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Coyotes and Canid Coexistence
in Yellowstone

Robert L. Crabtree and Jennifer W. Sheldon

Adolph Murie’s (1940) pioneering work on the ecology of the coyote {Canis
latrans} in Yellowstone National Park was a landmark of predator research in
North America. The Greater Yellowstone Ecosystein {GYE) was to become a ma-
jorcenter of carnivore research, and many classic studies followed his lead (e.g.,
Craighead 1979, Clark 1994), including additional research on coyotes (Robin-
son and Cummings 1951, Camenzind 1978, Bekoff and Wells 1986). By the late
19805 Yellowstone National Park had undertaken long-term studies of ungu-
latekilling carnivores, such as the grizzly bear (Ursus horribilis, Chapter 3) and
mountain lion (Felis concolor, Chapter 4), butnot the coyote, Because gray wolves
(Canis lupus) were about to be restored to the park and because the coyote is the
most abundant ungulate predator and a major competitor with the wolf, anin-
tensive long-term study of coyotes began in 1989 on the Northern Range of Yel-
lowstone National Park.

Coyotes are ideal carnivores to study because of their ability to adapt and
thrive in diverse environments and because of their variable social behavior
{Bekoff and Wells 1986). From loose pairs (Berg and Chesness 1978) to packs of
ten or more (Crabtree and Varley in press), the midsized coyote displays many
of the behavioral characteristics seen among the thirty-five species within the
family Canidae {Sheldon 1992). Canids themselves are instructive groups
through which to examine the community structure of carnivores because of
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their wide distribution and variable behavioral and ecological adaptations
(Johnson et al. 1996).

This chapter is divided into two sections. The first is a review of major eco-
logical studies of the coyote. Based on these studies, we develop a synthetic view
of the coyote from an ecosystem perspective focusing on controversial themes,
recent findings. and sociodemographic population limitation issues. The sec-
ond section examines canid coexistence and competition because it is the least
understood, least studied, and possibly most important aspect of coyote ecol-
ogy. After a brief historical review of Yellowstone's three canids, we discuss the
coyote's ecological role in Yellowstone. In striving to understand how canids,
and ultimately carnivores, coexist, we focus on the coyote because of its pivotal
role, competitively positioned in size between the red fox (Vulpes vulpes) and
gray wolf, In order to develop a general theory of canid coexistence, we then re-
view sympatric studies of two or more canid species. Qur findings are placed
in a theoretical framework and applied to a general scenario of three different-
sized coexisting canid species typical on other continents. We end with con-
servation, management, and research recommendations.

The Ecology of Coyotes from an Ecosystem Perspective

In review of past and current field studies of the coyote, we chose eleven
study sites based on both study duration and their inclusion of both social-be-
havioral aspects and population dynamics (table 6.1). Although autecological
in nature, most of these studies include the work of two or more projects over
two or more time periods, sometimes in two or more areas within the study
sites. This allows us to take more of an ecosystem petspective by treating these
studies as a continental metapopulation through space and time. For example,
the pioneering work of F. Camenzind, M. Bekoff, ]. Weaver, and W. Tzitkowski
all occurred in close proximity to one another and is lumped together under
the heading Jackson Hole, Wyoming.

Carnivores are notoriously difficult to study, so the emphasis of a particu-
lar project is often technique dependent. Studies focused on behavioral ecol-
ogy (for example, Jackson Hole, Wyoming, and in Yellowstone) utilize direct
observation, while studies of spatial organization and estimation of demo-
graphic parameters (for example, south Texas brushland and northern Utah)
usually require intensive capture and radio-tagging efforts. A thorough un-
derstanding of long-lived carnivore species and, more important, the coexis-
tence of carnivore communities requires a long-term approach, including di-
rect observations of these behaviorally complex species (Frame 1986). Without
such observations, inferences regarding social organization, social structure,
and social interactions are suspect (Bekoff and Wells 1986) and can produce er-
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roneous conclusions (Waser 1974). Extensive and systematic behavioral obser-
vations were conducted only in the Jackson Hole, Wyoming, and Yellowstone
field studies.

Another hurdle in synthesizing information across North American coyote
studies is the variable and sometimes large effect of human exploitation on the
results of field studies. Human exploitation is here defined as human-caused
mortality. Although several studies appear to have light exploitation rates, only
two [southeast Washington and Yellowstone) examine the unexploited condi-
tion. Because of the substantial impact of exploitation on coyote behavior and
demographics, we provide subsections to help interpret how coyote popula-
tions actually operate under unexploited and undisturbed conditions, thereby
gaining vatuable insight into the conditions under which they evolved.

FOOD-PREY RELATIONS

Predator-prey relations are best understood from the simultaneous study
of both predator and prey (Errington 1935). Fortunately, the first monographi-
cal studies of coyotes did focus on prey populations, including a twenty-four-
year study in northern Utah and a twelve-year study in central Alberta (table
6.1]. Both sets of studies demonstrated the significant influence of coyotes on
cyclic populations of snowshoe hares (Lepus americanusj and black-tailed
jackrabbits (Lepus californicus). Even more profound were the functional and the
numerical effects of varying prey abundance on coyotes. Strong functional re-
sponses are expected when a classic habitat generalist-feeding generalist like
the coyote preys on a relatively large, easy-to-handle prey source {see Chapter
9). Strong nurmerical responses should also occur, given the behavioral plastic-
ity and high reproductive capability of coyotes. When examined, reproductive
parameters do respond to major increases or decreases in food supply {Clark
1972, Knudsen 1976, Todd et al. 1981). Few vertebrate mammals the size of coy-
otes and wolves have the reproductive potential to produce five to eight young
per year.

Recent studies tend to focus more on population and behavioral ecology
and less on food-prey relations. However, current work in Yellowstone has ex-
amined the ecology of coyote predation on small mammal populations (Gese
et al. 1996a,b}, as did studies conducted in Jackson Hole, Wyoming, during the
1970s (table 6.1). Studies of coyote food habits are numerous but provide unre-
liable information regarding prey impacts because of sampling biases related
todifferential digestibility and inconsistent analysis methods (Kelly 1991). Nev-
ertheless, food habit studiesindicate that coyotes rely primarily on small mam-
mal prey. Major exceptions appear to be seasonally abundant foods such as
fruits in some southern regions, and carrion in northern regions.




Table 6.1

Comparison of coyote studies

Study site Period Food - prey relations
¢ Naorthern Utah 1963-86 Functional and numerical response to
-4 cyclic prey abundance (jackrabbits).
Coyote abundance correlated with
jackrabbit abundance.
] Central Alberta 1964-75 Functional and numerical response to
eyelic prey abundance (snowshoe hare).
N Qverall positive correlation between
¥ coyote and snowshoe hare abundance.
JacksonHole, 1970-82 Spring abundance correlated with carrion
Wyoming availability, Various aspects of behavior
and population demography related to
prey resources (carrion and rodent
availability).
Southwest Alberta 1974-77 Pack size related to percent of mule deer
(notelk)in the winter diet. Functional
feeding response with mule deer density
and winter killed elk.
South Texas 1974-82 Notaddressedin this study
Brushland
Southeast Idaho 1975-86 Territory size not related tofood
abundance but higher preportion of
transients during prey scarcity.
South Texas Plains 1978-82 Found no relations between group size
and prey size.
Maine 1979-84 Low prey densities may preclude delayed
dispersal, resulting in lower pack size.
Southeast 1974-88 Heavy pradationonmule deeriawns,
Washington while rodents accounted for 2 large portion
of seasonal diets.
Southeast Colorado 1983-86 Prey density and habitat features affect
territory size.
Yellowstone 1937-3¢9 Functional response to seasonally available
1946-49 prey. Coyotes not limiting ungulate
1989-95 populations butare major elk predator due

tohigh density. Coyotes take large portion
of rodent prey compared with other
predators.




Behavioral ecology

Demcgraphic limitation

Territory size and percent of transients
are related to prey density and
exploitation. More juvenile females
dispersed, and dispersed farther, than
did juvenile males.

Not addressedin this study.

Wolflike social, spatial, and breeding
system, including a pack structure. Group
size benefits scent-marking and active
defense of territories.

Indicates pack formationis an adaptation
for efficient capture and defense of
ungulate prey. Found a division of labor
and evidence of territorial avoidance.

Nonoverlappingterritorial core areas.
Transients also avoided core areas. Many
females ovulate and become pregnant,
butonly territorial females produce pups.

