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Abstract: We examined the functions of three vocalizations in a
fLrge~vangling coyote (Canis latrans) population on the Arid Lands
Ecology Resexve, in south-central Washington. Betveen Septemnber
3987 and Auqust 1988, playbacks {i.e., lone howls, group howls,
and group yip-howls) were broadoast to radis-collared coyptes in
18 territories.

Gur major objective was to investigate bshavioural
responses, both vocal reply and movement, toe vocal stimuli, More
specifically, we examined the following: the seasonality of
response, coyolte response Lo vocalization bLype, the effect of
envivenwental factors on response, and the role of vocalizations
in tervitorial maintenance.

Coyostes responded to group vocalization playback, including
group howls and group yi9~haw15, aure often during breeding
seagon ang eaziy’deaning season. Douring breeding season, coyotes
vere move likely to vocalize in groups, rezpond with both

movement and vovalization, and move Lo group Yip-howl more ¢han
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group howl playbacks. During early denning season, elicited
vacalizations peaked. However, aftax whelping {April and May)
suyote vocallization rates gradually deaiig&d. Elivited movement
rates remained high during denning season, peaking in Hay.
Loyotes vorcalized and moved less in reaponse to playbacks during
pup-rearing season, but vocalized more to group yvip-howl than to
group howl playbacks; moreover, they moved more in response to
lone howl than to group vocalization playbacks. Pinally, gduring
dispersal period, both movesent and vocaliizations oscillated
between high and low response zates.

Coyotes appesred $o move more in response to playback during
moderate winds {(8-16 km/hr}. Other environmental factors,
however, did not significantly affect response tno playbacks.

Finally, coyotes voralized more and moved significantlf Bnore
to playbacks broadeast within core territories, than to thosze
broadeast along boundazies or outside texritoriss. Regardless of
playback location or playback type, coyores commonly approached
the stimulus site {42.5% of all elicited rovenent}.,

in conclusion, coyotes on the Arid Lands Eoolaogy Reserve
exhibited a seasonal ryesponse to vocal atimull, differentliating
batween playback type. Additionally, they appeared to retalin
knowledge of spatial relationships, responding moze often to
playbacks broadcast within their territories. Hence, Coyotaes may
respond to and.emmit vogalizations {primarily group
vocallizgations) as & form of passive, territory-dependent
avoldance. Primarily during breeding and eaziy denning seasons,

inter~territory vocalizing way serve a crucial zole in spacing



densely-packed groups within an area of limited rescurces.
However, intra-territory vecalizing may gain igportance during

pup~rearing s2azon, a3 social bonds are reaffirsed,
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PREFACE

This thesis is written as a manuseript which will be
submitted to a professional ifournal. Aceprdingly, the
writing format adheres to the guidelinea of Aninal

Because this research was conducted with several

colleagues, the personal pronoun ®*we® is used and the

manuscript will be submitted with multiple authorship.



INTRODUCTION

Management of the coyote {{anis latrans) remains one of
wildiife biology's principal challenges {Lehnexr 1976}. The
coyate has been extensively contrelled for over a century
{¥oung and Jackson 19311; hovever, its sxtreme adaptabillity
nas often rendered predator-control afforts ineffesctual.

The coyote’s ability to adapt to a changing environment is
ultimately a consequence of its complex behaviour,
gspecially its manifold compunication system {Lehner 1%78a}.

Howling, a form of canid audltory communication,
z&gxesgnts one of the few long~distance, audible signals
amitted by tervestrial mammsls {(Nikol'skil et sl. 19883.
Specifically, vocalizations are the prominent form of
auditory communication in the coyote {Lehner 1978z},
Aithough considersd the most wocal of all North American
wild mammals {Glex 13875, due to the theilr secretive nature
fres~rangling coyotes are particularly difficult to observe
directly. However, in investigating coyote vocalizations,
researchers may indirectly gain knowledge concerning their
behavioural scology.

Several long-terwm studles have provided important
inaight iata‘canid behavior and communication. Yocalizabion
studies have bzen conducitsd on coyotes, ved fox {Vulpss
viipes), dosestic dogs {Canis familiaris}, and wolves (Canis

dupis},. ¥Wolf communication has bsen nost intensively



studied, including howling as a2 nmeans of communication
{Theberge and PFalls 1967}, howling as a form of territorial
maintenance and spacing {Harrington and Mech 1979%; 1383,
respectively), howling response a3 a censusing technigue
{Pimlott 1960; Harrington and Mech 1982}, wolf
discrimination between pup and adult howls {Harrington
13883, and the spatial-temporal features of howling
{Hikol'skil et al., 1386},

Coyote research, espscially studles investigating
behavioural ecology, has proliferated inm the past 1% years
{e.g., Bekoff 1%78; Bowen 1978; Camenzind 1978; Bekoff &
¥ells 1980; Andelt 1%85). Barly vocalization research
focused on describing different types of coyote howls and
hypothesizing thelr function. Por example, MoCarley (1375}
spectrvographically analysed angd described long~distance
vecalizations, Lebner {1378b) later presented a lezicon of
il vocalizatlions and discussed their respective functions,
Five veorvalizations deiinéﬁ by Lehner {(1%7%8a; 1%78b} were
significant te this study because of their freguent use and

behavipural context:

L. bark o burst of high amplitude & short
{8} duration. Used in threat or alarm.
2. bark~howl -~ shoyt howl interspersed with barks,

{BH} Used in threat or alarm.



3. lone howl -~ high amplitude; slight to moderate
{LH} freguency modulation; lonyg duration.
Used when group wmembers are separated
or when menbers are responding to

distant howling.

4. group howl -- same a8 long howl but given by twoe or
{GH} more woyotes poelyphonically or
antiphonally. Used when group measbers
are separvated or when nesnbers are res-
ponding to distant howling., Possibly
represents a low-intenslity territorial

announcement .

5. group yip-howl ~- high amplitude; rapid yipping
{GYH) interspersed with howls of genegally
shorter duration than lone howl ox
group howl. Used when group members
3re reunited or when meambers are zes~
ponding to distant howling. Possibly
repragents 3 high~intensity territerial
announcenent .
Lehner {12783; 1378b} discussed the plausible funciions
of these vocalizations, although mpst were defined on the
hasis of ccnéextuel inforwation {anecdotal observations).

This research, which primarily defined howl types within



thelr behavioural context, lald an isportant foundation for
further investlgation.

Several studies have investigated temporal variation of
spontaneous vogalizations {Laundre 1%81; ®alsh and Inglis
1%8%3, and examined the feasibility of siren~censusing
coyobtes {(Wolfe 1%74; Wenger and Cringan 1%98}). Horsover,
the functions of group howls and group yvip-howls have bsen
cursorily tested using playback {Lehney 1%82). Pinally,
Barmum et 81, {19287} tested the hypothesis that fereign
scent-parking and sxcess howling suppresses reprodaection in
coyoete populations: hasd~reavrsd coyobes subjecied to
repeated howling profuced litters with higher male sex
ratiss, impliying that coyoetss may have behavisural-
phvsiological feedback mechanismz (such az comnunal howling)
that affeai reproductive suceess {(Clark 15%7%; Hornocke:
1%8%2;: Camenzind 1%874; Lehner 1376; Barnum et al. 1987},

To date, no research has investigated how coyotes mpve
in vesponse to howling stimuli, information potentially
important in revealing the territorisl functi@n of
vasalizations {(Harvingteon and Mech 1%7%). For exampls,
Lehner (1982} breadcast playbacks o a population of non-
radioc-collared coyoles whose sorial status and teryiterial
boundaries were unknown; although several other studies
examined vocalizations of radio~collared coyotes {e.g.,
¥enger and Cringan 1%78; Laundre 1981}, none monitored

movement nor addressed territory locations.



The purpose of cur ressarch was to further investigate
the behavioural functions, particulsrly the territerial
function of different voralizations, using radis-~oollazed
coyotes on the Arid Lands Ecology (ALE) Reserve, neax
Richland, Washington. The study's use of radip-collared
animalé wag of primary importance for several reasons: 1)
collared coystes'! movements had been monitored for several
yeaigg therefore we had knowledge of their territorial
boundaries and social status {i.e. alpha female, asspciate
malely 23 cholice of playback sites were based on where
radio~collaved coyotes were lecated sach night: and 3) we
were able to monitor movement of all collared coyotes in the
area before, during, and after each plavback.

