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Effects of grizzly bear predation on muskoxen in northeastern Alaska

Stephen M. Arthur1,3 and Patricia A. Del Vecchio2

Alaska Department of Fish and Game, 1300 College Road, Fairbanks, AK 99701-1551, USA

Abstract: Muskoxen (Ovibos moschatus) are thought to be highly effective at defending themselves
from predators. However, a decline in muskox abundance in northeastern Alaska, USA, that coincided
with several instances of grizzly bear (Ursus arctos) predation observed during 2000–2006 raised
concerns about the effects of predation on this population. In response, from 2007 to 2011 we estimated
rates of reproduction and survival and determined rates and causes of muskox mortality on the arctic
coastal plain of northeastern Alaska. Annual counts of muskox abundance (x̄ = 191) and estimates of
population growth (x̄ = 0.94) indicated a stable or slowly declining population. Annual natality ranged
from 0.45 to 0.86 (x̄ = 0.68) births/adult female, whereas annual survival ranged from 0.40 to 0.63 (x̄ =
0.49) for calves and from 0.73 to 0.91 (x̄ = 0.83) for adult females. Predation by grizzly bears was the
most common cause of death among cases where a cause could be identified, accounting for 58% and
62% of deaths of calves and adults, respectively. Most bear predation occurred during late winter and
spring when little other food was available to bears. The importance of predation compared with other
mortality factors, and the change from a growing to a declining muskox population, suggest a change in
either predator abundance or behavior. There is no evidence that bear abundance changed dramatically
during this period, but abundance of moose (Alces alces) and caribou (Rangifer tarandus) declined
substantially in the area where the muskox decline was most pronounced. This suggests bears may have
increased predation on muskoxen in response to reduced availability of other ungulates. Maintaining
diversity of native ungulates may help bears cope with the natural fluctuations in prey abundance often
seen in arctic ecosystems.
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switching, survival, Ursus arctos
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Muskoxen (Ovibos moschatus) were once widely dis-
tributed across the Arctic (Klein 2000). However, the
species occupies a limited range of habitats and its low
rate of reproduction makes it vulnerable to excessive mor-
tality due to harvest, predation, or environmental influ-
ences. Muskox populations throughout the Arctic have
exhibited extreme fluctuations in abundance, and by the
early 20th century the species had been extirpated from
much of its range, including all of Alaska, USA (Klein
2000). Muskoxen are social, and typically are found in
groups ranging in size from a few to as many as 100 in-
dividuals, with the largest groups generally occurring in

1Present address: U.S. Fish and Wildlife Service, Arctic
National Wildlife Refuge, 101 12th Avenue, Room 236,
Fairbanks, AK 99701, USA
2Present address: 1580 Ivan’s Alley, Fairbanks, AK 99709,
USA
3email: stephen_arthur@fws.gov

winter (Gunn 1982, Reynolds 1998). One benefit of group
formation by muskoxen is as a defense against predation,
and the circular or crescent-shaped defensive formations
used by muskoxen to repel predators are well-known
(Gunn 1982, Heard 1992, Klein 2000). Most previous in-
vestigations have suggested that the primary predator of
muskoxen was the wolf (Canis lupus; e.g., Heard 1992,
Lent 1999, Mech 2010). However, some instances of
grizzly bear (Ursus arctos) predation on muskoxen have
also been reported (Gunn and Miller 1982, Clarkson and
Liepins 1993, Reynolds 1998, Reynolds et al. 2002).

Considerable effort and funds were expended to
reestablish muskoxen in Alaska, beginning in the 1930s,
when a small herd was brought from Greenland and re-
leased on Nunivak Island (Lent 1999). Offspring of these
animals were subsequently used to establish populations
in western, northwestern, and northeastern Alaska (Lent
1999). The northeastern population originated from 66
muskoxen released during 1969 and 1970 on the north-
ern and northwestern borders of the Arctic National
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82 GRIZZLY BEAR PREDATION ON MUSKOXEN � Arthur and Del Vecchio

Fig. 1. Study area and locations of radiocollared muskoxen (Ovibos moschatus) in northeastern Alaska, USA,
2007–2011.