Spatial use of home range arearelated to
behavior mode, seasan, temperature, and
prey. Avoidance of novel tems inside
territory but not outside and peripheral.

Exclusive breeding by a territerial
female. Alloparental care chserved.
Movements related to breeding season
and not group size orforaging behavior.

Survival rate lowerfor dispersers than
for residents belonging to social groups.

Exclusive breeding by aiphafemale.
High spatially structured social classes.
Transient avoided packs. Survival wasa
function of social class, not ageclass.

Coyote groupsizeincreasedwith amount
oflarge prey (deer)inthe diet. Increased
cohesiveness of social groups during
breeding season,

Division of labor between alpha male and
temale. Helping behavior resultsinmore
f?od and defense of pups and higher litter
size and survivalingoodfoodyears.

Dispersal by subordinate pack members.

Litter size and pregnancy rates
correlated withjackrabbit abundance.
Winter food limits coyote density during
the low period of the jackrabbit
abundance cycle.

Snowshoe hare abundance correlated
with litter size and reproduction. Carrion
abundance related to ingress and egress
rates.

Lightly exploited, with territoriafity
providing spatial limitation of coyotes.
Demographic parametersrelated tofood
availability, disease, and human-caused
mortality.

Not addressed.

Exclusive and successtul breeding by
territorial females. Immigration of
territorial and breeding replacements due
to population reduction. Juvenile females
dispersed more than males.

Lightly exploited population had low
recruitment but high dispersal rates.
Spring density nat affected by mortality in
previous fall- winter period. More females
dispersed.

Stable, habitat-saturated population. High
pup mortality observed that may be
related to disease. A reservoir of
transients to replace breeding goups.

No difference between male andfemale
dispersal characteristics.

Unexploited, habitat-saturated population.

High pup mortality and dispersal related
to social and nutritional stress. Adult
survivalis 9% for residents and higher
for dispersers.

|mplied relation between coyote

density and prey abundance. Population is
habitat-saturated, withlarge territorysize
inlow prey abundance areas. High
juvenile dispersal,

Unexploited, stable, dense, habitat-

saturated population. Pack size regulated
by neonatal pup mortality and dispersal of

subordinates, factors that are related toprey

abundance and availability. High adult
survival.

continued
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Table 6.1

Continued
Study site Period Intraspecific competition
Northern Utah 1963-86 Notaddressed.
Central Alberta 1964-75 Notaddressed.
JacksonHole, 1970-82 Habitat saturation with direct evidence of
Wyoming conspecitic killing without consumption.
Scent-marking, vocalization, and active
defense involved in territorial
maintenance.
Southwest Alberta 1974-77 Intrapack dominance hierarchy and
interpack spatial avoidance.
South Texas 1974-82 impliad intraspecific competition based
Brushland onintrapack spatial avoidance.
Southeast|daho 1975-86 Impliedintraspecific competition based
on nonoverlapping home ranges of
adults.
South Texas Plains 1978-82 Implied intraspecific competition based
on nenoverlapping territorial packs.
Maine 1979-84 implied intraspecific competition based
on nonoverlapping home ranges of
adults.
Southeast 1974-88 Intraspecific strifeinterred fromnon-
Washington overlapping territories, active defense,
and vocalization playbacks. Intruders
oftenidentified from offaction and vision.
Southeast Colorado 1983-86 implied intraspecitic competition based
on contiguous, nonoverlapping
territories.
Yellowstone 1937-39 Intraspecific strifeinferred by defended,
1946-49 nonoverlappingterritories. In poor food
1989-95 years, larger packs produce fewer pups.

Territories maintained by physical
presence, scent-marking, evictions,and
vocalizations.




Interspecific competition

Sources

Notiound or addressed.

Exploitative compefitionimplied between
coyotes, lynx, and raptors. A community
approach reaching across three trophic
levels.

Notfound or addressed.

Some evidence of interspecific
competition,

Notfound or addressed.

High diet overlapwith red fox but spatial
segregation by habitat type. Possible
exploitative competition with bobcats.

Not addressed but potential
exploitative competition with two
scavenging vulture species.

interference competition with redfox.
Spatial segregation occu rred as coyotes
relegated fox to inferior habitats. High
diet overlap and exploitative competition
with bobcats.

Notfound or addressed.

Notfound or addressed.

|l‘l1.erference competition with wolves,
grizzlies, and mountain lions at carcasses.
Mountain lions also act as predatars.
Spatial and temporal segregation between
coyotes and red fox, Coyote is the major
SCavengel’.

Clark 1972, Knudsen 1976, Hotiman
1977, Hibler 1977, Davison 1980, Harris
1983, Mills and Knowlton 1991.

Nellis and Keith 1976, Todd and Keith
1976, Keith et al. 1977, Todd et al. 1981,
Todd and Keith 1976.

Weaver 1977, Camenzind 1978,
Tzilkowski 1980, Bekoff and Wells 1981,
Wells and Bekoff 1982, Bekolf and
Wells1986.

Bowenand Cowan 1980, Bowen
1981, Bowen 1982.

Windberg et al. 1985, Knowlton et al.
1986, Windberg and Knowlton 1988.

Davison 1980, Laundré and Keller 1984,
Laundré 1981, Green and Flinders 1981,
Harris 1983, Mills and Knowlton 1991,

Andelt 1985,

Harrison and Gilbert 1985, Major and
Sherburne 1987, Harrison et al. 1989,
Litvaitis and Harrison 1989, Harrison
1992

Stoel 1976, Steigers and Flinders 1980,
Springer 1982, Crabtree 1989, Fulmer
1990, Blatt 1994.

Gese 1988,1989, Gese et al. 1988,

Murie 1940, Robinson and Cummings
1951, Crabtree and Sheldon 1995, Gese
1995, Hatier 1995, Crabtree and
Varleyinpress.
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The role of ungulate neonates in the early summer diet of the coyote has re-
ceived surprisingly little attention, given its apparent impacts on the demog-
raphy of coyotes and its potential to affect ungulate populations. Ungulate
necnates are available during early summer, when pups are at maximum
growth rates. The major period of pup mortality from disease and starvation
occurs immediately after this period, in July and August (Crabtree and Varley
in press). Central-place foragers (for example, den-attending adults) are con-
strained by time—in addition to the energetic demands of provisioning the
young with food—and this should result in prey specialization. Thus adult coy-
otes would be predicted to specialize on large food items (energy maximizers)
according to optimal foraging theory (Pyke et al. 1977). Althoff and Gipson
(1981} and Till and Knowlton {1983) indicate that provisioning of pups stimu-
lated adults to prey on domestic ungulates. Behavioral observations in Yellow-
stone and the preponderance of elk calf remains at den sites corroborate the
occurrence of prey specialization in June during pup provisioning. Because dif-
ferential reproductive success and pup survival are apparently directly linked
to the timing and availability of ungulate neconates (or other food sources), evo-
lutionary consideration should be given to the related topics of coyote group
formation, the timing of repreduction, and antipredator behavior of both wild
and domestic ungulates.

Bekoff and Wells (1986) estimated that about go percent of the coyote’s diet
is mammalian flesh. Because ungulate flesh in the diet is usually carrion
(Bekoff 1977, Weaver 1977, Houston 1978} and seasonal in occurrence, few stud-
ies have investigated coyote impacts on ungulate populations (but see Messier
et al. 1986). Coyotes usually kill ungulates that are weak, impaired, domesti-
cated, or starving, but they are certainly capable of killing healthy adults, even
elkin Yellowstone (Gese and Grothe 1995, Crabtree unpublished data). Impacts
of coyotes on ungulate populations appear to be mainly via predation on un-
gulate neonates during pup rearing. We know of no study that indicates sig-
nificant impacts on the adult segment of an ungulate population. However,
predation rates on young ungulates can be high (Hamlin et al. 1984). In Yel-
lowstone, coyotes kill more elk calves (neonates and older calvesin winter) than
do grizzly bears and mountain lions combined (table 6.2) and inflict heavy pre-
dation (greater than 8o percent) on radio-tagged antelope fawns (D. Scott 1994,
personal communication). Till and Knowlton (1983) experimentally demon-
strated that coyotes kill domestic sheep to provide food for young pups.

