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Abstract

To gain a better knowledge of eastern coyote
(Canis latrans var.) behaviour, we directly ob-
served a socialized, hand-reared captive pack
of five eastern coyotes to examine how activity
during morning and late afternoon was re-
lated to the following variables: (i) age, (ii)
temperature, (iii) social/hierarchal rank, (iv)
body mass, (v) weather, and (vi) gender. An
estimate of each coyote’s overall activity level
index (ALI) was obtained through 609 30-
minute observation sessions with 120 (19.7%
for each) bouts conducted on coyotes named
“Caon”, “Late”, and “Trans”, 124 (20.4%) on
“Cane”, and 125 (20.5%) on “Lupe”. ALI per
session varied for each animal with averages
of 1.78 for Cane (range 1.01 - 2.53), 1.74 for
Caon (range 1.02 - 2.42), 1.79 for Late (range

1.00 - 2.50), 1.69 for Lupe (range 1.01 - 2.40),
and 1.79 for Trans (range 1.03 - 2.38). The
model explained 11.5% of the variance in ALI
(adjusted R-squared = 0.115). Age in days ( =
-0.270, p < 0.0001), temperature (p = -0.178, p <
0.0001), and rank (p = 0.135, p = 0.001) were
the three variables that best predicted ALL
Our study showed that coyotes display plastic
behavioural patterns, and that they are capa-
ble of altering activity based on environmental
circumstances. Because most wild coyote
populations are inherently difficult to observe,
data from coyotes in captivity complement
data from studies of coyotes in the wild.

Introduction

Coyotes (Canis latrans) are notoriously difficult
to observe in the wild with only the Yellow-
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stone/Grand Teton Parks area of northwest
Wyoming producing consistent, reliable direct
observations of free-ranging (usually radio-
collared), undisturbed coyotes (Bekoff and
Wells 1980; Gese et al., 1996a, b, c; Switalski,
2003). These benchmark studies have contrib-
uted to our knowledge of important facets of
coyote ecology and behaviour including activ-
ity related to social class (Bekoff and Wells
1980), response to grey wolf (Canis lupus) rein-
troduction (Switalski 2003), foraging ecology
(Gese et al. 1996a), predation success (Gese et
al. 1996b), social factors influencing dispersal
(Gese et al. 1996c), and behavioural ecology
(Camenzind 1978).

However, in most areas of the coyote’s ubiqui-
tous range (see Parker, 1995) they are difficult
to observe because they are mostly nocturnal
(Woodruff and Keller 1982, Chamberlain et al.
2000, Grinder and Krausman 2001, Tigas et al.,
2002, Riley et al. 2003, Way et al. 2004) and/or
live in heavily forested regions making them
difficult to see (Harrison and Harrison 1984,
Harrison 1992, Patterson et al. 1999, Patterson
and Messier 2001).

In some of these locations seasonal observa-
tions of coyotes are possible (Way 2003, Way
2007b), but in most landscapes (e.g. forested,
suburban, hunted areas) observers must rely
on radio-telemetry data to remotely (i.e. not
visually) detect coyote activity (Patterson et al.
1999, Kitchen et al. 2000, Grinder and Kraus-
man 2001, Way et al. 2004).

The eastern coyote living in northeastern
North America is a larger version of the spe-
cies (Way and Proietto 2005, Way 2007a) and
its ecology has only recently been investigated
(Harrison et al. 1991, Harrison 1992, Patterson
et al. 1999, Patterson and Messier 2001, Way et
al. 2002). There has only been a limited
amount of behavioural observations of wild
eastern coyotes in this region (Way 2003, Way
et al. 2006, Way 2007b). However, numerous
researchers have demonstrated the importance
of studying canids in captivity as much behav-
ioural research is difficult, or even impossible,
to obtain in the wild (Bekoff 1972a, Bekoff
1974, Bekoff 1978, Frank 1987, Mech and Boi-
tani 2003, Packard 2003, Macdonald and
Sillero-Zubiri 2004, Way et al. 2006). For ex-
ample, no study has documented in detail the
development and hierarchal relationship of a
litter of wild coyotes from birth until inde-
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pendence (i.e. to their first autumn, at ap-
proximately six months of age) although many
captive studies have examined this aspect of
coyote behaviour (Bekoff 1972b, Bekoff 1974,
Bekoff 1978, Parks 1979, Way et al. 2006, Way
2007b). Also, coyotes are heavily harvested in
many areas of their range (Parker 1995), which
often causes them to become even more secre-
tive (Kitchen et al. 2000).

