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ABSTRACT

Fighting can be extremely costly in terms of eyarge and potential for injury or
death. Therefore, the ability to accurately asadbseat is advantageous, allowing an
animal to retreat from conflict if its chances afming are low. Game-theoretical
models of agonistic behavior suggest that anintadsilsl base decisions about conflict
escalation on an assessment of their opponentisirigyability or resource-holding
potential (RHP). Individuals can assess an oppiséghting ability relative to their
own using a number of physical and behavioral ciB®mne aggressive displays,
including some vocalizations, are believed to fiorcas such cues, or advertisement
displays, of an animal’'s RHP.

Studies of advertisement displays have typicalused on contests between
individuals. However, just as correct assessmeatrival is advantageous in conflict-
escalation decisions between individuals, it mighexpected that correct assessment of
group size would be an important criterion in deti@ing potential costs in contests
between groups. Social animals would benefit femturate perception of group size
when assessing the fighting ability or RHP of a petimg group in the same way that
individual competitors benefit from assessmentefrtsingle competitor’s size and

strength.



A number of studies have been published in regearts investigating group-level
assessment in agonistic contests. These studredt@used on territorial vocal signals
of various group-living species to determine whetteenpeting groups glean information
about group size from these acoustic signals ajstitheir behavior in a manner
consistent with the predictions of game-theoreticatlels of agonistic behavior.

The goal of this thesis research was to determimether group-size information
is available in the group yip-howl of the coyofehe approach to this investigation was
two-fold: a) conduct a field experiment with radioHared coyotes and measure their
movement and vocal responses to playbacks of gripdpowl recordings from different-
sized groups, and b) analyze the acoustic featiréee coyote group yip-howl. The aim
of the field playback experiment was to measura¢ponses of coyotes to the agonistic
vocalizations of a potential competing group. Astoufeatures of the coyote group yip-
howl were analyzed to better understand the patieciies contained in the signal that

might allow for the perception of group size.



Dedicated to my grandfather, Thomas Edward Alderi®12 — 1984)
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Data represented in graph (a) were colledtethg the pair playback condition,
while the data in graph (b) were collectedmy the pack playback condition. Note
that home range and core territory cont@pirsk) are also shown in map (b) for a
female coyote (CH353), potentially CH223'atB .........cvvvuvviiiiiiiiiieeeeeieeeee 121
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CHAPTER 1

INTRODUCTION

Assessment of Rivals in Agonistic Contests

Fighting can be extremely costly in terms of egarge and potential for injury or
death. Therefore, it is expected that animals avithid entering into direct conflict unless
the threat to their survival or reproductive susdesso great as to inflict a greater cost
than the conflict. Potential loss of a mate cgraitory could represent such threats.
With costs this high the ability to accurately &ssa threat is advantageous, allowing an
animal to retreat from conflict if it is unlikelptemerge the winner.

Game-theoretical models of agonistic behavior sagthat animals should base
decisions about conflict escalation on an assegsofid¢imeir opponent’s fighting ability
or resource-holding potential (RHP). A multitudeasymmetries can exist between
individuals competing for possession of resourteduding size and strength of each
individual, current ownership of the resource, #r&importance of the resource to each
competitor. These asymmetries can aid in predjdtie outcome of a conflict.
Therefore, in competitions where fighting is cosilys selectively advantageous for an

animal to assess its chances of winning and withdvahout escalation if those chances



are low (Enquist & Leimar, 1983; Hammerstein, 198aynard Smith, 1982; Maynard
Smith & Parker, 1976; Parker, 1974).

Some aggressive displays, including some vocaizstare believed to function
as advertisements of an animal’s fighting abilityesource-holding power, allowing a
competitor to assess its chance of winning in aafliconflict (Clutton-Brock & Albon,
1979; Parker, 1974). A multitude of behaviors phgsical characteristics have evolved
that allow animals to assess the condition anahgtheof an opponent relative to
themselves. Some of these include: potential “waag such as antlers and canines,
with greater size indicating better condition awdential to inflict injury (Darwin, 1850;
Geist, 1971; Packer, 1977); broadside threat pestinat display the largest physical
profile and provide the best indication of sizer(¢i, 1982); the pitch of a vocalization,
with lower pitch indicating larger body size (Mantal977); and the frequency and
duration of a physical or vocal display, with longe more frequent displays indicating
better condition (Clutton-Brock & Albon, 1979).

Studies of advertisement displays have typicalused on contests between
individuals. However, just as correct assessmeatrival is advantageous in conflict-
escalation decisions between individuals, it mighexpected that correct assessment of
group size would be an important criterion in deti@ing potential costs in contests
between groups. Social animals would benefit femturate perception of group size
when assessing the fighting ability or RHP of a peting group in the same way that
individual competitors benefit from assessmentefrtsingle competitor’s size and

strength (McComb et al., 1994). Two important agstions underlie this prediction: 1)



signals communicating group size information aredsd; and 2) animals can
comprehend numerical differences in quantity.
Honest Communication and Numerical Competence

On average, animal communication signals are lhpmesaning the information
they convey accurately depicts the situation albduth they are communicating. For
example, the assessment criteria in agonistic sthtkescribed above (e.g., antler size,
pitch of a vocalization, duration of a display) atesely linked with the individual's
RHP or fighting ability (Clutton-Brock & Albon, 19j. Therefore, these physical cues
and behavioral displays are honest indicators@irtlividual’s ability to defend itself
and its resource.

Dawkins and Krebs (1978) argued that game-thealetiodels suggested that
senders should try to mask their true intentiorcsraanipulate receivers into acting in a
manner that would benefit the sender. Howeversagient models have convincingly
demonstrated that honest signaling should be tlee @ahavi and Zahavi (1997) have
put forth a compelling argument that receivers sthoot respond to dishonest signals: if
receivers do not respond to a signal, then theme isenefit to senders to produce one.
Zahavi's (1977) “handicap principle” further arguibéht heavy costs associated with
signals impose honesty. That is, an individualdowt afford to produce a signal or
would not be physically capable of producing a alghthe information it contained
were not accurate. For example, a peacock’sstaibnsidered a handicap since it

imposes costs by making the bird more vulnerablgedators and by being costly to



develop physiologically. Therefore, the peacockisis an honest indication of the
animal’s condition (Zahavi, 1975).

Numerical competence in animals has been arguexigoin various forms, from
a binary, there/not there discriminative abilityaictual counting, using a “tagging”
system like that used by humans (Davis, 1993). nmig@rity of studies investigating
animal numerical competence have been conductx ilaboratory, with the most
support for true counting coming from experimenithwon-human primates. However,
the success (as limited as it has been) of thasatiog experiments has resulted from
extensive training of the animals under completifie@ial conditions (Shettleworth,
1998). Despite disagreement on the specific nuwrakabilities of animals, there is little
argument that animals have some ability to diserateé numerosity (Shettleworth, 1998).
In natural settings, animals may only need to dhsiciate between relative quantities;
and this ability may be especially important in@ps that live in social groups (Davis,
1993; McComb et al., 1994).

Studies of Group-Size Assessment in Agonistic €isnte

A number of studies have been published in regearts investigating group-level
assessment in agonistic contests. These studredt@used on territorial vocal signals
of various group-living species to determine whetteenpeting groups glean information
about group size from these acoustic signals ajstitheir behavior in a manner
consistent with the predictions of game-theoreticatlels of agonistic behavior. Each of

these studies employed a field playback paradigmhich group territorial



vocalizations of different-sized groups were br@sd@nd movement and vocal
responses of the target (receiving) groups weresured.

McComb et al. (1994) studied the responses of liefiens Panthera led to
playbacks of single female lions roaring and groofpthree female lions roaring in
chorus. They found that female lions adjustedrthehavior based on the ratio of the
intruder’s group size to their own, approachingyomhen odds were strongly in their
favor. Parallel work conducted with male lionswlewer, indicated that males were less
cautious and approached even when outnumberededipdhree individuals. McComb
et al. attributed the difference in male and fenmafponses to the sexes’ differential
valuation of the territory with respect to theipreductive success. Accordingly, an
increase in female approach was observed whenveestespresent, reflecting the
increased value of the resource in that circumstanc

Results similar to McComb et al.’s were found ialenblack howler monkeys
(Alouatta pigrg (Kitchen, 2004), male chimpanze@&a( troglodytes(Wilson et al.,
2001), and subdesert mesitdfofias benschi(Seddon & Tobias, 2003). In each
species, it appeared that numerical assessmem afttuding group’s size relative to the
defender’s was an important factor in determinirigetier group members would
approach and/or vocalize in response to the appemeasion. Typically groups would
not approach or vocalize in response to playbatigsoups larger than their own and
would approach cautiously if odds were only sligltl their favor. Vocal responses

were less common than approaches in most speai@s) @himpanzees it appeared that



vocalizing in response to the playback was moreedéent on the number of defenders
present than was approach movement (Wilson €2@01).

The studies described above focused primariljhemtovement of the target
animals in response to the playback stimuli. Hosvea study by Radford (2003)
examined the vocal responses of green woodhoopbeiculus purpureyigo
playback of conspecific groups’ territorial vocallying calls and compared these
responses to spontaneous bouts of vocal rallyiRedford found that the duration of
spontaneous vocal rallies was positively correlat@l the size of the rallying group.
However, bouts provoked by playback of a largeugravere longer in duration than
spontaneous rallies. Therefore, only spontaneoaalvallies could be considered
honest cues to group size.

Group Size Information in the Chorus Howling of Wsl and Coyotes

Coyotes Canis latran$ are social, group-living carnivores, like wol\ganis
lupug. However, compared to wolves, coyote social gsoare quite small, consisting of
a breeding alpha pair and offspring from the curyesar (typically a litter of five or six),
and often some of the previous year’s offspring lave remained with their natal group
as helpers. Breeding coyote pairs are territama defend a relatively small territory
within a larger home range that can measure teagquare kilometers (see Chapter 2).
Although the larger ranges of different coyote goaommonly overlap, core territory
boundaries do not.

As with the species described in the studies glbmotes also have a long-

distance group vocalization: the group yip-howlovHing is the primary long-distance



signal among the species of the family Canidae,paat members often howl in a
chorus that is believed to announce territory owhigrto neighboring groups and
transients (Harrington & Mech, 1979; Lehner, 19783/8b; Theberge & Falls, 1967).
This inter-group signal, which often elicits respes from neighboring conspecific
groups, is also believed to act as a spacing méeahdretween groups (Harrington &
Mech, 1979; Lehner 1978a, 1978b). However, whetherus howls contain
information about group size has been debateceifitérature.

Harrington (1989) proposed that group howling ie ¢gnay wolf might be a
mammalian example of the Beau Geste effect. Tl B&este hypothesis was put forth
by Krebs (1977) and named after a fictional Frefroteign Legionnaire who
successfully defended a fort single-handedly byatimg the voices of many men and
leading his enemy to believe an entire army waseure(Bradbury & Vehrencamp,
1998). Harrington suggested that the chorus héwiewolf similarly deceives
receivers, leading them to estimate that an areaasgpied by a larger number of
individuals than it actually is, or at least makegact number undetectable. Harrington
suggested that the frequency modulation often dited into group howls produces
echoes as the sound travels through the environmkimately distorting the signal on
the receiver’s end and resulting in the percepbioa greater number of callers than are
actually present. He claimed that even canid rekespecialists cannot determine the
number of individuals present in a group chorusifitistening to the acoustic signal

alone.



Harrington’s (1989) methods for investigating theestion of group size
information in howling choruses involved approachiadio-collared wolves within 200-
800 m, howling to them using a “simulated howl eeding the wolves’ vocal response
on audiotape, and analyzing the spectrograms eéthexordings. Unfortunately, it was
impossible to distinguish individual animals in gpectrograms; once an individual
howled, it could not be discerned whether it wassame or a different animal howling
later in the chorus. Therefore, although Harringbased his Beau Geste hypothesis on
this spectrographic analysis, his methods actutdlynot allow him to resolve whether
potential patterns allowing for discrimination abgp size exist within a howling chorus.

Lehner (1978b) proposed a quite different theorlgis studies of coyote group
howling. He suggested that coyotes, and possibigraanids that use similar chorus
howls, are capable of assessing group size froowdirig chorus based on differences in
individual voices. He further suspected that thian epideictic signal, allowing animals
to assess the density of the local population theckeby affecting their reproductive
strategy directly or indirectly. Indirectly, groln@wling choruses, serving as territorial
signals that allow groups to space themselves apptely in the environment, might
affect reproductive strategy in the sense that th#gct territory availability. However,
Lehner (1978b) proposed that howling choruses ndghkttly affect reproduction in a
way similar to the Lee-Boot effect in rodents, wehpheromones inhibit estrus cycles in
captive females when the caged group is large @rud®66). Of course, prey density

likely directly regulates population density in gamction with either of these processes.



It is also necessary to ask if the Beau Gestetefat exist in animal
communication systems. The Beau Geste hypothessnitially used to explain large
repertoire size in territorial birds, claiming thiaese birds acquired large repertoires to
mislead potential intruders into believing that mterritory holders were present than
there actually were (Bradbury and Vehrencamp, 198#)wever, Bradbury and
Vehrencamp (1998) reported that such song patternisds are not successful in
deceiving potential intruders. Indeed, if a sigsiath as group howling consistently
provided misleading information about group sizevauld be expected that the signal
would not be used to assess competitive abilibgesit is unreliable in this function.

Lehner (1978b) suggested that coyotes may voclaszewhen population
numbers are low, which may serve as a cue indigddiwv population density. However,
if this is true, it does not appear to translatehocoyote’s signaling strategy whgroup
size is small (i.e., with coyotes howling less wiggoup number is low). Gese and Ruff
(1998) found that howling rates were independemaak size.

The structure of the coyote group yip-how! (theneaapplied to coyote chorus
howling by Lehner (1978a, 1978b)), as it is desdin the literature, suggests that
information about group size might be availabl¢h signal. Lehner (1978b) explained
that “a group yip-howl bout is generally initiatbg one individual... which is then
joined by others. The initiator generally givel®ag, relatively un-modulated howl. As
more individuals join in, the howls become more Atuge and frequency modulated and
yipping occurs, gradually becoming more frequept™{18). This structural pattern can

potentially reveal information about the numbehoWling participants. Two of the



components in particular, timing of entry into tteorus and fundamental frequency) (f
of an individual howl, could allow receivers to ‘dreout” the number of individuals
howling. Research into the ability of humans tarnaut separate sound sources has
shown these features of sound to play an importdetMoore, 1997).

The sequential entry of individual voices into th®rus could allow listeners to
discriminate the number of individuals vocalizingsynchrony in sound onset is a cue
used by humans to hear out the sources of complexds(Moore, 1997). Interestingly,
Joslin (1967) used this feature of wolf chorus ®tel estimate pack size by ear, and
found it to be a method superior to any other ledraployed- In addition, Lehner
(1978b) suggested that the initial howls in therab@re also relatively constant in
frequency; therefore, these sounds should propagkdbly through the environment.
This signal design feature increases the long+utstaeliability of the chorus as an
indicator of group size.

It has been reported that individual wolves avaa/ing at the same frequency
as other individuals in a chorus (Boscagli, 198dsl€r, 1958; Harrington, 1989; Lehner,
1978b). Fundamental frequency is a key featurd bgehumans to hear out individual
sound sources. It has been found that peopleistingliish between complex tones
(e.q., those created by identical musical instrusj)emhen each is playing a sound of a
different {, (Moore, 1997). In addition, it seems that this bast be achieved if the

sounds differ in frequency by 6% (Scheffers, 198B)0oze et al. (1990) used

! However, like Harrington, he could only count thelves as they initially entered the chorus. Tiwmse
an animal ended its first howl it could not be deii@ed whether the same or a different individugkead
the chorus later.
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discriminant function analysis (DFA) to successfudlentify the howls of individual
wolves. The correct categorization of howls initla@alysis was to a great extent
dependent on the.f

Overview of Thesis Chapters

The goal of this thesis research was to determhmether group-size information
is available in the group yip-howl of the coyofEhe approach to this investigation was
two-fold: a) conduct a field experiment with radioHared coyotes and measure their
movement and vocal responses to playbacks of gripdpowl recordings from different-
sized groups, and b) analyze the acoustic featirg® coyote group yip-howl.

The aim of the field playback experiment (desatibeChapter 4) was similar to
the objectives of the group-assessment studieslwith, howler monkeys, and
chimpanzees described above: to measure the respohgroup-living animals to
vocalizations of potential competing groups. Tagyeups of radio-collared coyotes
were tested with two playback conditions/ar condition (in which a recording of a
group yip-howl produced by a male-female coyote pais the stimulus); andrack
condition (in which the playback stimulus was augrgip-howl produced by a mixed-
sex group of five coyotes). A datalogging receiethe site of the playback speaker
recorded the animals’ movements toward or away fifeerstimulus via the radio-collar
transmitter, while a microphone and tape recordeonded any vocal responses.
Responses were compared betweerrtitx andPAIR conditions to determine whether
coyotes perceive differences in group size andsadpeir behavior in a manner

consistent with game-theoretical models of aganis¢havior.
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Coyotes in the central Ohio region were radioarelll as subjects in the field
playback experiment. Radio-collaring coyotes wasassary for the field experiments
due to their elusive nature, making them an exthedhifficult species to observe
visually. The collared coyotes were radio-tract®determine the locations of their
home ranges and core territories. This informatwas needed in planning and
interpreting the playback experiment data. In &oldj no home range or mortality data
on coyotes in Ohio had been published at the tiki® study; therefore, the radio-
telemetry and mortality data were included as asep chapter (Chapter 2) of this
thesis.

The group-assessment studies described earlieisichapter focused solely on
the target animals’ responses during playback éxgets in addressing whether the
species-specific group territorial vocalizatione\pded adequate information for
assessment of RHP. In the present study acoestiares of the coyote group yip-howl
were analyzed to better understand the potentesd cantained in the signal that might
allow for the perception of group size (Chapter Recordings of group yip-howl
choruses used in these analyses were collectedeiigithcaptive coyote groups at
zoological facilities across the United States.

Finally, the results of the studies discussedhayiers 2, 3, and 4 are summarized
in Chapter 5. Implications of this work and recoemdations for future research are also

contained in this final chapter.
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CHAPTER 2

COYOTE HOME RANGES AND MORTALITY IN AGRICULTURAL-

SUBURBAN REGIONS OF CENTRAL OHIO

Introduction

There are few published studies on the home raizge and ecology of coyotes
in the Great Lakes region of the Midwestern Uni&dtes, which is comprised of the
states of lllinois, Indiana, Michigan, Minnesot&i®, and Wisconsin (Atwood et al.,
2004; Berg and Chesness, 1978; Huegel and Rond€88; Nelson and Lloyd, 2005).
There have also been relatively few studies on t&lgome ranges in agricultural and
suburban areas in general, although studies ofted&havior and ecology in these
landscapes are increasing in number as coyote giqnudensities increase in these
regions.

The study presented here is the first to reporotsdhome range sizes in
agricultural and agricultural-suburban regions did Coyotes in this study were radio-
collared to allow for monitoring of approach/avaida movements during field playback
experiments (see Chapter 4). Information aboutéhcange size and the location of core

areas within each animal’s range was necessapldoning and interpreting the results
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of these experiments. Therefore, the radio-call@wyotes were tracked regularly to
determine these spatial areas. When possible aésinere tracked for several weeks
before experiments were conducted and for sevesatims following the experiments.
The need to obtain the animals’ range informatmruse in experiments conducted
during the months of winter and early spring re=iiih collection of most location data

during these time periods.

Methods
Study Site
Prior to the start of the study in autumn 2008, isearcher contacted the Ohio

Division of Wildlife (ODW) seeking contact informan for professional nuisance-
wildlife trappers who might be willing to assisttivicoyote trapping for the study. At
least two county ODW officers discouraged the redesxr from conducting the study in
their counties due to the coyote’s status with@IBN as a nuisance species and the
public’s perception of it as a pest. However,@2W officer in Pickaway County was
interested in the study and not only provided thetact information for several trappers
in his region, but also offered to do some of tagping himself. The Pickaway County
ODW officer and a nuisance trapper in Pickaway @pbegan trapping for the project
in December 2003. In January 2004 a nuisanceedrapg-ranklin County began
trapping for the study. Two additional trappersifart trapper and another coyote
researcher) in Franklin and Fairfield Countiesstssi with the study in 2006. Trappers

were not paid for their efforts, serving strictly eolunteers.
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The majority of coyotes collared for this study eémapped in Franklin and
Pickaway Counties. However, two animals collaredrdy the winter 2006 season were
trapped in Fairfield County (Figure 2.1). Somecpatage of land in all three of these
counties is devoted to agriculture; however, therso considerable development
occurring as well. Pickaway County is still langelgricultural, with 83.9% of its total
acreage used for farming. Franklin County is tlusthadeveloped of the three, with only
25.6% of its total acreage remaining agricultufgirfield County falls between these
two with 61.2% of its land devoted to farming. €Ble statistics were obtained from the

Ohio Department of Development’s websiténtip://www.odod.state.oh.us

The topography of the study area consists of dgménantly flat, rolling
landscape located northwest of the glacial bounoe@hio. However, some regions in
eastern and southern Fairfield and Pickaway Casitigeon the unglaciated side of the
boundary, distinguished by a hillier, more heatisested landscape.