Wildlife Refuge (Lent 1998). This population increased
and spread both east and west, reaching a peak of ≥700
in 1995. At that time the northeastern Alaska popula-
tion ranged from near the Colville River eastward into
northern Yukon, Canada (Reynolds 1998, Lenart 2013).
Limited hunting was permitted in state Game Manage-
ment Unit (GMU) 26C (from the Canning River to the
Canadian border) beginning in 1982 and in GMU 26B
(between the Canning and Itkillik rivers) in 1990 (Fig. 1).
From 1996 to 2006 the total annual harvests from these
GMUs ranged from 3 to 20 muskoxen and consisted
predominantly of adult males. From 1999 to 2006 the
abundance of muskoxen in northeastern Alaska declined
significantly, particularly in GMU 26C, where numbers
declined from approximately 330 during 1990–1998 to
near zero by 2006 (Lenart 2007a). By the end of 2006,

the approximately 200 muskoxen remaining in GMU
26B were effectively isolated from approximately 100
muskoxen that had spread eastward into Canada. Hunt-
ing was prohibited in GMU 26C from 2003 to 2007, and
in GMU 26B beginning in 2006 (Lenart 2013). Preda-
tion by grizzly bears was documented as early as 1987
(Reynolds et al. 2002) and continued during periods of
both increasing and decreasing muskox abundance, but
an apparent increase in predation by bears noted during
2000 and 2001 (Reynolds et al. 2002) raised concerns
among some interest groups that predation rates were
not sustainable (e.g., Valkenburg 2007). However, the
extent to which bears prey on muskoxen and the impor-
tance of predation relative to other potential causes of
the decline in the northeastern Alaska population was
unknown.
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In response to these concerns, between 2007 and 2011
we used a combination of intensive aerial surveys, radio-
tracking, and investigations of carcasses and kill sites to
evaluate the status of the muskox population and the rel-
ative importance of calf production, age-specific survival
rates, and predation as potential influences on population
trend. To do this, we estimated annual survival of adult fe-
male muskoxen, minimum annual birth rates, and annual
recruitment of muskox calves to the yearling age class;
and determined relative frequencies of various causes
of mortality. We then used the estimated demographic
parameters to create a deterministic model of muskox
population growth rate.

Study area
The study area includes most of GMU 26B and ad-

jacent parts of GMU 26A and 26C, and is located on
the arctic coastal plain of northeastern Alaska. The area
extends 35–95 km inland from the coast to the northern
foothills of the Brooks Range and from the Canning River
to Teshekpuk Lake (Fig. 1). Terrain ranges from low, flat,
arctic tundra near the coast to rolling hills and river val-
leys in the foothills, with elevations ranging from sea level
to 300 m. The coastal plain is characterized by shallow
lakes and drained lake basins, polygonal tundra, pingos,
and river terraces. Vegetation on the coastal plain includes
extensive areas of wet and moist tundra interspersed with
small stands of dwarf and taller shrubs, including willow
(Salix spp.) and birch (Betula nana and B. glandulosa;
Walker et al. 1985, 1994; Wolfe 2000). Vegetation in
the foothills consists of heath, dwarf shrub, and alpine
tundra communities on higher terrain, interspersed with
wet meadows and shrub thickets along streams (Huryn
and Hobbie 2012). Caribou (Rangifer tarandus) are com-
mon throughout the region during late spring and sum-
mer. Most caribou migrate south into the Brooks Range
or east into Canada during autumn, but some remain in
small, scattered groups on the coastal plain of GMU 26A
and 26B during winter. Moose (Alces alces) are found in
scattered patches of woody vegetation, primarily along
streams. Grizzly bears are found throughout the area,
although population density is relatively low. Bear pop-
ulation estimates ranged from 4 to 18 bears/1,000 km2,
with the higher densities estimated in the foothills and
in GMU 26C (Reynolds and Garner 1987, Shideler and
Hechtel 2000, Reynolds et al. undated). Polar bears (U.
maritimus) are present in low numbers along the Arctic
coast. Wolves are present in the foothills but rarely ob-
served on the coastal plain, while wolverines (Gulo gulo)
are found in low numbers throughout the area. Anthro-

pogenic features of the area include the Dalton Highway
and trans–Alaska pipeline corridor and intensive indus-
trial development in the Prudhoe Bay, Kuparuk, and as-
sociated oil fields (all within GMU 26B) and the small
villages of Nuiqsut and Kaktovik (in GMU 26A and 26C,
respectively). The remainder of the area is mostly undis-
turbed by human activity, except for wilderness recre-
ation and subsistence hunting.