BEHAVIORAL AND SOCIAL ECOLOGY
The belief that coyotes are more solitary than other similarsized canids
seemmns to be the result of cultural folklore and biases in field sampling. In con-




Table 6.2
Comparison of predation rates by large predators in Yellowstone's Northern Range

Elk predation

Adult
Neonate Short Adult non- Elk Per capita
Species n calves yeariing winter. winter Total biomass kill rate
Mountain lion® 17 35 313 70 193 611 76,150 36
Grizzly bear® 60 750° ) 0 few 750+ 13,500 i3
Coyotad 400 750 360-626 20-35 0 130-141 66,760 3

sData from Kerry Murphy, Hornocker Wildlife Research Institute.

bBonnie Blanchard, personal communication, estimated ~60 grizzlies using the Northern Range.
<Francis Singer, National Biclogical Service.

dThis study, projected estimates.
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trast to gray wolves, coyote pack members rarely travel all together, and field
counts of pack size are usually derived from visual counts of traveling individ-
uals in winter. In addition, human exploitation lowers group size and may
cause coyotes 10 become more secretive and nocturnal, The coyote actually fits
nicely into the ecological /body weight relations described by Moeh!man (1986)
for many canid species. Larger canids, like coyotes, are more sociat and tend to
form packs.

Social organization. Coyote populations are explicit in their spatial arrange-
ment and have well-defined social classes. In synthesizing the results of the
studies in table 6.1, which include two recent studies (conducted by the au-
thors) of unexploited populations, we modify the classification of adult coy-
otes originally proposed by Bowen (1978}. His classification was adopted by
Bekoff and Wells (1986 to describe two distinct adult social class categories—
territorial pack members (members of a social group) and nonterritorial lonets.
Adults in territorial packs are further divided into the dominant alphas or breed-
ing pair and their subordinate betas. Betas are pups born in previous years that
stay in their natal territory (Crabtree 198g). Beta pack members can either be
helpers, which help with pup-rearing, or slouches, which occupy the territorial
area and interact with the breeding pair but seldom contribute toward pup
feeding, pup rearing, and den guarding (Hatier 1995).

Loners are subdivided into solitary residents and nomads. The term transient
has been used in previous studies to describe all nonterritorial coyotes. How-
ever, this is inappropriate because a significant portion of coyotes express site
fidelity but do not defend the area they occupy. Solitary residents have levels
of site fidelity and home range size similar to that of pack members. In con-
trast, nomads have low site fidelity and range over large areas (fifty to three
hundred square miles), presumably in search of a mate and a territorial va-
cancy (Crabtree 1989).

Solitary residents generally make up less than 15 percent of the population
and are the most heterogeneous social class. They are divided into two sub-
classes: floaters and former alphas. Floaters tend to be younger {one to three years
old), showweak fidelity to an area, and range over alarger area than most older
solitary residents. They spend substantial amounts of time on the periphery of
several territories and are suspected to be outcasts from one of the adjacent ter-
ritories (Crabtree 1989). The characteristics of this subclass match those of the
roamerts described by Bekoff and Wells (1986) and of individuals described by
Messier and Barrette (1982).

The second subclass of solitary residents, former alphas, consists of older
adults (age three and a half to thirteen and a half), with a degree of site fidelity
close to a terriforial pack member. Evidence presented by Crabtree (1989) indi-
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cates that many of these individuals are former territorial alphas. They have
noticeable head and facial scars, which are common on breeding males, and
evidence of former reproductionis seenon females. Avocalization study by Ful-
mer (1990} indicated that older solitary residents occasionally respond to ter-
ritorial group yip-howls.

Only Bekoffand Wells (1986} described a social category called resident mated
pairs that do not defend a territory. We believe that this situation arises infre-
quently, though we have observed it several times in Yellowstone as a directre-
sult of wolf disturbance {Crabtree and Sheldon unpublished data) or as loose,
short-term social bonds between male and female solitary residents (observed
twice in southeast Washington, table 6.1).

Territories. From 65 to go percent of individuals in a coyote population be-
long to territorial social groups or packs. Territories are defended and are sta-
ble in unexploited and lightly exploited areas. They are typically around ten
square kilometers and range from about two square kilometers in southern re-
gions (south Texas, table 6.1) to around twenty square kilometers in northern
regions (Bowen 1978). Home-range analysis indicates some overlap between ter-

ritories, but we believe that this could simply be an artifact of the statistical
method employed. Observation of scent-marking and territorial defense in Yel-
lowstone indicates relatively little, if any, overlap between groups {(Crabtree un-
published data). Statistically defined territorial core areas do not show any
overlap in the studies reviewed.

Territory size can vary inversely with prey abundance in other species
{Hixon et al. 1983 for birds, Mares et al. 1982 for small mammals), but this re-
lation is not consistent in coyotes (Mills and Knowlton 1991}. It is implied for
coyotes in southeast Colorado (Gese et al. 1988), but habitat saturation of con-
tiguous, nonoverlapping territories (for example, Yellowstone, south Texas,
southeast Washington, table 6.1) may not allow territories to expand and con-
tract with changing prey densities. In addition, the Yellowstone and southeast
Washington studies showed a six-year average period for alpha pairs residing
in territories.

Sociality, cooperative foraging, and delayed dispersal. The formation of packs, or
sociality, in coyotes has been attributed to increased foraging efficiency (see
Bekoff and Wells 1986), but this relation, thoughit has received significant at-
tention, remains unclear. Messier and Barrette (1982) provide an excellent dis-
cussion of the subject, Bowen (1981) concludes that group formation in coyotes
isan adaptation for the efficient capture ofungulates or economicdefense and

consumptjon of carcasses. This hypothesis appears to be supported by other
fieldwork {Camenzind 1978, Bekoff and Wells 1986, Bowyer 1987, and for gray
wolves, Packard and Mech 1980}. Sheldon (1992) questions whether successful
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huntingis a secondary effect, as implied by Gese et al. (1988), while Messier and
Barrette (1982) provide criticism and compelling alternative hypotheses.

We agree with Messier and Barrette (1982) and find no empirical evidence
to demonstrate that larger social groups lead to increased per capita food in-
take in coyotes, In fact, single individuals and groups of two commonly take
down and kill both deer (Odocoileus spp.) and elk (Cervus elaphus), but larger
groups can also be involved (Gese and Grothe 1995, Crabtree unpublished data).
This illustrates one of the major problems in evolutionary ecology: are the ob-
servations an effect or an evolutionary cause?

Messier and Barrette (1982) propose that group formation in coyotes is the
resultof delayed dispersal and thatexploitation of ungulate preyisa secondary
effect. Juveniles that forgo dispersal accrue a variety of benefits, such as secure
foraging, increased survival, continued learning, and the attainment of alpha
status within or adjacent to their own territory. In addition, delayed dispersal
may also be the result of habitat saturation—no vacancies for dispersing juve-
niles (Davison 1980). Movements of radio-tagged juveniles in Yellowstone and
southeast Washington indicate that some juveniles disperse infallor earlywin-
ter, but return to their natal territories later in the winter or in the spring be-
fore whelping {Crabtree unpublished data). The additional contention by some
authors that delayed dispersal may be additionally related to delayed sexual
maturity appears weak (Bekoff 1977, Messier and Barrette 1982). Evidence sug-
gests thatall females are capable of breeding at ten months of age andthatvari-
ation in reproductive statistics (for example, age at breeding, percentage of
yearling females reproducing) is caused by socially mediated breeding sup-
pression and exploitation effects.

Could delayed dispersal, along with cooperative foraging, be an effect
rather than the cause of sociality? We believe that the existence of coyote packs
may have evolved along two lines. First, the delayed dispersal hypothesis de-
scribed above does not necessarily convey a benefit to other related pack mem-
bers and also delays the time of first reproduction. In fact, delayed dispersers
or betas come with an inherent cost to the reproducing pair and their pups—
they deplete food resources within the territorial foraging area. Data from
southeast Washington and Yellowstone clearly indicate the existence of
slouches, beta individuals that do not appear to heip the alpha pair with pup
rearing. Betas (especially juveniles) are often denied access to winter food and
subsequently disperse (Gese et al. 1996b). However, if staying in the natal terri-
tory increases a beta’s chance of survival and later reproductive success, then
from an inclusive fitness standpoint, the dominant alpha parents should tol-
erate it. Older juveniles and young yearlings (ages nine to fourteen months)
have been observed successfully eliciting regurgitations from the alphas with
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pups at the den. Thus delayed dispersal may be a form of extended neotony in
coyotes when certain ecological conditions dictate a “staying” strategy. Fur-
thermore, a dominance hierarchy provides an efficient social mechanism to
regulate a subordinate beta'sdispersal. Dominant individuals, i.e.,alphas, may
assess ecological information, such as low prey abundance or large pack size,
and force dispersal of subordinates.