Zﬁ genersl, coyotes are difficult to obsexrve directly
due bo thelr furtive nabture, thelr crepuscular and nocturnal
activity, and their ability %o range widely (Kleiman and
Brady 1878}, Hence, we indlrectly obssryved behavioural
responses through the use of vocal stimuli. Specifically,
we investigated behavioural responses {vocal reply and
movement} to playback stimull in an attempt to address the
following objectives: 1} to compare rasponses between and
within seasons; 2} to conmpare responses to different types
ef vocalizations; 3) to better define key environmental
factors influencing response; and 4) to scrutinize the role
of covote auditory signals in tervitorial maintenance

{Appendix A},



H¥ethods

Study Area

The study area lies in south~ eatxal ¥ashington on the
Department of Energy's ﬁanfezéfﬁéaﬁ ve {Appendlix B}, In
1887, the Atomir Energy CUommission set aside 307 ku® within
Hanford as an ecological area, now called the Arid Lands
Evology {(ALE} Reserve {Thorp and Hinds 1977}. The ALE
Bagerve 1ls bordered by the Rattlesnake Hills to the south~
southwest, and by Washington Highways 240 to the nerthesst,
and 241 ro the north.

Located in the northwest portion of the ALE Buserve,
the study area covers approximately 154 kan®. Rattlssnake
Mountain, the study ares's prominent ppint, is 1880 meters
nigh; its northeastern face Arops steeply toe £330 meters,
then gradually slopes northward to 150 meters at Cuold Creek
Valley {Thorp angd Hinds 19%77).

The ALE Reserve lies in the rainshadow of the Cascade
Meuntalins in one of the most arid regions of the Pacific
Morthwest {(Stoel 1976}). Summers are hot and arid (mean July
maximum temperature of 33.3°0); winters are ©ool {(mean
January minimum temperature of -10.2°C). The annual
pracipitation, usually occourring during the late fall and
¥inter months, averages 171.2 mm {(Rickard 1972).

The entizre ALE Reserve i3 classified a3 a semi-arid,

shrub-steppe community and i located within the Artemisis



tridentata / Agropyron spicatum Zone, the nost arid
vegetation zone found in eastern ¥ashington {(Dagbenmire
1978} . Bome malor shrub-steppe compunities found within the
reserve include Artemisia Poa, Artemisiafigropyron,
AtriplexsPoa, Sarcobatus/Bromus-Distichlis, Eazati&!&aa,
Brivsgonum/Poa, and 8alixsPopulus. These plant asscciations,
actually a mosaic of disturbed and undisturbed communities
{Rickarxd 1972}, periodically experience wildfire; the last
extensive fire ococurved in August, 1384. Thus, ALE Reserve
is & patechwork of grasslands and isclasted shrubfields.

Unliike the wmore prevalent natural disturbance of fire,
human distburbance on the ALE Reserve is minimal. Because
publilic acress has been restriched since ¥World ¥ar II,
disturbances have been limited to farming and grazing in
1843, and wmilitary maneuvers in 1965, chever; heavy
wehicle tracks s5till scar the landsvape from this 1965
distuzrbance (Rigkard 1972).

Although water iy sosroe on the study area, twe
permanent sources, located a3t Rattlesnake Springs and
Snively Gulch, sustain vipavrian £lpra and fauna. Important
riparian species incliude Populus trichocarps, Prungs
amexicana, and several Salix species. These springs provide
cruclal nesting habliat for bivds and support numsrous
terrestrial and aguatic fauna iRimxéx& 181723,

Coyotes inhabiting the ALE Reserve have experisnced ne
pradator control since 1852 {(Crabtree 1%8%). ¥ith the

exception of research efforts, the ALE Reserve ooyotes are



ungxpieited. In 1984, Crabbree {198%) initiated ressarch on
this population. After examining the population dynamics,
foed habits, and sornial structurs of thg coyotes, Crabtres
{1588} yeported that the population exhibited a healthy,
breeding age~class of animals three years and older. In
coentrast, exploited populations commonly exhibit £irst yeax
bresding age-classes (Crabives 1%89).

Between August 13287 and Bugust 1988, 1€ terrvitorial
cayntes inhablting the study area wore functional zadio-
cpliars; we knew the approxinate baundagies of nine
tervitories. This situation, then, presented an opportunity
to continue researching unanswered questlons regarding

coynte communication and teryitorial behavior.

Study Animals

During the thres ygzars previous to this study, 80 adult
poystes were captured with 3 ofifset jaw, leg~hold Lraps,
and 27 adults (20 recaptursa} were Ccaptured using s netgun
from a helicoprer {Crabtree 198%). ¥We trapped an additisnal
& coyotes in Pebruary 1988 uwsing leg-hold tzaps and similar
trapping methods as Crabbree {1988},

ALl rcaptured coyotes were fitted with radis~collars,
marked with colored ear fliags and numbered sar Lags,
weighed, and'sexed, ¥e described individuals according to a
conditon index {oversll estimate of the animal’s health),
and reproductive condition {description of genitaliaz and

manmael. Additionally, we extracted une premoclar from each



waptured coyote; premolers vere later analysed to determine
age {{Urabtres 198%;.

Playbacks were broadcast to both radio-collared and
non-xadio-collared coyones, at locatlons where approximate
territorial boundaries were both known {approximstely 30

iogations) and unknown {(approximately 8 lovatlions).

Egulpnment and Procedures

Although we opportunistically recorded free-ranging
coystes throughout the year, we initlally conducted sesszions
solealy for recording loeal ?asalizationﬁ. During Sepltemberx
arl Ocotober 1%87, we taped spontaneous vogalizations {(thoss
vipcslizations not artificislly elicited) primarily at dusk
and seoondarlly at dawn. 2ix teo sight known territoriest
vovalizations were recorded on ALE; additionally,
vocallzations were regorded at locations in the Hanford
vicinity.

Spontaneocus voeallzations took precedence during
recording sessions. When 3 nearby group spantaneously
vooalized, their howls were picked up through an omni-
directional micrephons mounted on a4 1 m parabolic Aish, and
recorded on & Uher 4000 field tape recordexr {19 owss}i; . the
parabollc ﬁ;ah enhanced long-distance soumd reception,
therefore, under ideal condivtions {low wind, and dense, cool

8iv} we recorded coyotes howling within a one mile radius.
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If no animals vocalized within & one-hour waiting
period, we then broadecast a GY¥H playback; all elicited
yocatizations were then recorded. Ho more than two
playbacks were broadeast per night in one texritory, nor
were playbacks conducted Lf resident animals spontanesusly
voralized. Additionally, we recorded all vocalizations
eliclted during standardized playback experiments conducted
throughout the year. Fileld zecordings werxe later edited,
categorized according teo teéritarial groups, and selsctively

used for playbagks,

Eiayhack Ssasions

¥e conducted playback experiments from September 1887
through August 1988, primarily between 18048 and 4980 hours.,
Approximately 18 sites were visited every 10 days.
Playbacks werse broadgast through a Uher 4000 tape vecordex
connected to a 12-vplt powered amplifier, and a Realistic
ivudspeaker almed skyward frowm Lhe roef of a vehicle.
Vorallizations played through this system vere calibrated te
sound authentic to a human llstener stationed within a 1.8
km radius.

He canducieﬁ twe principle types of playback
Bxperinents: palved group wocalization {(GY¥YH and GH}
playbacks, and lone howl playbacks. We purposely paired
graup vocallzation playbacks o minimise the wvariablility in
response levels {Harvis et al. 1983}, angd ﬁo test Lehnei*s

£igld experiment {1982} on 3 populabion with documeated hoge
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ranges . During a group vooalization playback ssssion, study
gsubjects heard numercus GYH and GH recordings randomly
chosen from the following recording sites: foreian coynhes
from Dubols, Idaho {three GY¥YHs; two GHs}; forelign coyotes
inhablting agricultural lands near the study area {two OYHs;
two GHs); and nelghbour and non-neighbour vocalizations |
taksn directly off the ressrve {(seven O¥Hs; five GHs). Ve
strived to broadcast a variety of plavback stimuli, thereby
sampling the population of vocallpation stimuli as well as
that of the study animals {Kroodsnma 13%8%%.

Unlike the GYH and CGH recordings, all lone howl
recordings were procursed exclusively on the ALR Reserve.,
Lone howl glay&acxs were broadeast between 15 April and 15
Zugust 1883, These reoeordings were not paired with other
pilaybacks. During a ione howl playback ssssion, we
proadeast any ong of 13 recorxdings to radio-callared ani@als
ftwo 5 3 recordings of 2 howls each, broadeast within a 5 s
intervall). We monitored voral response and movement Qsing
the sawme methods as those of group vocalization playbhacks.