Methods
Field work for this project occurred between March

2007 and March 2012. We captured and radiocollared
28 adult (≥3 yr old) female muskoxen during March
(n = 10), July (n = 2), and October (n = 10) 2007,
July 2010 (n = 4), and March 2011 (n = 2) using im-
mobilizing darts fired from helicopters (R-44; Robinson
Helicopter Co., Torrance, California, USA). Details of
capture procedures were reported by Afema et al. (2017).
We monitored 10 additional female muskoxen that had
been radiocollared during 1999–2006 for prior studies
(Barboza and Reynolds 2004, Lenart 2007a). We used
these radiocollared animals to assist in locating groups
of muskoxen during radiotracking flights using single-
engine airplanes (Piper Super Cub [Piper Aircraft Corpo-
ration, Lock Haven, Pennsylvania, USA] or Cessna 182,
185, or 206 [Cessna Aircraft Company, Wichita, Kansas,
USA]). Flights were conducted 4–6 times/week (weather
permitting) during mid-April through early June and
twice monthly during June–September. Additional track-
ing flights were conducted during October, February, and
March when weather permitted. During each flight, we
attempted to locate all known groups of muskoxen, in-
cluding groups without radiocollared animals. We cir-
cled each group and attempted to determine the number
of calves and older animals present and to locate car-
casses of muskoxen that had died. When a muskox group
had moved between tracking flights, we backtracked the
group to locate missing animals and detect mortalities.
We determined age and sex composition of the popula-
tion by observing all known groups of muskoxen from
the ground once each month during April, June, and Oc-
tober 2007–2009 and April 2010 and 2011. During these
observations, we approached each group on foot to <100
m, examined each muskox using a 30 × spotting scope,
and counted the numbers of muskoxen in each of the fol-
lowing age categories (assumes a birth date of 1 Apr):calf
(<12 months), 1 year, 2 year, 3 year, and ≥4 year.
Muskoxen older than 1 year were also classified by sex.
We used our counts of muskoxen observed on the track-
ing flights as a minimum estimate of population size each

Ursus 28(1):81–91 (2017)
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year, acknowledging that some small groups or lone an-
imals might not have been observed (see Results). In ad-
dition, a systematic survey of muskoxen across the east-
ern North Slope, including northern Yukon, was accom-
plished in cooperation with Alaska Department of Fish
and Game management staff and personnel from the U.S.
Fish and Wildlife Service in April 2011 (Lenart 2013).

We estimated minimum numbers of births for each
year based on the numbers of newborn calves we ob-
served during our monitoring flights, and we estimated
birth rates by dividing the minimum number of births
by the number of ≥3-year-old females alive at the start
of calving in mid-April. Little information is available
concerning age-specific fecundity of wild muskoxen.
Reynolds (2001) observed little variation in birth rates
among females ≥3 years old in GMU 26C, but Adam-
czewski et al. (1997) reported lower rates of pregnancy
for 3-year-old versus older muskoxen on Victoria Island,
Canada. We did not attempt to distinguish 3-year-olds
from older females, or to estimate age-specific natality.
Thus, our estimated birth rates represent mean values
across all ages ≥3 years (assuming no births among 2-
yr-olds) rather than actual rates for a particular age class.
It is likely that not all births were documented (new-
born calves may have died before we observed them);
thus, these estimates probably underestimate birth rates
and overestimate calf survival. However, in our model
of population growth, birth and calf survival rates cancel
out so that recruitment is estimated by the actual count
of calves alive at the end of their first year. We were able
to document several cases of neonatal mortality and pre-
dation (based on sightings of dead calves or blood, hair,
and tracks at the scene; see Results), and we monitored
with similar intensity during all years, so we believe these
estimates are useful indicators of the relative importance
of birth and calf survival rates in influencing population
growth.

We estimated numbers of calves alive in October based
on counts from our monitoring flights, and numbers of
yearlings each April based on both monitoring flights
and the ground-based estimates of age and sex composi-
tion. We estimated spring–summer survival as the ratio
of calves alive in October to the minimum number of
births; winter survival as the ratio of yearlings alive in
April to the number of calves alive during the previ-
ous October; and annual survival of calves by dividing
the number of yearlings counted each April by the min-
imum number of calves observed the previous spring.
We estimated annual survival of radiocollared adult fe-
males using standard Kaplan–Meier procedures (Pollock
et al. 1989). We used these estimates of productivity and

survival to estimate annual growth rate (λ) using a deter-
ministic population model developed with the PopTools
(PopTools version 3.2.5.; http://www.poptools.org) add-
on for Microsoft Excel R© (Microsoft Corporation, Red-
mond, Washington, USA). For these models, we assumed
that birth rates were 0 for females <3 years old and con-
stant thereafter, sex ratio at birth was equal, and that
survival rates for yearling and 2-year-old females were
equal to the rates we estimated for radiocollared females
(≥3 yr old).