It would be useful to have a benchmark of
eastern coyote behaviour/activity in a setting
where coyotes are not persecuted by humans.
Therefore, we directly observed a socialized
captive pack of eastern coyotes to examine
how activity was related to variables such as
(i) age, (ii) temperature, (iii) social/hierarchal
rank, (iv) body mass, (v) weather, and (vi)
gender.

Methods

On 12 April 2002, five wild-born sibling coyote
pups (two males = “Lupe” and “Trans”; three
females = “Cane”, “Caon”, and “Late”) of an
original litter of nine (three males, six females)
estimated 25 days old (Parks 1979), were re-
moved from under a small outbuilding in a
residential area in Falmouth (Cape Cod), Mas-
sachusetts and were reared at JGW’s house
(note: the other four pups [one male, three fe-
males] were placed back under the outbuild-
ing. The wild parents were observed with the
four pups until the end of summer 2002 when
wildlife officials lost track of them). This large
litter was deemed a problem situation by
wildlife authorities because of the large num-
ber of pups and three or more wild adults rais-
ing these pups in an urbanized area. In addi-
tion, we were granted a permit to study coyo-
tes for both scientific (Way et al. 2006) and
educational purposes (Way 2005). We hoped
that these two factors justified the study for
both moral and ethical reasons (also see Way
2007b).

The five coyotes taken into captivity were con-
tained within a 53m? area both inside and out-
side JGW’s house until 13 May 2002, when the
coyotes were transferred to a 16m? quarantine
facility for one month at the Franklin Park
Zoo, Boston, Massachusetts. On 13 June 2002
the five coyotes were moved to their perma-
nent 403m? public viewable exhibit at the
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Stone Zoo located in Stoneham, Massachusetts
and remained there for the duration of this
study (late-October 2003 - pup age 585 days).
We chose the endpoint of our study as the last
day of data collection prior to the coyotes be-
ing permanently separated due to intra-pack
aggression (Late and Trans were removed -
Way 2007b). The area of their exhibit was a
suitable size for a long-term study of canid
behaviour (Frank 1987). Although the coyotes
were hand-reared and socialized to people
(Way 2007b), we made no attempt to interfere
with nor discipline their activities and there-
fore gave the coyotes free access, at all times,
to their exhibit/living facilities. The coyotes
were provided with puppy milk (Esbilac,
PetAg, Inc., Hampshire, Illinois) via bottle or
bowl] until 15 May 2002 and were given access
to water and dry dog food (commercially
available dog foods until March 2003 then
Mazuri exotic canine diet [PMI Nutrition In-
ternational, LLC., Brentwood, Missouri] there-
after) at all times. They were group fed (i.e. all
five at once) 0.75 - 1.6kg (varying with their
age) of Nebraska Brand chopped frozen ca-
nine meat (Central Nebraska Packing Co.,
North Platte, Nebraska) mixed with dog food
on a daily basis and were given frozen or
thawed laboratory rats, guinea pigs and mice
(donated from a rodent breeding facility),
and/or bones two to four times per week.
Within their exhibit, the coyotes commonly
hunted (at least one prey item two to three
times daily) and captured (about one to two
prey items per week) starlings Sturnus vul-
garis, house sparrows Passer domesticus, chip-
munks Tamias striatus, Norway rats Rattus
norvegicus, meadow voles Microtus pennsyl-
vanicus, and grey squirrels Sciurus carolinensis,
but did not appear to eat much or any of these
wild prey items. Care and use of animal sub-
jects was approved by Zoo New England’s
Institutional Animal Use and Care Committee
(letter dated 23 January 2002 to JGW), by Bos-
ton College’s Institutional Animal Care and
Use Committee Protocol Number 01-03, and
by the Massachusetts Division of Fisheries and
Wildlife Permit # 052.02LP.