Based on recoxding site, long howl, group howl, and
group yip-~howl recordings were further categorized as
foliows:

neighbouy ~~ wptalizations zecorded from a
Lerritorial group wers plaved
o an addgcent territorisl

Froug.
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non~aeighbour =~ yopallizations recorded from a
territorial group were played
back te a territorial group
that is separated from the
other by 3% isast one inter-
vening territory
{Raenaekers & Raemaekers 1985}.

forsign ~-  wyacglizations recorded off ALE
{Badgey Canyon, ¥&, or Dubois,
ID} were played to territorial

groups on ALE.

Pinally, we randoumly broadcast nolse plavbacks
consisting of alarms, tsiephons rings and grinding scunds
{wide-fyreguency tones representative of a neutzal scund)
during July and August 188%, HMolse playbacks were brsadroast
foxr 48 s, approximating the length of group vocalization
{O¥H and GH} plavbacks.

¥e evaluated twoe types of hehaviouzral respouses to
pliaybacks during all sessions: vogal reply to stimulus, and
movenent of radio-cuollared coyotes bafore, during, and aftex
piaybacks. $8ix major charactsristics vers rescorded
regarding vocal response, including: vooal response Lype
{long howl, group howl, group vip~howl, bark, and bark
howlil, xeaga#se latency {number of seconds until vocal

repliyi, bout duration, direction and approximate distance of



13

vocallizations frowm stlamulus, and the approximate number of
vocalising individeoals and groups.

Soyote moeverent was monitorsd through the use of radlo-
telemetyy. Prior to sach playback session, radioc-vollared
coyotes ! Lecationg were plotited on 13 sinute topographic
gaps sfter two separate relocations were taken; the pre-
playback location was thepn caleulsted as a triangulation of
these twoe azimuths {(ideally these lay at a 45% angle from
sne ‘ancther). Although we monltored cuyote movemenl
throughout the playvback session, only relative asvemsnt
patitearns were raoordsd because we wers unable to trianguliate
Iocations after initially lowvating coyotes. Therefove,
roverent behaviour was categorized as toward, avay from,
downwind from, or no movement relative to the playbavck site;
we assuned no movement reflscted no response to playvback.

Playback locations varied with the zadis-gellaved
coyotes’ proximity Lo reaspective tervitorial bhoundaries
{¥ig. 33}. Boundary locationg were based on three vyears of
fixgd-station tracking; hone ranyges were genezated for sight
alpha aninals of different territories by calculating the
ares inside a $.801 probabkility contour of a vwtilization
dintribution {the animal’s space-use) {Crablyee 1498%). We
aitenpted Lo position playback sites a minimun of one
kilemeter from a zadie-colliared individual. Subseguently,
if & coyote Qas in the center of its tervitory {Lecritories
are “£.4 ka®}, we broadcast playvbacks neayxy boundariss or

sutside tervitories; if 3 goyote was nsar a boundary, e
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vaually broadeast playbacks from within terrivories. Under
these assumptions, we included coyotes® locations within
coding for playback lovation. Finally, although radic-
cellared coyotes' lovcations were welighed when chossing
nightly sites, we avoided using the same glavback sites
surcessively.

bDuring playback sessions, we collected additional
information eon playback conditions. These included playback
time, playback type, temperature, cloud cover,
precipivation, barometric pressure, relative humidity, wingd
speed, wind direction, lunmar cycle, and moon visibility,

Two to three sessions vere conducted per night; each
group voralization {GYH and GH) session consisted of one to
twoe piaybacks per verritory. We allowed a 15 minute waiting
perisd folloving each playback, accpunting for natural
refractory time between vocalizations {(Pimlobtt 1%64;
HoeCariey 1975; Harvington andlﬁech 1882; Lebney 19%82;
Harzington 1988).

In summary, a typleal group vocalization playback
seasion, lasting approximately 30 wmin, ususlly proceeded in
the following manner: 1} a vehicle, used as mobile playback
site, was parked approximately 1.6 km downwind of a zadio-
collared coyote oxr, 1f no radisc-collared coyote was present,
the vehicle vwas parked at a pre-designated site; 2} a coin
was f£lipped to randomise the aﬁquencé of paired playbacks;
3} sither a 40 5 GYH or OH reconrding was broadcast from the

wvehicle after a 13 min walting perlod; 4} all voyoie
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regsponses - including vocal response and locomstion ~ were
monitoered and recorded for 15 min after a playback; 4) a
second playback was then broadeast 15~20 min after covotes
had resumed non-alert behaviour (e.g., no vocal response and
rasbtricted movemani}; éaﬁ &: data were recorded using
provedures ldentical to the filvst playback. Bagain, lone
howl playback sessionsg were conducted in a similar fashion,

however playbacks wers not paired.

Definition of Terws

Beazons were designated as brseding {15 Dec - 91 Mar),
denning {includes whelping, 82 Mar - 1% May), pup~resaring
{1e May -~ 1% Sep), and dispersal {18 Ssp - 14 Degl.

Piayback times wevre categurized asz: peried 1 (18480 -
21883, pexiod 2 {2100 ~ 2400}, period 3 (2400 - 0400), and
period 4 {8400 -~ 0300).

For the purposes of this study, resident animals
represent verzitorial residents and noet solitary residents
{Crabtyee 198%}. Playbacks locations were based on
Crabtree’s {1989} definition of resident coyotes’ range
sizes: within-texvitory plavback slites were located within
an arza defined by the ﬁ‘ﬁellprabability contour for
resident coyobtes on the ALR Reserve. Likewise, those
piayback sites locvated sutside the .08 probability
contours of resident coyotes were grouped together,
inciuding playbacks breadcast along territorial boundariss,

and those broadeast outside of a territory. Although we
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predicated our definition of territory sizes upon spring
ranges, wintex and fall ranges also contained these central
spring ranges; the size of this area ayeraged 75%% nf the
total wtilization distribution {Crabtree 1983},

¥e measured environmental parameters as follows:
temperatuzre in degrees celsius, cloud cover using 100% as
total cloud cover, barometric pressure in om taken from
Bourly meteorologlical reports, relative humidity in
percentages taken from hourly metesrolegical reports and
8ling psychrometexr readings, and wing gspeed uning a
styrefoan ball wind guags.

Envivonmental factors werxe categorized as follows: 13
wind ~ O-8kph, 3-ifkph, or >lékph; 2} barometric pressure -
25.4 owm increments; 3} humidity ~ 10% increments; 43 moon
illumination - yes or no; and 5) precipitation - ranging

from 1 through 4, none to heavy precipitation,

Bata Adnalysis

Coyote vopalizations, described as a graded continuum
oth within and between vocal types, vary in intensity of
communication through change in amplitude, fxeguency, ©r
vocalizatlion type {Lehner 1378a; 1978b}. scanseguently,
these vocallizations are complex and greatly varied. We
digitized and stored coyote vocalizations in ASCII formatb.

1L8, a softvare system with capabilities for digital
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signal and speech processing, gnabied us Lo plot
yosalizations in three-dipensional graphic display, as well
as spectrally analyse vocallzations. These graphic displays
depicted field and playback recordings, and produced
fyaguency and amplitude profiles of GYH, GH, and lone howl
vyoroalizations.

The data, primarily of categorical nature, were
analysed with the 248 stabistical prograwm. Limited sarple
sizes freguently restricted the analysis to two-way
intezaction effects on regponse vaviables., &s & result, ¥we
4id not aznalyse thres-~way interactions {(and grester) and
were eften forcsd o callég&& categories down Lo fawer
numbers. Beecause of the dats’s limitations, readers should
be ayare that gsegﬁaxegiicatiun may be a3 problem when
drawing inferences from resultant statistics {Huribert
18841} .

Primarily, we focused on vesponse to playbavk: vooal
tesponse and movement elicited per plavback site., VYozal
response was defined as 5 yes {1} or no {0) response 1o a
playback; movement was defined similarily as 3 yes or no
response. Henve, a playvbsck may eliclit 5 types of vogal
yesponss and Lvwo types of movawment, however the playback wvas
given & voosl response of 1 and a movement of 1.

Secondarily, we examined types of vocal response and
movement. For summary statistics, 311 responss types {§
vogalization and 5 movemsnt categories) were surveyed. When

statistically analsyling response types, voral responses were
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vategorized as either individual or group voralizations;
movement types were grouped into slther advance or retreat
freom playback site. All tesponses, including voralization
and movement, and vocal and movement ty¥pe were sxpresssd as
propertion responding; thus responses are veparted as
decimals <1.0.