Central Ohio’s climate is characterized by hot, lrusummers and cold, dry
winters, with the highest temperatures typicallgwcing in July and the lowest in
January. July and January also experience théegteainfall and snowfall, respectively.
Annual rainfall averages 96.0 cm and annual snowafedrages 70.1 cm. (These statistics
are based on climate data for Columbus, Ohio asrtes at

http://www.usatoday.com/weather/climate/usa/ohiambu.htmand

http://www.wikipedia.org/wiki/columbus_ohio#climaje
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Figure 2.1. Sites in central Ohio where coyoteseviapped, radio-collared and released
between 2003 and 2006. A) Williamsport; B) Asteviivest); C) Galloway; D) Grove
City (east); E) Ashville (east); F) Greencastle;@dve City (west).

Trapping and Radio-collaring

Nineteen coyotes were trapped and radio-collared thwree field seasons. Traps
were put out from November through March 2003-2@004-2005, and 2005-2006,
with no coyotes actually caught until early DecembEhis trapping schedule eliminated
the possibility of catching dependent pups.

Our goal was to trap only one animal from any patér social group for the
study. Therefore, trapping was conducted in a reatirat avoided catching members of
the same pack. Some trap sites were used on teutipasions.

The majority of the coyotes were trapped usin bifset, coil-spring foothold

traps, with the staked chain on a center swivettiuce injury to the animal’s foot.
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Three coyotes trapped during the 2005-2006 seasom eaught using 2.4 mm-diameter
cable neck snares equipped with metal stops €&t @t to avoid strangulation of the
animal. Traps were checked by the trappers, eareher, or the landowner every 12
hours. When a coyote was found in a trap, theareker arrived at the trap site within
one hour of notification.

Trapped coyotes were restrained with a snare pa@tl-All) and chemically
immobilized it via an intramuscular lumbodorsakiction of 5:1 ketamine:xylazine at a
dosage of 12 mg/kg. Drug induction time was tyllygaist over one minute.
Immediately upon complete induction, the trap wamoved from the animal’s foot, and
the coyote was wrapped in a mylar space blankepkodd on a 61 x 61 cm wooden
board covered in foam and burlap. Animals weregived on this board, which was
suspended by chains from a hanging scale (Taylodeh#3311) attached to a modified
aluminum camera tripod. After being weighed, tbgate was transferred from the
board to the bottom section of a large kennel cratech was placed inside the
researcher’s vehicle in order to prevent the aninoah becoming hypothermic in the
cold weather. While immobilized, the coyote’s Vg@ns (pulse, respiration, tissue
perfusion, and temperature) were monitored by ¢searcher while a research assistant
tended to any cuts or abrasions the animal suffenetie foot held by the trap, rinsing
the wound thoroughly with betadine solution andlgpg triple antibiotic ointment
when necessary. An intramuscular injection of piim was also administered in these
cases and when any other open cuts or wounds weez\wed during physical

examination. Before rousing from the anesthebmanimal was examined to determine
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sex, parasite load, and general physical condigantagged with one round, plastic,
numbered hog tag in each ear (NASCO), and fittedd w210 g radio collar (Advanced
Telemetry Systems, model #M2220B). The ear tags Weeserve as a secondary means
of identification when animals were reported todaeen killed or were found dead,
especially if the radio collar had been lost.

The animal’s vital signs were monitored throughibwnet period of chemical
immobilization. At the first sign of the animalscovering from the ketamine effects
(e.q., head, tail, or foot movement), a lumbodonmsmhmuscular injection of yohimbine
was administered to reverse the effects of thezuyéa The top and door of the crate in
which the coyote was resting were put in placer dfte yohimbine administration. The
animal was kept in the crate until it appearede@lert and physically stable, at which
time the crate was removed from the vehicle anattlypte released at the trap site. The
researcher continued to monitor the animal, foltfyit on foot if necessary, until it
moved off normally.

Coyotes typically remained anesthetized for attlé@sminutes under the initial
dose of ketamine. However, estrus females rouséaivid5 minutes after the initial
injection, and animals whose body temperaturespogubstantially (by 15° C) were
typically unresponsive for longer periods. It ve@snmon that an animal would not show
signs of complete recovery for over an hour; howgethes was not necessarily an effect
of the anesthesia. An animal that would withdresxfaot from a toe pinch or show other
reflexive signs of recovery in response to testthieyresearcher would often remain

otherwise immobilized, perhaps from fear.
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Radio Telemetry Accuracy Testing

Testing the accuracy of radio telemetry equipmentits users is necessary for
interpreting results of studies using telemetrgstmate animal movements and ranges.
The researcher conducted accuracy tests duringutnener of 2005, testing her accuracy
with the handheld telemetry receiver (ATS FieldMa$tM-100), 3-element Yagi
antenna, and sighting compass (Suunto KB-14) ustake ground bearings for the
study.

Four radio collars that had been or would be degday the study were used for
testing. One collar was given to each of four tamders with crop farms in the study
area. Three farms were located in Franklin Co(nty in Grove City; one in
Galloway), and one farm was in Pickaway Countyitliamsport). Each landowner
was asked to place the collar on their property location unknown to the researcher.
The collars were tied to the tops of 46-cm stakas were pushed into the ground,
leaving the collar positioned approximately 41 dmo\ge the ground’s surface. Upon
notification from the landowner that a collar hazkb placed, the researcher would travel
to the property during and between regular radicking sessions to take bearings on the
test collar’'s position. After determining the geaddocation of the collar during the first
visit, three tracking stations were chosen on tiegpgrty within a range that allowed for
strong signal reception. The researcher returnéaet property on ten separate occasions
to record bearings on a single collar from thedahs®tions, resulting in 30 bearings and

10 location estimates per test collar. Locatidimestes were calculated using
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PalmLocate (Nams, 2005b) on a Palm Zire unit infigld, which was then hot-synched
to Locate Il (Nams, 2005a) on a personal computéne lab.

After collecting ten location estimates for a givemllar, the researcher homed in
on and located the test collar, recording the &&id# coordinates of the collar’s
location. The landowner was then asked to plaeedhfiar in another location, and the
researcher would repeat the telemetry procedutteeimew location.

Ten tests were conducted using four radio collaith two placed three times by
the landowners on two of the farms and two plawedtimes on the other two farms.

The individual bearings taken at each station veatered into a Microsoft Excel
spreadsheet, and the standard deviation of thiedanngs for each station was calculated
to determine the mean standard deviation to be insgetermining the error ellipses of
animal location estimates in the study. The lirdistance between the actual and
estimated collar location was also calculated. damh of the ten estimated locations, the
differences between the estimated and actual UT8direpand the estimated and actual
UTM northing were calculated, providing two distan@lues in meters. With these
values, the linear distance between the estimatddetual test collar location was
calculated using the Pythagorean theorair, b? = ¢ In this equation the easting and
northing differences were used for valaesndb, resulting in the linear distance
measurementj between the estimated and actual location. Té@mhnear distance

was then calculated from all ten location estimates
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Radio Telemetry

All collars used in this study emitted a beacamal within the range of 149.5 —
149.9 MHz at a rate of 55 pulses per minute invaathode and 110 pulses per minute in
mortality mode. Mortality mode was activated dallar remained motionless for at least
eight hours. The researcher’s contact informatm@me and phone number) was printed
on the battery housing of the collar, althoughaswdiscovered that this information did
not always remain legible when the collar had beeployed for several months.

The annual schedule for radio tracking was divithad three seasons:
breeding/gestation (January through April); pupdrea(May through August); and
dispersal (September through December). Thesersglagdelineations were based on
those described in Gese et al. (1988) and GrimigKaausman (2001). Since field
playback experiments with the collared animals veereducted during late winter and
early spring, the animals’ home ranges during tleeding/gestation season were of
greatest interest. Therefore, most location da&gewollected during that season.

On average, radio-collared coyotes were locatédirdes per week during
breeding/gestation season, 1.1 times per weekglptip-rearing season, and once every
3 weeks during dispersal season. However, sinaeanémals were collared each
December, animals were typically tracked 1.4 tipesweek during that month of the
dispersal season. Animals were tracked both duhieglay and at night. Diurnal
locations were those taken between the hours 800&nhd 19:29; nocturnal locations
were those between the hours of 19:30 and 07:2fsé&&utive locations on an animal

were not included in analyses if the locations weeriéected within 8 hours of each other.
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The radio-tracking methods changed over the theaesyof the study. During the
first field season (2003-2004) all tracking was el@mom the road using an ATS FM-100
receiver, a handheld 3-element Yagi attenna, ahek Teeadphones. This method
required that the researcher get out of the velexdey mile or so when within what was
believed to be the range of a radio-collared cogoi listen for that animal’'s beacon
signal. This was especially challenging when tiragkransient or dispersing individuals,
who would often travel long distances over shaonitiperiods in an unpredictable
manner. When a strong radio signal was receivedrgsearcher used the method of
bisecting the nulls to determine the directionhe&f &nimal and took a bearing using the
sighting compass. Two or three bearings were tak#mn a 10-minute period in order
to estimate the location of the coyote.

An improvement was made to vehicle-based tractanghe 2004-2005 field
season. An antenna mount was custom built fotap®f the vehicle. This mounting
apparatus held a 4-element Yagi antenna, whichcaasected via an 8-ft cable to a
receiver (LOTEK model SRX400A) inside the vehicklthough the antenna did not
rotate, this setup allowed the researcher to ligienollar beacon signals from within the
vehicle while driving through areas in which stdymals might be located. When a
strong radio signal was picked up from a collag, tbsearcher would use the handheld
system to take bearings from outside the vehidelescribed above. This method of
vehicle-based tracking was continued through tltecénhe study.

Coyotes were periodically located from the airidgithe 2005-2006 field season

using the Ohio Division of Wildlife’s (ODW) fixed-ing aircraft (Partenavia P68C).
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Since ODW did not have a receiver tuned to theN&& range being used in the study,
the researcher flew with the pilot, using the LOTEg€eiver to pick up radio-collar
beacons. When a strong signal was heard, the fwgntunction of the receiver was
turned on and the gain turned down to best deterthia location of the collared animal.
Event-Log displays the signal strength from thedraitter on the LED screen of the
receiver, with a maximum strength of 232 units. aW¥la signal was near or at maximum
strength, the pilot would tightly circle the ar@aconfirm the location, and GPS
coordinates were recorded by the researcher. gteBier 2005, three animals from the
previous field season that had gone missing inewiahd spring 2005 were located. The
airplane-based telemetry was invaluable durin@2®@5-2006 field season in locating
wide-ranging animals.
Data Analyses

Telemetry data collected during the first twodiskasons (2003-2004 and 2004-
2005) were manually recorded on data sheets ifidlte and later entered into Locate Il
(Nams, 1990). Coyote locations were triangulatét Wwocate and recorded in Universal
Transverse Mercator (UTM) units. Bearing data wemesidered usable if they resulted
in an estimated location, using the Maximum Likebd Estimator (MLE) in Locate II.

During summer 2005 the researcher beta testedMiedows and PDA versions
of the Locate program (Locate Il and PalmLocagspectively) being developed for
data management in the field. This testing prdwetth packages provided improved
methods of data collection and entry; thereforesdte 11l and PalmLocate were the

location-estimate programs used throughout theoétiake project.
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Locations were plotted on digital UTM maps and lea@nges were estimated
using ArcView GIS 3.2. The maps used in ArcViewe@&lFF files exported from
National Geographic’s Ohio TOPO! map software. leaxported TOPO! map was
georeferenced for ArcView by creating associateddvides (.TFW files) based on the
map’s corner coordinates and its image size inlpix€he X and Y pixel sizes for world
files were calculated by dividing the map’s leftright and top-to-bottom distances (in
meters) by the map’s image width and height (ire[six respectively. Rotation terms in
all world files were set to zero.

Home ranges were calculated using the fixed kexnalysis function in the
Animal Movement Extension for ArcView (Hooge anati#nlaub, 2000). The least
squares cross validation (LSCV) of the smoothirgdiawas used to determine the
parameter that provided the lowest mean integrsgedred error for the kernel density
estimate. The developers of the Animal Movemergresion argue that the ad hoc
default setting for the LSCV provides an estimaiat is less biased than alternative
smoothing factor values selected by the user (HaogeEichenlaub, 2000). Both 95%
and 50% utilization distributions (UD) were caldeid, with the 95% UD estimating an
animal’s total home range for a given time perent the 50% UD estimating the core
area of the home range for that same period. 8abhaod annual home ranges were
calculated for individuals for which 30 or more éons had been collected during the
time period of interest. This decision was base®&eaman et al.’s (1999)
recommendation that a minimum sample size of 38tions be used when analyzing

home ranges with kernel estimators.
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Survival probabilities for the radio-collared cogs in the study were calculated
using the staggered-entry design of the Kaplan-Msievival estimator described by
Pollock et al. (1989). This design allows for #dition of tagged animals into the
survival estimate over time. It also allows foe ihclusion of animals of unknown fate
by “censoring” these animals in the analysis. ©dng resulted in the subtraction of the
missing animal from the number of individuals colesed at risk at the next time point

after the animal had disappeared.

Results
Study Animals
Nineteen coyotes were radio-collared during th@8&r study, 9 males and 10
females. Although coyotes were trapped, collaaed, released within a roughly 1,600
km? region, dispersing and transient animals oftegedrfar beyond this area, and in
some cases, beyond the counties in which they tragpped. Overall, the study animals
ranged within nine central Ohio counties, covermgapproximately 11,500 Knarea, as

shown in Figure 2.2. Table 2.1 provides geneffarmation about the study animals.
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Figure 2.2. All locations of the 19 radio-collarealyotes during the study period.
Colored dots represent individual location estimagach radio-collared coyote is
represented by a different color. (Mapped areeesgmts region of central Ohio west
and south of Columbus, Franklin County.)
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Status
Total at End
Weight Last Date No. of
ID (kg) Date Collared Trap Site Located Locations Study*
M501 19.1 12/8/05 Ashville, PC 1/16/06 14 D
F502 12.3 3/1/06 Grove City, FrC 10/3/06 43 D
F524 11.3 12/18/04 Galloway, FrC 11/28/05 50 D
F543 12.7 12/20/03 Williamsport, PC 2/24/04 37 M
F564 13.6 1/14/04 Galloway, FrC 11/13/04 65 D
M582 13.6 12/23/03 Ashville, PC 10/5/06 192 C
M603 13.2 1/11/06 Galloway, FrC 2/13/06 10 M
F621 11.3 1/21/06 Greencastle, FaC 2/4/06 8 D
M643 16.3 2/9/04 Grove City, FrC 6/13/04 50 D
F644 145 2/10/06 Greencastle, FaC 10/5/06 52 D
M663 18.1 1/6/05 Galloway, FrC 2/13/06 44 D
M682 17.2 1/26/04 Ashville, PC 3/6/04 31 D
M703 15.0 12/24/05 Galloway, FrC 10/3/06 68 C
F722 t12.3 12/23/04 Williamsport, PC 10/5/06 126 C
M742 15.9 2/10/05 Williamsport, PC 12/26/05 72 D
F763 17.2 3/6/05 Grove City, FrC 1/30/06 69 D
F782 12.7 12/13/05 Galloway, FrC 10/3/06 71 C
mM812 18.1 2/18/06 Grove City, FrC 4/21/06 27 D
F831 145 2/14/06 Grove City, FrC 4/1/06 25 D

* D = deceased; M = Missing/Unknown Fate; C = Cott@n Air
T Weight estimated.

Table 2.1. General information on radio-collaregates.

Although coyotes were not aged by tooth eruptiowear, other indicators of
adulthood were observed in five of the animals,&2asmand 3 females. The dental and
general physical condition of two males (M582 an@1¥)) suggested they were adult
animals. Coyote M582 had yellow-stained teethyrmalmer of small scars on his body,
and only 2/3 of his tail. In addition, he was \aly observed with another coyote
(presumably his mate) and at least two pups in 2004. This coyote also remained in
the same home range for all three years of theystGdyote M812 had three broken
canines and his coat was in very bad conditiono Tanine teeth of one female (F831)

were also broken. This same female did not apjdae in general good health, most
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likely due to having been shot prior to collariag,evidenced by healing buckshot
wounds observed in the caudal region of her bddye female (F763) had elongated,
darkened nipples, indicating that she had prevyongtsed a litter (Mech et al. 1993).
The third female (F722) may have been a yearlingmdollared in December 2004, but
she survived through 2005 and 2006. Thereforepstseknown to be an adult during the
last field season of the study.

Three females were believed to be in estrus dirteeof collaring. One female
(F644) was observed to be in estrus while beingnexad during the collaring procedure.
Two other females (F564 and F524) were also beli¢vde in their estrus cycle due to
their failure to remain immobilized during the kaiae knock-down. These females
roused from the knock-down within 10 — 15 minutéthe initial ketamine injection, a
common response in estrus females (Dr. Thomas KIB#M, personal communication,
January 26, 2004).

All animals, except one female (F722), were wethtiering the collaring
procedure. An independent samples T-test showadrible coyotes weighed
significantly more than females (p = .003), withlenaeights averaging 16.282.06 kg
(N=9) and female weights averaging 13+24.79 kg (N = 10). The weight difference is
still significant (p = .006) when the estimated gifor F722 is excluded from the
analysis.

Radio Telemetry Accuracy Testing
The mean standard deviation of the 30 sets ofrigsataken during accuracy

testing of the telemetry system was 5.8&his value was used as the fixed bearing
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standard deviation in Locate Il for estimatingetor ellipses for animal location
estimates. The mean linear distance between d@stiaad actual test collar locations in
the accuracy tests was 105 m. The range of cédclleear distances was 36 — 248 m,
with a median of 68 m.

The mean standard deviation and mean linear distaalues determined by this
accuracy test were acceptable for the purposdss$tudy. The objective of the study
was to estimate the radio-collared coyotes’ homegea to aid in planning and
interpretation of field playback experiments cortédowith the animals. Such estimates
do not require the fine grain resolution neededstadies of animal movement or habitat
use.

Classification of Radio-Collared Coyotes

The radio-collared coyotes were classified aslesgs, transients, dispersers, or
settlers based on their movements during the gtedpd. Animals whose movements
occurred within a predictable area, making theniekxatable, were considered
residents. Animals whose movements were unprddecend who were difficult to
locate during tracking sessions were labeled tesmisi Dispersers were those animals
that moved in a predictable manner within an aceaddme time, but then whose
movements became unpredictable and led them awaytfreir original “home” area.
Settlers were defined by movement patterns opptsitee of dispersers: they ranged in
an unpredictable manner, but then settled as asrapipresident in a new location.

Five of the nineteen radio-collared animals wereatassified due to insufficient

location data (i.e., < 2.3 months of tracking dat&yvo additional animals also were
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collared for very short time periods (< 2 monthm)t their status could be inferred, even
with limited data.

To quantify the general movement of the animads lbd to their classification as
resident, transient, etc., the mean distance betwais of consecutive locations was
calculated for each radio-collared coyote. Pmopérforming this calculation, the
average time intervals between locations for alnas were equalized by removing
location estimates collected at outlier intervals. (intervals that were unusually short or
long). These adjustments to the data set resultde average numbers of locations per
month given in Table 2.2, which were used to compié mean distances between
locations for each animal (shown in Figures 2.8, 2.5, and 2.8). Home-range analyses,

described in the following section, further elucglaach animal’s ranging status.

Mean Days Mean Days

Between Between
Month Locations | Month  Locations
Jan 3 Jul 14
Feb 2 Aug 22
Mar 2 Sep 21
Apr 4 Oct 22
May 6 Nov 43
Jun 6 Dec 6

Table 2.2. Mean number of days between conseclatbation estimates by month.

Animals believed to be residents could be divided two categories: small-
range and wide-ranging residents (Figures 2.3 af)d Zhe overall mean distance
between consecutive locations for small-range esggdwas 1.84 1.53 km (N = 313),

with the means for individual animals ranging frOr87 to 2.28 km. Five animals, three
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females and two males, were classified as smatjeaesidents. Two female coyotes
were classified as wide-ranging residents, withmuiatances between locations of 4.17
+ 3.06 km (N =48) and 2.982.99 km (N = 42). The location data for two of gmall-
range coyotes, F502 and F782, suggest they wadenesnimals during most of the
study period, but were possibly beginning to makpetsal movements when the study
ended at the beginning of the 2006 dispersal se@&sgure 2.3a & d).

