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tion might change related to wolf reintroduction. Panelists held a wide
variety of opinions on the following:

1. the amount of carrion-available at any time,

2. the relocation to water escape routes,

3. the selection of hiding cover,

4.the prey using territorial boundaries of wolf packs or higher elevations
as places of refuge, and

5. the females and fawns moving closer to human habitation.

As mentioned, mule deer were ranked as the second most vulnerable
prey species to wolf predation in fall, winter, and spring and most vulner-
able in summer. Some panelists, however, thought that the importance of
mule deer in winter was overrated because mule deer on the northern range
reportedly leave the park in winter and seek human-made facilities in the
residential valleys nearby (e.g., Gardiner, Montana).

Consensus among panelists suggests that young mule deer would more
likely be preyed on than adult deer in summer and fall. The opposite would
hold true during winter. In spring, wolves would prey on young and adult
mule deer in approximately equal numbers.

Assuming a stable wolf population of 10 packs of 10 wolves each,
two-thirds of the responding panelists predicted a reduction in the mule
deer population of between 15 and 30% 10 years after wolf reintroduc-
tion. The range of potential reductions was between O and 30%, with the
most frequent response being a reduction of 20% (3 panelists). In a sec-
ond scenario with 20 packs of 10 wolves each, three panelists predicted
that reductions in mule deer numbers would vary widely (5-50%). The
most frequent response was a reduction of 10% (3 panelists).

Bison

Overall, 71% of the responding panelists indicated there would be
little or no change in the behavior and distribution of bison due to wolf
reintroduction. On the other hand, panelists held widely varying opinions
about the potential nature and extent of wolf predation on bison. Of 15
respondents, 4 predicted that wolves in Yellowstone would prey on bison
only occasionally. Another five panelists indicated a strong potential for
wolves to develop hunting skills over time and utilize the bison as a pri-
mary prey, resulting in more wolves wintering within park boundaries.
Three panelists indicated that bison utilization by wolves is dependent on
the type of wolf introduced to the park (i.e., whether or not the wolves
had previous experience hunting bison).

Assuming a stable wolf population of 10 packs of 10 wolves each,
all panelists responding expected a reduction of less than 20% in the park’s
bison population 10 years after wolf reintroduction. The most frequent
response was a reduction of 10% (6 panelists). With 20 packs, 69% of the
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responding panelists felt the bison population would be reduced by 15%
or less. Responses ranged from O to 30%, and the most frequent responses
were 10, 15, and 20% (3 panelists each).

Moose

Overall, 67% of the responding panelists indicated there would be
moderate or little change in the behavior and distribution of moose due
to wolf reintroduction. A consensus of the panelists was that moose may
select water escape areas (rivers, islands, lakeshores, peninsulas) for calv-
ing, avoid areas of high wolf activity, and may locate near human activ-
ity. Four panelists felt moose (with the exception of cows with calves)
would not change their habits because of wolves.

A consensus of panelists suggested that moose are not highly vulner-
able to wolf predation when compared with elk and mule deer. Several
panelists, however, indicated that more information was needed on moose
densities, locations, and behaviors within the Greater Yellowstone area
before reliable predictions can be made.

Assuming a stable wolf population of 10 packs of 10 wolves each,
72% of the responding panelists expected a reduction of 15% or less in
the moose population 10 years after wolf reintroduction. Responses ranged
from 0 to 30%, and the most frequent response was a reduction of 10%
(5 panelists). Under a 20-pack system, a reduction of 20% or less was
expected by 77% of the panelists. Responses ranged from 4 to 50%, and
the most frequent response was a reduction of 10% (4 panelists).

Pronghorn

Ninety-two percent of the responding panelists felt that pronghorn
would be the least affected species being considered. Eighty-six percent
(13 panelists) expected little or no change in the behavior or distribution
of pronghorn related to wolf reintroduction in Yellowstone.

Reductions in the pronghorn population under a 10-pack system 10
years after reintroduction are expected to be less than 10% according to
all panelists. Assuming a 20-pack system, 92% of the responding panel-
ists predicted a reduction of 10% or less for pronghorn populations in the
park. Estimated reductions under a 20-pack system ranged between 0 and
50%, with the most frequent answers being a reduction of 0 or 10% (5
panelists each).

Bighorn Sheep and Mountain Goats

Moderate or little change in the behavior or distribution of bighorn
sheep and mountain goats was anticipated by 80% of the responding pan-
elists. Panelists anticipated that bighorn sheep and mountain goats would
remain in alpine areas and spend more time near cliffy escape cover.