& chi-sguare test of homogensity and a likelihoond ratio
chi-gquare statistic {G*, a neasure of associstion based on
chi~sguare) were generatsd to analyse the gffsct of playback
order on response {both vocal and movewent}; to COBPAYe
response to GYH with that of OH playback; and to compare
xesponse to lone howl versus group vocallzation {(GYH and GH}
pilayback. We analysed the effect of season, playback time,
pilayback location, and territory on response using ¥eighied
Least SBguares (WL} method. Often used for the analysis of
meltidimensional contingesncy tables, WL technigre conbines
matrives with a linear model approach {Forthofer and Lehnen
198L3. Specifleally, we asnalysed interactions {e.qg.,
brtween season and playback type) using WLS and a speeified
contrast appreach. Loglt linear models vers umed when
analysing the effect of envivonmental factors on LEIPONSL .
Coce a ioglt model was generated with an sdgguate likelihood
ratioc {(P>0.25), we next analysed such models vsing the WLS
meihod,

Unless othervise spepified, we designated P-valuss as
Eolliows: PXO.001 as highly gsignificant; P<U.05 as

signifigant; and P<8.10 as slightly significant,
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Fegulis

Between August 1987 and Auvgust 13588, aproximately 650
group vooallzation playbacks, including group howl {84} angd
group yip-howl {GYH) recordings, were broadcast on the ALE
Regerve., An additional 48 lone howl {(LHE) and 12 noise
playvbacks were broadcast between April 1988 and Septembery
1988.

¥e genexated diglital sonagrams and frequency spectrums
for 12 LHs, 8 GHs, 15 G¥Hs, and 9 CHs progressing into GY¥Hs.
in general, spectral analysis revealed that coyotes vocslize
¥ithin a 1-3 kHz freguency range: LHs commonly peaked at 1~
2.5 kHz (Flg. 2}, GHs peaked at both 1 and 3 kHz {Fig. 3},
and OY¥Hs peaked also at 1L amnd 3 kHz with yips £illing the

range betwsen 1 and I kHz (Fig. 41.

Comparigon ¥ithin Palved Playback

This section addresses results of palred group
vacalization {GH and OYH! playback, including vocal
response, movenent respunse, comblined response, wveralization
type, and mnovement type.

" Group vecalization playbacks e2licited a total of 3131
vooalizations (OBS=1101}) and 436 novements {UBS=790) svey a
eng-year period. Of the vooalizations, 28.9% of éhe

response were LHs, 24.5% were GHs, 24.5%% were CGYH-types
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{including 66 GY¥Hs and 13 U8Hs escalating to GY¥Hs)}, 9.0% wers
bark-howls, and 4.9% vere barks 4.9% i?abieyz}, The average
iatency for vooal response was 0.97 min {ED=0.81).

In response to group wocalization playbacks, we most
sften cbserved movement tuoward a playback stimulus,
including 197 advances {(45.2% of elicited movement).

Coyotes moved away from playbacks on 106 scrasions {24.3% of
glivited movement}), and moved downwind on 26 occasions {(6.0%
of elicited movenent). Additionally, we duocumented alphs
animals woving together on 20 separate occasions {2 zadio-
collared alpha pairs}. ¥®e consolidated all other movements:
8 total of 73 miscellaneous movements were elicited during
group playback sessions {16.7% of elicited movement} {Table
3.

The order in which group vocalizations were played
significantly affected vooal response, but did ot
significantly affect movement. Croup vocalization plavbacks
glicived zignificantly higher vocal response to £irst than
to second playbacks (N=6861; ¥%=14.12, df=1, P<0.081). In
contrast, group vocaligation playbacks elicited similar
movement to first and serond playbacks (H=4560; X*=0.04,
dfs»l, P=0.85). Because playback order differentially
affected vooal resyonae‘an& movenent, we subseguently
analysed these response variables separately. Accordingly,
voval response was further analysed using only first
playback data; movemsnt was analysed using both £first and

gesond playvback data.
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Group voealizations vwers plaved te radio~coliared
coyobes with estimated home ranges, a3 well as to uncollared
coyotes with unknovyn home zanges. Thus, we compared voeal
yesponse of territeries with radic~collared animals to £nat'
of aress with no collared snimals. Both radio-collared and
non~ooliared territories responded to group vooalization
playbacks with similar vocal response {(first playbacks only;
B=333; X*®=0,92, df=1, P=0.34}. Hence, sites containing
radio-collared and non~collared animals were poolied for this
analysis.

Group vooalization playbacks slicited a vocal response
41.7% of the time {W=335}. Vocal responzes o playbacks 4id
not differ significantly between seasons (N=335; X%=2,08,
df=3, #=0.56, WLE); between months (¥=335; X*=11.0, df=li,
P=0.44, ¥WLS}; between time of playback {(N=327; X¥*=5.41,
GE=3, P=0.14, WLB}; or hetween berzitories {radio~collared
coyotes only, N=14%; X3~6.7%%, 4f=7, P=0.5, WLS}. DMoreover,
f£requency of vocal responses 4id not differ significantly
bevieen a GYH versus a GH (N=333; X%=0.08, d4f=1, P=0.77};
nor ko foreign, non-n2ighbowuy, or neighbour vocalizations
{H=148; X*=0.62, df=2, P=0.%3, WL8}. However, caoyotes 4id
vocalige slightly more often te playbacks breadcoast inside
terzitories, than to playbacks broadcast along terzitorial
boundaries or outside thely tervitoriss (territories with

radio-~vollared coyotes only, N=18&; X*=2.63, Af=1, P=8.11,
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¥l8)y. PFurther, responss relative to playback location was
not affected by season nor playback Ltype {(N=151, H=158;
df=3, df=1; X*=0.70, X¥=1.47; P=0.87, ©#=0.23, respectivelyl).

Bavizonmental factors such as wind, presence or abssnce
of woonlight, barowetric pressure, humidity, or
precipitation 4id not significantly affect coyotest! wvocal
response to playback {Table 1I1}. However, humidity 4id
slightly affect vouonl response: coyotes vocally responded
more often during perisds of humlidity greater than $8%, but
vacadized variably zalative'tn other humidity categovies
(W=320; X¥=12.88, df=8, P=0.1%, WL3}. Highest humidities
epourred wmost often during pre~breeding and bresding season;
thus, high votal responges may reflect effects of both
hugidity and time of year. Due to small sample size, we
wears unable Lo address Chis tvo-wvay interaction.

&lithough we detected no significant difference in vocal
responss in an sverall ssasonal compariszon, coyvotes shoved a
differential response to GYH and OH playbacks in the pup-~
rearing season. Specificalily, during the pup~rearing season
coystes vocalized significantly wmore often to GYH than to OH
playback, with no significant difference betwesn playback
type within other seasons (H=333; X*=%, 39, éf*;, P=g,02,

¥L3, specified contrast) {Pig. 5}.
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Group voealization plavbacks elicited movement
responses 56.2% of the time. Coyotes moved in xesponse to
playbacks with no significant difference betwesn seasons
{H=433; X%=5.83, 4f=3, P=0.14, WLE)}, or betvesn Lime of
pinyback (N=433; X*=3.80, d4f=3, P=0.28, WLS}. However,
voyotes® movement varied slightly betwsen months {B=435%;
¥2=37 .81, d&=11, Emﬁpssg ¥LE), and bsitveen territories
{H=123; X?~11.43, df=7, §=0.12, WL3}. Again, coyotes showved
no zignificant difference in movement to GYH versus O
playbacks {#=437; X%=1.7%8, df=1, P=0.18}, nor in wmovemeni in
response to forelgn, non-neighbour, or neighbour playbacks
{M=38%; X*=3.52, df=2, P=0.17}. Howevsr, resident coyoltes
moved significantly wors often in response to playbacks
broadcast inside territories, than tu playbacks broadcast
along territeorial boundaries, or outside their territoriss
{H=340; X®=4.20, df=1, P=0.04, WLS); response rslative s
playback location was not sffected by season nox by playvback
Cype (H=340, H=338; df=3, df=1; *=1.50, X%=1,09; =058,
P=0.30, respectively}.

Host environmental factors {(presence or absence of
woenlight, barometric pressure, humidity, and precipitation}
did not significantly affect coyotes’ movement in response
to playback. However, one variable, wind, 4id gsignificantly
affect movement (N=438; X%*=§.91, 4f=2, B=0.03, WLE} {Pable
III}. BRegarding the three categories, <8 kmfhr, <18 km/hr,

or >18 km/hx, coyotes moved most often to playbacks
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broadoast in winds &~18 kaslhy, and moved lsast often to
playbacks broadosst in winds gxeater than 16 kashr.