Two male coyotes, M603 and M682, for whom thereenmrly 1.1 and 1.3
months of tracking data, respectively, were clasgifs transients. The mean distance
between locations for M603 was 6.25.38 km (N = 8) and for M682 was 5.474.73
km (N = 23). It is possible that one or both a#dgh animals was in the process of
dispersing from its natal site, but that could lp@tconfirmed from the data available.
However, it was evident from the data that they etbgreat distances over short periods
of time. Coyote M603 could not be located by grebon air after 13 February 2006.

Animal M682 was killed on 17 March 2004 more th&nkén southwest of his trap site.
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Figure 2.3. Mean distances between consecutivéidmsafor small-range resident
coyotes: a) F502, b) M742, c) F763, d) F782, and®2. X axis represents season
(BR/GE = breeding/gestation; PR = pup-rearing; Rlispersal).
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Figure 2.4. Mean distances between consecutivéidéosafor wide-ranging resident
coyotes: a) F564 and b) F644. X axis represemtsose(BR/GE = breeding/gestation;
PR = pup-rearing; DI = dispersal).

To definitively classify a coyote as a natal diseey the animal would have to be
tagged and tracked from birth. That was not trse e@th any of the animals in this
study. However, two coyotes (F524 and M643) whoeaped to be younger animals
displayed a pattern of movement associated witbetssl movements in some mammal
species, including coyotes (DeStefano et al., 2@&e et al., 1996; Harrison et al.,
1991; Kamler et al., 2004). Both animals were fbima fairly well-defined range, in
which they moved predictably, for a period of tiafeer being collared. However, at
some point, each animal began taking excursioms it® original range, and eventually

did not return (Figure 2.5).

33



20,00 T 20.00—
15,00 15.00
—
E
=
3 0 u,:l —
2 10.00 10,
[T
=
-
] o
5,00 _— 5,00
T [ -
0.00- .00 —
T T T T g J !
Dl 2004 BRIGE PR2005 DI 2005 BRIGE 2004 PR 2004
{a) 2005 ih)

Figure 2.5. Mean distances between consecutivéidosafor dispersing coyotes: a) F524
and b) M643. X axis shows seasonal data (BR/GEeeding/gestation; PR = pup-
rearing; DI = dispersal).

From mid-December 2004 through mid-February 20824Fs mean distance
between locations was 1.%6).95 km. On 11 Feb 2005 she was located 5.3 &m frer
“home” area, but then was found “home” again thet day (Figure 2.6). She continued
making these excursions out and back through 2TiM2005, always traveling north of
her “home” area. She was located in one of theeersion areas, approximately 7.5 km
from “home” on 26 March 2005 and was never founthe“home” area again.

However, the mean distance between her locati@ms mid-February through early-

May 2005 was only 2.75 km, similar to the wide-raggesidents described above. This
coyote could not be located again after 9 May 2084 tracking by air began in late
September. On 26 September, she was located al'dsh from her last location site.
She continued ranging great distances over simoet pieriods until she was killed on 10

December 2005.
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Figure 2.6. Locations of coyote F524, assumed v Ih@en dispersing during study
period. Map shows original “home” site (H), ples&tions at other dates referred to in
text. Blue dots represent all location estimatdkected for this radio-collared coyote.
(Mapped area represents region immediately weGbbimbus, Franklin County, OH.)
The movement pattern of coyote M643 was similah&i of F524. The original

range in which he was found was larger and leskdedined than that of F524, with a

mean distance between locations of 2.8 km. Heloged in this area from 9 February
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2004, when he was collared, to 14 April 2004, aiciitime he was located
approximately 5 km east of his “home” area (Figd. He was located at “home” on
26 April, where he was found through early May.wdwoer, on 21 May he was found
approximately 23 km east of the “home” area. He faind only east of the “home”

area from this date through 20 July 2004, when &g killed.

Figure 2.7. Locations of coyote M643, assumed te@hmeen dispersing during study
period. Map shows original “home” site (H), plugétions at other dates referred to in
text. Blue dots represent all location estimatdkected for this radio-collared coyote.
(Mapped area represents region immediately southef€lumbus, Franklin County,
OH.)

The three remaining coyotes (M663, M703 and FT@2)vhich sufficient
location data were available displayed “settleméetiavior (Figure 2.8). The two male
coyotes ranged in a manner similar to transientispersing animals immediately after
being collared. From 6 January 2005, when he whared, through 5 February 2005,
the mean distance between locations for M663 wa&km. By the end of this period he

had traveled more than 56 km ESE from the trap(Bigpure 2.9). This coyote was not

located again until air tracking commenced in B&ptember, at which time he was
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located approximately halfway between the trapaite his furthest known location.
From 26 September 2005 when he was re-locatedghrb@ February 2006, when he

was killed, he remained in this new range and tbamdistance between his locations

was 1.2+ 1.04 km.
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Figure 2.8. Mean distances between consecutivéidmsafor coyotes classified as
settlers: a) M663, b) M703, and c) F722. X axievgb seasonal data (BR/GE =
breeding/gestation; PR = pup-rearing; DI = dispgrsa
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Figure 2.9. Locations of coyote M663, assumed teetmeen transient and settled into a
small range during study period. Map shows trég (J 1-6-05) and site of settlement (S
9-26-05), plus locations at other dates referrdd text. Red dots represent all location
estimates collected for this radio-collared coy(Xéapped area represents region west of
Columbus, including Franklin, Madison, and Clarku@tes, OH.)

Coyote M703’s mean distance between locationsAvagkm from the date he
was collared (24 Dec 2005) through 5 January 200@n he “settled” in an area
approximately 20 km NW of the trap site (Figure®.1From this time until the end of
the study’s tracking period (3 October 2006) angbibd, he remained in this new range.

The mean distance between his locations in thisarea was 1.3+(1.0 S.D) km.
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Figure 2.10. Locations of coyote M703, assumedaieelbeen transient and settled into a
small range during study period. Map shows trég (J 12-24-05) and site of settlement
(S 1-5-06). Red dots represent all location eggmaollected for this radio-collared
coyote. (Mapped area represents region immediatesy of Columbus, Franklin County,
OH.)

The location data for female coyote F722 sugdedtdshe might have dispersed
from her natal group about three months after bealigred and then settled in a region

over 35 km away (Figure 2.11). During the firgtelh months, from 23 December 2004

through 11 March 2005, she remained in a fairlyladefined area, with the mean
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distance between locations being 24 S.D) km. As with the dispersers described
above, she made at least one excursion in thetidingo which she ultimately moved
and returned to the original home area before teggermanently. From that first
excursion in mid-March through 16 May 2005, the mdstance between her locations
was 6.5+ 5.5 km. She could not be located by vehicle iragkfter 16 May, but she was
re-located on 26 September 2005 by air 23 km fremdst known location. She ranged
in a wide but predictable manner in this new angth the mean distance between her
locations being 3.3 2.8 km. However, on 15 Feb 2006 she was foundoappately 11
km SW of this new primary range, and she remaindtis new area through the end of
the study’s tracking period in October 2006 anddoely The mean distance between her
locations in this new range was £®.72 km. In addition, her fidelity to one partiau
wooded area in the region suggested that she maylet mated and produced a litter

during the 2006 breeding season.
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Figure 2.11. Locations of coyote F722, assumedte ldispersed and settled into a small
range during study period. Map shows trap sit@Z123-04) and site of settlement (S 2-
15-06). Red dots represent all location estimeddiected for this radio-collared coyote.
(Mapped area represents region of central Ohiduydmeg portions of Fairfield, Hocking,
Pickaway, and Ross Counties.)
Home Range Estimates

Over the three years of the study, 1,054 usabkitmts were taken on the
nineteen radio-collared coyotes. The number ditioas per animal ranged from eight,
on a coyote that was killed two weeks after beioitpced, to 192, on an animal that
survived the entire three years of the study. @l/€55.6% of the total number of

locations were taken during daytime hours (07:3@:29), with 44.4% taken at night

(19:30 — 07:29).
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A sufficient number of location80) for either seasonal or annual home range
estimation were available for 14 of the 19 radilazed animals. Table 2.3 displays the
home range estimates calculated for these anifalken down by 95% and 50% UDs

for both seasonal (breeding/gestation period) amial data sets.

Seasonal Home Range Estimates (km?) Annual Home Range Estimates (km?)
BR/GE 2004 BR/GE 2005 BR/GE 2006 2004 2005 2006
ID 95% (50%) 95% (50%) 95% (50%) 95% (50%) 95% (50%) 95% (50%)

Small-Range Residents:

F502 149 (2.6)
M582 25.0 (4.2) 23.0 (1.2) 247 (3.5) 213 (1.3) 19.21.0)
M742 13.1 (2.6) 13.0 (2.6)

F763 20.3 (3.1)

F782 23 (0.5) 3.1 (0.9

Wide-Ranging Residents:
F564 140.5 (18.1) 131.417.1)
F644 159.5 (24.7) 145.2 (28.9)

Transients:
M682 2071.6 (334.4)

Dispersers:
F524 44.0 (6.5)
M643 79.2 (6.3) 151.4(16.6)

Settlers:

M663 47 (0.5)
M703 11.8 (1.9 10.7 (0.7)
F722 18.3 (3.2) 51.7 (6.6) 398.6(74.0) 33.8 (5.0)

Table 2.3. Breeding/Gestation (BR/GE) season anda home range estimates (95%
and 50% utilization distributions) for fourteen obgs radio-collared in central Ohio
from December 2003 through March 2006. (Annual 200@e range estimate for coyote
663 (shaded cells) was calculated using locatita fite the period September 26, 2005
through February 16, 2006, at which time the anwwvesd killed.)

Annual 95% UD home range estimates for small-rargelents ranged from 3.1
to 24.7 kni. The 2006 annual home ranges of two of the thegtters also fell within
this range. Although the 2006 annual home rande7@® was larger than 24.7 knit is

closer in size to the home range estimates ofrtit@lsange residents than those of the

wide-ranging residents. Also, the annual estimatkides F722’s movements prior to
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her “final” settlement in February 2006. Her fimahge was substantially smaller and
fell within the range of the small-range residents.

Annual diurnal and nocturnal home range estimatae also calculated for all
resident coyotes, using data from the first yeamfioich the animal was known to be a
resident. Both 95% and 50% UD estimates were coedpulhe results of Wilcoxon
signed-rank tests comparing diurnal and nocturragie sizes within either the 95% UD
or the 50% UD for the seven resident animals (snaalge and wide-ranging) were non-
significant (95% UD: T+ =5, N=7, p =0.31; 509%UT+ =5, N =7, p = 0.80).

Similar comparisons of this data for the five saralige residents only were also non-
significant (Wilcoxon signed-rank test, 95% UD: ¥4, N =5, p = 0.14; 50% UD: T+ =
4, N =5, p=0.41). The non-significant resuttaf the five small-range resident
coyotes’ data is largely due to the range-sizeepaffior coyote M582 in 2004. In that
year, the first year for which M582 was collared &mown to be a resident, his diurnal
range was larger than his nocturnal range for bw95% and 50% UDs. This pattern
was opposite that of the other four residents’ esngn which the nocturnal range was
larger than the diurnal. When the signed-rankwest performed using M582’s 2005 or
2006 data, the difference between diurnal and moatwange size for the small-range
residents was significant for both the 95% and %(Ps, with p = 0.04 for both range
sizes in both years. Using these years’ dategalsof M582’s 2004 data, all nocturnal
ranges were larger than diurnal ranges, with aistargly greater difference between

them for the 50% UD (Figure 2.12).

43



(b M582

Figure 2.12. Diurnal and nocturnal kernel homegeaestimates for small-range resident
coyotes (diurnal: light-blue bars; nocturnal: datie bars): a) 95% UD estimates, b)
50% UD estimates. Coyote IDs are shown on X axis.

Maps of the diurnal and nocturnal ranges indieai@her common pattern.
Figure 2.13 shows maps of the small-range resiteariges, plus the final ranges of the
two animals that were transient and then settledlsmall range. With the exception
once again of M582’s 2004 UD estimates, the diucoat area (50% UD) for each

animal not only fell within the nocturnal 95% UDtlonsistently overlapped with, or

more regularly was contained within, the noctus#o UD.
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Figure 2.13. Annual home range maps for small-raegelent coyotes and animals that
settled into small ranges, indicating 95% (thinlioes) and 50% (thick outlines) UD
kernel estimates for diurnal (red) and nocturnaldpranges. Maps represent ranges for
a) F502, b) M742, c) M703, d) F782, e) M582 (2004M582 (2005), g) M582 (2006),

h) F722, and i) F763.
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Mortality

Of the 19 coyotes radio-collared, only four weoafrmed alive at the end of the
three-year study. As shown in Table 2.4, ten efdbyotes were known to have been
shot or trapped. Although coyote F564 is categakrias “unknown fate,” she was most
likely shot during deer hunting season, as hemoradllar was found the week following
deer gun season near an abandoned rural properg/transient male M682 was found
by a landowner hanging by a broken rear leg inrbdzhwire fence. The animal was
barely alive when discovered and was subsequemtyls/ the landowner. Although
categorized as “mortality (other),” coyote F831&ath was also apparently human-
induced. During the collaring procedure, it waseaed that she had recently been shot,
with buckshot wounds apparent on the caudal regidrer body. She was found dead by
a landowner 1.5 months later, apparently havingd them a systemic infection.

The fate of two of the study animals remains unkmo Coyote F543 could not be
located just over two months after having beeragcedl. It is possible that she dispersed
from the region where she had been located. Wagal aracking commenced in
September 2005, we attempted to locate F543 b wesuccessful. Although M603
was moving over great distances immediately af@ndcollared, we were surprised that
he could not be located via aerial tracking. Thet gand researcher searched extensively

throughout central Ohio on a number of occasionsnbver re-located this animal.

46



Human-Induced Mortality Known to
Months Unknown be Alive
ID Collared Shot Trapped Other Fate Oct 2006
M501 1.30 X
F502 7.20 X
F524 11.50 X
F543 2.20 X
F564 10.13 X
M582 33.90 X
M603 1.10 X
F621 0.47 X
M643 4.17 X
F644 7.90 X
M663 13.43 X
M682 1.33 X
M703 9.43 X
F722 21.70 X
M742 10.63 X
F763 11.00 X
F782 9.80 X
m812 2.07 X
F831 1.53 X

Table 2.4. Fate of 19 radio-collared coyotes year study.

Long-term survival of the 19 radio-collared coytwer 37 months (from
January 2004 to January 2006) was 0.04 (Figurg.2 Adnual survival for each year of
the study varied, with the probabilities for 20@805, and 2006 calculated as 0.25, 0.67,
and 0.23, respectively (Figure 2.15). Chi-squaiayses comparing the survival
probabilities between the years were all non-sigaift (2004-2005;> = 2.10, df = 1, p =

0.17; 2004-2006¢° = 0.06, df = 1, p = 0.83; 2005-2008:= 2.74, df = 1, p = 0.10).
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Figure 2.14. Kaplan-Meier staggered entry survivattions of 19 radio-collared
coyotes for period January 2004 to January 2006.

Survival

N

o & A om0 a4 M~ A o
2 §ES§S§578696

Month

Figure 2.15. Kaplan-Meier staggered entry survivattions of 19 radio-collared
coyotes during 3 years of study (red: 2004; greéf5; blue: 2006).
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Discussion

The findings of this study are similar to thoseotifer studies investigating coyote
home ranges and survival in similar habitats. Haweonly recently has research on the
behavior and ecology of the coyote population imodieen conducted, and this is the
first detailed report of such data. Although c@ghave been the subject of numerous
studies throughout the United States, their elusatere greatly restricts the type of data
collected. However, more knowledge about this essful medium-sized carnivore is
sorely needed as its range expands and manageraetit@s are reconsidered.

Coyotes in Ohio are often believed to be “easteyotes.” Whether a genetically
distinct coyote variety exists in the northeastegion of North America has been
debated in the literature over the past severakyelecently, Way (2007) analyzed
reported body masses of coyotes throughout theedi8tates to determine whether
differences were correlated with the longitudehaf tegion in which the animal was
found. His results suggest that the body massewdtes is strongly correlated with the
longitude of their location. He found male weigateraged 16.4 1.5 kg (range: 14.2 —
20.4 kg) and female weights averaged 14176 kg (range: 11.9 — 17.9 kg) in the
northeast (i.e., longitude < 80 Based on the regression lines of his analysegte
body mass west of 80ongitude (i.e., 80- 155) averaged 12 kg for males and 9 kg for
females. Although his study lacked data for thggare from 80 - 84° longitude, in
which Ohio is located, his regression line suggtsisbody mass should average 14 kg
and 12.5 kg for males and females, respectivelihigiregion. The average weights of

the coyotes in the study presented here are doskose reported for coyotes in the
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northeast than to those in more western regiorithoAgh the Ohio coyotes may be
larger than their western counterparts, theydidlinot approach the sizes believed to be
typical by many local residents (i.e., >23 kg).eBvn the northeast, validated reports of
coyotes >23 kg are rare (Hilton, 1978; JonathaW@y, personal communication, March
26, 2003).

In most studies of coyote behavioral ecology, aténare categorized to reflect
their range, social, and/or reproductive statuisnited data in this study restricted our
knowledge of the latter two status categories. Eloamge status (e.g., resident or
transient) was determined through radio trackinthefcollared animals. Range
classification of coyotes in similar studies hasrbdetermined using several methods. In
their study of coyote space and habitat use orlitargireservation in Kansas, Kamler
and Gipson (2000) based their classification ofrets as residents or transients on a) the
size of the animals range (“small” or “large,” respively), and b) whether the animal
was seen associating with other coyotes (residentaveling alone (transient). Grinder
and Krausman (2001), in their study of urban coymteme ranges and habitat use in
Arizona, considered a radio-collared coyote to besadent if it used a unique area dr
biological season and if the researchers weretab@eate the animal in70% of all
attempts. Transients were defined as animalscthdt only be located i550% of all
radio-location attempts and that moved over a larga in a nomadic fashion. Gese et
al. (1988) also classified coyotes as residerttself used one territory farl season or

transients if they showed no permanent affinitydoe area. Roy and Dorrance (1985)
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characterized coyote movement as “dispersal moveshigithe animal traveled more
than 5 km without returning for over 10 days.

The methods of classifying coyotes’ home rangeistased in the studies
described above were not always feasible in thegmtestudy. | had limited data on the
social or reproductive status of individual animalkich can be useful in determining
whether an animal is a resident. The duratiomdividual radio-tracking sessions in this
study were variable, with the researcher seardhyngehicle for several hours or tracking
by airplane when animals were not located in areashich they had previously been
found. In most cases, animals were eventuallytéat@herefore, categorizing animals in
this study using percentage of successful locattmpts was not valid. The calculation
of mean distances between consecutive locationsa-data set in which time between
location estimates was standardized — accuratgcted changes in an individual's
ranging behavior. Changes in ranging distance twer may provide a better descriptor
of a coyote’s resident status than changes ingbearcher’s ability to locate individual
animals. Data from future studies with larger skngizes might reveal patterns in
distance-between-location measures that couldttead additional, reliable metric for
classifying animals.

Resident coyotes in agricultural-suburban landssdgave been reported to
traverse home range areas ranging from 2.9 — 74ktwood et al., 2004; Berg and
Chesness, 1978; Person and Hirth, 1991). This wadation in home range size has
been attributed to a variety of factors, includihg individual animal’s sex (Berg and

Chesness, 1978; Laundré and Keller, 1984) andIsmoibreproductive status (Gese et
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al., 1988; Mills and Knowlton, 1991; Pruss, 20Q#gy availability (Atwood et al., 2004;
Mills and Knowlton, 1991; Woodruff and Keller, 198Rabitat quality (e.g., availability
of vegetation for protective cover and food, larageefragmentation) (Atwood et al.,
2004; Gese et al., 1988; Grinder & Krausman, 26zman et al., 1992), level of
human activity and exploitation (Atwood et al., 20Grinder and Krausman, 2001;
Mills and Knowlton, 1991; Woodruff and Keller, 193@opulation density (Woodruff
and Keller, 1982), and seasonal differences (Hotzetal., 1992; Mills and Knowlton,
1991). These factors are believed to affect hoamge size individually and as inter-
related phenomena.