Reductions in mountain goat and bighorn sheep populations under a
10-pack system of reintroduced wolves were not expected to exceed 5%.
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Under a 20-pack system, a reduction of 10% or less was expected for
bighorn sheep and less than 1% for mountain goats.

Beaver

Several panelists noted the importance of rodents, other small mam-
mals, and birds in wolf diet, focusing in particular on the beaver (Castor
canadensis). Generally, panelists describe beaver as an important food
source when ungulates are less available. Four panelists cited the scarcity
of beaver within the park and felt that beaver would not be heavily af-
fected by wolves. Another four respondents thought the effect would be
somewhat more significant, but they failed to elaborate specifically on what
the increased effects would be.

Coyote

All panelists stated that the coyote (Canis latrans) population would
be reduced with restoration of wolves to the Yellowstone ecosystem be-
cause of competition for food. They indicated coyote populations would
shift to marginal wolf areas and peripheral areas of wolf territory. The
ecological niche of the wolf and coyote differ—coyotes can subsist on a
wider variety of prey size, including small mammals.

Effects of Wolf Reintroduction on Grizzly Bears

The consensus among panelists was that in other locations, inciud-
ing the Yukon, Alaska, and Glacier National Park, wolves and grizzlies
generally do well together. No consensus about the specific effects of wolf
reintroduction on grizzly bears was reached, however, because panelists
were divided about whether wolf predations would provide bears with more
protein and a more consistent carrion supply (from wolf-killed carcasses)
for a greater period of the year.

Four respondents described the overall effect of wolf reintroduction
on grizzly bears as slightly beneficial, four participants termed the effect
neutral, and six panelists thought the result would be slightly negative.
While there was no consensus about the direction of the effect, panelists
did think the magnitude of change would be slight rather than significant.

Of the six panelists who believed wolves would provide more pro-
tein for bears, four identified the overall effect on grizzlies as slightly
beneficial. The six panelists who thought wolves would not provide more
protein called the effect neutral or slightly negative. The two remaining
participants, who were not sure whether wolves would provide more pro-
tein, described the overall effect as slightly negative.

Eleven of 14 respondents indicated that wolves would provide some
kills on which bears might directly feed. Bears and wolves would com-
pete for carcasses, and occasional bear-wolf conflicts would occur at kill
sites. Deaths of both bears and wolves could occur during these uncom-
mon conflicts, but direct interspecies killing would be insignificant. Pan-



320 LIME ET AL.

elist consensus suggests that grizzly bears often would dominate at kill
sites and should be able to drive wolves from kills. In general, grizzlies
would scavenge more from wolves than vice versa.

Overall, the consensus among panelists was that although some pre-
dation of wolves on bear cubs and adults (females with cubs) would oc-
cur, the level would be insignificant. Little consensus occurred concern-
ing specific aspects of wolf predation on bears. For example, there was
much uncertainty about whether wolves would occasionally dig up hiber-
nating cubs.

Panelists did not expect wolves to affect grizzly bears in other ways.
For example, the activities of grizzly bears were not expected to be re-
stricted by the presence of wolves, even for bears that hunt ungulates in
traditional calving and rutting areas. Occasional and infrequent harassment
of bears by wolf packs would not likely reduce current bear predation
opportunities. Wolves were not expected to make ungulates more vulner-
able to grizzly bears by increasing mobility of ungulates and making them
more conspicuous. Some panelists were uncertain concerning harassment
(5) and increased vulnerability (6).

Panelists agreed that further research is needed on two issues. Re-
sponding to an inquiry about whether wolf kills would provide approxi-
mately 3% of grizzly ungulate foods, panelists often noted a low percent-
age or less than 5% in their comments—they were not willing to make an
actual prediction. Also, there was no consensus on whether certain seg-
ments of the bear population, mostly breeding females with cubs, would be-
come more alert and excitable on a regular basis due to the presence of wolves.

Sport Hunting Issues

None of the responding panelists thought that wolf distribution should
be limited to Yellowstone National Park. Eleven of 14 responding panel-
1sts disagreed or strongly disagreed with that position (the others were
unsure). In general, panelists argued that although the core wolf popula-
tion would be centered in the park, the imposition of artificial or political
boundaries to wolf distribution may not allow wolves to sustain recovery
levels. Wolves could be expected to move seasonally outside the park or
to establish territories that straddle park boundaries. Because wolves may
establish territories exterior to the park boundaries, the potential conflict
between wolves and sport hunting was considered.