Loyostes ' movement reveslied a similax pattern to thelr
voual response to group vorallizations: coyotes 4id not shov
an overall zvasonal difference in movesent, yebt they did
show & Gifferential responss to OYH and B8¥ playbacks within
seasons. In this case, coyvotss noved noere often to GY¥H than
to GH playback during bresding season, with ne significant
difference between playback type within other ssagons
{M=437; U*E=5.77, df=1, P=4.02, WLE, spaspified contrast).
Further, movesment iln response Lo group vip~howlsz was
different from denning season {(N=437; 1*=8.6%, 4f=},
P=0.003, WLE, specified gontrast), and from all other

seasons {(N=437; X%=3.96, df=}, P=0.05, WL, specified

contrast) {(FPig. 8}.

¥e further combined voral yegponse with movement
{playback e¢licited elther & woral response, a movement, or
pothy for further data analysis. Hotably, coyotes responded
to playvhacks with sither movement or voralization at a high
zate, 73% of the time. Horsover, overall responses wsere
affected by season: coyotes responded slightly less often
{M»231; X%=6.92, df=3, P=0.07) during pup-yearing season

than any othezr season {(Table 111},
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Coyotes® type of voral response to palred plavbacks,
cutegorized as sithey individual or group vocalizations, 4id
not differ signifivantly with type or time of playback.
However, type of vocaligakions differed slightly in an
syverail seasonal conparison {(H=3184; X%=6.16, 4f=3, B=8.310).
in genezal, coyetes vovalized in groups more ofbten during
byeeding season {(61.7% group wversus 38.3% lons
vocallizgabions), and mors nften as lone individuals during

denning season {61.2% lone veysus 38.8% group

vocaligations).

although coyotes’® movement 414 not differ significantly
between flrst and ssecond §1aybacka, theizr type i movement,
defined as elther an approsch sy a xetreat, did differx
signtficantly (H=176; X%=4.%3, C*=4.35, 4f=1, P=0.03}.
Pringipally, study animals sorxe ofiten approached sftex
nearing the filrst playback {68.5% of movement), whereas they
githey approached or retreated from the stimulus aftex
hearing the sscond plavback.

Because osrder significantliy affecrted coyotes' type i
govement, we were unable to pool all playbacks fox
subseguent analysis. The resulitant mesyery sample alize
revealed no seasonal trend in type of sovement {H=89;
X*23.%83, df=3, P=0.5%, ¥WLE}, noy showed an effect due to

plavback time (H=87; X*=3.086, d4f=3, P=0.38, WLE}, tvype
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{N=88; X*=0.53, df=1, P=0.47, WLEl, or location {H=59;

Xﬁ$’3«3?g df“l; ?“ﬁwﬁ-ﬁ; ?QS}»

Lone Howl Playback

Lone howl playback sliclited 3 total of 32 vocalizations
and 88 wmovements. Both LH and OH vocallizations scoounted
for 28.1% of the elicited vocailzations; % LE and ¢ O
vpcalizations were slicited. S¥H~type vocallizations
apcounted for 25.0% of all vocal responses, Including &
G¥Hs, and 3 GHs escalating into GYHs.

Regarding movements, LH playbacks elicited 34 advances
{38.6% of 2licited wovement}, 10 retreats {11.4% of slicited
roverent}), and 13 downwind movements (14.8% of elicited
sovement)., Additionally, ws ohssrved 18 miscellaneocus
movenents Iin response to LH playbacks,

Coyotes did net appear te distingulsh betwsen LH
recoxdings of pack members {including thamse}ve$&;
axighbours, or non-nelghbours., ¥For exasaple, resident
animals vocally responded to nelghbour and non~neighbour LHs
ag often as they vevalized to their own LHs {N=43; X%=1,28,
df=3, P=8.53, WLS}. Additionally, coyvtes moved as cften to
nelghbour and non-neighbour LMz as they moved to their own
ione howls {(N=43; X*=0.91, df=2, P=0.64, WLS).

¥hen conpairing covotest response Lo LH versus group
vocalization playbacks, we found that radic-collared coyotes
éiﬁ‘nat vocalize signiflicantly more to lone than to group

voralizations (N=180; X*=0.08§, df=1, P=0.83}). However,
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study animals did move significantly more often to LH than
to group veealization playbacks (H=215; X%¥=5.34, 4f=1,
p=( ,02). Purther, when slicited movement was compared for
LH wversus CH versus GYH plavbacks, coyotes apparently moved
less often to GHs than to LH oy QYH playbavcks (N=215;
¥*=5,70, df=1, P=0.01}.

¥e chose not $Lo compare response types {g.g., vocal and
mnovement types) eliclited hy lone and group vocallzation
playbacks., Sample sizes were too small for thres-way

soppar izsons {or grealeri.

Holse Playback

Hoise playback, broadoast randomly during the denning
and pup-rearing seasons, slicited no vogcal or movement
response. Nolse playback slicited significantly fewer vocal
yasponses than elthey LH or qgroup wocallzation playbacks
(H=5%5, N=184; X®*=14.8, X®=14.%5 for both; df=1, P<0.001,
respectivelyl. For sxample, during a recorxding sesszion {off
the study area) In which we had elicited numesrous vocal
responses from 4 consecutive playbacks, we then broadcast a
noise playback and elicited no zesponse. ¥We next broadoast
ancther group vooalizatisn 1% win following the nolse
playback, and again elicited vocal respunse. Henge, coyotes

gagsentially did not respond to noeise plavback.
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Habituation

Throughout the field pericd, we attenpted to control
for the gquality of rervordings, the effects of speaker
placenent, the effects of playback timg; the possibility of
habituation {Hroodsmas 198%), and the effscts ot gléyhack
iscation. Because we conducted playback experiments over a
sne year periond, hablituation wags a primary concern of this
study.

dlthough habituation is difficult to éeteat,
investigabive measures vere btaken during datas analysis Lo
determine 1f coyotes had hablitusted to playbsck. Primarily,
we reviewsed response rates {(both vocal and movement) ovey
the year: if animals were habltuating to our recordings, we
would expect waning vocal response over btime, and dvindling
sovenent or wmore predictable movenent patierns {e.g.,
movemnent avay fzom plavback) over Line.

In surveying responss rates, osverall vccai;zatian zates
waned in Decembex 3887, and &pril, May, and June 1984,
vevealing a pattern of dwindling response through the latter
thres months. Hovever, vocal response again increased
during late July and hugust 1%88. Thus, we suspect the
waning of response rates near the end of the study zeflected
seasonal effects. Additionally, elicited movements showed
ne dwindling pattern over time; neither movement rate nor
mevenent type revealed any tesmporal trend. In short, we 4id

not detect a progressive decrease {n overall responsiveness
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te playback, and thersfore conclude that study animals 4id

not habltuate.
Discussion

Coyote communication is aharéatezizeé a3 being graded,
combined, and dynamic, hence is vonsidered relatively
complex {(Lehner 1978a). CThe frequency, distribution, and
intensity of coyote howling may communicabte information
about population density, social status of individuals
{e.9., resident or transient), sex of individuals, and
possibly age structure {Barnum et al. 1%87}). Although we
were unable to investigate specific types of inforsation
communicated during howling boubs, we were able to sxamine
pverall responses to certaln types of voralizations, undey
varying conditions.

For exarple, resident coyotes on the ALE Reserve
appeared Lo respoend to voosl stimull differentially,
acrording to the time of year: coyobes ssasopally
distingulished between group vocalizaticns, moved to lons
howls wore than group vecalizatlions during pup-rearing
season, and responded mors often with communal howling
during breeding season. Hegardless of season o playback
type, yesident animals aﬁgaaxéd to respond more often Lo
playbacks broadcast within tezxritories, than to those

proadeast alonyg or outside territorial boundaries,
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&étably, regldent coyotes did not respond differently
to playbscks of nelghbours, nos-nelighbouvrs, oz fa:eién
cayntes. Although recognition of neighbours bhas not been
investigated in canids, numerous studies have demonstrated
that passerine birds discriminate between the songs of
neighbours and non-neighbours (Ealen 1971; Brooks and Falls
1375; Kroodsma 1976; Wunderle 1978; ¥Weary =t al. L1987},
Territorial primates may also distinguish betwesn neighbours
and non-nelghbours {(Raswesskers and Raemaskers 1986},
Because the ALE Resesrve couyotes d4id not appesr to
differentiate beubtwemen neighbours and non-neighbours,
recognition of indlvidual packs may be less important than
the information conveying the location of an intruding pack
{Lebney 1878k}, Hence, study results support Lehner’s
{19980} via§ regarding coyobte vovalizations: the wariation
and gradation observed in LHs, GHs and GY¥Hs may provide
information through intensity of comsunication, while

sacrificing individeal recognition.