Whenever possible, we visited locations of dead
muskoxen (including both collared and unmarked ani-
mals) and attempted to determine the cause of death. We
assigned predation as the proximate cause of death in
cases where there was extensive injury consistent with
a predator attack (major tissue damage, broken bones,
bite wounds, and extensive bleeding), when a predator
was present on the carcass, or if we observed preda-
tor tracks in the snow that suggested a predator attack.
In cases of predation on calves, there was often little
evidence remaining other than a patch of bloody snow
and muskox hair. We assigned these cases as predation
if there were predator tracks or a predator present at
the scene and the calf had been observed alive before
the attack. Identity of a predator species was based on
tracks in snow or the presence of the actual predator. As
a result of extensive consumption of many carcasses, it
was often impossible to evaluate whether a dead muskox
had also suffered from some physical condition (e.g.,
disease or injury) that might have increased its vulner-
ability to predation. Thus, we acknowledge that our es-
timates of losses to predation may have included some
animals with predisposing conditions (see Afema et al.
[2017] for further discussion). We collected tissue sam-
ples (heart, lung, liver, kidney, muscle, hair, hoof, and
long bones) from carcasses that we were able to investi-
gate; and we collected blood, serum, and hair from cap-
tured muskoxen. These were analyzed to estimate the
prevalence of major infectious diseases and parasites and
concentrations of important trace minerals in muskox
tissues. Results of these analyses were reported by
Afema et al. (2017).

Results
Muskox population estimates each April (prior to calv-

ing) ranged from 184 to 196 (x̄ = 191; Table 1). With the
exception of the 2011 estimate, these numbers were min-
imum counts of muskoxen observed, and are not directly
comparable to results of systematic aerial surveys of the
entire range of the population that were conducted during

Ursus 28(1):81–91 (2017)
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Table 1. Demographic parameters estimated for muskoxen (Ovibos moschatus) in northeastern Alaska, USA,
2007–2011.

Biological yeara

Parameters 2007 2008 2009 2010 2011 x̄

April population size 196 191 196 184 190 191
n ≥3-yr-old F in April 77 80 82 88 84 82
n radiocollared adult F (for survival) 22 26 22 20 21 22
Adult F deaths before calving 0 2 4 3 2 2
Min. no. of births 35 67 63 52 55 54
Calves alive in October 14b 34 45 33b 29 31
Yearlings counted in April of following year 14 32 31 33 24c 27
Births/adult F (through 31 May) 0.45 0.86 0.81 0.61 0.67 0.68
Annual adult F survival 0.73 0.85 0.91 0.75 0.90 0.83
SE (adult F survival) 0.08 0.07 0.06 0.08 0.06 0.09
Spring–summer calf survival 0.40 0.51 0.71 0.63 0.53 0.56
Winter calf survival 1.00 0.94 0.69 1.00 0.83 0.89
Annual calf survival 0.40 0.48 0.49 0.63 0.44 0.49
λd 0.80 0.98 1.04 0.87 1.01 0.94

aBiological year begins 1 Apr of indicated yr.
bCount of yearlings exceeded actual Oct count by 1; thus, Oct count was set equal to yearling count.
cFrom Lenart (2013).
dAssumes equal survival for all ages ≥1 yr, equal sex ratio at birth, equal natality for all adult females (≥3 yr), and that no females
gave birth before age 3.

2003 and 2006 (Lenart 2013). However, a systematic sur-
vey conducted during April 2011 found only one group of
7 muskoxen that had not been located during our intensive
monitoring flights, while our monitoring flights located
11 muskoxen that were not observed during the system-
atic survey (Lenart 2013). Thus, we believe our intensive
monitoring flights during 2007–2011 likely accounted
for >90% of muskoxen that were present. Data describ-
ing age and sex composition of muskox groups were re-
ported by Lenart (2013). Muskox distribution was mainly
along the Sagavanirktok, Kuparuk, Colville, and Canning
rivers (Fig. 1). Groups varied greatly in size and compo-
sition, and individual muskoxen often changed groups
between monitoring flights. The 2 largest concentrations
of muskoxen were found near the Arctic coast south and
east of Deadhorse (x̄ = 69 muskoxen, 2007–2010) and
northwest of Prudhoe Bay in the vicinity of Beechey Point
(x̄ = 45 muskoxen). A third large group (x̄ = 41) ranged
from the Ribdon River to Sagwon Bluffs on the Saga-
vanirktok River. These animals gathered in large groups
during winter (Oct–May) and split into many smaller
groups during summer (Jul–Aug). Considering observa-
tions for all years, 77% of groups observed contained ≥1
radiocollared muskox (n = 1,561 groups), and marked
groups included 91% of all muskoxen observed (n =
18,551 muskox observations).