We developed an ethogram that noted basic
behavioural patterns (Way et al. 2006) with
observations beginning 15 April with the pups
< four weeks of age. To avoid influencing
coyote behaviour with different observers,
only JGW interacted with and conducted ac-
tivity budgets on them. Using this technique,
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we acknowledge that we did not have inter-
observer reliability as described by Bekoff
(1974) but the large amount of data collected
attempted to mitigate fluctuations in intra-
observer reliability. We used focal individual
animal sampling (i.e. one coyote per 30 minute
bout of data collection), took instantaneous
point or scan samples (Martin and Bateson
1986, Macdonald et al. 2000) every 15 seconds
for 30 minutes on the target coyote, recorded
the date, time, and weather before each obser-
vation bout took place, and noted important
contextual information in between each 15
second sampling period. By using frequent
(i.e. every 15 seconds) instantaneous samples,
we tried to obtain an accurate approximation
from continuous recording (Martin and Bate-
son 1986). Thus, 120 samples per 30 minute
behavioural bout on a coyote were ideally re-
covered. However, there were two reasons
why we occasionally did not obtain 120 sam-
ples per bout: 1) a coyote was momentarily out
of sight during a particular 15 second sam-
pling period (usually, at most, this happened
one to two times per 30 minute bout); and 2)
we had to stop a sampling bout earlier (e.g.
rain, darkness, or some kind of disturbance
that forced JGW to abandon an activity
budget). The number of fixes in these in-
stances (which was infrequent) was pro-rated
to 120 fixes for ease of statistical comparison.

We randomly chose which coyote to conduct
observations on before entering the exhibit but
attempted to evenly sample all coyotes (i.e.
each coyote was scored every fifth time) dur-
ing the study. We typically recorded behav-
ioural data five to six days per week and took
between one and four (usually one to two) 30
minute behavioural bouts per day during day-
light hours. Behaviours were also recorded on
digital still and video-cameras and 35-mm film
cameras weekly for the duration of the juve-
nile period of the pups (Parks 1979) then ad lib
after pups reached full-size (one year of age -
Bekoff and Jamieson 1975). We conducted
most of the behavioural bouts during early to
mid-morning (between 0700-1100h) or be-
tween late-afternoon to early-evening hours
(between 1600-1930h); these were the times
with the least amount of people around the
zoo (the zoo opened at 1000h and closed at
1630-1800h depending on the time of year).

Because the coyotes were habituated to and
did not react negatively to JGW’s presence,
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JGW followed them around the exhibit similar
to the description of Goodall’s (1986) “fol-
lows” of wild chimpanzees Pan troglodytes in
Gombe, Tanzania and to Henry’s (1986: 23-24)
description of red foxes Vulpes vulpes in Sas-
katchewan, Canada. JGW made an effort not
to influence the movements and/or behaviour
of coyotes by minimizing movement in the
exhibit. This was especially important because
the coyotes would follow him around the ex-
hibit when he interacted with them but would
generally ignore him when he was standing
erect and writing on a clipboard (J. Way, un-
published data). Following was a necessary
technique to use on the coyotes because there
was not a single observation spot outside the
exhibit where the coyotes could reliably be
seen all of the time (i.e. many times trees and
shrubs concealed the coyote under observa-
tion). Besides JGW’s presence, other human
contact was kept to a minimum before and
after each sampling period to avoid humans
from affecting coyote behaviour. Context was
a critical variable with respect to the coyotes’
response to human behaviour. For example,
they generally ignored people (unless very
loud) on the public path but would intently
watch and/or bark at staff that were behind
(i.e. the opposite side of the public path that
was off-limits to non-employees) or approach-
ing their exhibit. Accordingly, zookeepers did
not enter the exhibit to feed the coyotes when
JGW interacted with them. Despite these pre-
cautions there were undoubtedly many in-
stances where coyotes changed their activity
in response to a person’s (public or staff) pres-
ence - sometimes even when a person simply
walked by their exhibit area. Similar instances
of coyotes shifting their behaviour because of
the presence of people have been documented
in areas where wild coyotes inhabit urbanized
areas (Way 2001). We attempted to mitigate
these factors by increasing the total size of the
pool of sample bouts.

