



































































































































































































































































































































































































































































































































































































































Vocal and Spatial Responses of Coyotes to
Reintroduced Wolves in Yellowstone National Park

JEnNtFER W, SHELDON
Yellowstone Ecosystem Studies *+ P.O. Box 6640 * Bozeman, MT 59771

RoBerT L. CRABTREE
Yellowstone Ecosystem Studies ¢« PO. Box 6640 * Bozeman, MT 59771
and Department of Biology * Montana State University * Bozeman, MT, 59717

MicHAEL S. KEITER
Ranger Division * PO. Box 168 » Yellowstone National Park, WY 82190

How do coyotes (Canis latrans) solve the mul-
tiple problems of resource defense, relocation of
separated pack members, territorial maintenance,
and interspecific competition with gray wolves (Ca-
nis lupus)? Part of the answer lies in the suite of ong-
range vocalizations that coyotes use to address these
complex sets of inter- and intra-pack problems. In
this study we analyzed coyote vocalization behav-
iors from January to July of 1995 and, in addition,
assessed coyote litter production and coyote spa-
tial responses to reintroduced gray wolves. We
monitored known coyote packs in 2 study areas in
the Northern Range of Yellowstone National Park:
Lamar Valley served as the freatment area, where
gray wolves were present in 3 enclosures from Janu-
ary to March, and then free-ranging from April to
June; and Blacktail Plateau served as the control,
where gray wolves were absent throughout the
study. Data collected were divided into 2 periods:
pre-wolf release (winter), and post-wolf release
(spring /summer). In addition, Lamar Valley was
subdivided into “wolf” and “wolf-adjacent” areas
across all seasons. We spent more than 700 hours in
Lamar Valley and the Blacktail Plateau during 1995
and used more than 400 of these hours in the analy-
sis. Data collected included the type of call, pack of
origin, and vocal responses. For all areas, we cor-
rected for the number of packs audible from a given

vantage point based on known territorial boundaries
derived from the previous 6 years of observations.

We found a highly significant set of wolf effects
on coyote vocalization bouts. A vocalization bout is
defined as a clump of non-independent calls sepa-
rated by a >5-minute interval. Bout rates served as
an overall index of all types of vocal activity and
were calculated on a per pack, per 24-hour basis. In
winter, while gray wolves were kept in 3 holding
pens in Lamar Valley, the number of bouts per pack
in Lamar Valley coyote territories containing wolf
pens and Lamar Valley coyote territories adjacent
to wolf pens did not differ significantly from each
other, but were nearly triple the rate of the control
(P < 0.05). In summer, we divided the coyote terri-
tories into wolf-use areas, where wolves superim-
posed their home range, and wolf-adjacent areas,
where coyote territories were adjacent to wolf-use
coyote territories. In both Lamar Valley wolf-use and
wolf-adjacent coyote territories, the overall bout
rates were significantly elevated above the control.
Unexpectedly, the Lamar Valley wolf-use coyote
packs had a lower bout rate (P < 0,05) than the coy-
ote territories where wolves didn't travel.

The most frequent component of all coyote vo-
calization bouts is the group-yip howl, or the long-
range territorial announcement call. This call, given
by 2 or more animals, is frequency modulated
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(meaning it rises and falls in pitch repeatedly) and
is interspersed with repeated yipping. As was also
the case for coyote bout rates, there were closely
matched values for wolf-pen and adjacent wolf-pen
rates, both of which were triple-the rate of the con-
trol area (P < 0.05). In summer, the coyote packs in
wolf-adjacent territories had a rate 3 times higher
than in coyote packs in wolf-use areas, and 8 times
higher than the control (P < 0.05 for both).

Lone howls are relocation calls given by sepa-
rated pack members and do not seem to be directly
associated with territorial defense. Lone how! rates
in the summer and winter were significantly el-
evated above the control area in both wolf-use and
wolf-adjacent coyote territories. Barks and yips,
which function as alarm and threat calls, showed
extreme variability. The rates were not significantly
different between the study areas and exhibited the
expected seasonal patterns characteristic of all coy-
ote long-range vocalizations: bout rates, group-yip
howls, lone howls, barks, and yips all declined from
winter through spring in both treatment and con-
trol areas.