The sample size for resident animals in this study too small to statistically
analyze differences between home range sizes. oweange sizes for four of the five
small-range residents, plus the two animals whiteskinto small ranges, were similar in
size. Two of these animals, M703 and F763, wesieleats in areas that were a blend of
suburban development, including some commercidlitfas, and agricultural fields.
These animals were most often located in the atui@l expanses or wooded areas of
commercial lands within their ranges, not withisidential developments. Because
coyotes are predators of primarily small mammalis, mot surprising that their range
sizes would not differ greatly between agricultaat suburban-agricultural landscapes.
Although animals that range in more developed aneasl to maneuver through
fragmented habitats, these suburban landscapesliyptontain abundant small-

mammal prey species (e.g., cotton-tail rabbits\artus rodent species).
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The diurnal and nocturnal core area estimateleo$inall-range resident coyotes
illustrate a pattern of behavior described by otlesearchers. In areas where coyotes are
persecuted, as they are in agricultural regior@hab, they tend to move most during
crepuscular or night-time hours (Andelt, 1985).isTd¢ould explain the significant
differences found between diurnal and nocturnagean In addition, coyotes tend to rest
during the day in protected areas (e.g., woodalbgtass), away from human activity
(Atwood et al., 2004; Grinder and Krausman, 20@&sBn and Hirth, 1991). With the
exception of M582’s 2004 data, the diurnal coreaamere located within the nocturnal
cores, suggesting that these were areas in whechrtimals felt safest and returned to
most often to rest. Atwood et al. (2004) repotteat forested habitat was predominant in
the 50% UD contours of his study animals in Indialramy study, all of the diurnal core
(50% UD) areas contained wooded regions and weiealy in a location remote from
human activity. In fact the researcher would tgficexpect to find an animal in “his/her
woodlot” when tracking the coyotes during day-tihaaurs.

Further speculation on reasons for the variatraorag resident home-range sizes
in my study would be impractical due to the lackabitat-use data and the small sample
size of resident animals available. It should &lsmoted that the estimator (e.g., kernel
methods, minimum convex polygon, harmonic mean)l isealculate home range size
affects the resulting measurement (Hernandez anddra, 2003; Laundré and Keller,
1984; Shivik and Gese, 2000), so comparisons betsterlies should be reviewed

cautiously. Even the same estimator has beerdftproduce quite different results
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between different software packages, depending thmalgorithm employed by the
program (Mitchell, 2006).

As indicated by the mortality data presented hesgotes in central Ohio are
highly persecuted by hunters and trappers. Theagedime period that a coyote was
radio-collared for this study was 8 months, withal® of 19 (68%) of the animals dying
— most often due to human activity — during thelgtuAlthough this level of human-
induced mortality seems high, it is substantiadhyér than percentages reported in
studies conducted in western states (Windberg,et285): 92% and 95% in Utah
reported by Knudsen (1976) and Mills and Knowltd@91), respectively; 93% in
Wyoming (Tzilkowski, 1980); 83% in southern ldalafison, 1980). Similar results to
those reported here were found by Chamberlain @ogpdld (2001) in their study of a
radio-collared population of coyotes in Mississipp their study 50% of 16 mortalities
were attributed to human activity (i.e., huntingyidg deer and turkey hunting seasons.
Other studies have reported the highest harvestyaites during winter fur-bearer
trapping and deer-hunting seasons (Davison, 1980dken, 1976; Tzilkowski, 1980),
and our results also followed this trend, with Qha# 13 mortalities occurring from
November through March, 8 of which were trappedanshot. Coyotes in Ohio are
also legally shot during other months of the yaarthere is no closed season on coyotes
in the state. Numerous landowners told me that émel/or their neighbors attempted to
shoot coyotes on sight when possible throughouy¢iae.

Human activity has been reported to have subslantpact on the range

expansion (Hill et al., 1987), home-range size, imdtality rate of coyotes in the United
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States. The ever-increasing suburban sprawl naidenwill undoubtedly affect coyote
populations. Long-term studies of resident aninraldeveloping areas and their
responses to such development are needed to betterstand the effects this human
activity has on coyote ecology and behavior, eghlgcas the two species are brought
into closer contact. Community educational programe needed to provide local
residents with accurate information about coyotea@r and ecosystem functioning to
alleviate fears and allow people to change hum&aer that might be encouraging
coyotes to enter residential areas. Coyotes caretim any habitat that meets a threshold
level of resources (e.g., food abundance and gregecover in which to rest and travel)
(Grinder & Krausman, 2001). Further research,idating these ecological
requirements of the coyote, would provide valuablermation for residential planning

and development that could greatly reduce humateogonflicts.
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CHAPTER 3

CUES TO GROUP SIZE IN THE CHORUS HOWL OF THE COYOTE

Introduction

Conflict is costly in terms of energy use and plogential for injury or death.
Therefore, it is selectively advantageous for amahto assess its chances of winning a
contest and withdraw from conflict if those chanaeslow (Enquist & Leimar, 1983;
Hammerstein, 1981; Maynard Smith, 1982; Maynardt®&iParker, 1976; Parker,
1974). Game-theoretical models of agonistic badrastiggest that animals should base
decisions about conflict escalation on an assegsofid¢imeir opponent’s fighting ability
or resource-holding potential (RHP).

Aggressive displays, including some vocalizatjare believed to function as
advertisements of an animal’s RHP that allow a cstitqr to assess its chance of
winning in a direct conflict (Clutton-Brock & Albqri979; Parker, 1974). Studies of
such advertisement displays have historically fedusn contests between individuals.
However, more recent studies have investigatedheneorrect assessment of group size
is important in determining potential costs in @sts between groups (Kitchen, 2004;

McComb et al., 1994; Radford, 2003; Seddon & TgR&@03; Wilson et al., 2001).
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These studies have measured the responses of lgrimgpanimals to group
vocalizations of conspecifics, investigating whetthe size of a potentially invading
group affects the response of a territory-holdiegjdent. The results of these studies
suggest that long-distance vocalizations providespecifics with information about a
competing group’s size, allowing the receiver(sassess its odds of winning and decide
whether or not to enter into direct conflict witketintruders.

The structure of the coyote group yip-how! (theneaapplied to coyote chorus
howling by Lehner (1978a, 1978b)), as it is desdin the literature, suggests that
information about group size might be availabl¢hi signal. Lehner (1978b) explained
that “a group yip-howl bout is generally initiatbg one individual..., which is then
joined by others. The initiator generally givel®ag, relatively un-modulated howl. As
more individuals join in, the howls become more Atuge and frequency modulated and
yipping occurs, gradually becoming more frequept™{18). This structural pattern can
potentially reveal information about the numbehotWling participants. Two
components in particular, timing of entry into tteorus and fundamental frequency) (f
of an individual’'s howl, could allow receivers tbéar out” the number of individuals
howling. Research into the ability of humans tarh@ut separate sound sources in a
complex sound has shown these features of soupldyan important role (Moore,
1997).

The sequential entry of individual voices into tierus could allow listeners to
discriminate the number of individuals vocalizingsynchrony in sound onset is a cue

used by humans to hear out the sources of complaxds(Moore, 1997), especially for
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sounds with fast attack times (i.e., sudden trassi€energy) (Bregman, 1990). Joslin
(1967) used this feature of wolf chorus howls tiineste pack size by ear, and found the
method superior to any other he had employed.ddiitian, Lehner (1978b) suggested
that the initial howls in the chorus are relativebnstant in frequency; therefore, these
sounds should propagate reliably through the enxient.

Fundamental frequency is the second key featur@ lng@umans to hear out
individual sound sources. It has been found tkapfe can distinguish between complex
tones (e.g., those created by identical music#unmeents) when each is playing a sound
of a different § (Moore, 1997). It seems that this can best beeael if the sounds
differ in frequency by at least 6%, just slightlyowe the pure tone difference limen (DL,
or just-noticeable difference, JND) (Scheffers,398Tooze et al. (1990) used
discriminant function analysis (DFA) to successfutlentify the howls of individual
wolves. The correct categorization of howls irsthnalysis was to a great extent
dependent on differences in theof individual howils.

Separately, asynchrony of timing and differigg &f individual voices can be
effective cues for hearing out individual soundrses in human audition. In the context
of the howling chorus, the presence of both cuedldveeem beneficial. As discussed
previously, researchers in the field often try éoict the number of canids (wolves or
coyotes) entering a chorus to determine the sizkeo¥ocalizing group. However, once
an individual animal’s howl ended and another hbegdan, the researcher — without
seeing the animals — could not be sure whethdattex howl was produced by the first

or a different individual. Unique voice characstéias would allow listeners to
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distinguish between individual animals, and thugswknvhether the same animal re-enters
the chorus.

Individual voice characteristics (e.g,) €ould also provide cues to group size by
increasing the overall sound complexity of the cisorAdditional voices of the samge f
would possibly increase the intensity of the chppueviding a cue to increased group
size; however, voices of differingsfwould also increase the spectral complexity ef th
chorus. Along with varying onset/offset times ofal signals and overlap among
individual voices, more specific information abgubup size would be available
(McComb et al., 1994; Radford, 2003).

The purpose of the study described here was tordete whether acoustic cues
for group size are present in the chorus yip-hdwdayotes. Chorus howls of captive
coyote groups were recorded, and the vocalizabbnsdividual animals were identified
using video recordings of the howling bouts to cedend spectrograms of the chorus.
These spectrograms were then used to measure yagoustic parameters of individual
howl vocalizations, including: frequency,(minimum, maximum), duration, and spectral
contour. The beginning time of each vocalizatiaswlso measured to determine time
of entry into the chorus for each individual. &t#&tal analyses of these acoustic
variables indicated that group size cues couldvadable to coyotes in the chorus
howling of conspecifics.

In addition to analyses of acoustic measuremerigylastitute” (human)
perceptual system was employed to better unders$tawdcoyotes might perceive

conspecific howling choruses and “hear out” the banof vocalizing individuals.
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Howling choruses produced by coyote groups of vergizes were played to human
subjects, who were then asked to estimate the nuafla@imals participating in the
chorus. Results of this exercise indicated thatdms can fairly accurately discern

coyote group size from a howling chorus.

Methods
Subjects
Video and audio recordings of coyote chorus havdee collected at eight

zoological facilities in the United States. Altlghul?2 facilities were visited, coyotes at
only eight of the sites vocalized during the hoafrsecording. Table 3.1 provides
information about these recordings, including thality names and locations, dates of
visits, numbers of male and female coyotes in tioeg and number of usable recordings
collected. Facilities visited where no recordimgge collected were: Clinch Park Zoo,
Traverse City, MI; Wilderness Trails Zoo, Birch Ruil; Space Farms Zoo, Sussex, NJ;

Arizona-Sonora Desert Museum, Tucson, AZ.

Facility L ocation Dates E/IOyOtlef Recordings

Stone Zoo Stoneham, MA 3/22/03 - 3/28/03 2 3 7
Queens Zoo Flushing, NY 3/29/03 - 4/4/03 2 3 8
Garlyn Zoo Naubinway, Ml 9/19/04 — 9/20/04 2 1 3
Howell Nature Center Howell, Ml 9/24/04 — 9/25/04 20 5
Bear Mountain Zoo Bear Mountain, N} 9/29/04 —9(RD/ | 1 1 4
Living Desert Zoo & Gardens Palm Desert, CA 10/514011/2/05 3 0 9
Moonridge Animal Park Big Bear Lake, CA 11/3/05H3/05 1 1 4

Table 3.1. Index of recordings collected at captaatlities.
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Coyote groups were housed and on display togettadt facilities, except
Queens Zoo and Howell Nature Center. At Queenstde@ntire group of five coyotes
was never on display together due to aggressiomdest one of the females and three of
the other animals (the other two females and ortbeofmales). To accommodate these
behavioral issues, the two males and the two démeales were placed on display four
days per week, and the aggressive female and thenate with whom she could interact
were on display three days per week. This, of gmumeant that one male was part of
both exhibit groups. Five of the eight recordimgge collected while the group of four
was on display, and the remaining three recordiveye collected while the two animals
were on display.

The two male coyotes at the Howell Nature Centeevweused in adjacent
enclosures, separated by chain-link fencing. Algiophysically separated, the two
males behaved affably toward one another at theeféne, chorus howled together, and
would move nearer to the fence during howling bosiigigesting they considered
themselves part of a single social group.

The chorus howling bouts typically included allraals in the captive group.
However, in three of the groups one individual mguaed in the chorus howls: one
female at Queens Zoo (in the group of four); onéeradGarlyn Zoo; and one male at
Living Desert Zoo & Gardens. These animals weterothe targets of aggression from
other members of their captive group; therefores gossible that their position within

the social group prohibited them from participatir@r, it may be that these animals
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were not considered to be part of the social gtmutpvere forced by captivity to remain
in close proximity to group members.
Recording Howling Bouts

The coyote groups at Stone Zoo and Queens Zoowidgetaped using two
Panasonic AG-188 VHS camcorders and a Panason®362 digital video
camcorder. All other groups were videotaped usaiispny CCD-TR940 Handycam
8mm video camera and the Panasonic PV-DC352 digdab camcorder. Audio
recordings were collected using a Sony TC-D5 Paadisette recorder with an AT815a
microphone contained within a wind zeppelin andfmuf

Video and audio recordings were collected at éacihty during the normal
hours of operation, typically between 08:00 and@8as well as immediately before
opening and/or after closing when possible. Bpttnsaneous and elicited howling
choruses were recorded (Table 3.2). Spontanearssds were defined as bouts
commenced by the group without any prompting stuaydrovided by the researcher.
Elicited bouts were those produced in responsepr@mpting stimulus: either a person
or persons howling near or in the enclosure, optagback of a recording of an
unfamiliar coyote chorus howl or a recording ofesmergency siren played from a
portable Audiovox DM8220S CD player through an AuBH-3s or Nagra DSM speaker
located in a position out of the coyotes’ view ana@ distance of at least several meters
from the enclosure. Choruses were considered gpbetaneous, however, if they
followed a naturally-occurring stimulus, such aga emergency vehicle siren within

audible distance or a spontaneous howling chorgsjative wolves at the facility.
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Attempts to elicit howls were made when the capgraip did not spontaneously
produce a chorus howl within an hour or two afiguipment was set up and then at

intervals of 90 to 150 minutes thereafter if spaetaus bouts were not produced.

Facility No. of Coyotes Howling Recordings

M F Spontaneous Elicited
Stone Zoo 2 3 7 0
Queens Zoo 2 2 8 0
Garlyn Zoo 1 1 1 2
Howell Nature Center 2 0 0 5
Bear Mountain Zoo 1 1 1 3
Living Desert Zoo & Gardens 2 0 2 7
Moonridge Animal Park 1 1 2 2

Table 3.2. Index of spontaneous and elicited haytiouts recorded at captive facilities.

With the exception of Garlyn Zoo and Howell Nat@enter, where two people
filmed with handheld video cameras, video recordimgre collected using one handheld
video camera and one or two stationary cameras tedwum tripods outside the
enclosure. All recording was conducted from owtglte animals’ exhibit enclosures,
within several meters of the enclosure barrierpéheling upon the size of the enclosure,
equipment was at a distance of approximately Dtbrheters from the vocalizing
animals. At the 8 facilities from which howlingatuses were recorded, the presence of
the equipment and operator(s) did not appear exiffie behavior of the animals, aside
from general curiosity during setup. As captiverals, regularly on display for the
public, the groups were accustomed to people parfay various tasks and watching

them from within the areas in which the recordireswdone.
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Digitizing Recordings

One recording of each howling bout collected atdaptive facilities was selected
to be digitized and analyzed. A recording contagrthe complete howling bout with the
least extraneous noise was chosen from the vavides and audio recordings collected.
Recordings were digitized at 50 kHz with 16-bit ditnyde resolution and saved as
individual files using RTSD, an analog-to-digitainversion program (Engineering
Design, 1999), and a low-pass anti-aliasing filt€he digitized recordings are archived
in the collection of the Borror Laboratory of Biamarstics at The Ohio State University

(http://blb.biosci.ohio-state.edlu

Coding Spectrograms

Randomly selected video recordings of each capfigap were reviewed by
three people (the author and two assistants) erméete the types of vocalizations
produced by the coyotes during the howling chorugesonsensus was reached to
identify the following vocalizations using agreepgem features distinguishable by ear:
howls, screams, barks, woofs, yips, growls, whigelps, and a vocal type we referred to
as ‘yi-ing.” Although some descriptions of vocalions referred to by these names are
provided in the primary literature for both wolvasd coyotes, these descriptions did not
necessarily serve as the classification scheme whash the vocalizations in this study
were categorized. Therefore, descriptions of tlvesalizations as they apply to this

research are provided in Table 3.3.

64



Vocalization: | Description:
How A long (=0.4 sec) vocalization of relatively stable frequenuost often perceived ag
an ‘o0’ sound.
Scream Along (=0.4 sec) vocalization, generally higher in pitcartta howl and often
decreasing in frequency over time.
Bark A short burst (<0.4 sec) of often noisy broadbamahsl, most often perceived as a
‘ruff’ sound.
Woof A short burst (<0.4 sec) of broadband sound, otloamplitude than a bark and
perceived as a ‘woof’ sound.
Yi A short burst of sound of higheythan a bark or woof and often harmonic in
P structure.
Growl A low-frequency (<1 kHz), broadband soundrafderate duration.
Yelp A short burst of high-frequency (>1 kHz) souwften harmonic in structure.
Whine Similar to a yelp in frequency and structumat, of longer duration.
. A continuous amplitude-modulated vocalization, ¢ghlly long in duration and often
Yi-ing . . . N T
produced by opening and partially closing the maatulting in a ‘yi-yi-yi’ sound.

Table 3.3. Study-specific definitions of coyote abzations. (Note: For analyses howls
and screams were both treated as “howls” and lzartsvoofs were treated as “barks.”)
Audio spectrograms (2048-point FFT, time resoluto40.96 ms) with
normalized amplitude grayscale and time and frequemres were produced using the
digital sound analysis program SIGNAL (Engineeridgsign, 1999) and an HP Laserjet
6P printer. The printed spectrograms were theedad indicate which individual
animal in a group produced each vocalization baseddeo footage of the howling
bouts. Short segments of video played back otegisgon monitor were viewed while
the corresponding spectrogram segment was viewg@laged back in RTSD, allowing
observers to identify which individual animal wasaciated with each vocalization on
the printed spectrogram. Not all vocalizationslddae assigned to an individual, either

because the animal or its exact behavior couldaadtientified in the video or because
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the vocalizations of several animals overlappeahimdistinguishable manner in the
spectrogram and could not be isolated.
Acoustic Analyses

Acoustic features of the howling bouts were meagwsing SIGNAL. A
customized program written within SIGNAL was usedrteasure specific features.
Howls and barks were the primary vocalizationstériest, and were also the most easily
extracted from the howling bouts and assigneddovidual animals. Ten variables were
measured for each howl and bark vocalization. @adation, beginning frequency, end
frequency, minimum frequency, maximum frequenaygetiof minimum frequency within
the call, and time of maximum frequency within ta were measured using a cross-
hair cursor on a spectrogram generated using a-@0u#8 Fast Fourier Transform (FFT)
with an upper frequency limit set at 4000 Hz (Feg@rl). At the point of maximum
frequency, the peak (or dominant) frequency, tmel&umental frequency, and the relative
amplitudes (re: peak amplitude) and frequenciagodb 10 harmonics present were
measured from a power spectrum based on an 819261 with an upper frequency
limit set at 8000 Hz (Figure 3.2). In additiontbese features, the vocalization’s serial

position within the bout was also recorded.
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Figure 3.1. Annotated spectrogram indicating mesmsents taken on vocalizations.
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Howls and barks differ from one another acoudica addition, there is a great
deal of variability within each of these vocal tgpero better describe and analyze this
within-category variability, certain howl-specifamd bark-specific analyses were
performed in addition to the common measuremerdsriteed above.

Howl Measurements

Howls are often described as flat-frequency (orstamt frequency) vocalizations
when compared with other coyote vocalizations (lehb©978a; McCarley, 1975). As
shown in the sample howl contours displayed in Fed3, most howl! types do contain
portions of relatively stable frequency, fluctugtiritle over the entire duration of the
call. However, it is also evident from this figubet the frequency of these relatively
long vocalizations can vary temporally across tgea, rising, falling, or warbling up
and down. Yet howls stand out perceptually (to &ns) as distinct vocalizations. This
is most likely due to the howl’s production duriagingle exhalation cycle, providing it
with perceptual continuity. The scream vocalizashares this characteristic and is
similar in length and structure to calls categatias howls. For these reasons scream
vocalizations were treated as “howls” in the acoumtd statistical analyses.

Because howls, and the flat portions of howls irtipalar, were hypothesized to
be most likely to contain information about grouges | sought to comprehensively
describe the acoustic structure of these vocatimati To accomplish this, a program was
written within SIGNAL to perform additional measurents on the flat portions of howl
vocalizations. A flat portion was defined as arsegt greater than or equal to 0.4 s in

duration that did not vary over its length by gegdahan 100 Hz. Variables measured for
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flat portions included: duration; frequency at beginning; frequency at the end; and
frequency of “mid”-point and the time of this meemment within the flat segment. Note
that “mid”-point is a loosely descriptive term imat it refers to a point within the flat
portion at which there was the least amount ofemigerfering with the target signal. At
the “mid”-point, the peak (or dominant) frequenttye fundamental frequency, and the
amplitudes and frequencies of up to 10 harmoniesgnt were measured from a power
spectrum based on an 8192-point FFT with an uppeguéncy limit set at 8000 Hz.
Amplitude values were normalized relative to thghleist amplitude peak, which was set
to 0 dB. In addition to these variables, a binzalye of 0 or 1 was recorded to indicate
the absence or presence, respectively, of a “nggsimdamental.” A vocalization was
considered to have a missing fundamental if thetomes of the signal formed a
harmonic series and suggested @t was completely absent from or at an undetgcta
low amplitude within the sound spectrogram. In laamaudition the pitch of the is the
perceived pitch of a sound even when s fissing (Bregman, 1990). In cases of a
missing fundamental in the data set, theds calculated from the harmonic peak
intervals and manually entered into the outputtblée used in the subsequent statistical
analyses.