We entered all of the ethogram/behavioural
data into an Excel (Microsoft Excel, Microsoft
Corporation, www.microsoft.com) spread-
sheet. First, we entered the raw data into the
spreadsheet. Then we alphabetized that data
and grouped similar behaviours for each
budget. Next we summed the frequency of
each distinct behaviour observed. Finally we
entered those summed values into a separate
file (for each coyote) that had our developing
ethogram. Due to the large amount of data
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and behaviour sequences in our ethogram
(Way et al. 2006), properly entering and com-
piling data was a critical part of this etho-
gram’s creation.

From the ethogram, we calculated the relative
activity of each behaviour catalogued. Activ-
ity levels were classified as Low, Medium, or
High. All behaviours from the ethogram were
pooled into one of the three categories. Low
activity consisted of minimal body movements
such as resting and sitting where the basal
metabolic rate appeared low. Medium activity
consisted of activities such as standing, bark-
ing, growling, walking, and trotting. These
were movements that required minimal
amounts of energy expenditure but were sub-
jectively scored above basal levels of activity.
High activity consisted of animals expending
copious amounts of energy such as running,
chasing, wrestling, and fighting. Animals of-
ten panted or breathed hard during and/or
after these activities.

As a caveat, we acknowledge that animals
might use more energy during certain activi-
ties. For example, while a coyote was sitting
alert we recorded low activity, but we had no
way of quantifying the mental energy being
spent by that coyote if it was very focused or
nervous while sitting (this might be analogous
to a person being at a conference; they sit for
long periods of time but are exhausted by the
end of the day because of the mental drain of
focusing on people talking all day). Thus, our
data was a representative snapshot of what an
animal was doing at a given moment.

For each observation session a coyote had a
certain number of low, medium, and high ac-
tivity fixes which added up to 120 observa-
tions (or was pro-rated to 120 if 21 fix was not
obtained per bout) during a 30 minute bout.
An estimate of each observation’s overall ac-
tivity level index (ALI) was created by using
the following formula:

ALI = (L + 2M + 3H) /120, where
L = low activity level fix
M = medium activity level fix

H = high activity level fix
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The resultant ALI theoretically ranged from
1.00 - 3.00, with the coefficients in front of L
(1), M (2), and H (3) in the ALI formula repre-
senting relative activity levels. Lower num-
bers (ALI < 2) represented sessions of lower
coyote activity levels and higher numbers
(ALI > 2) reflected days of medium to high
activity levels. For example, during a theoreti-
cal observation session we recorded 20L, 40M,
and 60H fixes; the resultant ALI would be 2.33
indicating high activity for that coyote during
that particular observation session.

Using SPSS (v. 11.5, Chicago, Illinois), a multi-
ple regression model was run to test for vari-
ables that most affected ALI. The factors af-
fecting coyote activity (which were the inde-
pendent variables) that we examined were
gender, temperature, age of coyote in days,
and group rank (one to five, with one the
highest). Group rank was determined by ex-
amining dyadic interactions between pairs of
coyotes (Bekoff 1972a). Coyotes that were tied
in a given rank (i.e. there did not appear to be
a hierarchical difference between the two)
were both ranked the same number, with
other coyotes remaining in their correct order
(e.g. if two coyotes were ranked second in the
group the rankings would be 1, 2, 2, 4, 5).

Due to multicollinearity there were some vari-
ables (e.g. body mass was correlated with age
and hierarchy, season was correlated with
temperature, and age in days because of the
relatively short duration of the study [18
months]) that we did not use in the final
model. The independent variables were en-
tered stepwise into the regression model in
SPSS; we did not make assumptions about
factors affecting ALI because the purpose of
the study was to explore which factors af-
fected ALIL. We set significance at P < 0.05..

Results

We conducted 609 30-minute observations
with 120 (19.7% for each) of the sampling
bouts conducted on Caon, Late, and Trans, 124
(20.4%) on Cane, and 125 (20.5%) on Lupe.
For 2.6% (n =16 of 609) of observation sessions
and 1.1% (n = 833 of 73,080) of possible point
fixes, extenuating circumstances (e.g. lack of
light, heavy rain, or coyotes being temporarily
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out of sight) limited the number of fixes in that
30-minute observation to less than 120.