Numbers of neonatal calves observed during spring
were lowest in 2007 when only 35 calves were recorded

(0.45 births/ad F). Counts of calves during the other years
ranged from 52 to 67 (0.61–0.86 births/ad F; Table 1).
Similarly, spring–summer calf survival during 2007 was
only 0.40, and ranged from 0.51 to 0.71 during the fol-
lowing years. Overwinter survival of calves was generally
high (0.83–1.0), except for the 2009 cohort. That group
had the highest spring–summer survival (0.71), but the
lowest winter survival (0.69), so annual survival (0.49)
for that year was equal to the mean for all years (Table 1).
Annual survival of radiocollared adult females was also
lowest during 2007 (0.73, SE = 0.08, n = 22). Female
survival was also low during 2010 (0.75, SE = 0.08, n =
20), but was considerably higher during 2008 (0.85, SE
= 0.07, n = 26), 2009 (0.91, SE = 0.06, n = 22), and
2011 (0.90, SE = 0.06, n = 21; Table 1). Based on our
estimates of birth and survival rates, annual estimates of
population growth rate (λ) ranged from 0.80 to 1.04, and
averaged 0.94 (Table 1).

The earliest newborn calf we observed in any year was
on 14 April 2011. The mean date that calves were first
observed was 22 April (Julian date 112). Most (58%)
births occurred between 1 May and 15 May, and 83%
of documented births occurred by 1 June (Fig. 2). How-
ever, we continued to detect neonatal calves occasion-
ally through 10 July, when monitoring flights became
less frequent; and we observed a calf that was approxi-
mately 1 week old when initially reported to us on 1 Oc-
tober 2009 (T. Craig, U.S. Bureau of Land Management,

Ursus 28(1):81–91 (2017)
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86 GRIZZLY BEAR PREDATION ON MUSKOXEN � Arthur and Del Vecchio

Fig. 2. Cumulative percentages of births (solid line)
and deaths (dashed line) of muskox (Ovibos moscha-
tus) calves from northeastern Alaska, USA, during
spring and early summer, 2007–2011.

personal communication). Thus, a small number of births
evidently occurred throughout the summer. Both the ear-
liest and the latest-born calves died within their first year.
However, our observations during summer and autumn
suggested that survival was high for calves born during
June and July.

Predation by grizzly bears was the most common prox-
imate cause of death of calves, and accounted for 25
(58.1%) of the 43 deaths for which there was sufficient
evidence to assign a cause (Table 2). In addition, 95 calves
disappeared and were presumed to have died (34.9% of
the 272 calves observed and 68.8% of 138 presumed
mortalities). It is likely that bears, wolves, or wolverines
consumed these calves, preventing us from finding the re-
mains. However, we cannot assume that predators killed
these calves because they may have been scavenged fol-
lowing death from some other cause. Other causes of
death included abandonment (11.6%; usually due to a
bear attack causing the muskox group to flee); disease
(7.0%); starvation, goring by another muskox, and vehi-
cle collision (2.3% each); and unknown perinatal (16.3%;
defined as deaths within the first week of life for which
predators were not involved but a specific cause was not
identified). The 3 calves that died of diseases that could
be identified included cases of pneumonia, peritonitis,
and Chlamydophila infection (Afema et al. 2017).

Predation by grizzly bears was also the most common
proximate cause of death for adults and yearlings, and
was responsible for 45 (61.6%) of 73 deaths that were
assigned to a specific cause (Table 2). Other mortality
causes for adults and yearlings included human actions
(11.0%; includes vehicle collisions and illegal shooting);

drowning due to falling through thin ice (5.5%); disease
(2.7%; consisted of 1 case each of pericarditis and pneu-
monia); and unknown nonpredation (8.2%; no evidence
of predation but cause was not definitively determined).
Of the 4 cases of drowning, 2 may have been influenced
by stress of capture prior to the drowning event and 1
case occurred during a bear attack on the muskox group
(this adult female muskox also was suffering from an
advanced case of pneumonia). An additional 8 (11.0%)
adults or yearlings disappeared and likely died of un-
known causes. One of the deaths assigned to predation
was an adult female that died of stress myopathy after
moving 45 km from the site of a bear attack that killed
2 other adult females from the same group. Although the
bear did not directly injure this female, the stress of run-
ning from the predator evidently caused the animal to die
within 2 days of the attack.