Another acoustic parameter of potential importaindally describing the howl
vocalizations was the spectral contour of the solihé spectral contour reflects the
changes in frequency, or the frequency trajectovgy the temporal duration of the
signal. To best depict the frequency changes @austic shape) of the howls,

SIGNAL’'s DRAW function was used to produce frequggontours of all measured
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howl vocalizations at the point of greatest intgnaiithin the frequency band by tracing
the frequency contour of the sound directly ongpectrogram image using a cross-hair
cursor. The spectrograms used for contour drawiexg generated using a 2048-point

Fast Fourier Transform (FFT) with an upper frequeimit set at 4000 Hz.

To categorize the contour shapes, printed ver©6823 drawn frequency
contours, representing all measured howls, werepeddently sorted by three judges
(the author and two other members of the Borrookatory of Bioacoustics). The
judges were asked to sort the contours based dhi/tbategories shown in Figure 3.3.
These categories were created by the author basageliminary review of the printed
contours.

After the printed contours were sorted, the origiiiacategories were grouped
into six broader classificationsLAT, INCREASING, DECREASING FLAT WITH CHANGE,
CHANGING, andwARBLY. TheFLAT category incorporated the original Flat howl type
only. INCREASING incorporated the Rising and Step-Up typeECREASINGincorporated
the Falling and Step-Down typeBLAT WITH CHANGE incorporated all types that had a
flat component mixed with a segment that changdtenuency.CHANGING incorporated
the U-Shaped, Arched, and Irregular typeaRBLY incorporated only the Warble howl
type. These six categories were assigned nunadrédd and added to the data set of

howl measurements.
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Figure 3.3. Representations of sample howl costased as guide for categorization in
visual sorting task. (X axis represents time; ¥sax frequency.)

Bark Measurements

Barks were short, variable vocal bursts that sodridarmonic” or “noisy” to
human listeners. The frequency contours of baki®wess complex than those of howl
vocalizations; therefore, the “shapes” of barkthese analyses were derived from the
frequency measurements at the beginning and etigk dfark, plus the minimum and
maximum frequencies within the signal and the tileesociated with them. These
frequency measurements provided the necessarynafam to infer shape since bark

contours typically fall into one of the followingtegories: flat, rising, falling, or peaked.
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These acoustic parameters have been used to debaribvocalizations in both coyotes
and domestic dogs (Riede et al., 2005). The methedd in the present study for
frequency contour classification and harmonic-tesaoatio determination were based on
those in Mitchell et al. (2006) and Riede et abQ®), respectively.

Coyote barks range in acoustic structure from ‘t€laad harmonic to “noisy”
and broadband. These differences probably resutt ariations in the structure of the
animal’s vocal tract and reactions of structurethivithe tract (e.g., the vocal folds and
upper vocal tract) when air is exhaled during patien of a sound. To determine the
“noisiness” of the barks, a harmonic-to-noise r@dR) was calculated. The HNR
estimated the maximum difference between the “harmgpectrum” and the “noise
spectrum” of a bark. A programming routine (preddoy Brian Mitchell) within the
customized SIGNAL program used to measure the eoyotalizations automated the
calculation of the HNR. A 50-ms segment, centenedind the maximum frequency of
the bark, was chosen for this analysis. This segnvas then divided into seven 20-ms
regions, with each region overlapping 75% of thecessive region. The “harmonic
spectrum” was produced by averaging individual bty FFTs calculated for each of
the seven regions. The “noise spectrum” result@eh smoothing the harmonic spectrum
using a 10-point (488 Hz) moving average. Theasjgectrum was then subtracted from
the harmonic spectrum after removing all energg@mnébelow 500 Hz and above 4 kHz

to determine the HNR (Figure 3.4).
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Figure 3.4. Example of the Harmonic-to-Noise R@HdIR) calculation (adapted from
Mitchell, 2004)
Statistical Analyses
Differences in vocal characteristics between irginal coyotes within a social
group were of primary interest in this study. Hidity to discriminate between the
voice characteristics of individuals could be @frsficant importance to conspecific
receivers in determining the number of animalsig@eting in a howling chorus.

Howl Data Analyses

To understand the dominant factors underlying trgable set and reduce the
number of variables to be used in subsequent awlgsprincipal components analysis
(PCA) was performed on the complete data set oflhéram all zoo groups, except the
NWT group, using 19 variables from the original Sl program data output and four

variables from the SIGNAL program measuring thedtamponents of the howls (Table
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3.4). These variables were log transformed to yecednore nearly normal distributions
prior to running the PCA. With missing values egq@d with the mean and eigenvalues
of 21.0, the PCA resulted in six principal componeassshown in Table 3.5. These six
components were used as the independent variabtisariminant function analyses
(DFAs) performed separately for each group of zZmgotes. Four of the social groups
(BMZ, GZ, HNC, and MR) consisted of two individual®ne of the groups (LD)
consisted of three individuals, but only two papiated in howling choruses. Two
groups (SZ and QZ) consisted of five individuals twly three individuals in each
vocalized enough (N > 7 howls total) to be included

Bark Data Analyses

Similar analyses were performed on the bark acoustasurements as were
performed on the howl data. A PCA was run on threplete data set of barks from all
zoo groups. Again, variables were log-transforipeadr to this analysis, and a total of 18
variables were entered into the PCA (Table 3.0j)th missing values replaced with the
mean and eigenvalues .95, the PCA resulted in five principal componeatsshown
in Table 3.11. These five components were use¢deamdependent variables in
discriminant function analyses (DFASs) performedasately for each group of zoo
coyotes for which bark data was available. Priobpbilities in these DF analyses were
calculated using observed group sizes.

Human Estimates of Group Size
Twenty-one human subjects participated in this@ger Each subject heard six

segments of recorded coyote yip-howl chorusinggridkom recordings collected at the
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zoo facilities, described above. Three of the sagmconsisted of theTRO portion of a
chorus and three segments contained a portiorecfithsection. TheNTRO segments
were created by cutting out the first several sdsdrom a complete chorus. The length
of the segment extended to the point by which &adiwidual in the chorus had howled
at least once. Segments ranged from 5.4 s toslib.Zength. Theip segments were
taken from later points in the chorus when mosiafs were yipping, barking, and yi-
ing. There was no overlap betwasmro andyiP segments extracted from the same
chorus recordingyipP segment lengths were matched to the lengtingtefo segments.

A total of 33INTRO and 33viP segments were created. There were 17 segments
of each type for groups of two coyotes and ninersags of each type for groups of three
coyotes. There were fOINTRO segments and three segments from groups of four
animals; and three&iTRO segments and fompr segments from groups of five. The
number of segments of each type within each gragvgas dependent on the number
and quality of complete chorus recordings and wdreskgments meeting the above
criteria could be extracted from them. All six semnts presented to an individual subject
were matched for length, and the order was randeaifiar group size andTRO/YIP
presentation.

All recordings of a group size of three were cdkelcfrom the Queens Zoo coyote
group. All recordings of group sizes of four angfwere collected from the Stone Zoo
group. Due to the limited number of captive coygrteups in the United States from

which to collect recordings, this pseudoreplicaticas unavoidable. However, the
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researcher varied the six-segment compositiongsgnt the most diverse arrangements
possible, although flexibility was limited by thegment-length matching criterion.

The human subject pool consisted of undergradugtadyuate students, and staff
at The Ohio State University. Participants voluihtaagreed to participate in response to
a mass email request for volunteers distributethbyesearcher to undergraduate classes
and research facilities at the University. Therelse was run with subjects individually
at the Borror Laboratory of Bioacoustics. The agsker described the exercise to each
participant, also providing a sheet of written fastions containing the same content.
Participants were told that they would be listenimgix audio segments taken from
recordings of coyote yip-howl choruses, but norinfation about the size range of the
groups or their captive (vs. wild) status was pded to the subjects.

Each participant was given a set of data sheets#lad for them to estimate the
number of coyotes they heard in each segment asatide the cues they used to
determine each estimate. Again, the participawtsidt receive any instructions, either
written or verbal, describing the types of cuewhich they should be listening. Since
most of the participants were unfamiliar with cayebcalizations, the researcher played
two sample yip-howl chorus recordings prior to $tert of the exercise. Neither of these
samples was a chorus from which test segments ded dxtracted.

Participants listened to the segments through Headgs on a personal computer
using Microsoft Media Player. The recordings widemtified only by the numbers 1 — 6.
Participants were asked to listen to the segmentsiineric order, listening to each

segment twice and completing the data set infoondbr that segment before moving
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on to the next. The researcher met with eachqgyaaint at the conclusion of the exercise
and reviewed their data sheet comments with theemsore that the researcher

understood the information provided.

Results
Spectral Contour Categorization

There was a high level of agreement among the gidgeing the spectral
contours of howl vocalizations. Eighty-seven pat¢@81) of the contours were sorted
into the same category by at least two of the tjudges, with 123 of those (38% of the
total) being sorted into the same category byhadld. None of the judges was in
agreement on the remaining 13% (42 of the contourkg researcher reviewed these 42
contours and placed each into a category that st&rzest describe the vocalization
based upon the individual contour and the judgegiral classifications.

The most common howl types were those containiatgpibrtions (i.e., in the
categories OFLAT or FLAT WITH CHANGE). More than 50% of all howl types were of
these types, both for the entire howl data seB@}.and for a subset of only the first

howl! produced by each individual within a choru%.836) (Figure 3.5).
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Figure 3.5. Percentage of howl types observeddardengs of captive coyotes. Figure
(a) represents howl types for the complete datglsetepresents the first howl types
produced by individuals within a howling chorus.

Howl Variation Between Individuals

The PCA, performed on the 23 acoustic variabksylted in six principal
components (PCs) with eigenvalueisO (Tables 3.4 and 3.5). These six PCs accounted
for 83% of the variance in the data set of 277 havdalizations from a total of 19
coyotes. Figure 3.6 shows the number of howlsrdmrted per animal.

The six PCs were labeled based on factor loadmtiee component matrix. PC1
was labeled “F (fundamental frequency). The highest loading ponents in this PC
were related to the,fwith the single highest loading component belegf§ of the flat
portion of the howl. The second and third higheatling components were also related
to the flat portion of the howl (the ending and in@gng frequencies, respectively). The
next three highest component loadings were the pepkak 3, and peak 1 frequencies,
respectively. These first three peaks are clasgted to thedfin that they represent the
first three harmonics (or the first three multiptéghe §) in the frequency structure. The

next 14 variables loaded in the PC are all reltaddequency measurements, and the
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lowest loading four variables are related to theatdan of the signal (call duration,
logCDur; duration of flat portion, logFIDur) andetfishape” of the howl as suggested by
the time of the maximum and minimum frequencieinithe signal (MAX_T; MIN_T).

PC2 was labeled “Harmonics,” since the five highesding variables were those
related to the upper peaks (peaks 6 through 1theohowl’'s harmonic structure. The
correlation coefficients for the remaining 19 vates were < 0.4.

PC3 was labeled “Duration,” with the two highesading variables being the
duration of the howl and the duration of the flattmpn of the howl. Again correlation
coefficients were substantially lower for the remiag variables in PC3.

PCs 4, 5, and 6 were the most difficult to intetprPC4 was labeled “Beginning
Frequency,” based on the highest loading variai¢hiat component, the beginning
frequency of the howl. PC5 was labeled “Shapegeldaon the two highest loading
variables MAX_T and MIN_T, with correlation coefints of 0.576 and -0.458,
respectively. The correlation coefficients for tleenaining 21 variables of PC5 were all
< 0.4. PC6 was labeled “Dominant Frequency.” Asdalibed earlier, the fundamental
frequency of a vocalization is not always the damirfrequency. In some cases, the
fundamental frequency is filtered out of the so(m#.a., the missing fundamental),
resulting in a sound that is still perceived atpiteh of the fundamental, but whose
dominant frequency is one of the sound’s harmonidse highest loading variable of this

component was the dominant frequency of the howl.
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Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
Component Total % of Variance | Cumulative % Total % of Variance | Cumulative %
1 10.128 44.033 44.033 10.128 44.033 44.033
2 3.088 13.426 57.459 3.088 13.426 57.459
3 1.998 8.686 66.145 1.998 8.686 66.145
4 1.625 7.065 73.210 1.625 7.065 73.210
5 1.220 5.305 78.515 1.220 5.305 78.515
6 1.037 4.508 83.023 1.037 4.508 83.023

Table 3.4. Total variance explained from PCA pemied on how! data set, indicating six
principal components extracted based on eigenvall€s

Component Matrix

Component
1 2 3 4 5 6
log_fund .782 -.348 111 407 .110 -.108
log_begf .753 -.281 .083 498 -.129 .021
log_endf 767 -.384 .064 .230 .233 -.151
log_maxf .786 -.346 .095 410 .099 -.107
log_minf .810 -.327 .063 .314 -.026 -.021
logffund .870 -.120 124 -.261 .099 .183
logDFreq .236 -.242 .021 -.218 .046 .614
logCDur -.164 .388 .801 -.011 .107 -.007
logFIDur -.113 .299 .756 .180 -.016 .025
logFIBgF .866 -.108 129 -.217 .048 .206
logFIEdF .866 -.137 127 -.262 125 167
logP1Frq .828 -.127 .058 -.301 .099 .056
logP2Frq .853 -.028 .005 -.319 -.023 -.039
logP3Frq .840 .079 .106 -.284 -.145 -.087
logP4Frq .802 174 .061 -.245 -.230 -.155
logP5Frq 741 .348 -.056 -.127 -.291 -.255
logP6Frq .684 448 -.157 -.026 -.297 -.200
logP7Frq .626 573 -.190 .078 -.109 -.093
logP8Frq .509 .660 -.233 .189 .092 .065
logP9Frq .402 .690 -.199 .229 .350 .187
logP10Fr .337 .665 -.151 214 .378 .234
MIN_T -.098 .310 .589 .208 -.458 .254
MAX_T -.147 129 .392 -.308 576 -.448

Table 3.5. Component Matrix from howl data PCAlgsia. Values in columns headed
Components 1 through 6 represent the correlatiefficeents between the original
variables (shown in the first column of the taldayl the newly derived components.
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Figure 3.6. Number of howls per coyote contribgitio the PCA. No howls from
coyotes 9, 10, 11, and 12 (the NWT group) wereuishet! in the PCA.

The DFA analyses on the zoo groups’ howl vocaliegiresulted in an average
of 82.9% correct classification of individuals oakkrwith cross-validated DFAs resulting
in an average correct classification of 73.0%tohal, 265 howls were classified from 16
coyotes, representing seven social groups. Thesifilzation tables in Figure 3.7 display
the results of the cross-validated DFAs for eacthefgroups of two coyotes. The
tables in Figure 3.8 display the results of thessraalidated DFAs for each of the groups

in which the howls of three individuals were analgz
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Predicted Group Predicted Group
tembership tembership
COY_|D 1.00 2.00 Total COY_|D 3.00 4.00 Total
1.00 8(73%) 3(27T%) 11 3.00 13 (37%) 2(13%) 15
2.00 0 (0% 24 (100%) 24 4.00 3(37%) 5 (B3%) ;]
(a) {b)
Fredicted Group Predicted Group
Membership Memhbership
5.00 13 (54%) 11 [(46%) 24 & 100(100%) 0 (0%) 10
B.00 7 (37%) 15 (B8%) 45 s.00 0 (0%) 7 (100%) 7
ic) i)
Predicted Group
tembership
COY_|D 22.00 23.00 Total
22.00 15 (33%) 3017%) 18
23.00 4 (33%) 8 (BT %) 12

(e)

Figure 3.7. Classification results of cross-vakdbDFAS based on acoustic features of
howls for coyotes within captive social groupswbtanimals. Tables represent captive
groups: (a) BMZ; (b) GZ; (c¢) LD; (d) MR; (e) HNC.

Predicted Group Membership Tatal Predicted Group Membership Total
COY_ID 13.00 14.00 16.00 COY_ID 19.00 20.00 21.00
13.00 11 (37%) I0%) | 1B (53%) an 19.00 7 (54%) 2 (15%) 4(31%) 13
14.00 5 (25%) 8 (45%) 6 (30%) 20 20.00 2 (29%) 2 (26%) 3(43%) 7
16.00 12 (38%) 1eam) | 19¢59%) 32 21.00 2017%) 1 (5% 8 (75%) 12

(2) )]

Figure 3.8. Classification results of cross-vakdbDFAs based on acoustic features of
howls for coyotes within captive social groupsd animals. Tables represent captive
groups: (a) QZ and (b) SZ.
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Wilks’ lambda tests of significance revealed tieg overall discriminant
functions were significant for each group, except LFunction 2 was non-significant for
the two groups of three animals (QZ and SZ). Tiha fexpected) probabilities versus
the actual cross-validated classification propogifor each animal are shown in Table
3.6.

Interestingly, the matrices of standardized carardiscriminant function
coefficients for the groups’ DFAs revealed thatetént discriminant loadings were more
highly correlated with some groups than with otheften suggesting very different
acoustic features were used within each groupdcridninate between the howls of
individuals (Table 3.7). The PC associated wjt(PIC1) was highly correlated with the
discriminant functions of three of the four grouwpigh significantly discriminating
functions (BMZ, MR, and HNC). However, PC6 (asateil with dominant frequency)
was the most highly correlated PC with the MR gisuliscriminant function (DF).
Cross-tabulation of the individual animals in thése groups by the variable “missing
fundamental” found that half of the howls produtgdcoyote F-7 (group MR) had a
missing fundamental, whereas none of the animatselBBMZ or HNC groups had this
vocal quality. Half of the howls produced by orig¢h® two animals in the GZ group (F-
3) also had theffiltered from the signal. The most highly cortelhdiscriminant
loading for the GZ group, however, was call dumatidhe correlation coefficients of the
discriminant loadings for the two groups of thregates (QZ and SZ) also differed. The
most highly correlated PC on both functions 1 arior2he QZ group was PC2, which

was related to the harmonic structure of the howls.
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The misclassification of animals and the mix afadiminant loadings
contributing most to the DFs in the SZ group wenggsing. Especially surprising was
the non-significant classification of coyote F-ZDhis particular coyote had a
characteristically unique voice that was easilgéisable by ear when listening to the SZ
group’s howling choruses. While measuring thevitlial howls, it was evident that F-
20’s howls, especially those emitted early in theras, were recognizably similar to one
another and typically had a “missing fundament&dsed on these observations, a
separate DFA was run on the SZ group using eidattsal variables that might best
represent the perceived sound and distinct speepbg qualities associated with F-20’s
howls. The resulting classification matrix is sl Figure 3.9, with the standardized
canonical discriminant function coefficients digd in Table 3.8. The DFA performed
using these select variables resulted in substigntigoroved discrimination between the
SZ individuals, particularly coyote F-20. In faeich of the three animals was classified
in its own group membership category with the hgglpercent correct classification in

this revised analysis.
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Coyote Prior Actual C-V

(Sex-1D#) Group Probability Classification Difference
M-1 0.31 0.73 0.41
F-2 BMZ 0.69 1.00 0.31
F-3 G7 0.65 0.87 0.22
M-4 0.35 0.63 0.28
M-5 LD 0.52 0.54 0.02
M-6 0.48 0.68 0.20
F-7 MR 0.59 1.00 0.41
M-8 0.41 1.00 0.59
M-22 0.60 0.83 0.23
M-23 HNC 0.40 0.67 0.27
M-13 0.37 0.37 0.00
F-14 QzZ 0.24 0.45 0.21
M-16 0.39 0.59 0.20
F-19 0.41 0.54 0.13
F-20 Sz 0.22 0.29 0.07
M-21 0.38 0.75 0.37

Table 3.6. DFA cross-validated classificationsnafividuals compared to prior
(expected) probabilities in howl analyses.