We term the second catalyst for pack formation the pup protection hy-
pothesis, which is similar to that described for lions in Africa (Packer et al.
1g990}. Under this hypothesis genetic fitness {and abeta’s inclusive fitness)isin-
creased if helping actually increases pup survival. Selection pressure comes in
the form of pup predation by conspecifics {neighboring packs), predators
{golden eaglesand bears), and competitors (wolves and mountain lions). In Yel-
lowstone we have observed golden eagles capturing coyote pups at the den,
wolves killing coyote pups, and nearly forty instances of den-guarding adult

coyotes chasing off both conspecifics and otherlarge carnivores that approach
dens. We have also observed adult coyotes chase and attack bears and moun-

tain lions. Camenzind (1978) twice saw adult coyotes froman adjacent territory

killing pups at the den site while attending adults were gone. Bekoff and Wells
(1986) report that larger groups of coyotes (additional betas) were more effec-
tive at chasing off intruders. Hatier (1995) found that larger pack sizes (those
with beta helpers) resulted in more den guarding and more food provisionings
for pups.

The delayed dispersal and pup protection hypotheses are not mutually ex-
clusive. Because some betas help and others are slouches, it could be that
helpers tend to be dominant and add to pack size via pup protection and de-
layed dispersal, whereas slouches tend to be subordinate and add to sociality
via delayed dispersal only. Under this unified hypothesis, a core of one or two
helpers is essential. Additional pack members tend to be slouches and are
added if beneficial ecological conditions prevail (probably prey abundance).

Additional field data are needed to test these hypotheses.

DEMOGRAFPHIC LIMITATION

Among the numerous studies of coyote population demographics, only
Knowlton (1972} and Knowlton and Stoddart (1983) have attempted a synthetic
review regarding the regulation and limitation of coyote populations.In addi-
tion to the population mechanics they describe, it is clear that incorporation
of coyote social class dynamics, behavior, human exploitation, and competi-
tion is essential to any synthesis.

Reproduction and neonatal survival. Female coyotes are monestrous, and the
alpha pair mates once a year. Like wolves, coyote packs occasionally produce a
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double litter (two breeding females in one pack). We have observed this several
times in Yellowstone and estimate that double litters occur 4 percent of the
time. In one case, an eleven-year-old alpha female had seven pups, while her
daughter, a two-year-old beta fernale, had a litter of five pups. All pups were
communally nursed and reared. The beta female had been a den helper the pre-
vious year and appeared closely associated with her alpha fermale mother.

Litter size at birth appears relatively invariant with respect to changes in
prey abundance. Litter size averages about six pups petr year and an even sexra-
tio is common (Bekeff 1977). Numerous studies, spanning a variety of habitats,
prey abundances, and exploitation rates, report litter sizes, taken from den
counts, between five and seven {Sheldon 1992, Crabtree unpublished data, and
see various studies, table 6.1). Even with drastic, ten- to fortyfold changes in

jackrabbit and hare abundance, titter size varied only from 6.6 to 7.6 (unborn
fetus counts, Clark 1972) and 4.3 to 6.0 {placental scar counts, Todd et al. 1981)
in northern Utah and central Alberta, respectively.

Contrary to Knowlton (1972), litter size at birth also appears largely unaf-
fected by levels of human exploitation. Hereported an inverse relation between
an abundance index {number of coyotes caught per standard trap line in the
fall) and litter size varying from 4.3 to 6.9. However, the litter sizes reported
from den counts varied only from 5.0 to 5.7. Based on examination of female
reproductive organs, he then inferred litter sizes in seven south Texas counties
tobe 2.8 and 4.2 in alightly exploited area, 3.7and 5.3 in a moderately expleited
area,and6.2,6.3,and 8.9inan intensively controlled area. Itappears that these
data have led to the commonly held notion that litter size at birth increases
when populations are exploited.

We disagree with the contention of density-dependent adjustments in lit-
ter size for several reasons. First, the average litter sizes (den counts) for the two
unexploited studies (southeast washington and Yellowstone, respectively)
were 5.6 and 5.4 for successful females. However, 27 percent and 14 percent of
alpha females (mostly old-aged) failed to produce pups successfully, and thus

the corrected vaiues are 4.1 and 4.5 pups per alpha female in the southeast
Washington and Yellowstone studies, respectively. Interestingly, both studies
found that radio-tagged alpha females without pups at den emergence time
(den counts) all showed localized movements near traditional denning areas
at the ime of birth (early April). Furthermore, intensive visual observation and
capture of two of the reproductively failed alpha females in May revealed evi-
dence of lactation. Thus unsuccessful alpha females appear to have become
pregnant and probably lost entire litters shortly after birth (see Sayles 1984).
This was first suspected by Knudsen (1976} in northern Utah.
Second, reproductive data gathered from the examination of female car-
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casses of unknown social status appear to be misleading. In a particularly en-
lightening study, Knowlton et al. (1986) radio-tagged sixty-five females to de-
termine age and to classify them as territorial or transient based on intensive
monitoring. Females were then collected to examine their reproductive or-
gans. Yearlings, both territorial and nonterritorial, did not ovulate or implant.
Fifty percent of the nonterritorial females age two and older ovulated, and 25
percent implanted. None of these ovulating and implanted females success-
fully whelped. In addition, beta females may have alsoovulated and implanted.
Thus a much higher percentage of females initiate reproduction than are ever
successful. Obviously, this casts serious doubt on the reliability of unbern fe-
tus and placental scar counts being used to infer litter size, let alone success-
ful reproduction. It is also interesting to note that two of four solitary resident
fenales recovered by the authors during spring periods had four and eightem-
bryos in the process of resorption. We have also repeatedly seen various loner
females and beta females in copulatory ties during February.

Third, it appears that litter survival (mortality from birth to early winter),
not litter size at birth, is the major reproductive parameter that respondsina
density-dependent manner to human exploitation. Canids place relatively lit-
tle energetic investment in gestation, compared with lactation and provision-
ing of pups during the pups’ maximum growth period. Field data collected by
the senior author suggest that intraspecific strife leads to alpha females that
are in poor condition. Consequently, pups that are born underweight may have
inadequate food-provisioning rates, and are predisposed to disease, the proxi-
mate cause of mortality (Crabtree 1989 and unpublished data). In Yellowstone
mortality appears to affect pups according to a dominance hierarchy already
formed by ten weeks of age (Knight 1978). This resultsin a skewed sex ratio fa-
voring males because males tend to be dominant over females and may gain
more access to nursing and regurgitated food.

In studies of unexploited and lightly exploited populations, females first
attain alpha status and initiate reproduction when two to five years of age. The
probability of successful litters decreases around age seven (Crabtree 1989,
Crabtree and Varley in press). Socially sterile beta females, combined with a
reservoir of loner fernales, provide a high potential for replacement of breed-
ing females in exploited populations. In Yellowstone only 35 percent of the fe-
males in the population are alphas, of which 86 percent successfully have pups.
As a population becomes exploited, it has been reported (Connolly and
Longhurst 1975) that as many as go percent of females breed. Unless territory
size significantly shrinks, these levels are inconsistent with the coyote’s clas-
sicland tenure system of nonoverlapping territories with one female breeding
per territory. Unless exploitation levels are so high as to break down this sys-
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tern, such as that described by Berg and Chesness (1978), it is difficult to imag-
ine levels above 66 percent, All studies examining female reproduction have re-
ported territorial and nonterritorial females that do not breed.

Dispersal. We agree with Knowlton and Stoddart (1983) that dispersal is the
primary mechanism for maintaining population densities near saturation
levels. Davison (1980) and the two studies of unexploited populations clearly
indicated emigration from habitat-saturated areas. This serves to reduce pop-
ulation density or to lessen intraspecific competitionin the case ofafood short-
age (Harrison 1992). These studies also indicated lower survival rates for dis-
persers than for residents. Low survival of dispersers, locally abundant prey,
and lack of territorial vacancies in local and nearby areas appear to be selective
conditions favoring delayed dispersal (natal philopatry).

