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he status and trend of the northern Yellow-

stone elk herd has been an enduring conser-

vation issue throughout the history of Yel-
lowstone National Park. It is the largest of about seven
migratory elk herds that graze the park’s high-elevation
meadows during summer. But unlike the other herds,
the northern Yellowstone herd has a history of spend-
ing winter primarily within the park, ranging across the
low-elevation grasslands and shrub steppes that fan out
from the Yellowstone River and its tributaries along the
park’s northern border and adjacent areas of Montana.
As the size of the northern herd has fluctuated over
time, concerns have alternated between worries of too
few and too many elk. Consensus about the appropri-
ate size of the northern Yellowstone elk herd has been
elusive.
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This cycle of discontent originated in the late 19th cen-
tury when concern focused on dwindling elk numbers
due to market hunting and poaching (Houston 1982).
Early 20th century protectionist policies, including the
elimination of wolves and cougars, boosted elk num-
bers and stoked concern that the herd was too large. In
response, park managers and hunters shot, trapped, and
relocated tens of thousands of elk between 1920 and
1968, pushing the pendulum of public concern back to-
ward concerns about too few elk. Then in 1969, the park
implemented a policy of ecological process manage-
ment known as natural regulation (Leopold et al. 1963),
where elk numbers were allowed to fluctuate according
to prevailing environmental conditions. Outside the
park, the State of Montana used hunting to manage elk
numbers. Except for the drought, fire, and severe winter
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of 1988-1989, conditions during 1968-1994 were gener-
ally favorable for elk survival and recruitment, and their
numbers soared (figure 1). In turn, so did criticism that
overabundant elk were destroying winter range vegeta-
tion.

A key outcome of this latter 20th century period, one
that remains integral to understanding current elk dy-
namics, was a substantial increase in the distribution
and abundance of elk wintering in the Yellowstone Riv-
er valley outside the park. High elk densities inside the
park, protection and restoration of winter range outside
the park, and changes in the structure and timing of
hunts in Montana more than doubled the winter distri-
bution of elk north of the park (Lemke et al. 1998). It is
unclear whether this shift represented a new condition
or the return to a former one because historic records
about the extent to which the northern herd wintered
north of the park are ambiguous and debated (Houston
1982, Wagner 2006). Regardless, the expanded distribu-
tion of the northern herd into Montana raised concerns
about overgrazing and agricultural damage on non-park
lands. In 1976, the State of Montana lifted an 8-year ban
on hunting migrant elk outside the park in December
through February. In later years, the limited-permit late
season hunt targeted mainly adult female elk with a goal
of limiting numbers of elk wintering outside the park.
During 1976-1995, the late season hunt removed an
average of 965 total elk per year (range = 0-2,409 elk);
whereas, the annual fall hunt removed 520 (range = 194-
2,728 elk; Lemke et al. 1998).

Consistent with expectations that hunting alone would
not limit the size of the northern elk herd (Houston

1982, Mack and Singer 1993), a record high number of
19,045 elk were counted in January 1994 (figure 1). But it
did not last. In December 1994, three months before the
first set of reintroduced wolves exited their acclimation
pens near the lower Lamar River, managers counted
2,254 fewer elk than during the previous winter for rea-
sons not fully explained by harvest, since only 772 elk
were removed during the preceding fall and late hunts
(Lemke et al. 1998). And so began the latest major drop
innorthern Yellowstone elk numbers. By 2013, managers
counted 3,915 elk, only 743 more than the herd’s lowest
count in 1968. Similar to previous declines, this one was
met with widespread public consternation. Except this
time wolves, not humans, received most of the blame.
When the policy of natural regulation was adopted to
guide elk management in the park, predation was not
considered essential to controlling elk numbers. Rather,
food limitation alone was thought sufficient to limit the
elk herd (Cole 1971, Houston 1976). Nevertheless, the
policy’s subsequent emphasis on maintenance and res-
toration of ecosystem processes paved the way for wolf
reintroduction in 1995-1997. As a result, understanding
the extent to which wolves are responsible for the latest
decline in the northern elk herd is vital to gauging the
consequences of a core prescription of natural regula-
tion. It is also necessary to testing broadly important
ideas about the ecological role of top predators. In par-
ticular, the hypothesis that wolves are ecosystem engi-
neers that have suppressed elk herbivory and triggered
large-scale recoveries of aspen and willow in northern
Yellowstone (e.g., Ripple and Beschta 2012, Painter et al.
2015) assumes that wolves are a principle cause of the
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Figure 1. Counts (circles) and fitted trend line for abundance of the northern Yellowstone elk herd, 1923-2015. Shaded area indicates
uncertainty about the trend. Data are from the Northern Yellowstone Cooperative Wildlife Working Group.
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elk decline. However, scientific consensus about the
role of wolves in driving the dynamics of the northern
herd has yet to emerge, despite 20 years of research by
numerous federal, state, and academic investigators.