We found no evidence that predators other than grizzly
bears were responsible for any muskox deaths, although
wolves apparently scavenged ≥2 muskox carcasses that
were initially used by bears. Predation of muskoxen be-
gan soon after bears emerged from their winter dens and
continued through the period when bears were active
(Mar–Oct). Predation was most prevalent during spring:
61% of predation on calves and 87% of predation on
older muskoxen occurred before 1 June (Figs. 2 and 3).
An additional 18% of calf predation and 11% of preda-
tion on older muskoxen occurred during the month of
June. Some additional mortality may have occurred dur-
ing summer when our monitoring flights were less fre-
quent and muskoxen were more widely dispersed. How-
ever, total counts of muskoxen seen on tracking flights
were similar between late June and October, suggesting
that mortality during that period was much less than dur-
ing spring.

Discussion
The importance of meat in diets of grizzly bears in

the Arctic is poorly understood. Reports of bear diets in
this region range from primarily vegetarian, with a minor
meat component (Hechtel 1985, Shideler and Hechtel
2000, MacHutchon and Wellwood 2003, Bentzen et al.
2014) to largely carnivorous, with heavy use of cari-
bou or moose as prey (Persson et al. 2001, Gau et al.
2002, Mowat and Heard 2006). Even within a region,
there is evidence of dietary variation among seasons
(Phillips 1987, Reynolds and Garner 1987, Gau et al.
2002, MacHutchon and Wellwood 2003, Stenset et al.
2016), sexes (Mowat and Heard 2006), and individual
bears (Edwards et al. 2010). Evidently, bear populations
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Table 2. Causes of death of muskoxen (Ovibos moschatus) in northeastern Alaska, USA, 2007–2011.

Biological yeara

Cause of death by age and sex 2007 2008 2009 2010 2011 x̄ Totals %

Calves
Bear predation 10 2 1 4 8 5.0 25 58.1
Disease 1 2 0 0 0 0.6 3 7.0
Starvation 0 0 1 0 0 0.2 1 2.3
Perinatal, nonpredationb 1 3 0 0 3 1.4 7 16.3
Abandoned 0 2 0 1 2 1.0 5 11.6
Gored by adult 0 0 1 0 0 0.2 1 2.3
Vehicle 0 0 1 0 0 0.2 1 2.3

Total known cause 12 9 4 5 13 8.6 43 100.0
Missing, fate unknown 9 26 28 14 18 19 95

Females (≥1 yr old)
Bear predation 2 8 3 12 5 6.0 30 66.7
Vehicle or shot 0 0 3 0 3 1.2 6 13.3
Drowningc 3 0 1 0 0 0.8 4 9.0
Other nonpredationb 1 1 0 0 1 0.6 3 6.7
Unknownd 2 0 0 0 0 0.4 2 4.4

Total 8 9 7 12 9 9.0 45 100.0

Males (≥1 yr old)
Bear predation 1 0 0 3 5 1.8 9 56.3
Vehicle or shot 0 0 0 0 2 0.4 2 12.5
Disease 1 1 0 0 0 0.4 2 12.5
Other nonpredationb 1 1 0 0 1 0.6 3 18.8
Unknown 0 0 0 0 0 0 0 0

Total 3 2 0 3 8 3.2 16 100.0

All adults and yearlings
Bear predatione 5 8 4 18 10 9.0 45 61.6
Vehicle or shot 0 0 3 0 5 1.6 8 11.0
Disease 1 1 0 0 0 0.4 2 2.7
Drowning 3 0 1 0 0 0.8 4 5.5
Other nonpredationb,d 2 2 0 0 2 1.2 6 8.2
Unknownf 8 0 0 0 0 1.6 8 11.0

Total 19 11 8 18 17 14.6 73 100.0

aBiological year begins 1 Apr of indicated year.
bIncludes starvation and unconfirmed disease or injury with no evidence of predation.
cIncludes 2 deaths possibly influenced by capture effects (2007).
dIncludes 1 animal that died and 1 collared animal that disappeared, presumed dead.
eIncludes 6 animals for which sex was not determined.
fIncludes 6 animals that disappeared after traveling 25 km offshore on sea ice (2007).

can persist in areas with little access to meat, but bears
will utilize ungulate prey when available. Furthermore,
bears whose diets include large quantities of meat gain
weight faster and attain larger body size compared with
bears whose diets are largely vegetarian (Hilderbrand
et al. 1999).