In the case of a density-reducing event, a reservoir of loner replacements

colonizes vacancies. There is intense competition for vacant territorial areas
because newly mated pairs are able exclusively to reproduce successfully,
thereby directly increasing fitness. Although loner and beta females occasion-
ally become pregnant, it appears that at least g5 percent are unsuccessful in
producing pups. This, combined with the dispersal potential of coyotes (see
Robinson and Cummings 1951}, suggests that immediate colonization occuts
whereby loners and betas intensively compete for territorial residency and the
chance to successfully breed. Observations in southeast Washington and Yel-
lowstone indicate that vacated territories actas immigration sinks. Irmmediate
colonization occurred by loners and betas from adjacent packs. In four of ten
replacement events, it took one and a half to two years for a new breeding pair
to emerge and reproduce. This delay appeared to be the result of intense com-
petition between adults and adult pairs trying to establish pair bonds. In con-
trast, some territorial vacancies are immediately replaced by a niew breeding
pair without skipping a successful breeding season.

Fvidence gathered in southeastern Washington and Yellowstone (Crabtree
1989, Crabtree and Sheldon unpublished data) indicates that some loners are
semidispersed pack members that occasionally visit their natal pack. These in-
dividuals are one to four years old and float throughout a large area (for ex-
ample, 50 km?) surrounding their natal pack. We suspect that intraspecific
competition for food within the natal territory results in the semi- or distant
dispersal of nonaipha pack members. This allows for efficient reduction of
pack size, and more food is available for the remaining dominant adults. Re-
duction in pack size can result in increased survival for pups as demonstrated
by Crabtree and Varley (in press). This loose affiliation may also explain the
high proportion of loners in some populations. Mills and Knowlton (1991) pro-
posed that food shortages cause an increase in the proportien of nonterritor-
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ial individuals (loners). A mechanistic explanation of how these loners might
be derived is provided by Gese et al.(1996b), who describe the dispersal of sub-
ordinate pack members that had decreased access to food sources.

Adult survival, Data from the two unexploited coyote populations reported
a g percent and 10 percent annual adult mortality rate, with occasional vehi-
cle collisions accounting for half of these losses. This is far less than the 40 per-
cent mortality rate assumed by Knowlton (1972} in the absence of exploitation.
With Knowlton and Stoddart (1983) calculating that 89 percent of mortalities
are attributable to humans, they must have been assuming that human ex-
ploitation largely substituted for natural mortality. Even some exploited pop-
ulations have annual adult mortality rates less than 40 percent (e.g., Windberg
et al. 1985). In the absence of exploitation either from humans, predators, or
lethal competitors, the major mortality period for coyotes is from birth to six
months old. Once a coyote reaches its first winter, the probability is high that

it will reach old age.

ASSESSING HUMAN EXPLOITATION

Frank {1979) called for studies of unexploited coyote populations in order
to understand the evolutionarily significant situation. Unfortunately, bnly a
few studies, like Camenzind {1978), have been conducted on lightly exploited
populations, and only two studies have documented unexploited populations
{Crabtree 198g, Crabtree and Varley in press). Nearly all field studies of coyotes
have been conducted on populations subjected to substantial levels of ex-
ploitation. The results of these studies are thus biased because of the effects of
exploitation. For example, coyotes are reported to show flexibility in their so-
cial system (Lott 1984). Could such social flexibility be the result of human ex-
ploitation, and to a lesser extent, unnatural and human-disturbance condi-
tions? Various studies of coyote populations, all subjected to various levels of
exploitation, report significant variation in both social and spatial organiza-
tion (Berg and Chesness 1978, Camenzind 1978, Danner and Smith 1980, Bowen
1981, Messier and Barrette 1982, Andelt 1985, Bekoff and Wells 1986).

We conducted a survey of coyote radio-telemetry studies in order to assess
the effects of human exploitation on coyote populations and the extent to
which exploitation clouds our understanding of how coyote populations op-
erate under natural conditions. From this review (R. Crabtree and M. Matteson
unpublished data), we constructed sociodemographic scenarios according to
three levels of adult coyote exploitation. This subject is obviously complex, and
we present these levels so that scientists, managers, and conservationists can
understand and interpret these effects better.

Level 1. Unexploited to lightly exploited (o-24 percent annual human-
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related mortality). These populations are characterized by stable to fairly sta-
bie, habitat-saturated, nonoverlapping territories with boundaries that are sta-
ble across time. Pack formation and delayed dispersal is apparent with one to
eight subordinate betas depending on prey abundance and proximity to ex-
ploited areas that function as dispersal sinks. Pup survival is low (20-60 per-
cent), and few, if any, yearlings reproduce, Average age of adultsis three to four
years, and the territorial residency time for alpha pairs is three to six years.
Level 2. Moderately exploited populations (25 - 49 percent annual human-re-
lated mortality}. These populations are characterized by high turnover of alpha
pairs (one to three years). There is a 10 -20 percent reduction in population den-
sity resulting from decreases in pack size, rather than decreases in number of
territories. The land tenure system is intact but has an unstable system of
nonoverlapping territories with shifting boundary areas—the population isin
a state of semicolonization from immigrants. Some yearling females success-
fully breed because of a shortage of older, mature females. Pup survival varies
from 50 - 9o percent according to prey resources. Average age ofadults is about
two years old, and the territorial residency time for alphas is one to three years,

Level 3. Highly exploited populations (50 percent or greater annual human-
related mortality), These populations are characterized by an unstable social
and spatial system. Individuals have a low probability or surviving until age
two. Many yearling females breed because of low competition. Litter size is
slightly elevated and pup survival is high, averaging 70-100 percent annually.
Packs of three adults are uncommon, with most breeding groups made up of
the single breeding pairs. Evidence of loose pair bonds and occasional polygy-
nous breeding events may occur. The age structure includes more than 50 per-
cent yearlings, and the population is in a constant state of colonization with
high immigration rates.

Sociedemographic population regulation. Various sociodemographic factors
that can regulate coyote populations have been identified--territoriality, dom-
inance hierarchies, breeding longevity, subordinate dispersal, reproductive
failure, double litters, and pup mortality. Most studies reviewed indicate direct
or indirect evidence of intraspecific competition. Unexploited and habitat-sat-
urated populations indicate intraspecific strife (see Packard and Mech 1980}
and ahigher level of intraspecific competition. Manifestations include low pup
weights, scarring, reproductive failure, frequent territorial disputes, and high
pup mortality, including the probable loss of entire litters shortly after birth.

The abundance and availability of prey is certainly a major limiting factor,
but the extent to which it is involved in population regulation remains uncer-

tain. Access to prey has been linked to every major social and demographic
event. Crabtree (1989) reported that the population unit on which natality and
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mortality primarily act is not age but social class. We agree with Knowlton and
Stoddart (1983) that social intolerance, mediated by the abundance and avail-
ability of food, is the primary determinant of coyote density. However, recent
research indicates that the role played by social behaviorally mediated access
to prey has been previously underestimated and that human exploitation com-
mon in most field studies has severely confounded our understanding of coy-
ote populations. Long-term studies of coyotes in unexploited and lightly ex-
ploited areas, especially when combined with systematic visual observations,
have proven irreplaceable in their contribution to a general understanding of
coyote ecology.

The one factor that has largely been ignored in coyote research agendas is
the role of interspecific competition (but see Keith et al. 1977, Paquet 1989, and
Maine, table 6.1). Coyotes coexisted with the competitive pressures of gray
wolves over much of their distribution before European settlement. Hence in-
ference regarding the evolutionary mechanisms of coyotes must be taken with
caution because most studies were conducted in areas without wolves and
other coevolved competitors. An example of the importance of interspecific
competition in limiting coyote populations comes from recent data in Yellow-
stone (Crabtree and Sheldon 1996, Crabiree and Sheldon unpublished data).
Wolf killing of coyotes in Yellowstone's Lamar Valley from 1996 through 1998
has resulted in a 50 percent sustained reduction in coyote density. Numerically,
this reduction is accounted for by a decrease in pack size as well as areduction
in the number of territorial coyote packs. Either wolves kill alpha coyotes, caus-
ing pack disintegration and dispersal, or packs are relegated to an adjacent
area. In either case, coyote packs fail to recolonize vacated territories in the
high-use areas of a wolf territory. For the above reasons, interspecific competi-
tion, specifically canid coexistence, is thoroughly examined in the second half
of this chapter.

Coyotes and Canid Competition

In contrast to intraspecific competition, we know very little about the ef-
fects of interspecific competition on coyote populations. In order to under-
stand the role of interspecific competition in coyote and canid communities,
we provide a briefreview of the history of canids in the GYE and the general eco-
logical role of the coyote before wolf restoration. We then examine sympatric
canid studies and place them into a theoretical framework applicable to the
three canid species present in Yellowstone.