Seasonal Varilabtion: Vooal Beply and Movewment

Seagonal lncreases in hovwling, principally during the
breeding season, have bsen reporited in canids, including
black-backed dackals {(Canis mesomelas) {8kead 1973}, wolves
{Harvington and Mech 1879}, ang cayotes {Young ami Jackson
1851}, The seasonal variations cbserved in povote
vepalization rates may reflect vital aspects of thelr

copmunication {Laundre 1981,
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Beversl studies have documented significant variation
in coyotes® spontaneous vocalization rates, prisarcily noting
an increase in February {Laundre 1981; ¥Walsh and Inglis
1?%33, and increases in March, Aegust, and November {(Laundre
1981}, Additionally, Laundre {1981} reported a marked
decreass in spontansous vaﬁaiizatioﬁ rates during april and
May.

Regarding elicited vovallizations, Harzington and Mech
{1372) observed a distinmct increase in wolf vocal response
rates during Pebruary and Msrch, followed by a gradual
declineg through April, and extremely low response rates in
May through July. On the ALE Reserve, elicited vocal
rasponse rates fellowsd both the seasonal pattern of
elicited wolf vocalizations {(Harrington and Mech 187%) {Pig,
.3, and that of spontanecus coyebte vooallzations {Laundre
1%81}. Indeed, we observed high vooal response rates
January through HMarch, a waning in vocal response in April
through mid-July, followed by a an increase in vocal
response rate in late July and August,

Differences in vovalizations and movement rates, noted
in monthly comparisens, are less obvious in seasonal
comparison: no significant differences in either vooal
reply or movement rabtes were found in overall seasonal
comparisons. For instance, playbacks elicited higher wvoral
response rates during January, Pebruary, March, and
September (X=0,50, SD=0.06}. Breeding season {15 Dec - 01

Mar) vooalization rate {X=0,45}, however, did not reflect
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the peak vates observed: the high vocallzatlon rates of
later breeding seaszon {(Pebruary through nid-Marchl were
masked by the exveptionally lov vovalization zabte of early
breeding season {Devember}.

Likewise, we zecoegnizsed a4 distinct reduction in
glicited voralizations during April, May, June, July,
Sutober, and December {X¥=0.34, SD=0.0&}. A&galn, the denning
season {02 Haxr -~ 15 May}! vocalization rate (¥X=0.46} 4id not
reflect the low rates of April and May: declining vocal
response was masked by the szceptionally high voralization
rate observed in early denning {March). This, then,
explaine wvhy vwe cbhasrved no significant difference bstween
seasons in overall response rabtes. MHoreover, it illustrates
that response rates, especially vopocal responseg, vary more
within sessons Lthan betweesyn seasons.

&LE Reserve coyotes yssponded with high vecalization
ratbes January through March, corresponding vwith mid o late
breeding season, and eariy denning season. Fuxthgx, coyotes
appeared Lo move wmost often to group vocalimation plavbacks
during the breeding and denning seasons. Primarily, ccyotes
woved at peak vates during December {pre-breeding/bresding
seasont and April {(denning season}, and at relatively high
rates in November {(pre-brseding season}, Februsry {(breeding
season}, and May {densning season}.

During the breeding periocd, coynte group sizes may be
greatest, primarily because of an increased sociallity among

sinit pack mesbers {Cese et ai. 1988Y. This increase in
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group %ize B3y, in turn, affect seasonal needs in
conmunication {Bekoff and ¥Wells 19881},

More spevifically, during the winter wmonths on the ALE
Beserxve, coyote social structure is extremely dynamic,
undergoing a couplex reassorbtment in social composition:
teryitory sizes are still somewhat larger than the denning
and pup-rearing pericds, and terrvitorial challenges way
soour at this time {(Crabizee 158%). During these months,
the obhserved increase in slicited vocallization rate, the
invyease in elicited GH and G¥H-type vovalizations, togethexr
with the high movement rates cbserved may reflect incraased
sociality within and between groups of rasident coyotes.

Furthermore, coyotes may move greabter distances and
tresspass wore piten during this seasen {Crabiree 1389
berritorial activites may intensify with heightensd boundagy
conflicts {Camenzing 1978}, In summary, duving breeding
season intra~pack agonlism say peak as packs reestablish
sucial bonds and status; inter-pack asgonisw may peak as
packs becoms lzas bolevant of pneighbours {(Harrington and
Mech 1973). Thus, this incyrease in voosl snd sovenent rate
may reflect an increase {n aggressive bshaviouy during the
bresading season.

Typivally, breeding coyotes respondsd to playbacks
congistently, displayving 1ittle variatlion in eithsr movement
or votal rate. In vontrast, we obssrved great intra-
seasonal variatlon In response during the dennlng season.

Por exarple, coyoles vooally responded at a bhigh rate in
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sarly denning (March), but verally responded at decreazing
rates in mid to late denninyg season {April through »id-
June}; wovemgnt response, hovever, remained high, peaking in
Hay. Durling eaxly denning, btexzitories begin contrapting
{Crabtree 1%8%}), group nohéaiveness is maximized {Andelt
1385}, and resident adults actively locate and excavate dsn
sites {n preparation for whelpling; therefore, this peak in
votal response {Harch) say be associated with the well-
deiined soclal and spatisl structuring of vhelping periad
{oyxy denning period) reported by Urabitree {188%3.

Accordingly, the noticeable decrzase in slicited vocal
response during April and May could iadicate the diversion
9f energy btoward provisioning pups, and away from Intensive
tervitorial saintenance. For lnstance, after females whelp
{Aprill, territorial activity may lessen in boundary arsas,
yet may remain at high levels near active dens {Camenzind
19783; indeed, territory sizes on the ALE Reserve vere
significantly swmaller during denning than all other periocds
{Crabtree 1283}, On the ALE Reserve, cvoyobes begin whelping
in mid-April and HMay; at this tiwme, they begin provisioning
pups and may not be vovally stisulsted by inter-territorial
anneuncepents. Hence, wvaning voral responses coupled with
high movement rales may reflect stabilizing adult social
structure, active pup~rearing, and lowver-level territorial
maintenance, post-whelping.

Most laportant, during the denning season, resident

coyotes way Cross boundaries and destyoy rssident
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neighbours' litters {(Camenzind 1%78). Thus, denning
coyotes’ waning vocal responses and high movement rates may
refilect their effort to protect newborn pups, while still
m&ving to investigate potential Iintruders. Perhaps, denning
goystes, less willing to reveal thely den and pup igcations
by vocalizing, actively protect offspring and maintain
territories through movement.

Durisg the pup-~yearing season, resident goyobas
wocalized and moved leasz te playbacks than during all other
seasons., Howevey, ALE Reserve coyotes distinguished between
playback type more often than during other seasons. These
rasults support the outcome of 3 study conducted in June
through July 1975 near Jackson Hole, ¥yvoming, in which
cuystes vorally responded more often to $¥Hs than to GHs
{Lehner 1982). Hence, coyvotes appear o distingulish beitwesn
¢he two vovalizatlions during the pup~rearing season,
although neot during sther seaszsons.

Based on the results of his reseaych, Lehner {3%82%
hyponthesized that the GYH serves prismarily o announce
gopupancy of a terzitory, whereas the 6N ig principally an
announcensnt of ILogstlion. Besrause ALE Reserve woyoles
appeared to distianguish {in vocal zesponse) between thess
vorzliizations during the pup~rearing ssason, we suggest that
the functions of group vecallzations may vaxry according to
regident coyotes® seasonal needs.

Baxly pup~reazing season {June and July) represents a

time when resideat coyotes defend saaller territories,
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coyete sucial structure is less traassitional, adults are
spending puch of thel:r ensrgy procuring food and caring fox
thetr pups, and resident coyotes are less llkely te vovalize
ar move in response to stimull {(e.g., neighbours), Perhaps
during pup-rearing season, high-intensilty vocalizations such
ag the GY¥YH, serve moxe as an intra-territorial form of
copsunicatlion, rather than a3 an inter-tsrritorial signal ot
proupancy {i.e., playbacks, presumably simulating vocalizing
neighbours, elicited few vovalizabions during this perioed}.
In ghort, during pup~rearing season, adulis say use GYH
vocalizations primarily to strengthen sscial bonds {Ewer
13581 and reaffire social status among pack members {Lehnex

1%%8a} {especially nevw pack mesbers, such as pups), and

secondarily to announce territsrial scoupancy.