BMZ GZ LD MR HNC Qz 574
Fn Fn Fn Fn Fn Fn Fn
1 1 1 1 1 1 2 1 2
PC1 (FO) 1.165 [ 0.479 [ 0285 | 1.484 | 0905 | 0193 | 1.487 | 0.167 | 0.492
PC2 (Harmonics) -0.134 | -0.851 [ 0.507 | -1.385 | -0.122 | 1.631 | 2.103 | 0.378 | -0.419
PC3 (Duration) 0.661 | 0.878 | 0.479 | -0.015 | -0.002 | -0.325 | -1.383 | 0.284 | 0.799
PC4 (Begin Freq) 0.806 | 0.677 | -0.073 | 1.232 | -0.064 | 0.271 | 0.648 | 0.410 | -0.135
PCS5 (Shape) 0.551 0.367 | -1.032 0.662 | -0.140 0.726 0.768 | -0.742 0.377
PC6 (Dom Freq) -0.302 0.041 | -0.162 | -1.703 | -0.139 0.345 0.975 0.336 0.312

Table 3.7. Combined matrix of howl data DFA staddaed canonical discriminant
function coefficients for all groups. (Gray-shaglindicates that entire function was
nonsignificant; aqua shading indicates that thetion, when taken alone, was non-
significant in discriminating among individuals.)
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Predicted Group Membership Total Prior
COvY_ID 19.00  20.00  21.00 COY_ID | Probability
19.00 0.419
19.00 7(54%)  1(8%) | 5 (38%) 13 20.00 0.194
20.00 2(33%) | 3(50%) | 1(17%) 6 21.00 0.387
21.00 4(33%) | 0(0%) | 8(67%) 12 )
(@)

Figure 3.9. Revised DFA for SZ group howls usiatpst variables. (a) Cross-validated
DFA classification matrix; (b) Prior (expected) pabilities by individual.

Sz
Fn
1 2

logDFreq -0.149 0.493
log_begf 1.438 -0.707
log_endf 0.030 -0.982
log_maxf -1.401 0.434
log_minf -0.021 0.111
MIN_T 0.227 0.345
MAX_T -0.394 0.016
log_fund 0.387 1.300

Table 3.8. Standardized canonical discriminanttion coefficients for revised SZ
group DFA from howl data. (Aqua shading indicatest the function, when taken alone,
was non-significant in discriminating among indivads.)
Temporal Qualities of the Chorus Howl Introduction
The temporal measurements of the howl vocalizatiware examined to
determine the pattern, if any, in which the coyaetered the chorus. It was common

that one individual would howl several times befoteer members of the group joined

the chorus. These “introductory” howls were nafuiled in the analyses presented here.
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The chorus was considered to have begun when avasvfollowed by a howl of a
different individual.

Only the first two howls from each group membeaichorus were used for the
following analyses, in order to best representitbr@ductory howling portion of the
chorus as it has been described in the literaftable 3.9 displays the mean interval
between consecutive howl vocalizations within arak@nd the mean duration of the
howl vocalizations produced by group members. féb& also indicates the percentage

of occurrences for which an individual initiatee tthorus.

Captive Group Number of Mean Interval Mean % Occurrences of
Group Size Choruses Between Howl Duration of Individual (Sex-1D#)
(N) Begin Times Howls Initiating Chorus
() ©
BMZ 2 4 2.17 2.29 F-2 (100%)
Gz 2 3 1.45 1.70 M-4 (67%)
F-3 (33%)
HNC 2 5 2.50 2.49 M-23 (60%)
M-22 (40%)
LD 2 9 1.08 1.62 M-5 (100%)
MR 2 4 1.56 0.97 F-7 (100%)
Qz 3 6 0.85 1.75 M-13 (50%)
M-16 (33%)
F-14 (17%)
Sz 5 3 1.67 2.19 F-20 (100%)

Table 3.9. Temporal qualities of chorus howl introton.

As indicated by the mean interval times in Tab® 8roup members typically
howl within 1 or 2 seconds of each other. Compuatite mean interval times with the
mean howl durations, it appears that, with the ptoae of the MR group, the duration of
howl vocalizations was greater than or equal tdithe between howls, suggesting

overlap between the howls of different group mersber
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Bark Variation Between Individuals

The PCA performed on the bark acoustic variabksulted in five principal
components (PCs) with eigenvalue8.95 (Tables 3.10 and 3.11). These five PCs
accounted for 77.6% of the variance in the dat@&287 bark vocalizations from a total
of 17 coyotes. Figure 3.10 shows the number oflhoantributed per animal.

The five PCs were labeled based on factor loadmgfse component matrix. The
factor loadings for PC1 and PC2 were similar tasthfor the first two PCs in the howl
PCA analysis. Therefore, these were similarly lethe'FR" (PC1) and “Harmonics”
(PC2). However, the labeling for PC1 was baseahariiy on the five highest loading
variables: thed maximum frequency, ending frequency, minimum ey, and
beginning frequency. Again, as in the howl PCA litwest loading variables on PC1
were those related to the “shape” of the signa (tme of minimum frequency, MIN_T;
and the time of maximum frequency, MAX_T). Therhanic-to-noise variable
(logHNR) also had a very low loading (at 0.142)ndAalthough the highest loading
components on PC2 were related to the higher hdowofthe signal structure, the
harmonic peaks contributing to this PC were lovmantthose for the howl PCA, with the
bark PC2 loading peaks 5 through 9, as opposdtethdwl PCA loading peaks 6
through 10.

PC3 was labeled “Low Harmonics,” since the highesting components were
the frequencies of harmonic peaks 2, 3, and 4. d¥ew these components were

negatively correlated with PC3.
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The bark PCA also resulted in a PC that was lab@&bdpe,” based on the four
highest loading components in PC4: time of maxinitequency, time of minimum
frequency, and the beginning and minimum frequencikhe latter three of these
components were negatively correlated with PC4.

As with the howl PCA, the last component, PC5, mast difficult to interpret
and label. The highest loading components wenewsharmonic peaks, some
positively and some negatively correlated with®t& Therefore, PC5 was labeled

“Varied Peaks.”

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
Component Total % of Variance | Cumulative % Total % of Variance | Cumulative %
1 5.320 29.557 29.557 5.320 29.557 29.557
2 4.062 22.565 52.123 4.062 22.565 52.123
3 2.069 11.496 63.619 2.069 11.496 63.619
4 1.549 8.604 72.224 1.549 8.604 72.224
5 .968 5.376 77.599 .968 5.376 77.599

Table 3.10. Total variance explained from PCA perfed on bark data set, indicating
five principal components extracted based on eige®s=>0.95.
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Component Matrix

Component
1 2 3 4 5
logBegF .761 -.493 .100 -.320 -.010
logEndF .813 -.516 .056 .128 -.073
logMaxF .813 -.529 .087 .038 -.032
logMinF .780 -.486 .093 -.282 -.041
logFund .816 -511 .064 .046 -.007
logP1Frq 446 -.238 -.080 .106 .183
logP2Frq 414 .142 -.580 -.045 473
logP3Frq .400 .328 -.660 -.033 .307
logP4Frq .456 .435 -.550 .025 -.078
logP5Frq 527 .535 -.232 -.072 -.375
logP6Frq .495 .651 .040 -.141 -.345
logP7Frq .504 677 271 .016 -.162
logP8Frq .487 .676 .350 .048 -.028
logP9Frq .409 .606 470 131 .325
logP10Fr .390 .518 476 .143 .400
logHNR -.142 -.343 470 144 141
MIN_T -.189 .105 141 -.752 .156
MAX_T 131 -.110 -127 .824 -.078

Table 3.11. Component matrix from bark data PCAlysis. Values in columns headed
Components 1 through 5 represent the correlatieffic@nts between the original
variables (shown in the first column of the taldey the newly derived components.
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Figure 3.10. Number of barks per coyote contridutePCA.
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The DFA analyses on the zoo groups’ bark vocabratresulted in an average of
78.7% correct classification of individuals overalith cross-validated DFAS resulting in
an average correct classification of 63.5%. laltd®97 barks were classified from 17
coyotes, representing seven social groups. Tlssi@lzation tables in Figure 3.11
display the results of the cross-validated DFAsgfach of the groups of two coyotes.
The tables in Figure 3.12 display the results efdtoss-validated DFAs for each of the

groups in which the barks of three individuals wanalyzed.

Predicted Group Predicted Group
tembership tembership
COY. D 1.00 2.00 Total COY. D 300 4.00 Total
1.00 8 (53%) 7 (4T%) 15 3.00 3(75%) 1 (25%) 4
2.00 5 (33%) 10 (BT%) 15 4.00 0 (0% 14 (100%) 14
(a) {b)
Fredicted Group Predicted Group
Membership Membership
COY_ID 5.00 5.00 Total SR s S o
5.00 B (13%) 39 (BT %) 45 7.00 6 (H0%:) 4 (40%) 10
B.00 8 (12%) 57 (88%) B5 s.00 3(12%) 27 (88%) 25
ic) i)
Predicted Group
tembership
COY. D 22.00 23.00 Total
22.00 B (35%) 11 (65%) 17
23.00 g (50%) 8 (50%) 16

(e)

Figure 3.11. Classification results of cross-vatigdl DFAs based on acoustic features of
barks for coyotes within captive social groupsved animals. Tables represent captive
groups: (a) BMZ; (b) GZ; (c¢) LD; (d) MR; (e) HNC.
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Predicted Group Memhbership Total Predicted Group Memhbership Total
Cov_ID 13.00 14.00 16.00 Cov_ID 19.00 20.00 21.00
13.00 0{0%) 1(25%) 3(7T5%) 4 18.00 0 (0%) 3(75%) 1(25%) 4
14.00 0{0%;) 1(25%) 3(75%) 4 20,00 2025%) 3 (38%) 3037%) 8
16.00 2104%) 1(2%) 42 (93%) 45 21.00 0{0%) 3 (60%) 2(40%) 1]
@) ()

Figure 3.12. Classification results of cross-vakdaDFAs based on acoustic features of
barks for coyotes within captive social group&8fanimals. Tables represent captive
groups: (a) QZ and (b) SZ.

The DFAs on the bark data set revealed that tiietes’ barks within groups
were much less discriminable than the howls andlgmmve. Only three of the seven
groups’ discriminant functions were significant (K¢ lambda, p < .05). These were the

GZ, MR, and QZ groups. The prior (expected) prdisds versus the actual cross-

validated classification proportions for each ariara shown in Table 3.12.

Coyote Prior Actual C-V

(Sex-1D#) Group Probability Classification Difference
M-1 0.50 0.53 0.03
F-2 BMZz 0.50 0.67 0.17
F-3 G 0.22 0.75 0.53
M-4 0.78 1.00 0.22
M-5 LD 0.41 0.13 -0.28
M-6 0.59 0.88 0.29
F-7 MR 0.29 0.60 0.31
M-8 0.71 0.88 0.17
M-22 0.52 0.35 -0.16
M-23 HNC 0.49 0.50 0.01
M-13 0.08 0.00 -0.08
F-14 Qz 0.08 0.25 0.18
M-16 0.85 0.93 0.08
F-19 0.24 0.00 -0.24
F-20 Sz 0.47 0.38 -0.10
M-21 0.29 0.40 0.11

Table 3.12. DFA cross-validated classificationgndividuals compared to prior
(expected) probabilities in bark analyses.
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The standardized canonical discriminant functioeficients for the three
significant DFAs suggested that harmonic structuaie the most important acoustic
feature contributing to the discrimination betwésdividuals’ barks (Table 3.13). This
may not seem surprising, since four of the five B@tered into the DFAs were labeled
as harmonic components. However, it seems notawdrnat at least two components
associated with harmonic peaks (e.g., those P@eldiharmonics, low harmonics, and
varied peaks) had higher discriminant loadings therfundamental frequency
component in each of these three DFAs, suggestatgsbme feature(s) of the harmonic
structure were useful in discriminating betweenvitthals and that this discrimination

was not necessarily based on the harmonics’ rekstip to thed.

GZ MR QzZ
Fn Fn Fn
1 1 1 2

PC1 (FO) -0.534 | 0.906 | 0.285 | -1.711
PC2 (Harmonics) 2.097 1.794 | -0.990 | -1.608
PC3 (Low Harmonics) -0.126 1.497 0.770 1.255
PC4 (Shape) -0.348 1.247 | -0.583 | 0.496
PC5 (Varied Peaks) 1.611 0.166 | 0.638 | 2.314

Table 3.13. Combined matrix of bark data DFA stadized canonical discriminant
function coefficients for groups with significanFB. (Aqua shading indicates that the
function, when taken alone, was non-significardistriminating among individuals.)
Chorus Duration
To test whether differences in chorus duratiostexi between different-sized

groups of individuals, the mean chorus lengths fe@woh of the seven captive groups

were compared. A one-way ANOVA indicated an ovetdlerence (p = 0.032), with
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Tukey HSD post hoc comparisons revealing that thene significant differences
between the chorus lengths of the HNC and BMZ gsqpp= 0.018) and the HNC and

LD groups (p = 0.044). However, these three gragedh contained only two vocalizing
individuals. In addition, there were no appareenmds in chorus duration related to group

size (Figure 3.13).

60.00 ¢

40.00 -

Chorus Duration (sec)

20.00

[ [ [ [ [ [ [
BMZ(2) GZ(2) HNC(2) LD(2 MR(2) QzZ(3) SZ(5)

Facility

Figure 3.13. Mean chorus durations for seven cagroups of coyotes. Numbers in
parentheses beside facility abbreviations on x-@psesent group size. (Error bars
indicate one standard deviation from mean.)
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Human Estimates of Group Size

Participants in the coyote group-size estimatigr@se varied in their ability to
estimate the number of animals vocalizing in tleerded segments of yip-howling
choruses. However, none of the participants pexVicbrrect estimates for all six
segments. Fifty-two percent of the human subjeatsectly estimated the number of
animals in only one (17% correct) or none of thgnsents. Nineteen percent provided
correct estimates for two of the segments (33%B%4correctly estimated three
segments (50%), and 14.3% correctly estimateddegments (67%). Although
estimates were frequently incorrect, they were withreasonable range from the actual
group size, as Figure 3.14 indicates. Overall, 3%uman subjects correctly estimated
the group size from theTRO segments and 27% correctly estimated fronvthe

segments.

=
|

Estimated Group Size
|
|

Estimated Group Size

T T
3 4 : 2 3 4
Actual Group Size Actual Group Size

(a) (&)
Figure 3.14. Human estimates of coyote grouplsézed on segments of recorded group

yip-howl choruses. a) Estimates basedNaro section of chorus; b) Estimates based on
YIP section of chorus. (Error bars indicate one saashdeviation from mean.)
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The perceptual cues used by the subjects in deteigrgroup size estimates were
similar across subjects and were placed into fiaesification categories by the
researcher: voice, timing, combined voice/timingithm, and amplitude. Voice cues
were those that allowed for recognition of indivadluoices by frequency (pitch) or a
characteristic style of vocalizing. Timing cuesreveelated to the entry of voices into the
chorus and the onset and offset of individual viaadéibns. Cues categorized as
combined voice/timing were those described by pigdnts as different vocalizations
occurring simultaneously or alternating vocalizasipin which the human subject could
identify one individual’s voice “answering” anotfger Rhythm cues referred to the
cadence of a vocalization, such as an individugtibg repetitiously at a constant time
interval. Amplitude was the least commonly citédhe five cue types, but was
specifically referred to by 11 of the participaatsa means of estimating the number of
vocalizing animals.

Voice and combined voice/timing cues were useakyin attempting to
determine group size fromTRO andyIP segments of a chorus, with these cues
referenced in 72.7% of the participants’ commeatdHeINTRO portion and 72.2% of
their comments for thelp portion. However, timing cues were significanthpre
important in the howl-dominatadTRO segments than in theP segments, making up
25.3% of the total participants’ comments forros and only 4.6% forips.

Conversely, rhythm was never indicated as a cigedop size foINTRO segments, but

made up 15.7% of the participant commentsrfersegments. Participants also seemed
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to draw on amplitude cues more frequently¥fier segments than fokTRO segments

(7.4% and 3.0%, respectively).

Discussion

Prior studies investigating the potential of grédwpg animals to assess the
fighting ability of conspecific groups through lodgstance vocal signals have measured
the movement and vocal responses of territory-hgldesidents to playbacks of
conspecific group vocalizations (Kitchen, 2004; Mot et al., 1994; Radford, 2003;
Wilson et al., 2001). However, none of these &sithas analyzed the vocal signal itself
to determine whether there are acoustic featuréseofignal that could provide
information about group size.

The acoustic analyses conducted in the preseuty stipport the hypothesis that
group size information is potentially availabletie group yip-howl! vocalization of the
coyote. Both the introductory howl component e ignal and the more variable
yipping portion of the vocalization were analyzéthese analyses revealed that, within a
social group, individual animals’ howls were langdlscriminable, potentially allowing
them to be “heard out” and “counted.” Howls werereneasily assigned to individual
animals than were barks, based on the acoustuarésaieasured for each, suggesting
that the howl-dominated introductory section of therus might contain more
information about group size. Six of the sever#48@iscriminant functions (DFs) in the

howl! analyses were significant, indicating thatytiaeere capable of effectively

97



discriminating between individuals; whereas onlgthof the seven (43%) DFs were
significant in the bark analyses.

When talking with people in the general public atb@oyote observations, it was
common for the researcher to be told of large @gobups (of 10 or more individuals)
heard vocalizing in the area. This overestimationld be due to the greater salience of
the yip section when heard by humans in a natetéihg. Although the howls propagate
well through the environment, they can often betakisn for other environmental sounds
(e.g., distant police sirens) and, therefore, argdly ignored by people. It seems that
human attention turns to the signal when the matesual, clearly recognizable yip
section of the chorus is heard, resulting in arrestamation of group size. Coyotes are
much less likely to ignore the initial howl stimalas was observed by the researcher
during playbacks of chorus howls to captive groofpsoyotes. From the start of the first
howl of the playback, the animals oriented towée $ound, often moving to the area of
their enclosure closest to the sound source, whttefully attending to the signal (as
indicated by body posture and ear position).

Although human subjects were not precisely colretheir estimations of group
size based on the chorus howl segments they hibaidestimates were much closer to
the actual number than was expected based on @sqmawided by the public, as
described above. In fact, the mean estimates wién one or two of the actual
numbers. These results suggest that people cassassyote group size fairly accurately
from a group yip-howl chorus. This finding couldve practical implications for

censusing coyote populations.
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The results of the acoustic analyses and the hyraareptual task suggest that
individual voice characteristics (e.g,a@nd harmonic structure) are important cues for
discriminating between individuals in a chorus.rtiégants in the perceptual task also
commented frequently on the importance of overlfagoeoalizations in determining the
number of animals present. The howl interval daiggested that howls commonly
overlap during the introductory portion of the amgrbut with voice onset occurring at
different times. Such characteristics clearly cadie that more than one animal is
vocalizing (McComb et al., 1994).

Of course, it is impossible to perfectly charaziea complex sound through
acoustic measurements. The example of the unigige eharacteristics of the coyote in
the SZ group not being discriminated in the origa@ustic analyses highlights the
problems inherent in such studies. However, thedruperceptual task supported the
statistical results indicating that group sizeigdrnable in the chorus how! of coyotes.
Perhaps future studies can further isolate thesdmoieatures that make this
discrimination possible.

Two previously held beliefs about canid chorusahzations were not supported
by this study. It has been suggested that theaaipdde, or one of the animals of the
alpha pair, initiates the chorus howl in wolves ffiifegton and Mech, 1979). Although
this might be assumed to be the case for the @ptale-female pairs in the present
study, the results from one of the male-male dyamkthe two larger groups are
ambiguous. Both males started howls in the dyaldadirthree animals (2 males and 1

female) each started howls in the captive groupuaens Zoo. In the group at Stone
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Zoo, the lowest ranking female of that sibling gyaf five started all the howl choruses.
However, due to the unnatural setting and ofteifi@al groupings of animals in these
captive environments, extrapolation to the behaofavild groups is problematic.

It has also been suggested that group vocaliztiught serve to inflate the
perceived number of individuals vocalizing. Hagtion (1989) suggested that the Beau
Geste effect applies to wolf chorus howling. Thea® Geste hypothesis argues that
resident animals deceive potential intruders irglelving that there are more territory
owners than there actually are, thereby discougathie intruders from entering into
conflict with the resident group. Harrington basleid argument on his perception that
researchers were unable to identify the numberad¥@s howling in a chorus. However,
he provided no empirical evidence that this was tuthat wolves were unable to
perceive the correct number of individuals. Onrage, the human subjects in the
present study closely estimated the number of iddals participating in the howling
introduction of a coyote group yip-howl. The irdttory howling in this coyote group
vocalization is most similar to howling chorusesduced by wolves.

Radford (2003) found that spontaneous group voatiins of green
woodhoopoes honestly represent group size in thetida of the signal. However, upon
hearing calls of a larger group, a smaller groulpimirease the length of its vocal bout
to match that of the competing group. Althoughhsaenatching effect was not tested in
the study presented here, the duration of the eoyaup yip-howls were not correlated

with group size.
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CHAPTER 4

RESPONSES OF RADIO-COLLARED COYOTES TO CHORUS HOWL

PLAYBACKS OF DIFFERENT-SIZED GROUPS

Introduction

Game-theoretical models of agonistic behavior sagthat animals should base
decisions about conflict escalation on an assegsofid¢imeir opponent’s fighting ability
or resource-holding potential (RHP). A multitudeasymmetries can exist between
individuals competing for possession of resourtceduding size and strength of each
individual, current ownership of the resource, #r&importance of the resource to each
competitor. In competitions where fighting is dgsit is selectively advantageous for an
animal to assess its chances of winning and withdvahout escalation if those chances
are low (Enquist & Leimar, 1983; Hammerstein, 198aynard Smith, 1982; Maynard
Smith & Parker, 1976; Parker, 1974).