Interference competition—including fighting, killing, direct displace-
ment, and relegation to inferior habitats—has been clearly demonstrated in
Previous studies, yet wolves, coyotes, and red fox persist in sympatry. Wolves
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are able to exclude coyotes [Peterson 1996), and coyotes are able to exclude red
foxes (Harrison et al, 1989, Sargeant et al. 1987) at various scales, from individ-
ual encounters and territories, to entire regions, yet they coexist in many re-
gions of North America. We are therefore particularly interested in the mech-

anisms of coexistence.

BACKGROUND AND HISTORY OF CANIDS IN THE YELLOWSTONE ECOSYSTEM

Based on the pre-European distribution of the red fox (see Aubry 1983}, coy-
ote {Bekoff 1977). and gray wolf (Mech 1974), the red fox and coyote have greatly
increased their range across North America while wolves declined substan-
tially during the century-long predator eradication era beginning in the 1860s.
All three species occurred naturally in the GYE and the Northern Range of Yel-
lowstone (see also Chapter 2) and coexist once again with the reintroduction
of gray wolves in 1995 (see Chapter 5).

The increase in red fox distribution into the lower forty-eight states has
been attributed to intentional introduction from Europe and widespread habi-
tat changes accompanying agricultural development (Sheldon 1992). The Eu-
ropean red fox inhabits agricultural and human-disturbed habitat at lower el-
evations, while the red fox endemic to North America resides in either the
high-elevation montane-alpine zones of the Rockies, Sierra, and Cascade
mountain ranges or the boreal forests of Canada and the Great Lakes states
(Crabtree 1993).

The majority of the coyote's range expansion occurred during the predator
eradication era (1860s to 1960s), which resulted in drastic reductions in the
range distributions of many carnivores. Besides its famed resiliency to preda-
tor control technigues, the coyote’s range expansion has been attributed to
widespread reduction in the distribution of the gray wolf and the clearing of
forests. The coyote now occupies most habitat types in North America, al-
though it is best adapted to the arid and open shrub-grassland areas of the
West (Bekoff 1977}

The red fox, adapted to alpine tundra and boreal forest, was certainly pres-
ent in the Yellowstone region during, before, and after the Wisconsin glacia-
tion. The coyote, however, was probably present in the Yellowstone region only
during interglacial periods and possibly during glacial periods in the lower el-
evation areas surrounding the icecapped mountains. The gray wolf probably
inhabited only areas of boreal forest to the south of ice sheets, where ungulate
populations supported breeding populations, and moved into the higher ele-
vations once the continental ice sheet began to retreat.

Schullery and Whittlesey (1992) reviewed historical sightings of canids
priorto 18goand found that sightings of wolves and foxes were comimon, while

146




Coyotes and Canid Coexistence

coyote sightings were rather infrequent. Although this could partly be the re-
sult of misclassifying coyotes as wolves, it is clear that several park officials
were very adept at distinguishing species, even color morphs of red fox (see Nor-
ris 1881). The surprising lack of coyote sightings stands in sharp contrast to the
trapping records of Skinner (1927) from 1906 to 1927 when the last wolves were
extirpated from the Northern Range of Yellowstone. While 127 wolves and 134
mountain lions were killed, 4,356 coyote mortalities were recorded. Even if 80
percent were pups killed at dens {which is doubtful), coyotes appear much
more abundant that wolves. This leaves us with a peculiar paradox—where did
all the coyotes come from? Were they already there? Could coyote numbers,
once released from wolf pressure, have quickly rebounded?

Distribution and abundance of coyotes in the Greater Yellowstone Ecosystem. Cur-
rently, the coyote inhabits all vegetation communities below 8,000 feet in the
GYE, except for areas of contiguous deep snow and steep rocky areas, Based on
extensive winter surveys conducted from 1992 through 1995 (Gehman et al.
19g97), the coyote uses all elevations above 8,000 feet, but only on a transitory
basis. The typical coyote behavior of territorial establishment, courting, pair-
bonding, and breeding that takes place from December through February is
absent above 8,000 feet. However, coyotes are commonly observed from 8,000
to 11,000 feet in meadow and mixed forest-meadow habitats from May to July.
These coyotes are seen in male-female pairs engaged in courtship and pair-
bonding. Nonterritorial coyotes that reside below 8,000 feet during winter ap-
parently travel to these areas in late April and May as snow melts and prey be-
comes available. These pairs vocalize, scent-mark, and defend territories just
like lower-elevation coyotes in winter, but no successful reproduction has been
detected.

The estimated density of adult coyotes on the Northern Range averages 0.45
per square kilometer (Crabtree and Varley in press) based on total counts and
capture-recapture estimates (Crabtree et al. 1989). In the open, shrub-steppe
and mesic grasslands of the GYE, coyotes can reach local densities exceeding
one per square kilometer, However, across much of the mixed meadow-forest
habitat types of the G¥E, coyote densities range from 0.1 to 0.4 coyotes per
square kilometer.

Prewolf ecological role of the coyote. The high density of coyotes on the North-
ern Range adds a strong numerical component to an already broad functional
role as a generalist consumer. In this section we compare historical data to cur-
rentinformation, estimate biomass consumption of different prey species, and
calculate the percentage of prey species removed by coyotes. These data further

underline the coyote’s stable and broad ecological role on Yellowstone's North-
ern Range.
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Table 6.3

Coyote food habits as indicated by analysis of scats (% of biomass intake)

Prey species Murie 1940 (5,086 scats) This study (1995; 500 scats)
Microtus spp. 42.4 413

Pocket gopher 270 24.5

Ground squirrel 0.6 30

Snowshoe hare 4.3 4.4

Elk 20.3 21.2

The ecological role of the coyote was defined by Murie (1940) from analysis
of 5,086 scats. We summarized these data and compared them to a subsample
of five hundred scats collected in 1991 and 1992 (table 6.3). The data sets were
remarkably similar, indicating stable resource use. This, combined with the ap-
parentstability in the location of traditional den sites, suggests that prey avail-
ability and preferences have also been relatively stable. Based on our results,
the observations of Murie (1940), and the similarity of den site locations dur-
ing 1946 - 49 (Robinson and Cummings 1952) and 1990-94, we believe that the
number and location of coyote packs on the Northern Range became stable
shortly after the extirpation of the gray wolf in 1927.

The coyote is the major elk predator on the Northern Range, killing an es-
timated 1,276 elk annually, the majority of which are neonates (table 6.2). The
coyote population accomplishes this not by specialization but by sheer num-
bers (450 coyotes), along with a propensity for killing mostly young neonates
(an estimated 750 annually) in June and weak or starving adults during winter.
Although coyotes are capable of killing healthy adult elk during winter, they
seldom do so (Crabtree unpublished data, Gese and Grothe 1995). In compari-
son, mountain lions kill around six hundred elk (only thirty-five neonates)and
grizzlies kill an estimated 750 neonates and a few adults (B. Blanchard, per-
sonal communication). The estimated per capita annual kill rates for an esti-
mated 450 coyotes, sixty grizzly bears, and seventeen adult mountain lions on
the Northern Range are three, thirteen, and thirty-six elk, respectively.

Estimates of the biomass of various prey species consumed by coyotes were
based on: (1) independent estimates of predation rates {Gese et al. 1996a), (2)
carcass consumption rates (S. Grothe unpublished data), (3) observed predation
rates on ungulates (Gese and Grothe 1995, R. Crabtree unpublished data), and
(4) seasonal estimates of the fresh weight of prey consumed, from scat analysis
incorporating differential digestibility corrections (Kelly 1991). Nearly 50 per-
cent of the annual biomass intake came from small mammals (taken mostly in
summer and fall), and nearly 45 percent from ungulates taken mostly in win-
ter and spring (figure 6.1). In the seven nonwinter months, microtines made
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up 41 percent of prey biomass consumed, pocket gophers 25 percent, ground
squirrels 3 percent, snowshoe hates 4 percent, and elk (calves and carrion} 21
percent. An estimated 74 percent of the biomass intake during the five winter
months came from elk {primarily carrion), and 26 percent from small-ram-
mal prey.