Although we rarely were able to determine sex of the
bears we observed hunting or consuming muskoxen, most
of our observations were of single, large-bodied bears
presumed to be males. Furthermore, bear predation on
muskoxen began during early spring when female bears
with cubs were still in dens (Shideler and Hechtel 2000).
Although we did observe females with cubs consuming

muskoxen in mid to late May, predation of muskoxen
may be more common among male bears compared with
females. It is also possible that muskox predation is a
learned behavior that is utilized by relatively few individ-
ual bears. One radiocollared male bear in our study area
was responsible for the deaths of ≥7 adult muskoxen in 4
events over 2 years (4 muskoxen were killed in 1 event),
and we often observed tracks of a single bear leading
from one dead muskox to another. Reynolds et al. (2002)
reported that 61% of muskoxen killed by bears were cases
of multiple kills (≥2 kills/episode), each case presumably
made by a single bear. Further study is needed to deter-
mine the prevalence of muskox predation within the bear
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Fig. 3. Cumulative percent of deaths of muskoxen
(Ovibos moschatus) older than calves in northeast-
ern Alaska, USA, 2007–2011.

population and whether this behavior is more common
among certain age or sex classes of bears.

Our results indicate that predation by grizzly bears
was an important factor limiting the muskox population
in GMU 26B during this study, which suggests that pre-
dation may have contributed to the precipitous decline in
muskox abundance in GMU 26C that occurred between
1998 and 2006. The decline occurred before our study
began, so inferences based on our results are specula-
tive but may be useful in guiding future research. The
change from a period of significant growth to a rapid
decline suggests a major change in predator behavior
or abundance or changes in some other limiting factors.
There is no evidence that abundance of grizzly bears in-
creased substantially (Lenart 2007b), and predation of
muskoxen by bears was recorded during the period of in-
creasing muskox abundance as well as during the decline
(Reynolds et al. 2002). Human harvest of muskoxen in
this area prior to and during the decline was thought to be
well below the level that might influence the population
(Lenart 2013), although the effects of harvesting mature
males might be more important than is currently supposed
(Schmidt and Gorn 2013). There was no indication that
any particular disease or parasite was widespread or es-
pecially virulent in the population (Afema et al. 2017),
and no large-scale mortality events due to disease were
observed as have occurred in other areas (e.g., Ytrehus
et al. 2008).

One notable change that occurred that might have in-
fluenced rates of predation on muskoxen was a reduction
in abundance of other potential ungulate prey, particu-
larly caribou, in GMU 26C during the years preceding
and during the muskox decline. Most bear predation that

Fig. 4. Abundance of muskoxen (Ovibos moscha-
tus; solid line) in Unit 26C, abundance of moose
(Alces alces) in Unit 26B (dashed line) and 26C
(squares), and proportion of the Porcupine caribou
(Rangifer tarandus) herd calving west of the Jago
River (bars) in northeastern Alaska, USA, 1983–2008.

we observed occurred during spring, when little other
food for bears was available. The increase in survival of
muskoxen in our study area during June coincided with a
large influx of migrating caribou and the onset of calving
by the Central Arctic caribou herd, whose calving range
spanned the northern portion of GMU 26B (Arthur and
Del Vecchio 2009, Nicholson et al. 2016). This suggests
that bears may have switched to preying on caribou in
June, thus reducing predation on muskoxen. Elsewhere
in Alaska, grizzly bears are reported to be significant
predators of moose calves and yearlings (Ballard et al.
1991, Testa 2001, White et al. 2001). The moose popu-
lation in both GMU 26B and 26C declined dramatically
beginning in 1988, and remained low through the early
2000s (Lenart 2006). Recruitment of moose calves was
very low during 1993–1996 (Lenart 2006), suggesting
that availability of yearling moose as prey for bears in
spring was also reduced. Similar changes occurred in
abundance of caribou in GMU 26C during spring be-
cause of changes in distribution of the Porcupine cari-
bou herd (estimated at 123,000–178,000 caribou). From
1982 to 1999, the largest groups and greatest numbers
of muskoxen in GMU 26C were found west of the Jago
River (Reynolds 2007), which overlapped with the area
of highest density of calving caribou from the Porcupine
herd during those years (Griffith et al. 2002). During 2000
and 2001, calving by the Porcupine herd shifted east of
the Canadian border, and little calving occurred west of
the Jago River during most of the subsequent decade (Fig.
4; Griffith et al. 2002; E. Lenart, Alaska Department of
Fish and Game, unpublished data). Although some calv-
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ing occurred between the Jago River and the Canadian
border during 2002–2008, very few muskoxen remained
in that area after 2001 (Reynolds 2007; S. M. Arthur, un-
published data). Thus, availability of moose and caribou
calves as prey for bears during spring was greatly re-
duced throughout GMU 26C during 2000 and 2001 and
remained low during 2002–2008 west of the Jago River,
where muskoxen originally were most abundant (Fig. 4).
Bears may have responded to these changes by increasing
predation of muskoxen. In contrast, muskox abundance
was relatively stable from 2004 to 2011 in caribou calving
areas east of the Canadian border (Cooley and McDonald
2010) and in GMU 26B (Lenart 2013, this study).