Conversely, during breeding season coyotes may readily
respond to numervus veeal stimull by vocalizing and moving.
Certain vocalizations may elicit wore response, hovever
ﬁeﬁﬁetinq differential response at this time of year may be
gitticult, Indesd, though coyotes did not vorally respond
more often to GYH playbacks, they 4id move more in response
te G¥Hs during the breeding season., This wmay indicate that,
during the breesding periuod, resident noyotes subtly
distinguish betwesn GHs and O¥Hs: they move more in
response to GYHs, however vcaai regponse Lo GYHS may be
masked begcavse coyotes are vovally responding Lo numerous
types of vocal stimull {e.g., LHs, OHs and GYHs}. Purther,

during the breeding season, the group yvip-hovwl may serve
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primarily as territorial announcement, and secondarily o
strengthen social bonds.

Finally, during dispersal period we agaln observed
intra-seasonal variation: coyotes' movement to playbacks
graduslly increased as bresding season approached; hovever,
voeal responses alternated monthly betwveen highs and lows.
Aithough coyote behavioural ecoclugy is not well-documented
for disperal season, it appears to be a period of
rransition; dispersing pups becowe loners, joining a surplus
of tzansient individuals who may prospectively contend for
territories during breeding sessop {Crabirzee 19893,
Further, as social bonds between pups and alpha anisals
relax, adults may range greater distances and, in tugn,
display less predictable territerial behaviour {(primarily,
vocal response to nelghboursy). Thus, the obssrved
variation in response may reflect the soclal transiton of

the pre-breeding perisd,

Znvironmental Effects

Several studies have reported that wind speed and
barometric change affect coyote vocalizablon rates {(¥Wolfe
1874; ¥Wenger and Cringan 1878). Coyoles may vocally respond
move often during periods of baromebtric change {Wolfe 1%74};
and may vocally respond less often in winds »3186 kashy
{¥%enger and Cringan 1378}, Heon illumination doss not
agppear to influence yesponse rates {(¥Wolfe 197%4; Walsh and

Inglis 188%).
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¥e seldow broadeast playbacks in winds >20 kelhr {(the
sstisated paxinug speed in shich ve could s5till hear vocal
responsest. On the stuldy site, winds of 16-~<14 kehr were
copeon and often localized, gusting at some locatlions ang
remaining calm at others. Aalthough limited by sample size,
AL.E Resexve coyotes apprared to vocalize in high winds, as
welil as low vwinds., In genexal, resident voyobtes may have
srperienced fev days during vhich winds were calus.

¥e suggest that coyetes, gapable gf hearing
vopalizations within a sinisuw 3.2 km radius, may vocalize
in higher winds than comwonly reported. Por example, ve
conducted several £igld experiments to sstimabe maximus
éiat&néaa coyotes would rsspond to playbacks. Besearchers
yeye located at statisns -6 ks avéy from the playback site.
On one ogecasion, bLthose stationed ab & 3 km distance heaxd
e#licited voral responses, whereass the obzerver at the
playback site heard nothing due to 24 km/hr winds. Thus,
the coyotes may bave besan vocallizing during these windy
periods, but ocur ears were incapable of hearing their vogal
rteplies.

Coyotes moved more often during modevate winds {8-16
kphl. ¥We suspect goyoles wers mﬁving te raposition
themsslives for better auditory and slfactory reception
{eag.,‘dewnwind of stiwulus}. Perhaps under calmer wind
conditions, it was not energetically efficlent for coyotes
to relocate thesselves: winds wmay sot have been strong

snough Lo enhance plfactory oy auditsry reception.
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Likewise, during high winds, olfactory and auditory
reception may be limited as scents and vocal signals are
swiftly dispersed; thus, in bolh cases, movement may be an

ingfficient use of snezy.

Lone Howl Vocalizations: Possible Functions

The coyote lone howl is a long-~distance vecalization,
used a3 3 response bto digtant howliing or spontanegusiy among
separated group members; coyotes may howl to annouvnce
fovation, sometimes lesding ¢o the reunion of separated pack
sepbeyrs. Furthezr, lope howis may or pay not reveal
individual characteristics of the howley, and presumably
sexve different functions from that of the GH or GYH (Lehner
13780},

Lone howls contaln lszge varisbility in sound,
ingcluding inbtra~howl and intra-individual wvariatlon;
gradation in howls may demonstrate that coyotes have a large
capacity for enceding information {Lehner 1978b}. Lehner
{1978k} guestioned whether coyotes, like wolves, produce
unigue individual howls. Purther, he proposed that the
large intra-individual variation of howls might obscure
inter-individual differences among coyotes.

¥e did not record encugh individual lone howls to
speobrographically demonstrate inter~individual diftferences,
However, if coyotes do possess unique lone howls, we may
gxpect pack wmembars Lo respond to thelr own howls

differently than nelighbour or non-peighbour howls. &ithough
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sauple sizes were small, ALRE Reserve coyotes responded ¢
thelir own lone howls, both in movement and vocalization,
similar to those of nsighbours and non-neighbosurs. This may
indicate that resident animals 418 not distingulsh hetween
theiz own howls and others.

But more probably, we may conclude that the large
amount of inforwation {possibly contalining individuality,
BUe, sex, sscial status, sad swotlional state) contained in a3
ione howl is not easily deconded, sspecially through
recerding the elicited responses of frse~ranging ooyotbes.
Morsoaver, lone howl recordings were spare: we averaged oanly
one or two yrecordings per tervitery; recordings, then, 4id
nab :ealistinaliy zepresent the natural vaxiability e3¢
individuals?® lone howlsg. Thus, foture ressarch should focus
o vecording numerous long howls for each iadividual coyote:
should spectrally comparse these howls within and bebvsen
individuals; and should obssyve respunses of both €res-~
ranging and captive populations to lone howl playbacks.

Berause sasple sizes were small zegarding lone howl
sxperinents, study resulis must be cavtiously reviewed. On
the ALE Reserve, coyobes moved significantly more ofien, but
3id not voralize signliflicantly more often to lone howl than
to group votalization playbacks. Although not conclusive,
coyotes® greater movement to lone howls suggests that lone
howls may, indesd, communicate the location of the
signailer, possibly within an unaggressive context.

Hovegent may reflect repositioning of resident coyotes
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relative to thelr lovation within their territories, to Lhe
signallex's location, and to the pups’® locations within
tervitories. Unfortunately, we were unable Lo analyse
movesent type in responss £ ions howl piayback, information
poetentially orucial in yi&lﬁinﬁ whether coyvoles peroeeived
pilaybacks ag strangers o group sembeys.

Interestingly, ione howls were fhe must comnon
wvopaliization elicited, regardiess of playback type {LH, OH,
or GY¥HY. This may suggest that coyoles use howls Eor more
than almply announcement of location. . Upon hearing & group
vacalization playback, resident coyotes wmay invoke lone howl
vooniizations as a8 lov-intensity territorial announcement
¥hile simultanesusly annsunsing location.

Brincipally, lone howls may ssryve this dual function
when pack mesbers are isolsted and communal howling {even
group howling) is improbable. Indeed, we observed several
invidents in which one coyote respondsed to g group
voralization playback with a lone howl; immediately
folliowing a secomd playback, several coyobes would respond
with & communal vopalization. Appavently, the resident
eoyete {whose movewment was wmonitored} congregated with stherx
ceyotes to produce & higher intensity tervitorial
annguncewsnt.

Thus, lone howls, aleng with group vocalizations, may
serve multiple roles in coyole compunication, espscially on
a seasonal basis. This is further supported by confounding

study results: coyotes moved to LH and COYH playbacks with



42

similar response rates; responses te LH playbacks were lsast
similar to GHs. Such results may again suggest that the
lone howl may serve a role in low~level territorial
maintenance, poasibly only during pup-rearing season {LE
playbacks were broadeast primarily during this peried}.
Alternstively, these results more vertainly reflect slight
sagple siges.

Lone, group, and group yip-howls represent a graded
continuur with each vovalization type serving different
functions. Bevause these signals are graded, difference in
function way be expressed through variatlon in freguency and
amplitude, ultinately expressing intensity of communication
{Lehner 1878b). Under these clrcumstances, we may expect
the LH's function to be more similar to the GH's; likewise,
the GH's functien would be more similar to that of the
G¥H's. Study results, thus, 414 not strictly conform to
this hypothesis. Due to the extrveas complexity of Coyats
vocalizations, we are left with more guestions than ansvers.
anﬁaubtediy, further investigations of the lone howl will

provide a broader basis for detersining its function.

