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Left: Muskox bull, Cape Atholl region – photo by C. Cuyler
Right: Caribou cows with neonate calves, Central region (Akia-Maniitsoq caribou) – photo by C. Cuyler
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General for caribou & muskoxen
A not overly biased sex ratio in caribou and muskox populations benefits genetic diversity / robustness, and
thus armours future generations with resilience to meet challenges including impacts of climate change.
Meanwhile, protecting cows with calves is expected to benefit to calf survival.

Significance of unstable / extreme weather on caribou & muskox abundance
Undoubtedly, there is always uncertainty in the natural fluctuations of animal populations (Clutton-Brock et
al. 1997; Clutton-Brock and Coulson 2002; Gaillard et al. 1998) and causes typically remain poorly
understood (Krebs 2002). Nevertheless, the climate is changing globally, and changes are particularly
evident in the Arctic (Cuyler et al. 2020). One of the consequences of these changes is increasingly unstable
weather, which also applies to Greenland (Cuyler 2019a). It is therefore expected that there will be more
periods of so-called extreme weather in the future. Such events are unpredictable. Consequences, including
increased mortality among herbivores, will depend on the severity, frequency, and extent of the event
(Cuyler et al. 2020). Negative influences on caribou and muskox abundance in Greenland could be

spread across several years or occur abruptly within a single season (Cuyler et al. 2016. Cuyler
2019b). Extreme weather events could make harvest yields uncertain and require mitigating management
measures.
In the summer, extreme or unstable weather can include periods of drought, prolonged high air
temperatures or alternately freezing temperatures and snow. Prolonged droughts can kill summer plant
growth, which herbivores rely on to replenish body reserves lost in the previous winter and to build up
reserves for the coming winter. Furthermore, desiccated / dead vegetation cannot provide the necessary
quality and quantity of forage for herbivores in the coming winter. Air temperatures below the freezing
point that bring persistent snow cover in summer can have some similar effects. High temperatures in the
absence of wind increases insect harassment on caribou and muskoxen and may also lead to hyperthermia
and possible death owing to pre-existing conditions (Ytrehus et al. 2008).
In winter, extreme, or unstable weather can result in multiple periods with temperatures above freezing
and possibly rain. When the temperature subsequently falls below 0°C, icing can form preventing access to
the forage vegetation herbivores depend upon. Thick icing can completely block access to vegetation.
Unstable or more extreme weather can also cause excessively deep snow and delayed, sometimes very
late, snow melt in spring. High winds accompanied by freezing rain-sleet at spring calving may occur.
Common to the expected increasingly unstable weather is the risk of pronounced negative effects (e.g.,
reduced calf production, greater natural mortality) for caribou and muskoxen.
Winter and spring (circa 01 January until final spring melt) are decisive for caribou / muskoxen survival,
primarily because usually forage quality, quantity and availability are low. These can also have negative
effects on cow body condition and reproduction. Winter survival strategies include choosing optimal winter
habitat, minimizing daily activity/movements, and employing rumination periods long enough to break
down typically poor-quality winter forage, thus permitting absorption of nutrients. At any time of year,
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disturbance of caribou / muskoxen can result in more energy used (flight responses causing greater daily
movements), less time available for energy intake (grazing) and ultimately less nutrient absorption
(rumination / digestion). Specifically, winter hunting creates disturbance that produces these negative
effects at a time when the opposite is essential for survival. If a large area of winter habitat and high
number of individuals are affected, it can weaken a population’s general health. Winter hunting using
motor vehicles may exacerbate the above. Furthermore, it may cause animals to avoid otherwise preferred
essential winter habitat and to seek refuge in poorer quality habitat less suitable for survival, e.g., because
animal densities may be too high relative to the forage quality, quantity, and availability. Cow body
condition may decrease, which would negatively affect calf survival and calf production the following
spring. Furthermore, high animal density can increase exposure of individuals to infectious pathogens
(diseases, parasites). In winters with repeated periods of unstable or extreme weather, winter

hunting clearly adds further negative effects to already beleaguered caribou and muskoxen
populations. A typical mitigating management measure is the cessation of winter harvesting.
All the above are important because the probability of successful breeding increases with the body mass of
cows (Rowell et al. 1997; White et al. 1997). Everything that makes vegetation / forage inaccessible,
ultimately reduces cow body reserves and thus calf production. This is specifically true for muskox cows,
which require 22% body fat to have a 50% probability of pregnancy (Adamczewski et al. 1998). In contrast,
only circa 7% body fat is needed for reindeer cows (Crête et al. 1993; Pachkowski et al. 2013). Stock
density, lactational status and quality / quantity / availability of forage also affect the likelihood of
pregnancy (Pachkowski et al. 2013). Poor cow body condition can result in non-annual breeding (White et
al. 1997), and muskox cows often calve at intervals of 2-3 years, probably because they did not regain
enough body reserves during a single summer season after pregnancy and milk production (Reynolds
2001).