Overall, the panel was almost evenly divided over whether or not
reduced sport hunting levels would be a necessary concession associated
with wolf reintroduction. Six respondents agreed that reduced sport hunt-
ing would be necessary but mentioned that only certain species might be
affected or that reductions in sport hunting might take place in future years
rather than immediately. Seven panelists disagreed, indicating that actual
hunting policies would depend on the number of wolves, wolf manage-



SCIENTIFIC MONOGRAPH 22 321

ment outside the park boundaries, and the relation of hunted prey popula-
tions to a nutrient and climate ceiling imposed on the prey populations.

Panelists were then asked if they agreed that harvest levels should be
reduced for specific prey species after wolf reintroduction. No consensus
was evident (Table 2) regarding the need to reduce sport hunting-related
kills of elk, mule deer, bison, or moose, but more panelists agreed than
disagreed that sport hunting for these species should be reduced. A con-
sensus of panelists was that sport harvest levels for pronghorn, bighorn
sheep, and mountain goats would be unaffected.

Panelists raised related issues including timing considerations (reduc-
tions in ungulate harvest may not be needed at first but may be necessary
later); the need for research, monitoring, and clear objectives before set-
ting a sport-hunting policy; and the complexity of factors that influence
such a decision concerning potential changes in sport harvest levels. A
common remark was that sport hunting reductions could be made when
and where appropriate, but blanket generalizations were not now possible.
Panelists held varying opinions about the level of sport hunting reductions
that might be necessary.

Elk

Eight of 14 panelists disagreed that most elk herds are hunted near
maximum sustained yield and mentioned that it varies by herd. Most herds
were thought to be harvested near or below maximum sustained yield—
some lightly exploited populations are increasing. Because of high cur-
rent elk densities in and near the park, thinning of the elk herd was de-
scribed as desirable. Ten panelists (67%) agreed that the sustainable elk
harvest would decline with wolf predation on elk, but the same number
thought that even at a 20-pack level, sport hunting for elk would still be
possible. No consensus was reached on the level of annual elk harvest by
sport hunters or if male-only harvesting should be recommended with wolf
reintroduction.

Table 2. Number of panelists responding by category to the statement
“Hunting levels should be reduced after wolf reintroduction . . . .”

Strongly Strongly
Species? agree Agree  Not sure Disagree disagree
Elk 2 D 4 3 0
Mule deer 3 3 5 2 1
Bison 1 3 7 4 0
Moose 2 4 + 3 1
Pronghorn 1 0 0 9 4
Bighorn sheep 1 2 0 9 2
Mountain goat 2 0 4 7 1

@ Elk = (Cervus elaphus), mule deer = (Odocoileus hemionus); bison = (Bison bison); moose
= (Alces alces); pronghorn = (Antilocapra americana); bighorn sheep = (Ovis canadensis);
mountain goat = (Oreamnos americanus).
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Mule Deer

Panelists reached consensus (10 of 14) that where mule deer sport
harvest levels currently exceed 20%, the effect of wolf predation could
be severe. Six panelists felt sport hunting would be possible, however, even
with a population of 100 wolves. Five experts were not sure. Consensus
was not reached concerning mule deer sport harvest levels or male-only
hunting.

Bison

The sport hunting harvest of bison generally has been low, except
during the winter of 1988-89, when bison moved outside the park and
hunters harvested 568 animals. The potential exists for significant effects
of the reintroduction on bison if bison are subjected to both high levels
of predation and sport harvest. Ten of 14 responding panelists agreed that
the effect of sport harvest plus wolf predation would depend on whether
bison were preferred by wolves but that neither the movement of bison
from the park nor the pattern of bison utilization by wolves could be pre-
dicted. In this uncertain sifuation, panelists generally agreed (with two
dissentions) that changes in current bison harvest levels would not be
needed following wolf reintroduction. Sport harvest could be quickly elimi-
nated if the population were severely affected.

Moose

Ten of 14 panelists said they were not sure if most moose are year-
round residents of the park. At high moose sport harvest levels of between
10 and 20%, a consensus among panelists suggested that wolf predation
could have a severe effect on moose populations.

Sport Hunting and Wolf Predation

All 13 responding panelists agreed (5 strongly agreed) that it could
not be assumed that a reduction in sport hunting would simply make up
for wolf kills in an additive manner. This concept is key to managing a
system where sport hunting is a factor, because hunters and predators
generally do not kill the same ages and sexes of animals. Both mortality
factors, however, are highly selective and density dependent.

Some of the ungulate species populations could decline with wolf
predation if human harvesting were high, especially if high human har-
vesting coincided with a consecutive series of severe winters (8 of 14
panelists agreed). The mortality rate for the various ungulate species due
to wolf predation would be difficult to determine.