Bout intensity rates (defined as the number of
discrete calls per bout) were consistent across all sea-
sons and study areas. Coyote bout intensity rates
appear to be stable, while both within-bout profiles
(or the different types of calls contained within a
single bout) and overall bout rates (or the frequency
of calling episodes) seem fo be responsive to changes
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in external stimuli such as the presence of gray
wolves.

National Park Service patrol rangers kept
records of coyote and wolf vocalizations and
sightings while on patrol around the wolf pens dur-
ing the winter portion of this study. The rates ob-
served at the 3 wolf pens were similar, yielding an
overall base rate of 10-20 bouts per 24-hour period,
per coyote pack. This was consistent with other ob-
served rates.

Coyotes showed a general pattern of spatial and
behavioral avoidance of wolves, with the marked
exception of coyotes’ agonistic behaviors associated
with wolf-coyote interactions both at carcasses and
at coyote denning areas. Jn Lamar, the Crystal Creek
wolf pack, which numbered 6 animals, spent 50%
of its time from late March through early July in 4
known coyote territories. The litter sizes of these 4
coyote packs were lower than that of neighboring
packs. In 3 out of the 4 wolf-use coyote territories,
wolves were observed excavating traditional coy-
ote den sites. We documented 1 of these excavation
episodes at the Norris pack. Two of the 4 wolf-use
coyote packs used den sites in non-traditional areas
at the periphery of their territories. Mapped loca-
tions of den sites for the 2 study areas indicate that
placement had been stable for the 5 years prior to
wolf reintroduction. Thus, these location changes
may be 1 of the earliest reliable indicators of spatial
displacement of coyotes by wolves.



Yellowstone Coyote Pups: Capture, Marking, and Follow-up Study
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Each June from 1990 to 1993, we located coyote
dens, captured pups, implanted them with radio
transmitters, recorded their physical condition and
general health status, and monitored adult and pup
behavior in 15 packs found in the Lamar Valley and
Blacktail Plateau of the Northern Range of
Yellowstone National Park.

To find dens, we used aerial flyovers, tracked
radio-collared adults, observed unmarked adults
from vantage points, and explored traditional den
sites. Two methods were used to catch pups: the
“strand” method, where we surprised pups outside
the den and sealed off entrances; and the “ferret”
method, where we inserted a wire with a wooden
head into the den and startled the pups into rush-
ing out. About 23 of the pups were caught by the
“strand” method.

Pups were 8 to 12 weeks old when captured in
mid-June and weighed 4-8 pounds. They were ear-
tagged, measured, examined for external parasites
and ear mites, and had blood drawn for seriological
analysis. Pups were then implanted with intraperi-
toneal radio transmitters.

During the 4-year period, 88 pups were ob-

served at the various den sites (though additional
pups undoubtedly were not observed). Of the 88
observed pups, 70 were captured and, of these, 59
were implanted. There were no deaths associated
with capture and implanting. Of the 59 implanted
pups, 28 survived at least through the first winter,
28 died prior to or during the first winter, and the
fate of 3 pups remains unknown. Twenty-nine car-
casses were recovered, including some unimplanted
pups. The sex ratio was about equal: of the 59 im-
planted pups, 31 were males and 28 were females.
Deaths were equally distributed among males and
females, with 14 of each sex dying, while 16 males
and 12 females survived.