An overarching reason for the impasse is that wolf re-
introduction was neither a controlled nor replicated ex-
periment. Political and financial constraints aside, such
an experiment was impossible because there were no
comparable elk herds living under similar environmen-
tal and management conditions. The northern Yellow-
stone herd was, and remains, a unique population. Also,
numerous factors besides wolves affect elk population
growth (e.g., summer precipitation, winter severity, and
other predators including humans) and none were held
constant. On the contrary, these factors varied enor-
mously in the years after wolf reintroduction. Under
these uncontrolled and unreplicated conditions, highly
confident conclusions about cause and effect are diffi-
cult (perhaps impossible) to obtain. The challenge of
inferring causation helps explain why the debate about
the influence of wolves on northern Yellowstone elk
dynamics is unsettled and why it will remain so for the
foreseeable future.

In lieu of an experiment, the only tool scientists have
to disentangle the cause(s) of the recent elk decline is
long-term observation. This approach attempts to infer
causation from strong correlation between annual mea-
sures of key system attributes (assuming these are known
and measurable) across the observed range of variation.
Spurious correlations can be avoided, or weakened, by
collecting and integrating time series data on multiple
expressions of the relationship of interest. For exam-
ple, analysis of the correlation between elk population
growth rate and wolf population size is strengthened
by complimentary data on the relationship between elk
calf recruitment and wolf predation rate.

A virtue of the northern Yellowstone ecosystem is it
has been monitored longer and more intensively than
most other ecosystems. As a result, many different time
series data exist that are pertinent to understanding the
forces that shape the dynamics of the northern elk herd.
But there are obstacles with these data. First, the data
are discontinuous. Financial and logistical constraints
hinder faithful collection of annual data as well as lim-
it some monitoring to short time periods. This leads to
data gaps which obscure the link between cause and ef-
fect.

Second, the data are not necessarily accurate. Take
for example the annual northern Yellowstone winter
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elk count, which has evolved over the last century from
ground surveys taken over multiple days to aerial sur-
veys conducted in a single day (Lemke et al. 1998). Mod-
ern aerial counts are known to be underestimates of
true abundance (Houston 1982, Coughenour and Singer
1996, Singer et al. 1997, Eberhardt et al. 2007); but scien-
tists, managers, and the public have mainly ignored this
bias and interpreted the counts as estimates of true pop-
ulation size. Highlighting the danger of this approach,
Singer and Garton (1994) estimated aerial surveys during
1986-1991 overlooked 9-51% of the northern elk herd,
and the fraction of missed elk ranged from 9-30% in
years with “good” sighting conditions to 35-51% in years
with “poor” sighting conditions. This means ignoring
annual changes in sightability can distort understanding
of population trend. For example, counts during 1987
(17,007 elk) and 1988 (18,913 elk) suggested an increasing
population, yet sightability-corrected counts for these
years indicated a slight decrease (1987 = 23,350 elk; 1988
= 22,779 elk; Coughenour and Singer 1996). Fortunately,
an outcome of the current elk decline is that research-
ers and managers have teamed up to build a statistical
tool that will allow them to correct future elk counts for
imperfect sightability, which will in turn strengthen in-
ferences about the effects of wolves and other factors on
elk population trend.