Sport Hunting and Wolf Control

Interaction in a multiple-prey system is made more complex by the
inclusion of sport hunting. Panelists were unanimous in their opinion that
sport hunting and control of wolves by humans must be addressed together.
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They rejected the position that effects on ungulate populations could be
managed by efforts outside the park that either reduced predation by low-
ering wolf numbers or by reduced sport hunting (but not both). However,
beyond consensus that problem wolves that kill livestock must be removed,
there was no consensus about the combination of management strategies
that would best meet multiple objectives.

A consensus among panelists suggested that authorities control wolves
by means other than eradication whenever possible. Those that disagreed
generally perceived population control as a periodic solution and supported
a broad spectrum of management rather than a simple reduction in wolf
numbers. Respondents did not reach consensus about when wolf control
should begin. Finally, the panelists did not accept establishing a minimum
population size for each prey species and initiating wolf control measures
only if these population levels are reached. Evaluation of the holistic sys-
tem involving wolves and ungulates on a continuous basis and devising
management strategies accordingly was deemed better than reacting to a
crisis of low prey populations.

Conclusions

The views offered by the 15 North American wolf and wolf-prey sci-
entists indicated both diversity of opinions and consensus regarding the
potential effects of wolf reintroduction in Yellowstone National Park. Pan-
elists were 1n general agreement about a variety of concerns and topics
related to reintroduction. They saw wolves as part of the original ecosys-
tem of the park. Their collective judgment suggests that wolves can be
successfully reintroduced in Yellowstone with relatively minor changes to
both prey species and grizzly bears. Panelists generally thought that some
modifications in sport hunting outside the park might be necessary, but
the complexity of factors that influence such decisions was beyond gen-
eralizations. The reader 1s reminded that the Delphi technique generally
leads to a consensus among participants and that while the panel mem-
bers were knowledgeable about wolves, most were not intimately ac-
quainted with the Yellowstone ecosystem.

Below are highlighted the most salient expert opinions resulting from
panelists’ deliberations:

* The core wolf population would be centered in Yellowstone National
Park, but areas outside the park may be essential to maintain popula-
tion levels necessary to sustain recovery.

* A viable wolf population of about 12 packs that spend a majority of
their time within the park seemed realistic after the population had sta-
bilized (within 20 years after reintroduction).

« If wolves were reintroduced, extinction of any prey species (moose, elk,
mule deer, pronghorn, bison, mountain goat, or bighorn sheep) in the
Yellowstone area would be extremely unlikely.
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* Overall, there would be relatively minor changes in prey species’ be-
havior and distribution if wolves were reintroduced in the park. How-
ever, for several species (moose, elk, mule deer, bison), there would be
some decline in populations over a 10-year period after reintroduction.

e Elk and mule deer would be the primary prey for wolves—elk through-
out the year and mule deer in summer. Other prey species would be
relatively minor sources of food.

e Panelists agreed unanimously that wolves and grizzly bears could co-
exist. Opinions differed, however, about specific effects of wolf rein-
troduction on grizzly bears—would wolf predation provide bears with
more protein from wolf-killed carcasses and a more consistent carrion
supply? All panelists called the overall effect slight or neutral.

* Reducing mortality from sport hunting for various ungulate species in
areas surrounding the park would not be an associated requirement if
wolves were restored to the Yellowstone ecosystem. Mixed opinion
occurred, however, concerning whether reduced sport harvest of elk
would be necessary to facilitate wolf reintroduction. Reduced sport
hunting levels should be implemented only when necessary, and then
only in conjunction with wolf control measures and other prey popula-
tion management tools.

* More research is needed to better understand the interrelations among
wolves, grizzly bears, prey species, and sport hunting for big game in
areas surrounding the park.

Opinions varied considerably about the reintroduction of wolves into
the Yellowstone ecosystem when specific topics and questions about ef-
fects were addressed. This reflects the complexity of issues and relations
that could affect reintroduction. Further, even with the background infor-
mation on Yellowstone National Park provided the panelists, their degrees
of familiarity with this ecosystem could influence their opinions (or their
willingness to express certain conclusions) about the potential influence
of specific factors on wolf reintroduction. It is understandable, then, that
scientists would differ in their responses to the more site-specific and situ-
ation-specific topics and questions. Nevertheless, panelists offered their
judgments as well as reservations on most questions and topics examined.
Collectively, their views represent valuable information and a range of
ideas worthy of further study, discussion, and analysis. We hope the in-
sights of these experts will be combined with the results of other studies
associated with wolf reintroduction in Yellowstone to further the dialogue
concerning this important and far-reaching topic.
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