Our ethogram revealed 523 distinct behav-
ioural acts (see Way et al. 2006). We catego-
rized 166 behavioural acts (32%) as low, 261
(50%) as medium, and 96 (18%) as high energy
activities within the ethogram. ALI per ses-
sion varied for each animal with averages of
1.78 for Cane (range 1.01 - 2.53), 1.74 for Caon
(range 1.02 - 2.42), 1.79 for Late (range 1.00 -
2.50), 1.69 for Lupe (range 1.01 - 2.40), and
1.79 for Trans (range 1.03 - 2.38). Although
activity varied per animal, all study subjects
showed the highest percentage of moderate
activity.

Inspection of a scatterplot in SPSS with stan-
dardized residuals on the X axis and predicted
values on the Y axis revealed no violations of
multiple regression assumptions, with cluster-
ing of residuals along the centreline and re-
siduals trailing off from the centreline. The
distribution of the 609 observation sessions
was normal, with a mean of 1.75 (range = 1.00
- 2.53) and a standard deviation of 0.3 (Figure
1).

The model explained 11.5% of the variance in
ALI (adjusted R-squared = 0.115). Age in days
(P =-0.270, p < 0.0001), temperature (p = -.178,
p < 0.0001), and rank (B = 0.135, p = 0.001)
were the three variables that best predicted

ALL

Age in days most affected activity levels with
younger coyotes being more active than older
coyotes (Figure 2).

Higher temperatures resulted in lower activity
levels among all of the coyotes (Figure 3). Fi-
nally, hierarchical rank was inversely corre-
lated with activity levels, with established
higher ranking coyotes (e.g. Lupe) showing
the lowest activity levels (Figure 4).

Discussion

The relatively small area of the zoo exhibit
was somewhat equivalent to a rendezvous site
for developing pups in the wild (Way et al
2001, Way 2003, Way 2007b). At these sites,
pups often stay in localized areas while adults
hunt and return to these areas to tend the
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pups. Despite the obvious importance of each other, similar to our study, as adults pe-
adult coyotes to the survival of coyote pups, riodically return to feed, watch/protect, or
pups in the wild spend the most time with

100

90

Mean = 1.75, SD = 0.30

Frequency

10 1.1 12 13 14 15 16 1.7 18 19 20 21 22 23 24 25 26
Coyote Activity Level Index

Figure 1. Inspection of a scatterplot in SPSS with standardized residuals (Coyote Activity Level Index of 1 [low
levels], 2, or 3 [high levels]) on the X axis and predicted values on the Y axis (frequency) revealed no violations of
multiple regression assumptions, with clustering of residuals along the centreline and residuals trailing off from
the centreline. The distribution of the 609 observation sessions was normal, with a mean of 1.75 (range = 1.00 -
2.53) and a standard deviation of 0.3.
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Figure 2. Age of coyote (in days) most affected the activity level indices (ALI, n = 609) with younger coyotes be-
ing more active than older coyotes.
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Figure 3. Higher temperatures resulted in lower activity level indices (ALI, n = 609) among all of the coyotes.
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Figure 4. Hierarchical rank was inversely correlated with activity levels, with established higher ranking coyotes

showing the lowest activity levels.

play with the pups. In the wild, coyotes in-
crease the area that they use with increasing
age (Harrison et al. 1991). However, little is
known about what coyotes do at these sites
due to the difficulties of capturing and moni-
toring coyotes at young ages, individually
identifying coyote pups, and/or simply seeing
them during this period. In other words, our
observations of activity in this appropriately-
sized captive exhibit (Frank 1987) likely ap-

proximates coyote activity in the wild during
different stages of a coyote’s life. Kreeger et
al. (1996) noted that captive grey wolves
showed similar levels of activity even when
housed in widely different-sized enclo-
sures/kennels.  Additionally, we did not
document any stereotypical behaviours (e.g.
pacing) resulting from this relatively restricted
area for a coyote pack (Clubb and Mason
2003). Therefore, data from coyotes in captiv-
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ity, especially given the described circum-
stances, complement data from studies of
coyotes in the wild.