The coyote’s estimated take of small-mammal prey on the Northern Range
isindicative of the high density of the prey and of the coyote’s broad functional
role. Among fifteen species of carnivores that rely on small-mammal prey as
their major food source, the coyote accounts for an estimated removal of 76 per-
cent of the estimated population of microtines, 24 percent of pocket gophers,
35 percent of ground squirrels, and 10 percent of neonate elk calves (Chapter
3, Singer unpublished data). Nearly three-fourths of the elk biomass consumed
during the five winter months is carrion, and at least two-thirds of the live pre-
dation on elk involves old or starving individuals. As Murie (1940) suspected,
harsh winters result in large numbers of carcasses for scavenging coyotes. In
mild winters with little carrion, coyotes can lose up to 30 percent of theirbody
weight. The availability of carrion directly affects litter size (Crabtree and Var-

ley in press).

CANID SYMPATRY AND COEXISTENCE
Because they are remarkably diverse, canids are an instructive group

through which to examine carnivore competition and the resultant mecha-
nismms of coexistence. Members of this family range in weight from one and a
half to eighty kilograms, with variable diets and feeding strategies ranging
from insectivory tominivory to almost complete carnivory. For example, the
largest canid. the gray wolf, is an obligate carnivore that specializes in killing
ungulates but can seasonally utilize a substantial portion of nonungulate,
small-mammal prey in its diet (Crabtree 1g992). Life-history traits and social ot1-
ganization are highly variable among the Canidae, as are their adaptability
and behavioral plasticity (Sheldon 1692).

In a comprehensive review of canid sympatry, Johnson et al. (1996} exam-
ined how resources are partitioned among potential competitors. These au-
thors assessed sympatric canid pairs throughout the world in terms of diet
breadth, as well as temporal, spatial, and habitat overlap. A summary follows
of canid ecological relations described in Johnson etal.(1996) and a maultitude
ofother studies of sympatriccanids (e.g., Chambers 1987, Chypherand Scrivner
1992, Dekker 1983, Dibello et al. 1990, Engelhardt 1986, Gittleman 1986, Green
and Flinders 1981, fimenez 1993, Johnson 1992, Klett 1987, Moehlman 1986,
Sargeant and Allen 1589, Sargeant etal. 1987, Theberge and Wedeles 1989, Voigt

and Earle 1983, White etal. 1994, Wooding 1984).
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Review of the above papers gives rise to generalizations grouped into the
topics presented in the following sections.

Size dominance. Species dominance among sympatric canids is universally a
function of size: in competitive interactions, larger canid species are dominant
over smaller ones. However, numerical advantage in smaller species can some-
times temporarily reverse the direct dominance of the larger species {Litvaitis
1992, Davis 1980, Schamel and Tracy 1986, Dekker 1983, 1989, 1590, Johnson
1992, Jimenez 1993, Paquet 1991, Crabtree and Sheldon personal observations).

Three-species canid pattern. According to Johnson et al. (1996), a pattern of
three sympatric canid species occurs in North America, Eurasia, and Africa.
This consistent pattern of partitioning based on ecological roles seems to per-
mit canid coexistence (Rosenzweig 1995), but these three species are not the
only canids or competing carnivores in many of these regions. In each region,
even though the species are different, the three types of canids occur in con-
gruent patterns of functional roles, consisting of:{1}a large (more than twenty
kilograms), obligate ungulate killer—for example, African wild dog {Lycaon pic-
tus), dhole {Cuon alpinus), or gray wolf; (2) a medium-sized omnivore of ten to
twenty kilograms—for example, golden jackal (Canis aureus) of coyote; and (3) a
small, highly omnivorous species—for example, corsac fox (Vulpes corsac), fen-
nec fox (Fennecus zerda), or red fox.

Disruptions to predator assemblages brought about by the human removal
ofthe largest canid and obligate carnivore are widespread. In Africathe African
wild dog, in Asia the dhole, and in North America the gray wolf have been erad-
icated from regions where human populations conflict with these species.
These large, highly social, low density, obligate ungulate predators have proven
relatively easy to eradicate. Smaller, omnivorous, generalist canid species are
generally more resilient and tolerant ofhuman presence, Their populations of-
ten increase following removal of the largest canid, suggesting that competi-
tion between the canid species had depressed populations of the smallercanid.
Rapid range expansion of generalist canids such as coyotes, red foxes, and jack-
als often follows these eradications (Sheldon 1592). The ecosystem-wide effects
of this rapid range expansion of generalist canids need to be assessed. In some
ways these uitrageneralists can be seen as weedy species, the gulls of the dog
world.

The predominant diet pattern among sympatric canids is the threespecies
canid pattern described above: alternatively, in a two-canid system the larger
canid is more strictly carnivorous while the smaller is an opportunistic omni-
vore with significantly greater niche breadth. Diet studies are numerous e.g.,
Lamprecht 1978, Dibello et al. 1990, Paquet 1992, Fulleretal. 198¢, Johnson and
Franklin 1994, Nel 1984, Jimenez 1993, Jaksic et al. 1983, Andriasheket al. 1985,
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Brown 1990, Bothma 1971, Bothma et al. 1984, Smits et al. 1989, Hockman and
Chapman 1983, Small 1971, Green and Flinders 1981). Niche breadth, prey bio-
mass, prey diversity, and habitat heterogeneity all seem to be importantin de-
termining the economies of resource partitioning. In general, little informa-
tien is available on numerical aspects of canid sympatry; for instance, density
or relative abundance ratios. Most of the information on population numbers
is derived indirectly from trapping indices.

Spatial and temporal partitioning. There is clear evidence of temporal and spa-
tial partitioning between sympatric canids. In general, the smaller canids
avoid the larger ones (Theberge and Wedeles 1989, Paquet 1992, Ingle 1990, Foll-
man 1973, Bailey 1992, Davis 1980, Hersteinsson and Macdonald 1982, Dekker
1983, 1989, 1990, Paquet 1992, Moehlman 1983). Differencesin activity patterns
do not usually result in decreased diet overlap, but rather may represent be-
havioral avoidance of potential agonistic interactions with competitors, The
same is true for spatial avoidance patterns. The rule of thumb on the part of
the smaller canid seems to be avoidance of potentially lethal encountersrather
than maximization of energetic intake.

Interference competition. Interference competition between sympatric canid
species is common (O'Farrell 1984, Paquet 1952, Berg and Chesness 1978, Car-
byn 1982, Egoscue 1956}, often culminating in the killing of one canid species
by another (Murie 1944, Berg and Chesness 1978, Carbyn 1982, O'Farrell 1984,
see Peterson 1996 for a recent review). In fact, the first kill that reintroduced
wolves made in Yellowstone was a red fox that climbed into a wolf enclosure.
In general, one canid species does not completely exclude another regionally
{Johnson et al. 1996). Exceptions to this general rule occur on Isle Royale, Michi-
gan, where the last coyote from an originally robust population was seen seven
years after the first gray wolf crossed over to the island on an ice bridge (Kreft-
ing 1969}, and in California, where coyotes effectively seem to exclude kit foxes
across large areas (O'Farrell 1984).

The extent to which high interspecific kill rates among canids are an arti-
fact of colonizing or perturbed populations is not clear. Examination of wolf-
caused coyote mortality in Yellowstone National Park should provide insight
into accommodations by the two species as wolves approach habitat satura-
tion. As Frame {1986:xxi) points out: “Only the direct observation of interfer-
ence competition in long-term field studies identified where competitive in-
teractions are occurring with sufficient intensity to provide a numerical
respense in a population.” Observations of direct competitive interactions
provide valuable insight into the behavioral and demographic components of
coexistence.

Competition imposes energetic costs, affects survival and fecundity, and
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may force relegation to less optimal habitats (with lower resource availability
or higher risks). The manifestations of interspecies competition can he quite
subtle. Follman's (1973} study of sympatric red and gray foxes found little overt
evidence of competition, and the two species were segregated by habitat. It can
also be less subtle: in South America where the chilla (Dusicyon griseus, five kilo-
grams) and culpeo (Dusicyon culpaeus, five to thirteen kilograms) are sympatric,
the larger canid excluded the smaller from optimal habitat via interference
competition, and the chilla was relegated to suboptimal habitats (Johnson
1992). This pattern of spatialrelegation of the smaller canid is commonly found
in other sympatric canid pairs. Temporal segregation reduces competition for
food only if different activity patterns result in access to different prey popu-
lations (Pianka 1974) or if food resources are renewed within the period of tem-
poral segregation (Litvaitis 1992}).