Group Vocalizations: Tezritorial Fanciion
Territoriality, permitting ready acvess Lo crucial,
svonokicaliv-defendable reseurces {Brovn 1964}, is a
prevalent phenomenon among coyotes on the ALE Resexrve, a
relatively unexploited, dense population of coyotes,

Perritorial coyotes may gain excluasive rights to rescurces,
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in this case food and space, through gither active
displacement of intruders or passive avoldance of neighbours
{Harrington and Mech 1%83). Communal voralizatlons,
possibly & form of passive avoidance, may advertise
territoriality by communicating pack locations and thereby
ainimi$in§ contact {Josiin 1867; Lehner 1978a, 1%78b;
Harvington and Mech 1972%). Hence inter-territory vocalizing
may serve a cyuclial role in spacing densely-packed groups
¥ithin an area of liwmited rescurces.

On the ALE Ressrve, resident palrs vnaalizaﬁ nore ané
soved significantly more often to group vocalization
playbacks broadcast within thely texzitories than to those
proadoeast along boundaries or outside tervitories,
regardless of season. Purther, we recorded several
inztances in which resident coyobes, located peripherally
within thelr ranges, zepositionsd themselves more toward
their core ranges and someblimes vocallzed after moving; we
reoorded no instances in which non-vesident {radico-cpllared)
ceystes vocalized in response to playbacks. Finally,
coyotes tended to move rather than vovalize in response to
intruders, presumably wmoving silently to investigate
intruders withount disclosing their locations,

Elicited behaviour of territorial canids is not well~
studied. However, territorisl avians may verally or
silently approach playbacks broadcast within thelr
territories (Simpson 13%84}. Wolves may possess knowviedge of

spatial relationships within their territory {Peters 1378},
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perpeiving vovalizing intruders as a highrencounter visk
{Haxrington and Mech 1873}, In general, ALE Reserve coyotes
appeared to possess knowledge of spatial relatlonships. For
instance, coyotes may have perceived s group voecallzation
lopated within their territory as an lemediate threat, and
therefore vocalized more often in passive territorial
defence. More {mportantly, resident animsls appeared to
muve more often to investigate these potential intruders.

Conversely, resident animals may have percelved more
distant group vocalizations as less jampediate threats.
Indeed, a stranger vovalizing sutside the yesidents®
tgrritozy may represent a lov-encounter yisk {Harrxington and
Hech 1379). Thus, they may or may nokt vocally respond, but
way use less prozimate forms of passive texritorial dzfence
such as scenbt-marking., Again, lumediate movement in
response to thisz distant stisulus may not be lmperatives
tregpassing outside gove arveas may be common {Orabiree
19833, and terrxitorisl deufence uf these outliyving areas less
prgent.

¥oif territorial behaviour has been intensively
studied. For exaspls, durisg a field sxperimsnt conducted
by Harxrington and Mech (1873}, wolves reportedly approached
the stimulus site only seven tlmes in 1783 trials. Unlike
the slicited movement pattern of wolves, coyotes commonly
approached playbacks. Howevey, they 4id nolt appear to
appreach ox retrest zelstive to plavback lovation, bul more

aften tosk advantage of local wind conditlons {e.yg.,
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sireling dovnwindl). Remarkably, we seldom observesd a
transient coyote approach the playback site; only on one
osoasion did a non-resident appreach, however, she was
avecomppanied by the associate resident of the texxitory. The
approach wovement pattern, therefore, wmay represent an
important component of terzitorisl maintenance for densely
populated coyotes.

Wolves display tervitorial behaviour, primarily howling
and secondarily scent-marking, which is laaationminéageaﬁegt
{Harzington and Mech 1983). Fox exawple, wolves reply teo
human-simulated howls whether or not the intruder or the
pack is located cleoser to the center of their teryitory.
Bacauna woll howling-response is a territory~indespendsnt
#pacing mechanism {Harxington and Mech 1883}, wolves npust
secure exclusive use of rasocurces through streong {(in this
case, year-round) site-attachment, coupled with howling
{¥asexr 1975, 1977; Harvingten and Mech 1983).

in contrast, coyoltes may display territory-dependent
¥pCalizations. Indesd, coyoetes appearsd to respond to
playbacks differentially, depending upon playbac% location.
¥ithin rigid ecolsgical conditions, group vocalkizations may
serve as a terzitory-dependent spacing mechanisa, primarily
amsny densely populated coyotes with limited hablitat and
prey-base.

The importance of how & tervitovial animal peroeives
apatial relationships is well illustrated in a dense coyste

papulation. For example, coyote territories on the ALE



46

Reserve are smwall, averagling 5.% to 8.% ke%., & coyots can
readlily cross the widest breadth of ibs bterritury within 30
gin {J. Blatt, pers., commun.}, and can hear neighbouring
vocalizations within a 3.2 kr ragius. ¥Within such limited
spave, it may be &hargeticglly gfficient for coyotes te
discern betvween imainent intrusion and éistantg43aasu
threatening encrnachuent {&.4q., neighbours). Henge,
territory-dependent avoidance mechanisns, such as
vocalizatlions and possibly scent-marking, as well as high
seagonal site~fidelity, enable coyotes on the ALE Ressrve to

waintain #xclusive berritoriss.

Conclusion

in sunmmary, ALE Reserve resident coyotes' responses to
playbacks vavied, principally according to season. Coyobes
responded {with either movement or vocsl reply) most often
tu o playbavks during the bresdinyg season, a pericd
characterized by biub socislity and inter-group agoniss.
Coyotaa responded least often during the pup-rearing ssason,
Bowever fduring this season they appeared Lo vosallize more
sften Lo GYH than to GH playvbacks; further, they moved
signifticantly soxe to LB than to group vovalization (i.e.,
GH or O¥H} playbackas. ¥e obsezved proncunced intra-seasonal
variation in coyute response during the ﬁannin§ and
digperssl ssasons.

&eai&ent coyotes appeasrsd to distinguish between high~

gigk {i.2., playbacks bruadcast within vore territories) and
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tow~risk encounters {i.e., plavbacks broadcast outside core
territories), voecallzing more and moving significantly more
aften to territorial intruders. This implies that coyotbes
may command knowledge of spatial relationships, zelying on
group vocalizations for territorial spacing and mubual
avoidance between territorial groups.

Coyotes posses a highly evolved auditory communication
syaten.  This ressarxch only cursorily investigated the
possible functions of three vovalizablons {(LHs, GHs, and
G¥Hs ) in one coyote population. Thus, future ressyzxch
should emphasize thé fanctions of such vocalizations undex
warying social conditions, including lightly exploited and
heavily exploited populations. In contrasting the social
structuzre within which coyotes vooslize, we may gain a
etter understanding of the territorial Eunction of

wocalizations as well as the behavioursl scology of coyotes.
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LPPREMHDIX A
STUDY OBJIECTIVES & NULL HYPOTHEIES

To compare territorial coyotes' responses

{vocal reply and movement) toe S¥H and GH

playbacks.

To compare between territorial coyetes’® responses
to LH versus G¥H and OH plavbacks {playbacks of

group vocalizations).

To compare territorial coyotes® responses Lo
CH and GYH playbacks broadcast within terxxitories

versus those broadcast sutside terrlitorles.

To cowmpare texritorial ceoyotes® responses to
GH and GYH playbacks between seasons, incliuding
breeding, denning, pup-rearing, and dispersal

periods.

To determine 1€ correlations exist between
coyotes'! responsses to GH/DYH playbacks and key
environmental factors {i.e., wind speed,

cloud cover, preolipitation, b&ramet£i¢

pressure, relative husidity, amd lunar oyclel.

To determine whether ooyotes'® responses to
playbacks van be used to better charactsrize the
role of group vocallzations in territorial

maintenancs .
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APPENDIY & {conbinugd}
HULL BYPOTHESES

Perritorial groups respond {voeal reply or movesmsnl}

identicalliy to a G apd GYH playback {Objective 13.

Perritorial groups respond identically to a LH 33 to a

GB and a GYH playback {Objective 2},

Territorial groups respond identically to GYHs and GHs

played within their territories as to GYHs and GHs played

putside their territories (Objective 3},

Plavbacks of GIHs and GHs elicit identical responses
during breeding, denning, pup~rearing, and dispersal

periods {(Obhlective 4} .

Perritovial groups respond egually Yo playback
stimull, regardless of the influence of key environ~
wental factors, such as wind speed, cloud cover
precipitation, barssmetric pressuyre, relative humidity,

and lunar oycle {Qujective 53,

Ferritorial groups® rssponses to PBs 4o not, in any
way, chavacterize the zole of group vocalizations

in territoxial maintenance {(Ghisctive &},



&5

APRERDIX B
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