Despite uncertainty about the northern Yellowstone
elk data, there is little doubt that wolves have contribut-
ed to the recent decline of the northern elk herd. What
is in doubt is the size of that contribution. How much
of the decline is due to wolves? The basic biology of
wolves suggests that they have a modest influence on
elk dynamics. The wolf has the bite force, body size, and
cooperative behavior to kill a wide array of ungulates
ranging from diminutive deer to one-ton bison (Mech et
al. 2015). But it lacks the massive size, retractable claws,
supinating muscular forelimbs, and specialized skull
configuration (Peterson and Ciucci 2003) that would
allow it to be a consistently high-success hunter of any
one particular prey species.

Instead, the wolf is a consistently low-success hunter
of a wide range of prey. Its strategy is to find the easy
mark: a prey animal that is easily killed because of its
small size, old age, poor health, or treacherous sur-
roundings. The problem is that easy marks are generally
rare and often inconspicuous. Wolves find their mark by
relentlessly sifting through the available prey pool, test-
ing prospective victims. Wolves cast a wide net and test
many more prey than they actually kill. This is why the
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success of wolves hunting elk in northern Yellowstone
has rarely exceeded 20% (Smith et al. 2000, Mech et al.
2001) and drops to less than 10% when only adult elk are
considered (MacNulty et al. 2012).

Selective hunting behavior of wolves determines the
age distribution of prey they kill. Roughly half of elk
killed by wolves in northern Yellowstone are calves, a
pattern that has changed little since wolf reintroduc-

tion (Smith et al. 2004, Wright et al. 2006, Metz et al.
2012). Also unchanged has been the age distribution of
the adult (more than 2 years-old) female elk they kill:
89% of 640 wolf-killed adult female elk in northern
Yellowstone during 1995—2011 were more than 10-years-
old (figure 2a), and the annual mean age of these elk
varied between 13- and 16-years-old (figure 2b). Near-
ly half (48%) of 606 wolf-killed elk documented in the
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Figure 2. Demography of northern Yellowstone adult female elk in relation to predation patterns of wolves and humans. (a) Age
distribution of wolf-killed female elk (n = 624 kills) during 1995-2011 (left ordinate) and annual survival rate of female elk (n = 173
females) during 2000-2012 (right ordinate). (b) Mean age of wolf-killed female elk (n = 640 kills) during 1995-2011. (c) Age distri-
bution of female elk killed by wolves during 1995-2011 (n = 624 kills) and humans (n = 6,862 kills) during the late hunt, 1996-2009
(left ordinate) in relation to elk pregnancy rates (n = 230 females) during 2000-2014 (right ordinate). Harvest data are from Wright

et al. (2006) and Montana Fish, Wildlife and Parks.
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Madison headwaters area of Yellowstone National Park
during 1996—2007 were also calves (Becker et al. 2009).
Older elk (10-13 years-old) also represented the largest
overall share of adult females killed by wolves. However,
the mean age of wolf-killed adult female elk was nearly
6 years younger in the Madison headwaters (9.1 years,
95% CI = 8.6, 9.7, n = 220) than in northern Yellowstone
(147 years, 95% CI = 143, 15.0, n = 640). Extreme win-
ter conditions and other factors contribute to a shorter
lifespan and make elk more vulnerable to wolf preda-
tion in the Madison headwaters area (“Wolf Effects on
Elk Inhabiting a High Risk Landscape: The Madison
Headwaters Study,” this issue).

Selective wolf predation is important to the fate of
the northern Yellowstone elk herd because it results in
higher survival for the subset of elk that are rarely killed
by wolves. This is evidenced by the relatively high mean
annual survival (84-97%) of 2— to 8-year-old female elk
in northern Yellowstone during 2000-2012 (figure 2a).
Because this subset includes the most fertile females in
the population (figure 2c), selective predation may re-
duce the impact of wolves on elk abundance (Wright et
al. 2006, Eberhardt et al. 2007). On the other hand, se-
lective predation also means wolves are major predators
of elk calves, and calf survival may be the most import-
ant driver of elk population growth (Raithel et al. 2007).
Thus, the effect of wolves on calf survival is arguably the
single largest determinant of their role in the decline of
the northern elk herd (Proffitt et al. 2014). But it is also
one of the least understood aspects of wolf-elk interac-
tions.