Aggressive displays, including some vocalizatiars, believed to function as
advertisements of an animal’s fighting ability esource-holding potential (RHP),
allowing a competitor to assess its chance of wigiim a direct conflict (Clutton-Brock

& Albon, 1979; Parker, 1974). Studies of such atisement displays have typically
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focused on contests between individuals. It igelel that in these contests the
assessment criteria are closely linked with théviddal’'s RHP or fighting ability
(Clutton-Brock & Albon, 1979). Some suggestedetid in these one-on-one contests
include the size of potential “weapons,” such ateamnand canines (Darwin, 1850; Geist,
1971; Packer, 1977); the pitch of a vocalizationthwower pitch indicating larger body
size (Morton, 1977); and the frequency and duradioa physical or vocal display, with
longer or more frequent displays indicating bettandition (Clutton-Brock & Albon,
1979).

By similar reasoning, it might be expected thatect assessment of group size
would be an important criterion in determining paial costs in contests between groups
of animals. Social animals would benefit from aete perception of group size when
assessing the fighting ability or RHP of a compggnoup in the same way that
individual competitors benefit from assessmenteirtsingle competitor’s size and
strength (McComb et al., 1994).

Gese (2001) suggested that howling might senzelasg-range threat in the
maintenance of resident coyotes’ territories, damgbotential intruders at a distance.
Coyotes are considered to be territorial whenhorded pair or pack social
configuration (Messier & Barrette, 1982; Windbergk&owlton, 1988). Coyotes in
these social groups, referred to as residents) tff@erse home ranges larger than 20
km? for activities such as foraging. These range&ally overlap substantially with
ranges of neighboring resident coyotes, as wdlamsient animals. However, resident

coyotes spend a good portion of their time in senaleas within these ranges, often
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referred to as core areas or territories. Thesgarges do not overlap with those of other
coyote groups and contain important resources, asig@rotective cover and den sites
(Bekoff & Wells, 1980; Laundré & Keller, 1984; Geskal., 1988; Person & Hirth,
1991). These areas are vigorously defended bgeesanimals (Gese, 2001).

Among the Canidae, playback experiments have bsed to study howling
behavior in coyotes, wolves, and jackals. Playlmagleriments typically involve playing
back a recording of a species-typical acousticaigman animal and measuring its
response. This method has played an instrumesi&alr studies of mating and territorial
strategies in song birds and has elucidated tleesag plays in these and other aspects
of passerine life (Falls, 1992). Early studieswiiolves employed playback recordings
and human imitations of howls to locate and mamtaintact with study animals (Joslin,
1967; Theberge & Pimlott, 1969). Harrington (198%¢d playbacks to study the role of
howling during aggressive encounters in wolvestaedvolf's perception of and
response to howling by adults versus pups (1986%oyotes, Lehner (1982)
investigated the potential functions of two diffetréypes of howling choruses, and
Mitchell (2004) explored the possibility of usingwling playback as a tool for selective
coyote control. Seasonal changes in howling beand the relationship between
howling and confrontation in the golden jackal wstadied by Jaeger et al. (1996). In
each of these studies, howling was consideredap grh important role in the territorial
strategies of these species.

In the study presented here, playback experimeate employed to further

investigate the function of chorus howling in cay/territorial strategy. It was predicted
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that playback of chorus howls produced by smalugsoof coyotes would result in a
significantly larger number of approaches to thsius than would playback of large-
group choruses. This prediction was based on madelgonistic competitor assessment
(Enquist & Leimar, 1983) and the assumption thgbtes in human-populated areas do
not typically form large adult groups. Packs ofiladoyotes typically consist of a
resident pair (the alpha pair) and their offspring.

Experiments were conducted with radio-collaredotey in agricultural and
agricultural-suburban landscapes in central Ohtbthe forest preserves and western
suburbs of Chicago, lllinois. Individual radio-tavked animals were tested with two
experimental conditions: 1) tirair condition, in which a group yip-howl (GYH)
produced by two coyotes was used as the playbanklst; and 2) theAck condition,
in which the playback stimulus was a GYH of a grofifive coyotes. The movement of

the target animals and their vocal responses veemaded.

Methods
Subjects
Individuals from two populations of radio-collaredyotes were the subjects in
this study. One population was located in cer@daib and consisted of animals radio-
collared between December 2003 and March 2006t gdpaulation and the procedures
used to collar and radio-track them are describe@hapter 3. The second population
was located in Cook and Kane Counties west of QoicHlinois. These coyotes were

radio-collared as part of a larger, ongoing stueiyn® conducted by Dr. Stanley D. Gehrt
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(School of Environment and Natural Resources, Thi® State University), The Max
McGraw Wildlife Foundation, and the Cook County Bien of Wildlife.

Data from playback studies with eight coyotes fribie Ohio population (5
females, 3 males) and eleven coyotes from theolflipopulation (5 females, 6 males)
were analyzed for this study. These nineteen daimraresented coyotes considered to
be resident animals holding a defended territ@wly one animal from any given social
group was radio-collared in the Ohio populatiomréiore, it was not known whether
these animals were with others at the time of thglqack unless there was a vocal
response produced by multiple animals. Severahalsiin some groups in the lllinois
population were radio-collared, with family relatghips known in some cases from pit-
tagging and subsequently collaring pups found imsd# collared adults and/or from
DNA analyses. When individuals from these groupsenargets in playback trials, they
were often known to be with other group membersweler, only the data for the target
animal were used in comparative analyses. In aagionly data from one individual in
a group were collected within an annual season.

Playback Stimuli

Recordings collected from captive facilities (désed in Chapter 2), as well as
recordings from other researchers, were used gbautk stimuli for the present study.
Recordings consisted of a group yip-how! chorusitifer two PAIR condition) or five
(PACK condition) coyotes. Although original recordirgfscoyote howling choruses were
preferred, a limited number of these recordingsevesailable for theAck condition

stimuli. Only one of the captive groups recordgdHhe researcher and one group
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recording obtained from the British Library Natidi&und Archive consisted of five
coyotes. Therefore, additiorrdck condition stimuli were created by combining
recordings from coyote groups of two and threeis Téchnique has been used in similar
studies by Kitchen (2004) and McComb et al. (1994).

Eleven different recordings, recorded from fouleHf@male coyote pairs, were
used as pair-condition stimuli. Recordings from slame pair were collected during
separate howling bouts and, therefore, variedructire and duration. There were four
recordings from one captive pair, three recordiegsh from one captive and one wild
pair, and one recording from another captive p@ne of these recordings was used in
three separate trials; six recordings were usé&gartrials; and four recordings were used
in only one trial. Thirteen recordings, represegtiwo “natural” and five “digitally-
created” mixed-sex groups, were use@ssk-condition stimuli. There were six
recordings from one captive group, one recordiogifone wild group, and six digitally-
created recordings. As with their recordings, the six recordings from the one captiv
group were collected during separate howling bo&is. of these recordings were used in
two trials and the other seven were used in onéytaal.

Playback recordings varied in length from 30 tes@6onds. AR- andPACK-
condition stimuli lengths were matched for eacheaisubject and order of condition
presentation was varied randomly across subjétitsyback stimuli were played at an
average peak volume of 80 dB SPL (range: 75 — 86[@B), as measured at 1 m from
the source by a digital sound level meter (RadiacRhusing C frequency weighting.

Speaker (Nagra DSM Monitor) volume was adjustedeforh playback based on settings
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determined prior to the experiments using a soumplitude meter. RR andPACK
stimuli for each target animal and for target arigrieom the same social group consisted
of recordings of different coyote groups (i.e.,arekngs from the same captive group
were not used in both conditions of the experinfien& particular target animal or target
animals from any given social group). The avelatgrval between tests of different
target animals in the same social group was 148 (fange: 1.4 — 35 days; median =
10).

Playback Experiment Procedure

Playback trials were conducted between March aag i 2004, 2005, and 2006.
The trials used for analyses were those conductikdr@sident animals for which
sufficient data were collected (e.g., continuouBaaollar signal strength recorded with
the datalogging receiver). Trials were conductettvben the hours of 22:00 and 05:00.
Since the radio-collared coyotes ranged in humgiated areas, playback experiments
could only be conducted when human activity levedse low. The average number of
days between experimental conditions for a targehal was 28.9 (range: 12 — 63;
median = 25) in Ohio and 13.8 (range: 1.4 — 35;iared 10) in lllinois.

In 2004, trials were conducted using only the Qdopulation of radio-collared
coyotes. During this year’s trials, playback stimwere played from a portable CD
player through a speaker mounted in a side windaveoresearch vehicle. Four 4-
element Yagi antennas were mounted on top of theehee facing perpendicular to one
another, and connected to a datalogging recei@m HK SRX-400) (Figure 4.1). The

radio-collared animal’s movement toward or awayrfrihe vehicle, as well as its
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directional movement, could be measured with thter@na array. A research assistant
stayed in the research vehicle and controlled @lelylusing the CD player, while the
researcher drove in another vehicle to a locateveial hundred meters from the
playback site to monitor the target animal’s movetseising a handheld telemetry
system. The playback stimulus was presented 1&tasrafter setup was complete and
the researcher had left for the monitoring sit@thBrehicles remained in position for at
least 30 minutes after the playback had been piederfter this time, the researcher
returned to the playback site, the equipment wahdntled, and the research team left

the location.
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Figure 4.1. Schematic of research vehicle (asetkfrom overhead) with mounted
antenna array used in 2004 playback experimentsctord target animals’ movements.

The experimental procedure was modified for th@s2énd 2006 trials. An

autonomous playback apparatus (Figure 4.2) wadrcmbsd of a 66 X 47 X 42 cm crate

108



mounted on a 28 cm-high platform. The entire apjp@rwas covered in camouflage-
colored burlap. A portable CD player and the amjging receiver were placed inside the
crate. A speaker, connected to the CD playeraanomnidirectional magnetic-mount
whip antenna, connected to the receiver, were glaodop of the crate. A directional
microphone (Audiotechnica 815A), housed inside rdwnuff, and a cassette tape
recorder were placed alongside the apparatus.CTCheontained two tracks: the first was
a silent 10-minute segment and the second waddlgbgrk recording. The silent track
allowed for a 10-minute pre-trial period to begfteathe apparatus had been set up and

the research team had left the area.

Figure 4.2. Autonomous playback apparatus us@@®® and 2006 trials with radio-
collared coyotes in Ohio and lllinois.
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Due to the unpredictable travel patterns of cayaigring the hours in which trials
were conducted, the decision to test any given ahim a particular night was
determined by the animal’s location and the abdgityhe research team to get the
playback apparatus within close enough range torerthat the animal would hear the
playback stimulus and the datalogger would recledsignal strength of the radio-collar
beacon. Typically, the criterion was that the tiajger was registering the collar signal
strength near 100 (maximum strength = 235) withréoeiver's gain set between 65 and
80. Based on tests of the datalogger, the aniraalpwesumed to be within 200 — 300
meters of the apparatus using this criterion. Tmw&nce can only be estimated, as
signal strength is dependent on many environméatsdrs (e.g., vegetation, topography,
humidity, wind) and the strength of the individuatlio-collar’s transmitter.

All trials except one were conducted when thedgbagimal was within its home
range, defined as the 95% utilization distributfoid) and considered to be the area
regularly traversed by the animal during normaivétgt(e.g., feeding). Home ranges
were calculated using the fixed kernel method,esxidbed in Chapter 2. After locating
the animal using vehicle-based radio telemetrydatdrmining that the animal was
within the criterion range, we placed the playbapkaratus at a site that would allow for
the best transmission of the playback recordinguin the environment (e.g., at the top
of an embankment) and which, we hoped, was vistidigen from the target animal. As
the coyotes were often moving, the equipment neealed set up as expeditiously as
possible, without creating a great deal of distndeain the area that could draw the

animal’s attention. After setting up the autonomsplayback apparatus, the research

110



team left the playback site and drove to a locaftiom which they could monitor the
animal’'s movement, when possible, without interfgnivith the trial. Approximately 30
minutes after the playback stimulus had been ptedethe research team returned to the
playback site, retrieved the apparatus, and leftabation.

Data Analyses

Signal strength data was downloaded onto a comfrota the datalogging
receiver’s “Event Log” program. During the playkddal (pre-trial, playback, and post-
trial), Event Log scanned through all radio-coftaquencies in a user-defined partition
of the program. If only one animal was in the nity at the time of the trial, then only
that animal’s collar frequency was entered intoghsition. In lllinois, if any other
radio-collared group members were in the vicinityhe target animal, their collar
frequencies were also entered into the partiti6nent Log scanned each frequency for
six seconds before cycling through to the nextdeswpy in the partition and stored the
time, date, pulse rate, and signal strength fon eatlar frequency it detected. In
addition, Event Log scanned each of the four argsmmthe array in the 2004 Ohio
trials, registering each antenna’s received sigtrahgth and calculating an average from
these four readings for each scan. Only the aeerdgta were used for analyses.

The data (time and signal strength) collectedHertarget animal were divided
into two time periods: 5-minute pre-trial and 5-oi@ post-trial. These time periods
were relative to the start time of the playbacksius, with the 5-minute post-trial
period starting at the playback start time. Themsgnal strength for each time period

was entered as a variable into the SPSS statistfavare program for each playback
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condition for each target animal. Five-minute pral and 5-minute post-trial means
were compared, within animals, for theRr andPAck conditions using a Wilcoxon
signed ranks test.

Various conditions are believed to affect coy@sponses to conspecific
vocalizations. These include the season (Gesef& R2098; Laundré, 1981; Walsh &
Inglis, 1989), the location of the target animathi its home range (Gese & Ruff,
1998), and whether the target animal is alone tr athers (P. N. Lehner, personal
communication, March 4, 2004). All data from tHayback trials conducted in this
study were coded to identify these potential contbag variables as follows:

1. Season: The annual season in which the trial waduzted.

2. Territory: The area in the target animal’s range/imch the trial was

conducted.

3. Social: Whether the target animal was known talbee or with other pack

members at the time of the trial.
Chi-square tests were performed to determine whéihs existed in the data set that
could affect the results of tiralr-PACK condition comparisons. All playback trials were
conducted between March and May; therefore, thas&e’ variable was split into two
SeasONSBREEDING/GESTATION (January — April) an@UP-REARING (May — August). The
“Territory” variable was used to define whether #memal was in or near its core (50%
UD) territory. When multiple 50% UD contours wergculated for animals with
known, radio-collared mates, the animal’s coreattay was considered to be only within

contours which overlapped with the 50% UD contairgs mate. The animals’
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locations were plotted on UTM-projected digital map ArcView. The Territory
variable was split into two conditionsuTsIDE when the animal was estimated to be
outside the core area’s contour, amsiDE when the animal’s location was estimated to
fall within the contour.

Similarly, the “Social” variable was split into taconditionsOTHERSWhen
another radio-collared group member’'s beacon wgistexing during the playback trial,
andALONE when an animal whose known mate was radio-collarebthat animal’s
beacon was not registering during the trial. Waethe animal was alone or with other
group members was unknown for eight of taek trials and seven of thmair trials.
Therefore, it was decided to split these trialsveein theoTHERSandALONE conditions.
Four of therAcK trials were placed in theTHERS condition and four were placed in the
ALONE condition. For the sevemir trials, a coin flip decided that four of thoselsi
would be placed in theLoNE condition with the other three placed in hieHERS
condition.

Animal home ranges (95% UD) and core territors9 UD) were determined
using fixed kernel analysis. Location data fronpt8enber of the previous year through
August of the year of the trial were used in thealeulations for the 2004 and 2005
seasons for both the lllinois and Ohio coyote pafoihs, and for the 2006 season for the
Ohio coyotes. The 2006 UDs for the lllinois coyoteere based on location data from
September 2005 through March 2006. The positighetarget animal during the

playback trial was estimated from its signal sttbrand direction relative to the playback
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apparatus at the time of set up, as determined asirandheld radio receiver and a 3- or

4-element Yagi antenna.

Results
Movement Responses to Playback

The coyotes’ movement responses to playbacksdlmaseadio-collar signal
strength, were compared betweenrh& andPACK stimulus conditions. The difference
in mean signal strength between the 5-minute paéand 5-minute post-trial was
compared between thair andPACK conditions. A Wilcoxon signed ranks test
indicated that the animals responded significaditifigrently to the two playback
conditions (T+ =13, N =19, p = 0.033). As Figd8 illustrates, the coyotes more
frequently moved toward theair playback than theack playback. In addition, the
magnitude of their movements was greater irrtkie condition. Conversely, the
magnitude of the animals’ movements was relatigemall in response to thrack
stimuli, and the animals most frequently moved afvasn the playback source.

Although sample sizes were small, this pattermo¥ement (away frorRACK
and towardPAIR playbacks) was examined further within the “Temnyt and “Social”
variables. Coyotes typically moved away freack playbacks, regardless of their
location in their home range or whether or not thveye with other animals at the time of
the playback. Out of eight trials in which resitbewere in their core territories at the
time of apPACK playback, seven resulted in movement away fronstineulus. When

outside their core territory, animals moved awayrfrthe stimulus in six out of nine

114



OPACK
EPAIR

DIFFERENCE IN SIGNAL STRENGTH

Figure 4.3. Individual coyote’s movement resporie@s\Ck andPAIR playback stimuli.
Bars represent the difference in mean signal sthelogtween the 5-minute pre-trial and
5-minute post-trial periods. Longer bars repreager movements toward (above zero)
or away from (below zero) the playback stimulus.
trials. Target animals also moved away fromrhek stimulus when they were believed
to be alone (5/8 trials) and when they were witleoigroup members (8/9 trials).
However, resident coyotes tended to appr@ack playbacks when inside their core
territories (6/9 trials) and when they were withetgroup members (7/11 trials). When
possibly alone or outside their core territoriggpaals moved away from theair
stimulus during half the trials and moved towarduting the other half. Unfortunately,
sample sizes were not large enough to analyzeartiens between the territory and
social configuration variables.

Possible Confounding Variables

Chi-square tests on the possible confounding bkesa(Season, Territory, and

Social) indicated that there were no systematiedifices in these variables between the
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PAIR andPAcCK conditions of the playback trials (Figure 4.4pr &ll three variables, there
were 19rAIR- andPACK-condition trials compared (N=19). For the Seasamable, an
equal number ofACK- andpPAIR-condition trials were conducted in the breeding/
gestation period and in the pup-rearing seagd(0.00, df = 1, p = 1.00). There were
also an equal number pAck- andpAIR-condition trials conducted when the target
animal was inside and outside its core territq/€ 0.00, df = 1, p = 1.00). Trials
conducted when the target animal was alone didliffet between the two playback-trial
conditions, with 9 target animals being categoriasdalone” inPAck-condition trials
versus 7 irpPAIR condition trials 2 = 0.432, df = 1, p = 0.511). Again, some of ¢hes
were categorized without actual knowledge of sotiaius, as only the target animal was

collared.

INSIDE OUTSIDE ALONE OTHERS
SEASON TERRITORY SOCIAL

(a) (b) (c)
Figure 4.4. Bar graphs showing the number of tgalsducted within different a)
seasons, b) home range areas, and c) social caatfans. Experimental conditions are
shown with blueKAcK) and greenrAIR) bars.
Vocal Responses to Playback

Vocal responses from wild coyotes were recordethdisix of the playback

trials, three in Ohio and three in lllinois. Albgal bouts occurred after the playback
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stimulus had been presented. Five responses edcduring the 5-minute post-trial
period and one occurred in the 5-to-10-minute postperiod. Responses were
assumed to be from the target animal and/or mendbéts social group, as the
vocalizations were judged by the research teane tooiming from the area of the target
animal’s estimated location. This method of judgiasponse was also used by
Okoniewski & Chambers (1984). Vocal bouts thatuseed within the 5-minute post-
trial period were assumed to be responses to Hybdatk stimuli.

Group yip-howls were recorded during four tri@sd all occurred within the 5-
minute post-trial period. Three of these howlilhgmises were in responseri@Rr
playback stimuli and one was in response aeK playback stimulus. Only the
response to theack stimulus began while the playback stimulus wadksiunding. Due
to the microphone’s close proximity to the playbapkaker, the start time of the
response could not be distinguished in the recgrdionwever, the vocal response
continued for 50 seconds after the playback stisiehded. In the threair-condition
trials, latencies from the end of the playback stim to the start of the chorus howl
response were 0:25, 1:03, and 4:14 (min:sec). dUnations of these three group yip-
howls were 1:07, 0:55, and 0:43, respectively.