Character displacement. The carnivore complex in East Africa contains five
sympatric canids, the highest density of canid sympatry anywhere, a phenom-
enon that mayin part result from the enormous diversity and biomass of avail-
able prey. Van Valkenburgh and Wayne's (1994} study of three sympatric jack-
als in East Africa brings to light some difficulties with the traditional view of
species overlap and its relation to morphological character displacemen't. The
three sympatric jackal species in East Africa (Canis mesomelas, C. adustus, and C.
aureys) appear to have converged rather than diverged morphologically and
seem to segregate ecologically (Fuller et al. 1989). Similarly, sympatric coyotes
and wolves in Ontario appear 1o be converging in body weight and length
(Schmitz and Lavigne 1987).

Home-range interspersion. The geometry of canid home ranges—that is, how
they are interspersed and spaced—is important. The few concurrent telemetry
studies of canids have shown how the home ranges of smaller canids and their
prey fit in between the home ranges of the larger canids. Deer densities are
highest in the gaps between the home ranges of different wolf packs (Mech
1977). Similarly, the red fox home ranges in Yellowstone are located between
and on the periphery of coyote territories (Fuhrmann 1998). Essentially all of
the sympatric studies reviewed that had concurrently tracked two species of ra-
dio-tagged canids indicated some degree of home range interspersion or fine-
scale allopatry.

Scavenging. In ecosystems where large predators kill more prey than they
<an consume in one feeding bout, smaller coexisting canids may benefit (see
Paquet 1989). This opportunistic scavenging behavior is a function of group
size, with unpredictable outcomes, Large social groups of smaller-sized scav-
engers can usurp kills, and large social groups of top carnivores can keep scav-
€ngers away more effectively. Both satiation level and stage of carcass con-
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sumption appear to influence the outcomes of interspecific interactions at
kills (S. Grother personal communication). Among canids it is clear that so-
ciality functions to protect against scavengers stealing carcasses. Preliminary
data from observed wolf-killed ungulate carcasses on the Northern Range sug-
gest that bears, eagles, ravens, and coyotes all benefit from the addition of car-

rion biomass via wolf reintroduction.

MECHANISMS OF COEXISTENCE IN THE GREATER
YELLOWSTONE ECOSYSTEM

Based on the review of sympatric canid studies, we hypothesize that canid
coexistence is primarily a function of avoiding fatal encounters while at-
tempting to secure or defend the prey necessary to survive and successfully re-
produce. Canids therefore employ a variety of behaviors that result in spatial
and temporal resource partitioning. Given the historic and prehistoric sym-
patric distributions, the abundance and consistency of observations reporting
aggressive and fatal interactions between coyotes and gray wolves and between
coyotes and red foxes imply that they are not rare events and that strong selec-
tion pressures occur.

In the Yellowstone ecosystem, as well as other areas of North America, we
propose four mechanisms that mediate canid coexistence:{1)simnple geometry,
{2) individual behavioral avoidance as mediated by sensory perception, (3) Pa-
quet’s (1992) scavenger potential hypothesis, and (4) effective social group size.

Simple geometry contends that the disproportionate relation between body
size (four, twelve, and thirty-six kilograms, respectively) and territory size {two,
twelve, and two hundred square kilometers, respectively) in the red fox, coyote,
and gray wolf further facilitates the efficient interspersion of the home ranges
of two or more canid species. The smaller canid has relatively more space in be-
tween and on the periphery of the larger canid’s territory. In addition, the
smaller canid likely has a lower probability of encounter with the larger canid.
This may be especially true for the red fox, which is relegated to suboptimal
habitats by the dominant coyote (Harrison et al. 1989). Red foxes can avoid the
core of coyote territories and still survive on relatively dense rodent and insect
prey populations. i

Behavioral aveidance is based on the highly evolved senses of members of the
family Canidae. Avoiding fatal encounters requires detection of the larger
canid through visual, auditory, or olfactory cues. In addition, the red fox is
highly nocturnal in Yellowstone compared with the more diurnal and crepus-
cular coyote {Fuhrmann 1998}, Both red foxes and coyotes have been cbserved
to wait at distances of two hundred meters to over one kilometer until wolves
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have left their kills, thereby temporally partitioning a high-energy food re-
source during winter.

Scavenger potential was first described by Paquet (1989). This hypothesis is
based on the observation of wolves consuming large ungulates over multiple
feeding bouts. The smaller canid scavenges on the ungulate carcass between
feeding bouts when wolves {or coyotes) are resting for several hours (Paquet
1992). For example, in areas where white-tailed deer {Odocoileus virginianus) are
the primary prey, packs of wolves can consume a whole deer in one feeding
bout, leaving little for coyotes.

Effective group size appears to be an important means of avoiding fatal en-
counters. Of more than two hundred wolf-coyote encounters observed in Yel-
lowstone from 1996 through 1998 (Crabtree and Sheldon 1996, unpublished
data), fifteen resulted in coyote deaths. All deaths involved three or more
wolves and a single coyote. Groups of coyotes were also observed attacking sin-
gle wolves and usurping their kills. Genetically related individuals engage in
group defense ofacarcass, den site, or open-field encounterwith alarger canid.
In addition, vigilance (and detection} is often more efficient in a social group.
Preliminary analysis of data collected in Yellowstone (A. Gladwin unpublished
data) indicate a per capita decrease in vigilance behaviors with increasing
group size.

Conservation, Management, and Research Recommendations

COYOTE POPULATIONS

The coyote’s distribution across North America has tripled during the past
century. Clearly, the coyote does not represent a small-population conserva-
tion problem. Nevertheless, restoration of coyotes to some areas may serve a
functional role in the conservation of other species. For example, it may be use-
ful to reassess the functional role of coyotes where deer are overabundant, or
where red fox populations inflict heavy predation on ground-nesting birds,
livestock, or poultry. We believe that conservation science can learn important
lessons from understanding a successful and ubiquitous species like the coy-
ote, in addition to the important lessons learned from declining species.

Because of the numerous sociodemographic and density-dependent pro-
cesses that take place in response to widespread population reductions and in-
discriminate killing, federal programs to limit coyote numbers have proven in-
effective and costly. Field research is needed to experimentally examine the
effectiveness of control and the responses of coyote populations to exploita-
tion. We believe that the coyote's famed behavioral plasticity and demographic
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resiliency to exploitation is an evolutionary preduct of coexisting with com-
peting species, mainly the gray wolf. The proposed fifteen-year study in Yel-
lowstone (pre- and postwolf) should provide this needed information. So far,
gray wolves have inflicted heavy mortality on coyotes during the winter in wolf
core-use areas (see Crabtree and Sheldon 1996), and the sex and age structure
of twenty-four wolf-killed coyotes appears to be relatively indiscriminate, with
a possible bias toward youngerindividuals (much like human trapping efforts),

CANID COEXISTENCE

It is clear that interspecific relations between canid species competing for
limited resources can have significant impacts. This has major implications for
conservation and management, Medium- and smaller-sized canids have shown
a release (Soulé et al. 1988) following a reduction or extirpation of the larger
canid (Hersteinsson et al. 1989, Lewis et al. 1993, Peterson ig96). Thus future
reintroduction efforts should consider these and other community effects be-
fore implementation. Canid hybridization has occurred repeatedly (Lehman et
al. 1991, Wayne and Jenks 1991, Boitani 1982, Gottelli and Sillero-Zubiri 1992)
and can hamper or complicate expensive reintreduction efforts (Gittleman
and Pimm 1991).

Weagreewith Johnsonet al. (1996) that monitoring the effects of canid rein-
troduction programs provides a splendid opportunity to examine canid com-
munity structure and competition experimentally. Furthermore, Yellow-
stone’s wolf reintroduction will provide a unique opportunity to understand
such community-wide effects as functional and numerical responses by other
small-mammal predators (for example, red foxes, weasels, raptors) responding
to significant reductions in coyote populations. Initial estimates of wolf num-
bers in northern Yellowstone made by Garton et al. (19g90) suggest there will be
a tripling of the amount of potential carrion available to scavengers, which
could have significant impacts on, for example, threatened Yellowstone griz-
zly bear populations. Changes in elk behavior and distribution followed by sub-
sequent changes in vegetation are yet other possible responses (Chapter 8).

Canids, especially coyotes, display wide-ranging variability in their behaw-
joral ecology and population demography, and thus serve as excellent candi-
dates for understanding carnivore communities. Long-term study, combined
with systematic behavioral observation and experimental (and natural) ma-
nipulation is required in order to craft successful conservation strategies for
communities in dire need of restoration. Such field studies are difficult and
pose challienges to agencies, universities, and private organizations that must
cooperate in order to plan, fund, and execute these invaluable studies.

_ ‘
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