Existing information about the effect of wolves on
calf survival in northern Yellowstone is not clear-cut.
Long-term data on the composition of wolf-killed prey
show that elk calves represent a large proportion of
wolf-killed elk, particularly in summer (62%) and ear-
ly winter (49%; Metz et al. 2012). Although suggestive,
wolf-kill data do not measure calf survival per se. Bar-
ber-Meyer et al. (2008) provided a proper analysis of
calf survival in northern Yellowstone by using radio-te-
lemetry to track the fates of 151 newly born calves during
2003—2005 when wolf numbers peaked in northern Yel-
lowstone (Cubaynes et al. 2014). They found that wolves
accounted for only 14-17% of calf deaths and that over-
winter calf survival was high (mean = 90%). It is likely
the sample of calves entering each winter was too small
(n = 12-16) to provide an unbiased estimate of overwin-
ter survival. However, a comparable radio-telemetry
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study of northern Yellowstone calf survival conduct-
ed before wolf reintroduction (1987-1990) followed a
larger sample of calves entering winter (n = 16-25) and
found a similarly high rate of overwinter survival (mean
= 86-94%) except in the severe post-fire winter of 1988-
1989 (mean = 16%; Singer et al. 1997).

By contrast, summer survival rates of calves in 1987—
1990 (mean = 65%; Singer et al. 1997) were more than
twice that of those in 2003—2005 (mean = 29%; Bar-
ber-Meyer et al. 2008). Although at least some of the de-
crease was due to how the recent study defined the sum-
mer survival interval (capture date to October 31) to be
two months longer than in the earlier study (capture date
to August 31), it is notable that the proportion of calves
killed by grizzly bears and black bears jumped from 23%
(1987-1990; Singer et al. 1997) to as much as 60% (2003~
2005; Barber-Meyer et al. 2008). This change aligns with
an increase in the number of grizzly bears in the Greater
Yellowstone Ecosystem during 1982-2007 (Kamath et al.
2015). These patterns would minimize the influence of
wolves on calf survival, if not for the sheer number of
elk calves among wolf-killed elk (Metz et al. 2012).

A similar discrepancy applies to cougars, which also
commonly kill elk in northern Yellowstone. Like wolves,
the composition of elk killed by cougars is dominated by
calves (Ruth et al., in press). Moreover, the average total
number of cougars inhabiting northern Yellowstone in-
creased 76% from 1987-1993 to 1998—2004 (Ruth et al.,
in press). Yet, the proportion of cougar-killed radio-col-
lared calves changed very little between 1987-1990 (1.5%;
Singer et al. 1997) and 20032005 (2.6%; Barber-Meyer
et al. 2008). Spatial mismatch between winter distribu-
tions of wolves, cougars, and radio-collared calves most
likely explains why these predators killed so few ra-
dio-collared calves during 2003-2005 despite the prev-
alence of calves in their diets (Barber-Meyer et al. 2008).

As a result, questions persist about whether wolf, bear,
and cougar predation adds to or replaces other sources
of calf mortality, such as winter severity and other pred-
ators (Singer et al. 1997). On average, are wolves killing
calves in northern Yellowstone that would otherwise
survive their first year of life? A strong negative relation-
ship between a proxy for calf survival (number of calves
per 100 adult females counted in late winter; calf:cow
ratios) and wolf population size (figure 3) is consistent
with the hypothesis that wolves are an additive source of
calf mortality. But inferring causation from this correla-
tion is not foolproof. Calf:cow ratios are a composite of
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fecundity and calf survival, and may be confounded by
changes in female age structure (Bonenfant et al. 2005).
In addition, parallel changes in wolf abundance and
other factors that affect calf survival, (e.g., bear/cougar
abundance) confound assessment of a wolf effect.