Although the logged radio-collar signal strengtticated that the target animal
approached the playback apparatus in each instaata group yip-howl response was
recorded, the timing of the approach varied betwgals, with no clear pattern emerging
(Figure 4.5). In each of the trials in which auypoyip-howl! response was recorded, the

target animal appeared to be within its core (5029 Brea. Again, the target animals’
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locations were estimated by direction and sigrrahsjth using a radio-receiver and Yagi
antenna while the research team was setting uplélyback apparatus. The locations of
the target animals and playback apparatus durimgétup period for these trials are

shown in Figure 4.6.
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Figure 4.5. Group yip-howl responses to playbaukicating the target animal’s radio-
collar signal strength (blue points) during the esximental period and the timing of vocal
responses. Trials shown are with coyotes: (a) @8 CH301 ¥Ack members’ signal
strength indicated by orange and green pointsQ$82; and (d) OH742. Data
represented in graphs (a), (b), and (c) were deleduring theeAIR playback condition,
while the data in graph (d) were collected durimgrack playback condition. Blue and
red arrows indicate playback start and end timespectively. Purple and pink arrows
indicate vocal response start and end times, résphc
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Figure 4.6. Digital maps indicating the locationtlo¢ playback apparatus (red circle) and
the target animal’s location (smaller red square)nd) playback trials in which group
yip-howls were recorded. The target animal’'s 95Bhdme range is outlined with a
light-weight blue line, and its 50% UD core territas outlined with a heavy-weight blue
line. Trials shown are with coyotes: (a) CH683; @#1301; (c) OH582; and (d) OH742.
Data represented in graphs (a), (b), and (c) walteated during theAir playback
condition, while the data in graph (d) were cokectluring theeAck playback condition.
Note that home range and core territory contowgshat shown in map (b) for target
animal CH301, since too few locations were avaddbl this animal to estimate these
UDs. However, the UDs of CH301's family group ah®wn (pink = alpha female;
orange = alpha male; green and yellow = siblings).

Barking and bark-howling were recorded during playback trials. One of
these responses, tealrR-condition stimulus, occurred within the 5-minutesptrial
period; the other, following @ack-condition stimulus, occurred almost eight minutes

after the end of the playback stimulus presentatibime response to tiairR stimulus
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started 19 seconds after the playback stimuluscen@aly one coyote in relatively close

proximity to the playback apparatus was heard ih lbases.
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Figure 4.7. Barking/bark-howling responses to péoj indicating the target animal’s
radio-collar signal strength during the experimep&iod and the timing of vocal
responses. Trials shown are with coyotes: (a) @HB@ (b) CH223. Data represented in
graph (a) were collected during theRr playback condition, while the data in graph (b)
were collected during theack playback condition. Blue and red arrows indicate
playback start and end times, respectively. Puaptepink arrows indicate vocal
response start and end times, respectively.

As in the trials during which group yip-howl cheas were recorded, the target
animals in both of these trials were located withieir core (50% UD) territories at the

time of setup (Figure 4.8).
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(b)

Figure 4.8. Digital maps indicating the locatiortlo¢ playback apparatus (red circle) and
the target animal’s location (smaller red square)nd) playback trials in which
barking/bark-howling was recorded. The target atis05% UD home range is outlined
with a light-weight blue line, and its 50% UD cdegritory is outlined with a heavy-
weight blue line. Trials shown are with coyotes: QH502 and (b) CH223. Data
represented in graph (a) were collected duringethe playback condition, while the data
in graph (b) were collected during theck playback condition. Note that home range
and core territory contours (pink) are also showmap (b) for a female coyote (CH353),
potentially CH223's mate.
Discussion

The results of the study presented here, indigdtiat coyotes were more likely
to approachrAIr playback stimuli and move away framack playback stimuli, support
the hypothesis that coyotes can judge the relativeber of individuals present from the
sound of a group yip-howling chorus. We predidteat animals would approach the
source of a small-group howling bout more frequetitan they would approach a

howling bout produced by a large group of coyotssthis behavior would be consistent

with game-theoretical models of agonistic behavibne odds of a resident individual or
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small group winning in a direct conflict would beegter against a pair of intruders than
against a group of five (as represented bytax playback stimulus).

Given that coyotes are typically solitary huntansl often move about their range
alone, the occasions in which residents were vatiesal group members at the time of
the playback trials were probably few. In addititire coyote groups in the recordings
used as playback stimuli were unfamiliar to thagambllared coyotes that served as
target subjects in the present study. Residerdtesywould be expected to be familiar
with the vocalizations of coyotes in neighboringus (Bradbury & Vehrencamp,
1998), but unfamiliar voices of strangers woulathkbe considered intruders. Upon
hearing a group yip-howl produced by a pair ofrefex coyotes, it would be expected
that a resident animal, especially the alpha miafernale, would approach to investigate,
if not to drive the intruders from the vicinity. eGe (2001) reported that resident coyotes,
particularly alpha males, would drive intrudersnfréheir territory even when
outnumbered by one or two. However, resident as/bearing a howling chorus
produced by five strangers would not be expectembidront the intruders unless they
were in a social group approximately equal in sizthe intruding pack.

Analyses of coyotes’ responses with respect tio kheation in the home range
and whether they were alone or with others duregphck playback trials, indicated
that the target animals most often moved away fitoewACK stimulus, regardless of
whether they were inside or outside their corattesr or whether they were alone or
with other group members. These results are nptising. As discussed above, the

probability of a target animal having been in thegence of four of its pack members
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during the playback trial was low. In additioncgsa of five or more coyotes are not
believed to be common in human-populated areas RDgrrance, 1985). If the
resident-to-intruder (i.e., target-to-playback)aatas low, agonistic theory would
predict that the resident(s) would avoid directfton This prediction has been tested
with other group-living species. Lions (McCombaét 1994), male black howler
monkeys (Kitchen, 2004), and chimpanzees (Wilsal.e2001) have been found to
approach playbacks of territorial vocalizations wiige numeric odds favor the resident
group.

The analyses of response®taRr playbacks with respect to the territory and
social configuration variables, although non-siguaift, indicated that a resident coyote
might be more likely to approach a pair of intriglethen either the intrusion occurs
within the resident’s core territory or when theident is with other group members.
These responses would agree with those predicteaoolgls of agonistic behavior. A
resident coyote, already in possession of a teyraad its resources, would be the likely
winner in a direct conflict against an intruden actual observations of coyote conflict,
Gese (2001) found that residents consistently asgkin driving intruders from their
territories, even when outnumbered by one or thois suggests that even a single
resident would approach an invading pair when witts territory boundaries. Such
energy expenditure might be unnecessarily costlyide the integral core area of a
resident’s home range. However, resident coyosimve decided to approach the
PAIR playback when with at least one other group merttbgvestigate any potential

new rivals in the vicinity.
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A long-distance, broadcast announcement of teyrdavnership allows
competing groups to avoid direct confrontation, eithéxpends a great deal of energy and
can result in life-threatening injuries. Howewie decision to vocalize is also risky, in
that the vocalizing animal will be giving away dsrrent position and potentially inviting
attack (Harrington & Mech, 1979). Therefore, temial vocalizations would be expected
to occur most frequently in locations of greatesturce importance to the animal.
Harrington and Mech (1979) found that they were ablelicit significantly higher rates
of howling response from wolves when the animalsevet rendezvous or kill sites than
when they were in other locations throughout themge.

The findings presented here further support tka ithat group yip-howling
choruses serve as territorial signals. Each ofdheGYH responses occurred when the
target animal was within its core territory. Ind#n, responses were elicited when the
target animal was with other members of its sagiaup, a fact implied by the “group”
aspect of the vocalization. The Ohio trials carv®tnterpreted with respect to target
animal’s status of alone or with others duringphey/back trials, as only one member of
a social group was collared in that population.wieeer, more information was available
in the lllinois trials since typically at least oather group member, and often both alpha
animals in a group, were radio-collared. Althowgdcannot be certain that the target
animals were alone during trials in which theiricadollar beacons were the only signals
registering on the datalogging receiver, there weretrials in which the target animal
was in its territory and no other radio-collar fijwas detected. In six additional trials

the target animals were known to be with other gnmembers, but were located outside
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their core territory. No vocal responses to theypack stimuli occurred in any of these
trials.

Although coyotes have been described as the noasi mammal in North
America, vocal responses were elicited in only I%he playback trials conducted in
this study. Fulmer (1990) and Mitchell (2004) alsported more approach movements
than vocal responses by coyotes in response tbathkg. However, Gese (2001)
reported that vocal bouts were more likely to falltthan precede direct conflicts between
groups. Vocal response rates in this study werdagito those found by Mitchell (2004),
but were substantially lower than the 41% respoatefound by Fulmer (1990).

The movements and vocal responses of the coyotggrtested in these playback
trials were consistent with those of other grommly species when challenged by
potential intruders (Kitchen, 2004; McComb et 4894; Seddon & Tobias, 2003; Wilson
et al., 2001). Although the number of animalshi@ toyote groups in this study was not
known, precluding precise analyses of residentsdgr ratios, our results suggest that
coyotes glean information about group size fronugrgip-howl choruses and use this

information in decisions regarding confrontationhwncompeting groups.
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CHAPTER 5

SUMMARY AND SYNTHESIS

The studies presented in this dissertation ingatt¢d whether cues to group size
might be present in the group yip-how! chorus @f tbyote Canis latran. Acoustic
features of the primary vocalizations that comptisechorus (howls and barks) were
analyzed to determine whether individual voiceseagistinguishable. Experiments with
human subjects were conducted to examine the pattehparticular perceptual cues to
provide group-size information, and field playbasperiments measured the responses
of radio-collared coyotes to choruses produceditigrdnt-sized groups. In addition,
home-range contours of the radio-collared coyoteewalculated to assist in
determining playback site locations and interpietiesults of playback experiments.

Overall Summary of Results

Nineteen coyotes (9 male; 10 female) were radla@m in central Ohio from
December 2003 to March 2006 (Chapter 2). Thesealsiwere tracked using radio
telemetry from the date of collaring to the timetloé animal’s death or the end of the
study period in October 2006. Home-range contagn® calculated from the telemetry

data to determine the sizes of the coyotes’ ovatie ranges (95% utilization
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distribution, UD) and core territory (50% UD). Eigmall-range resident animals were
found to traverse annual 95% UDs that ranged i@ fsém 3.1 to 24.7 kfmand to hold
core territories ranging from 0.9 to 3.5 knDther coyotes were described as wide-
ranging residents (2 coyotes), transients (2),aisgrs (2), and settlers (3). Three
animals were killed and two were lost before sigfit location data could be collected.
Mortality data indicated that all animal deathsha study were a result of human
actions. Thirteen of the nineteen animals (68.d#xl, resulting in an overall long-term
survival probability of 0.04 over the 37 monthgtoé study.

Coyote group yip-howl choruses were recordedgitteioological facilities in the
United States (Chapter 3). The captive groupsedmg size from two to five coyotes
and were comprised of different combinations oferaaid female animals. Features of
the overall chorus, such as duration and entryoafes, and acoustic features of the howl
and bark vocalizations produced during these baate analyzed from video and audio
recordings to determine whether voices of individaramals could be distinguished.
The features of primary interest in the howl antkhacalizations were: duration;
fundamental frequency at the beginning, middle, emd points; frequencies and relative
amplitudes of harmonics; spectral contour; and leaimto-noise ratio. Comparisons of
chorus length and group size revealed no relatipristtween these two variables,
indicating that group size does not appear to atfexlength of chorus howls. Analyses
of the timing of entry into the chorus and indivaditlnow! duration revealed that coyotes
typically overlap when producing howls during th&roductory portion of the chorus.

Cross-validated discriminant function analysesetednine individual voice differences
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performed on howl! vocalizations within each of ¢gneups resulted in an average overall
correct classification of 73%, whereas classifwanf barks averaged 63.5%.

To better understand how coyotes might perceivdihg choruses and “hear
out” the number of vocalizing individuals, humarbmgcts were recruited to serve as
“substitute” perceptual systems and asked to e&ic@yote group size from segments of
group yip-howl choruses presented to them (Ch&jteBSubjects listened to segments
taken from the introductory, howling portion of tbieorus and from the latter, yipping
portion. Although the overall percentage of sutgeble to precisely guess the number
of coyotes vocalizing in the chorus was low (32%tfee introductory portion and 27%
for the yipping portion), all mean estimates ofup®ize were within 1.0 of the actual
group size for the howl segments and within 1. heryipping segments. Acoustic
features related to individual voice charactersstiad different or same vocalizations
occurring simultaneously or in an alternating fashivere given as the most important
cues indicating group size in both the howl angbiynig portions of the chorus. However,
striking differences were found in the use of ottises between the two chorus sections.
Timing cues, related to the entry of voices andathget and offset of individual
vocalizations, were described as important featusesl to estimate group size in over
25% of the subjects’ comments for the howl segmdmisin less than 5% for the yip
segments. Conversely, rhythm cues, related taddence of the vocalizations, were
described as important features in almost 16% ljests’ comments for the yipping

segments, but were never discussed in relatiometddwling segments.
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A field playback experiment was conducted withet@en radio-collared coyote
populations in central Ohio and northeastern lIBn&hapter 4). The experiment
consisted of two playback conditionsp@ar condition, in which a recording of a male-
female pair of coyotes was used as the playbagiugis; and @Ack condition, in which
a recording of a mixed-sex group of five coyotes wee playback stimulus. Each target
animal was presented with both conditions sepatnatéthe by at least 1.4 days. A
datalogging receiver and a microphone and tapedecat the location of the playback
speaker recorded the target animal’s movement ttsvar away from the stimulus and
any vocal response produced by the target aniespectively. Movement was
measured using the transmitter signal strengtle@sded by the datalogging receiver,
with higher signal strength indicating movement aoavthe stimulus, and lower signal
strength indicating movement away from the stimulliee results of this experiment
indicated that target animals tended to move away thepAck stimuli and approach
thePAIR stimuli. The four group yip-howl responses to pieeyback stimuli were all
elicited during trials conducted when the animadsewvithin their 50% UD core
territories.

Ohio Radio-Tagging Study of Coyotes

The home range and territory sizes of coyotehimgtudy were similar to those
observed in other studies of coyotes in similadtmapes. Many factors are assumed to
contribute to the size of these home ranges, imujuibod abundance and the availability
of areas offering protective cover and sites sletédr denning. Coyote home ranges are

believed to decrease in size with an increase litdtafragmentation due to human
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activity. Therefore, although coyotes in unex@ditireas may traverse relatively large
ranges, coyotes in more densely human-populates anaintain smaller territories. It
seems there is a threshold of resources below vdagbtes cannot survive. Although
this threshold has not yet been determined, ibisaus that even within regions with
extensive human development and activity, coyod@scarve out an area that fulfills
their resource requirements for survival and repatidn. Unfortunately, the sample size
in the present study was not sufficient to makenmmmedul comparisons between animals
living in different habitat types.

The high mortality observed in the Ohio populateas surprising. Even though
coyotes are considered a nuisance species bydleatd there is no closed hunting
season in effect, it was not expected that suagratumber of study subjects would be
killed during the study period. Of course thesetality rates cannot be extrapolated to
all regions of Ohio. The primary study sites werthin regions with a long history of
farming, which remain largely agricultural todalluman perceptions of coyotes as
vermin in these farming regions are common and nnasiglents participate in seasonal
hunting and trapping activities. These phenomenddcskew the results toward a higher
mortality rate than might be found in suburban sir@aregions comprised of extensive
park, or even industrial, lands.

A tangential finding of this research was thaté¢hs a tremendous need for
public education regarding the coyote’s ecology lagldavior. Although people in
suburban areas generally appear to hold more caopase views toward the coyote’s

relatively recent increase in population densttgeems that attitude might not be upheld
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once residents become aware of coyotes livingair hwn backyards — sometimes quite
literally. When this occurs, health and safetyasyns are raised, similar to those
commonly voiced in agricultural communities. Paldducation could serve to mitigate
these fears and potential escalation of human-eoyanflict.

Group Size Cues in the Group Yip-Howl

Taken together, the results of these studies stfiphypotheses that 1) the
coyote group yip-howl chorus contains group sizesgand 2) coyotes use this
information in deciding whether to approach pot@nivals. In addition, these results
serve to further affirm the role of the group yipwl chorus as a territorial signal.

As described in Chapter 1, a number of studieslected over the past 15 years
have investigated whether the assessment stratedgled to describe decision-making
in conflict escalation between individuals is apgble to agonistic encounters between
competing groups. The results of those studiesaned that information about group
size might be available in species-specific grarptorial vocalizations, and that
conspecifics hearing those vocalizations adjust ttehavior in a manner consistent with
that predicted by game-theoretical models of cortgredssessment in agonistic
encounters. Specifically, territorial groups téacgpproach playbacks of group
vocalizations produced by groups smaller than thwin, but do not approach, or retreat
from, groups larger than their own. The resulttheffield playback experiment
conducted in the present study showed a similgorese pattern, with target animals

retreating from theAck playback and tending to approach #agr playback.
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Studies of black howler monkeys and chimpanzeessted on the responses of
males only. McComb et al.’s (1994) study of lidasused on the response of female
lions but also addressed differences between feamlanale responses. Unfortunately,
the sample size and lack of specific informatioouwlgroup composition during
playback trials in the present study precluded sudiyses, but differences in group
configurations might have especially affected reses taPAIR stimuli. Female lions
were more cautious and less likely to approach thales, who typically approached
unless they were outhumbered by one to three asintiis possible that coyotes
respond in a manner more similar to female lionthat a difference between male and
female responses existed but was not demonstratbé present study. Some support
for the latter is offered by Gese (2001), who régathat alpha male coyotes were often
observed successfully driving intruders from theiritory even when outnumbered by
one or two. Alpha females were not as likely tep@nd as aggressivelyn addition, it
was suggested that both lions and chimpanzees wwagitibusly respond to vocalizations
by one or two animals until they are satisfied thatvocalizing animals are not
accompanied by other silent intruders.

None of the group-assessment studies of otherespesported whether all group
members were known to participate in group tenatorocalizations. Interestingly, this
lack of participation by some members of the gravgpild represent a dishonest signal
that is not a bluff. Instead, it would seem likésat-up.” This would be unexpected if

the signal were solely meant to advertise RHP. él@w, it is possible that some of these
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vocalizations are initially produced for other posps, based on different motivations
than territorial defense.

Personal observations of coyotes and wolves itiigprevealed that the animals
were in an aroused state when howling and howliag more likely to be elicited from a
group that was physically active than one that wastive. Perhaps this illustrates the
signal’s role in group cohesion, while simultandgs&rving to advertise territorial
ownership and the territory owner’s presence.oltl@d be that spontaneous choruses do
not necessarily involve all group members, but aeshgroups respond vocally to other
groups’ choruses only if the group size ratio igheir favor. Possibly, the group yip-
how! of a competing group could lead to increasedisal and congregation in nearby
groups, who then vocally respond if enough groupnbrer's are present to even the odds.
McComb et al. (1994) suggested that some roarinfgtmale lions in response to
playback served to recruit absent pride members.

Additional studies utilizing interactive playbactuld help to distinguish between
contexts in which group yip-howling might serveféient functions. Perhaps
spontaneous howling choruses differ from those yzed in response to a competing
group’s chorus, as Radford (2003) reported forténetorial vocal rallying of the green
woodhoopoe. The woodhoopoes were found to proldungger rallying choruses in
response to playbacks of larger groups, therebgrpially inflating the defending
group’s perceived size. Seddon & Tobias (2003) f&dand that subdesert mesite groups

retreated from large-group chorus playbacks, buiegnathey did vocally respond the
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responses involved more group members and weraiisedtfor a significantly greater
duration than those produced in response to tleesswlgs of potential male intruders.

Previous studies investigating potential numerasaslessment of competing
groups to determine rivals’ RHP also employed pdejtechniques to investigate
whether information about group size might be aldd in territorial group vocalizations
and used by conspecific groups in assessing RHBropetitors. However, the present
study is the first to concurrently analyze acoufgatures of the group vocal signal in this
context. Analysis of the acoustic signal can elat? the specific features of the
vocalization that might allow for accurate numer@ssessment, allowing for the
formulation of hypotheses that could be testedutinadifferent experimental conditions
that vary these features in the playback stimuli.

From a practical perspective, analysis of the gneacalization could lead to
understanding of signal features that might asdlstife biologists in development of
acoustic censusing techniques. For elusive, ditfilo-study species such as the coyote,
such a technique could greatly assist in ascentgumuch-needed population density
estimates. For example, vocal bouts might betetidhrough playback of conspecific
vocalizations or sirens and recorded. Recordidfseged in the field could be examined
further to determine the number of animals vocadizi Further research could possibly
lead to an even better understanding of pattertiseivocal signal that could lead to
techniques for counting group numbers in the fialtj perhaps even identifying

individuals or the sexes of the animals participgin the chorus.
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