest and Shrub probably provided the best hid-
ing cover in urban western Washington. In addi-
tion, Shrub habitat which was typically found in
transition areas between forest and more urban-
ized habitats may represent important foraging
arcas for coyotes in urban environments (Quinn
1997). Atkinson and Shackleton (1991) showed
that the diet of coyotes near Vancouver, Canada,
was dominated by 1 vole species (Microfus
townsendii) found predominantly in grasslands.
In this study grasslands were included in Shrub
habitat.

While analysis of independent relemetry points
revealed a similar but less conclusive pattern of
habitat preference as movement data (also see
Quinn 1993), analyzing movement data may e¢x-
pand the types of inferences that can be made
about coyote behavior. For example data from
both studies suggested that coyotes prefer rcla-
tively undisturbed habitats but movement data also
suggested that coyotes remain in close proximity
(within 1 hour travel time) of preferred habitat
types, such as Forest and Shrub, during routine
movements. Maintaining a close proximity to
preferred habitats was not simply a function of
home range habitat patterns since composition
based on available habitat during movements was
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different from the composition of home ranges
as a whole.

Nonrandom habital use during movements may
have been driven more by the avoidance of, than
the selection for, particular habilat types. For
example, Sparsely mixed vegetation had the stron-
gest effect of all habitat types on coyote move-
ment distance. Coyotes beginning their moves
in Sparsely mixed vegetation traveled relatively
long distances at night but tended to restrict move-
ment length during the day, presumably to avoid
contact with humans. In addition, few movements
originated in Sparsely mixed vegetation despite
the fact that this habitat typically made up a large
percentage (210%) of coyole home ranges.
Sparsely mixed vegetation, which may facilitate
coyote travel at night became relatively unusable
during the day. Sparsely mixed vegetation habi-
tat is characterized by dense residential housing
developments, major metropolitan areas, or in-
dustrial areas.

Heavily forested areas with low housing den-
sity provided the best daytime cover. Day move-
ments were short possibly because they minimized
the chance of being observed and/or because the
best hiding habitat often occurred in small patches
which limited the distance covotes could move
unobserved. Despite the fact that night move-
ments were longer and less constrained by habi-
tat type than day movements, urban covotes still
preferred relatively vegetated habitats at night.

Coyotes readily exploit human-derived foods
(MacCracken 1982, Quinn 1997) in urban areas,
which suggests that coyotes may benefit from some
level of habitat disturbance even if it means lim-
iting their movements to areas in or near undis-
turbed habitats. Coyotes in western Washington
preferred portions of their home ranges that most
resembled undisturbed habitats but persisted (or
established home ranges) in urban areas with <25
9 combined Forest and Shrub habitat. Thus, given
the great variability in habitat compositions among
coyote home ranges and the way coyotes struc-
ture their movements 1o stay close to hiding cover,
the suitability of urban environments for coyotes
may be more a function of the distribution rather
than the overall quantity of preferred habitats.

[ attempted to determine a general pattern of
coyote habitat preference using a simple charac-
terization of routine movements. Simplifying
assumptions about animal movements will




ultimately limit the usefulness of habitat preter-
ence studies becanse animals tend to move at dif-
ferent rates of speed depending on behavior
(Laundré and Keller 1981). Ideally movement
data could be analyzed at multiple temporal and
spatial scales, which would allow researchers to
address questions about habitat preference dur-
ing specific behaviors (e.g., foraging} and how
different relocation time intervals affect conclu-
sions about habitat use. Better resolution of habitat
base maps and advances in technology such as the
use of satellite felemetry will greatly improve our
ability to examine how animal behavior is struc-
tured by the distribution and types of habitat.
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