The decline in muskox abundance in GMU 26C
was extremely rapid, suggesting that a change in bear
predation was not the only contributing factor. Although
we observed little direct mortality from disease, Afema
et al. (2017) reported that prevalence of some pathogens
that might reduce muskox fecundity and survival and
increase susceptibility to predation was higher among
muskoxen sampled during our study compared with sam-
ples collected in GMU 26C prior to the decline. Changes
in climatic conditions may also have played a role. Mean
winter temperatures in northeastern Alaska reportedly in-
creased by >2◦C from 1980 to 2000 (Johannessen et al.
2004). Predicted effects of a warming climate include
increased winter precipitation and more frequent occur-
rence of icing events (Hinzman et al. 2005). Extreme
winter weather was implicated in 2 cases of extensive
mortality of caribou in northwestern Alaska, but did not
noticeably affect muskoxen in that area (Dau 2005). We
did not observe any direct mortality of muskoxen that
could be associated with winter weather or snow condi-
tions, and no extensive weather-related muskox mortality
events have been recorded in northeastern Alaska. How-
ever, deeper, heavier snow in late winter might increase
the vulnerability of muskoxen to predators, and we did
observe several instances of bears killing muskoxen after
chasing them into deep snow. Persistent snow cover on
the coastal plain of GMU 26C in early June 2000 and
2001 may also have discouraged caribou from using that
area for calving (S. M. Arthur, unpublished data; Griffith
et al. 2002) and contributed to changes in prey availabil-
ity for bears. Thus, the disappearance of muskoxen from
GMU 26C was likely a result of many factors acting si-
multaneously, with complex interactions among factors.

Muskoxen are a potentially dangerous prey, even for
large predators such as grizzly bears. Reynolds et al.
(2002) reported that a young male grizzly bear was
killed by a muskox, another case where a male bear was
gored by a muskox but survived, and 3 instances where

muskoxen had apparently repelled bear attacks and had
torn radiocollars from the bears with their horns. We
observed one instance of a solitary adult male muskox
chasing off an approaching bear by charging the bear
and hooking it with its horns, and another case where
a muskox male apparently repelled an adult female bear
and her 2- or 3-year-old cub that were threatening a group
of 12 muskoxen that included a small calf. Thus, the will-
ingness of at least some bears to prey on muskoxen sug-
gests that the nutritional gains of consuming muskoxen
outweigh the risks of attacking them. Moose and cari-
bou, particularly calves and yearlings, may be preferred
by bears when they are available, whereas muskoxen
may be profitable prey only when other ungulates are
scarce. Considering the harsh environment occupied by
muskoxen, their low reproductive potential, and the gen-
eral tendency of arctic species to fluctuate in abundance
over time, periodic declines and even local extinctions are
likely to be more common for muskoxen than for other
ungulates (e.g., caribou) with greater mobility and higher
rates of reproduction. Long-term persistence of small,
isolated muskox populations may thus depend on their
ability to recover from steep declines or to be reestab-
lished by animals dispersing from other areas. Grizzly
bear populations evidently can persist in areas without
abundant ungulate prey; however, in the Arctic and other
areas where food is relatively scarce, the meat provided
by ungulates is a valuable resource that can increase
growth rates, survival, and productivity of bears. Manage-
ment efforts that maintain diversity of native ungulates,
such as the reintroduction of muskoxen to northeastern
Alaska, may help bears cope with the natural fluctuations
in prey abundance often seen in arctic ecosystems.
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