Most of the pups died during the neonatal pe-
riod, from birth (in April or May) to 5 months of
age. During 1991 and 1992, an epidemic of
parvovirus occurred and was the principal cause of
death, with at least 11 of the 19 neonatal deaths be-
ing attributed to this disease (see Johnson et al. this
wvolume). The surgical implantations of infraperito-
neal transmitters were highly successful, which is
consistent with the findings from numerous other
studies.
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Predation of Elk in Northwest Wyoming
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We investigated predation rates of 164 elk
(Cervus elaphus) captured and radio-collared as neo-
nates in northwest Wyoming during 1990-1992 and
monitored through 1994. Neonatal mortality (birth
to 15 July) averaged 15% annually and was higher
(P =(.04) for male than for female calves. Predation
by black bears (Ursus americanus) and coyotes (Ca-
nis latrans) accounted for 68% of all neonatal mor-
tality. Mountain lions (Puma concolor) killed 2 addi-
tional calves that were 4.5 months old and another
that was 12.5 months old. Calves killed by preda-
tors were born earlier (P < 0.002) than calves that
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died from other causes, though predation of indi-
vidual calves was unrelated to weight at birth.
Thirty percent of all first-year mortality was due to
predation. Elk older than 12.5 months died only as
a result of hunting. Predatjon rates of calves that
were born and summered outside Grand Teton Na-
tional Park did not differ from survival rates of
calves that summered inside Grand Teton National
Park, where elk densities were twice as high. The
similarity in mortality suggests that predation was
not density-dependent.



Movements and Food Habits of Gray Wolves Released
in Yellowstone National Park
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In late March 1995, after 10 weeks of acclima-
tion in holding pens, 14 gray wolves (Canis lupus)
making up 3 groups were released in the Lamar
Valley of Yellowstone National Park. Initially, each
group of wolves restricted movements to areas
around the acclimation pens. Total area used was
small and measured about 125 km® for the Crystal
Bench group, 90 km? for the Soda Butte group, and
25 km? for the Rose Creek group. Distance traveled
per day was also low, averaging 6.1, 3.1, and 1.7 km
per day for the Crystal Bench, Soda Butte, and Rose
Creek groups, respectively.

After about 3 weeks, an abrupt increase in
movements signaled the beginning of an explor-
atory period. Area used increased to about 550 km?
for the Crystal Bench and Soda Butte groups, and
1,000 km? for the Rose Creek group. Average travel
distance per day was 22 km for the Crystal Bench
and Soda Butte wolves, compared to 30 km for the
Rose Creek group.

After this exploratory period, the Crystal Bench
wolves returned to the park and settled into a 390
km? area between the Lamar and Pelican Valleys
traveling an average of 5.4 km per day. The alpha
female in this group excavated and explored 5 holes
and behaved as if she were going to whelp, though
she did not. Her pseudo-pregnancy was likely the
result of rising prolactin concentrations.

The Soda Butte wolves settled while exploring
because female 014 whelped one pup. Movements
became localized in an area north of the park in the
Absaroka-Beartooth wilderness. In mid-July, when

the pup was capable of traveling with the pack, they
moved south to Yellowstone where they remained
through mid-September.

On 26 April, the Rose Creek alpha male was shot
and killed. His mate, who was alone at the time,
whelped 8 pups. She was later captured with her
pups and transported to the Rose Creek acclima-
tion pen where she remained until early October.

Two wolves traveled alone the first month post-
release. A male pup from Crystal exited the pen af-
ter the other wolves and did not rejoin the pack un-
til early May. The female pup from Rose Creek ex-
ited the pen with the 2 adults and traveled with them
for 6 days before she separated and became a loner.
Her movements did not exhibit an exploratory
phase. Rather, she had an ever-increasing area of
use before she settled in the northwestern portion
of the park.

The Crystal wolves were located infrequently
as a group from late March through late July. The
adult pair (004M and 005F) were always located to-
gether (1 = 51 locations), but various combinations
of yearlings (singles and duos) were tracked travel-
ing separately. In early August, this pattern changed
and the pack began traveling together. The Soda
Butte wolves were always located together through
April, but were rarely together after whelping (i.e.,
May to August). In September, this pattern changed
once more and they resumed traveling together (n
=51 locations).