Between the potential bias of analyzing calf:cow ratios
and the high cost of radio-collaring and tracking calves,
there are few, if any, good options for annually monitor-
ing overwinter calf survival and the factors that affect it.
In an effort to develop an alternative, researchers have
started visually tracking the fates of calves observed at
heel among about 70 radio-collared adult female elk
that winter in northern Yellowstone. Although these
observational data are also error-prone, they provide
a valuable auxiliary dataset for assessing the validity of
calf:cow ratios, as well as permit analyses of adult female
reproductive success that account for the effects of in-
dividual-level factors such as age. Continued emphasis
on assessing the effects of wolves on calf survival is an
essential step toward greater understanding of the im-
pact of wolves on the abundance of the northern Yel-
lowstone elk herd.

Whereas debate about the magnitude of the effect of
wolves on elk abundance is unresolved, there is a grow-
ing understanding that factors besides wolves contrib-
uted to the decline of the northern elk herd. Foremost
among these are other predators, especially humans.
In contrast to the age-selective predation patterns of
wolves, cougars, and bears, human hunters participating
in the northern Yellowstone late season hunt primari-
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Figure 3. Elk recruitment rate (number of calves per 100 adult
females) in relation to wolf population size in northern Yellow-
stone, 1996-2015. Wolf numbers correspond to animals living
mainly inside Yellowstone National Park. Data are from the
Northern Yellowstone Cooperative Wildlife Working Group and
the Yellowstone Wolf Project.
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ly killed the most fertile adult females (figure 2c). This
likely represented a random sample of the female elk
age distribution because the late hunt emphasized ant-
lerless elk. By itself, regulated hunter harvest of young
adult females is unlikely to reduce elk numbers. This is
evidenced by substantial growth of the northern herd
from 1976 to 1988 (figure 1) when hunters harvested large
numbers of antlerless elk in the absence of much car-
nivore predation. And because hunters killed relatively
few calves, high calf survival likely offset the removal of
young adult females.

Elk calves enjoyed a large, perhaps unprecedented de-
gree of protection from predation during the first 1020
years of the natural regulation era. This began to change
by the late 1980s when it became clear that a recovering
grizzly bear population was increasingly preying on elk
calves (French and French 1990). Growing cougar num-
bers and eventual wolf reintroduction increased preda-
tion pressure still further. By the early 2000s, the once
predator-sparse environment of northern Yellowstone
National Park was filled with record numbers of wolves,
cougars, and grizzly bears preying on elk calves. Mean-
while, hunters continued to harvest substantial num-
bers of mainly young adult female elk during the late
hunt. From 1995-2002, the late hunt annually removed
between 940 and 2,465 total elk (figure 4). In 1997, se-
vere winter conditions pushed many elk north of the
park where they were exposed to hunter harvest. This
resulted in the greatest number of elk harvested during
the late season hunt (2,465 elk) since it was reinstated in
1976. And together with elk harvested during the pre-
ceding fall hunt, the total number of hunter-harvested
elk during winter 1996-1997 represented the second
largest removal of elk (3,320 animals) in the natural reg-
ulation era (figure 4). Record numbers of winter-killed
elk suggest many harvested animals would have died
of starvation had they avoided hunters. With contin-
ued declines in elk numbers observed during annual
counts, the State of Montana reduced the number of
late-hunt permits to less than 200 beginning in 2005
and suspended the hunt indefinitely following the 2009
season. While the fall season hunt continues, antlerless
elk harvest has averaged less than 50 animals per year
or less than 2% of the observed elk population since
2010 (Loveless 2015). The decline in hunting opportuni-
ty has fueled debate on the effects of predators on the
northern herd, with the hunting public questioning the
maintenance of high predator densities at the expense
of hunting opportunity.
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Figure 4. Annual number of northern Yellowstone male and female elk harvested by hunters in Montana Hunting District 313 (north
of the park boundary) during the natural regulation era, 1969-2015. The final late season hunt occurred during the winter 2009-
2010. Data are from Lemke et al. (1998), Vucetich et al. (2005), and Loveless (2015).