Having coyotes habituated to the researcher
was important for this study. However, one
potential bias existed because of the direct (or
lack thereof) interactions that occurred be-
tween the researcher and the study subjects.
On some of the observations (especially on hot
days), the coyotes showed very little activity
during a given activity budget. However,
immediately upon cessation of the observation
bout the coyotes would immediately become
active, clearly responding to JGW’s activity
within the exhibit (Way 2007b, J. Way unpub-
lished data). While this could be construed as
a bias it also indicated the degree of habitua-
tion of the researcher as the coyotes ignored
JGW’s presence within the exhibit when not
interacting with them (i.e. during an observa-
tion session). This enabled us to examine
other factors more consistent to what undis-
turbed wild coyotes would experience, such as
effects of rank, pup age, and temperature on
activity (rather than effects of human activity).

In the wild, coyotes are often more active at
night around people presumably to avoid
them (Grinder and Krausman 2001, Way et al.
2004), yet in many undisturbed areas (i.e.
where people do not target and kill them) they
do not display daily time preferences for activ-
ity (Gese et al. 1996a, Gese et al. 1996c, Patter-
son et al. 1999). This study, however, using
coyotes socialized to people, attempted to look
at non-human influencing variables. We did
not test for differences in daily time of activity
because direct observation of individuals was
practical only during the day, which limited
our observations to diurnal hours. Further-
more, anecdotal observations (e.g. JGW going
to the exhibit at night) showed that coyotes
were only limitedly active during non-
observation (nocturnal) hours. Activity pat-
terns of canids can shift to adjust to changes in
predictable patterns of an animal’s environ-
ment (Kreeger et al. 1996, Packard 2003), and
because these captive coyotes were socialized
to a researcher (Way 2007b) they were mostly
active when that researcher was there, similar
to descriptions of captive wolf activity (Kree-
ger et al. 1996). This set of circumstances en-
abled us to test activity for many ambient fac-
tors, excluding time of day.
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We found significant relationships with
younger coyotes, lower temperatures, and
lower ranked coyotes showing increased activ-
ity. Firstly, the coyotes were often observed
playing when they were younger, which likely
produced higher levels of activity (Figure 2) at
that age (Bekoff 1974, Way 2003, Way et al.
2006). As adults, they rested more often dur-
ing observation sessions.

Secondly, canids show great variability in
their activity patterns and are often more ac-
tive when it is cooler; hence why most wild
canids are nocturnal during the summer
(Packard 2003). We found that there was a
clear relationship between increased activity
and cooler conditions (Figure 3). It should be
noted, though, that activity differences could
also have happened both on a daily basis and
a seasonal basis. For example, on a normal
day temperature increases steadily until peak-
ing in the afternoon. Thus, we focused our
observations (especially in the summer) dur-
ing early mornings and late-afternoons to
avoid the influences of extreme temperatures.
However, coyotes generally could be less ac-
tive in the summer and more active in the win-
ter due to seasonal temperature differences.
Future research should examine this more
fully. Along the same lines, age of coyotes
was possibly related to monthly temperatures,
because the pups grew older as the summer
temperatures steadily increased. Thus, less
activity for older pups could have been due to
increasing monthly temperatures and not nec-
essarily age.

Thirdly, we found higher ranking coyotes to
be less active (Figure 4). Higher ranking, more
dominant (often parent) coyotes in the wild
often have better access to resources and
spend less time travelling and hunting, espe-
cially when food (e.g. ungulate carcasses) is
abundant (Bekoff and Wells 1980, Gese et al.
1996a, Gese et al. 1996¢). In this study, higher-
ranking coyotes spent less time vying for
dominance and more time resting, often close
to the author (a resource for them - Way
2007b). Meanwhile, lower-ranking coyotes
(e.g. Late and Caon) regularly (daily) tested
each other, and this tension likely kept lower-
ranked coyotes more active as they continually
established and/or reinforced dominance hi-
erarchies. In the wild these lower ranking
coyotes may be the first to disperse from a
pack. For example, Gese et al. (1996¢) found
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that individuals that remained in their packs
in Yellowstone National Park were dominant
and higher-ranking, typically had greater ac-
cess to carcasses/resources in their respective
packs, and captured small mammals at a
higher rate than dispersing individuals.
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