The primary prey taken by all groups of wolves
was elk (Cervus elaphus). Of 17 collected wolf kills,
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15 were elk. Seven of these elk were calves (short-
yearlings) and 6 were old elk. The Soda Butte group
also killed one old cow moose (Alces alces) and a
mountain goat (Oreannos americanus). While trav-
eling alone in April, the lone male pup from Crystal
Bench killed an elk calf, and in September the lone
female killed an old cow elk. There is no evidence
that the wolves killed deer (Odocoileus hemionus) or
bison (Biso bison).. Kills observed opportunistically
during tracking flights from 31 March through 14
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May revealed a kill rate of 6.3 and 3.4 days/kill for
the Crystal Bench and Soda Buite groups respec-
tively. Observers in the Lamar Valley, who watched
for wolves daily, recorded the Crystal wolves feed-
ing every 5.2 days (observation period 11 May—6
July). Kill utilization was moderate (i.e,, carcasses
articulated with hide and hair present on leg bones).
Most of the kills had been visited by coyotes (Canis
latrans) and 4 of them were visited by grizzly bears
(Ursus arctos).
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Red foxes (Vulpes vulpes) have been present in
Yellowstone National Park since its inception, al-
though they have been the focus of little research.
Park records indicate that they have been found in
all 3 traditional coat-color phenotypes: red, cross,
and black. However, many Yellowstone red foxes
have also been described as having “light yellow”
and “gray” coats, colors that have notbeen reported
for this species anywhere else in the world.

Extensive work was done on the genetic control
of coat color in foxes during the early 1900s due to
the value of their fur. Production of the traditional
coat colors (red, cross, and black) is controlled by 2
loci, each with 2 alleles. Additional loci control coat
color development for mutations that have occurred
on fur farms, and at least 17 viable mutants have
been discovered, none of which correspond to the
novel color phases found in Yellowstone. A muta-
tion at a homologous locus in mice, sheep, and foxes
is responsible for converting coat color from black
to either yellow or gray. This suggests that the novel
color morphs in red foxes could be the result of a
single mutation event.

A similar situation exists in the Cascade moun-
tain fox (V. v. caseadensis), where 2 populations of

red foxes are isolated by elevation. High elevation
populations are only found in the subalpine region,
while low elevation populations are found below a
belt of coniferous trees in the surrounding scrub and
farmland. In addition, montane foxes are smaller
than Jowland foxes and Canadian red foxes (V. v
abietorum). It is thought that the difference may be
the result of a founder effect that occurred during
the Wisconsin glaciation. We are currently examin-
ing the degree of isolation that occurs between the
high and low elevation populations of the red fox
in the Greater Yellowstone Ecosystem (GYE) to de-
termine if a similar situation exists.

Park records for the last 100 years indicate that
the 2 novel color phases of the red fox, namely light
yellow and gray, have been present in the park since
the late 1800s. Analysis of the records suggests that
the novel color phases occur most frequently at
higher elevations. Sightings of the novel color phases
increase dramatically at elevations greater than 2,000
meters, the approximate boundary of subalpine
habitat. Analysis shows that a significantly greater
proportion of novel color phases is found at high
elevations (Fisher’s Exact test, P < 0.0001).

Six foxes have been trapped, with additional data
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collected from 5 road kills and 1 predator-killed fox.
Elevations range from 1,926 m to 2,987m for the
trapped foxes, and from 1,630 m to 2,438 m for the
road-killed foxes. Several morphological variables
were significantly related to elevation: head girth
(#* = 0.857, P < 0.01), neck girth (= 0.820, P < 0.01),
and chest girth (» = 0.618, P < 0.01). Genetic analy-
sis (conducted in R. Wayne’s laboratory at UCLA)
was performed on a 300 bp sequence of mtDNA. To
date, scorable sequences have only been obtained
from 6 of the foxes, those occurring at elevations of
1,630 m, 2,072 m, 2,110 m, 2,145 m, 2,850 m, and
2,987 m. These sequences are identical, in scorable
regions, except for a 1 base-pair substitution found

in the road-killed fox from 1630 m.

These preliminary results are consistent with the
possibility that some degree of isolation exists be-
tween the high and low elevation foxes in the GYE.
A founder event during the Wisconsin glaciation or
selective differences could explain the variability
seen in the red fox populations. Further genetic
analysis and increased sample sizes are needed to
determine whether populations are indeed isolated.
We are currently increasing our sample size and in-
vestigating these questions with microsatellites to
try to provide a clearer picture with respect to the
amount of gene flow between the high and low el-
evation populations of red foxes.
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