The decade following wolf reintroduction involved a
level and pattern of predation on the northern herd it
probably had not experienced since the market killing
era (1872-1882) when wolves, cougars, and bears were
probably still fairly abundant. The level of predation
between 1923 and 1968 was also quite high, but this was
mainly from humans (Houston 1982). As a result, the
age of hunter-killed elk was not biased toward calves
(e.g., Greer and Howe 1964) as it is with carnivore-killed
elk. By contrast, the period between 1995 and 2005 in-
volved a combination of carnivores killing calves and
hunters killing young, fertile females. Wolf predation on
old females may have also had a role, if diminished calf
recruitment shifted the female age distribution toward
older, more vulnerable age classes. Under conditions of
intense predation across all ages of elk, it is difficult to
imagine how the northern herd could have avoided a
steep drop in abundance. Indeed, the mix of carnivore-
and human-caused mortality that defined this period
may partly explain why the rate of decline after wolf
reintroduction was greater than it was during 1923-1968
(figure 1) when humans were the only major predator.

Declining ungulate abundance with increasing pred-
ator diversity has also been observed in moose and
caribou systems (Gasaway et al. 1992, Peterson 2001).
These studies suggest each additional predator species
(i.e., wolves, grizzly bears, black bears, humans) results
in a stepwise reduction in ungulate abundance. Howev-
er, the dynamics and mechanics of this relationship are
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poorly understood. For example, little is known about
how changes in the relative abundance of different pred-
ator species offsets (or exacerbates) the impact of pred-
ator diversity on ungulate abundance. In addition, it is
unclear whether the combined effects of multiple pred-
ators on shared prey is the sum of their separate effects,
or whether predators interact synergistically (or antago-
nistically) such that their combined impact is greater (or
less) than the sum of their individual impacts.

The ability of grizzly bears to usurp wolf-killed elk
(Ballard et al. 2003) suggests the potential for a synergis-
tic effect; whereas, diminished cougar predation on elk
calves in the presence of wolves and grizzly bears (Grif-
fin et al. 2011) suggests a possible antagonistic effect.
There is also the possibility that good forage conditions
buffer elk against predation in systems with as many
predators as Yellowstone (Griffin et al. 2011). Clearly,
progress toward understanding the fate of the northern
herd requires continued attention to northern Yellow-
stone as a multi-predator system.

A continued focus on the role of humans is also nec-
essary. Cessation of the late hunt and reduced antlerless
harvest during the general hunt in recent years provides
a unique opportunity to assess whether adjusting hu-
man harvest can offset the impact of multiple carnivores
on the abundance of the northern herd. Increased un-
gulate abundance in response to fewer predator species,
including humans (Peterson 2001) together with evi-
dence that human harvest has an overriding influence
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on adult female elk survival (Brodie et al. 2013) and elk
population growth (Vucetich et al. 2005) suggests the
northern herd may at least stabilize in the years ahead. If
s0, it will highlight how the fate of the northern herd is
ultimately in the hands of humans, much as it has been
since at least 1872.

The final actor in the northern Yellowstone saga that
cannot go unmentioned is bison. A common refrain
among those of us who were on the ground in north-
ern Yellowstone during the late 1990s is that where we
once saw herds of elk, we now see herds of bison. This
has fueled speculation that bison are competing with elk
and increasing bison numbers have contributed to the
decrease in the northern elk herd following wolf rein-
troduction. This is an interesting reversal of perspective
from the 1970s and 1980s, when the concern was about
too many elk outcompeting bison and other ungulates.
Studies during that period concluded that competition
between elk and bison was minimal (Houston 1982,
Singer and Norland 1994, Barmore 2003). Whether or
not this still holds true is the subject of ongoing research.

No matter how much science tells us about what drives
northern Yellowstone elk population dynamics, science
alone is unlikely to resolve stakeholder concerns about
too few or too many elk. This is because these concerns
are less about science and more about competing vi-
sions of what northern Yellowstone should look like.
What is indisputable is that the current version of the
northern Yellowstone system (i.e., fewer elk wintering
mainly outside the park, more bison wintering mainly
inside the park, lower human harvests, high carnivore
predation from multiple predators) is unlike any that has
existed since managers conducted what was perhaps the
first systematic count of the northern herd a century ago
(Bailey 1916). How long this version lasts and what the
next one may look like are fascinating questions. The
answers will only be revealed if northern Yellowstone’s
many stakeholders continue to support long-term coor-
dinated monitoring and assessment.
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