General Caribou
Native caribou (Rangifer tarandus groenlandicus) populations and established feral semi-domestic reindeer
(Rangifer tarandus tarandus) populations, or mixtures of the two, are found only in western Greenland
(Figure 1), where the Greenland government manages hunting seasons and quotas for 11 wild stocks (Table
1). In southern Greenland, there are two semi-domestic reindeer stocks under husbandry at Isortoq and
Tuttutooq. Recent abundance estimates for three caribou populations, the result of aerial surveys, 2018
and 2019, are provided in Marques (2018) and Cuyler (2019a, see Appendix 1).
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Figure 1. Location and names of the wild Rangifer populations (left) and hunt-area number for West- and Northwest
Greenland (red), as well as the two semi-domestic reindeer districts in south Greenland (blue). Regional borders are
approximations and size does not reflect animal abundance.
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Table 1. Greenland Department of Fisheries, Hunting and Agriculture (APNN) Rangifer management areas
or region names, presented north to south. Government regulated harvest for all populations.
APNN management area (Region)
Population name
Hunt-area no.
Qaanaaq
Qaanaaq/Pituffik
Diverse1
Naternaq
(North)
(Central)
(South)
(Paamiut)
Ivittuut
1

Inglefield Land & Prudhoe Land
Olrik Fjord
Nuussuaq Halvø
Naternaq
Kangerlussuaq-Sisimiut
Akia-Maniitsoq
Ameralik
Qeqertarsuatsiaat
Qassit
Neria
Ivittuut

10
9
8
1
2
3
4
5
6
7
11

Diverse includes the following communities: Upernavik, Uummannaq, Ilulissat, Qeqertarsuaq and Qasigiannguit.

Further, and based mainly on local knowledge, over the past decade there may be caribou present in three
additional areas on the west coast of Greenland and one area on the east coast: on Tuttulissuaq (north of
the town of Upernavik and circa midway along coast of Melville Bay), in the inland east-south-east of the
town of Upernavik, on Disko Island (2017 local knowledge informed about caribou expansion from
Nuussuaq Halvø (Per Nukaaraq Hansen pers. comm.)) and in Tasiilaq/Ammassalik (2014-2016, N.M. Lund
APNN, pers. comm. from an unnamed source). If still present today, these are tiny populations, and the
Greenland government’s management forbids harvest. Therefore, these are not covered by this advice
document. Of those areas, only at Tuttulissuaq has caribou presence been documented with photographs
and biological samples. In September 2013, a research team using a helicopter for polar bear studies
observed a group of 16 caribou, which they photographed and took biopsies from (Figure 2).

Figure 2. On 15 September 2013, a group of sixteen caribou were observed at ca. 600 m elevation on the northern
side of the Tuttulissuup tuttoqarfia peninsula (75° 32.98’ N; 58° 04.98’ W). Six appear in this photo. Photo: Ø. Wiig.
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General Muskoxen
Native muskoxen occur only in North and Northeast Greenland. Muskox harvest is prohibited in
Washington Land and the National Park, although hunters travelling through those regions by dog team are
permitted to take a few for feeding the sled dogs. Meanwhile, annual quoted harvests in East Greenland
are permitted in Jameson Land and Inner Kangertittivaq Fjord (Figure 3).
There are several well-established translocated muskox stocks in western Greenland, and only one,
Inglefield Land, is a mixture of introduced and native muskoxen (Figure 3). Expansion since introductions
has formed two additional stocks of muskoxen, which are Sisimiut and Nuuk. Nuuk muskoxen are
presumed a tiny stock and hunting remains prohibited.
Nanortalik (South Greenland) received 19 translocated muskoxen six years ago, in 2014, and therefore is
still in its establishment phase and hunting remains prohibited.
Muskox calves are usually born mid-April through June, with birthing dates as early as 05 April and as late
as 19 June (Lent 1988) and unlike caribou there is no breeding synchrony (Lent 1966).
Regarding optimal muskoxen habitat, generally this is below 200 m elevation, while elevations below 100 m
support the highest densities of muskoxen (Thomas et al. 1981). In the 1980’s -90’s Greenland’s Maniitsoq
muskoxen remained in areas below 400 m elevation throughout the year where their densities were
unchanged (Olesen 1993).
The Greenland Department of Fisheries, Hunting and Agriculture (APNN) manages harvest seasons and
quotas for 9 muskox regions / populations, while the total number of stocks is 13 (Table 2). Greater detail is
provided for the Maniitsoq, Cape Atholl and Nuuk muskox populations.
Table 2. APNN’s muskox management areas, north to south, with population names and where relevant
hunt-area numbers. Government regulated harvest most populations.
APNN management area
Population name
Hunt-area no. 2019 Harvest
Western Greenland

Uummannaq/Upernavik
Diverse1
Sisimiut/Kangaatsiaq

Inglefield- & Prudhoe Land
Cape Atholl
Sigguk/Svartenhuk
Naternaq/Lersletten
Sisimiut

All Greenland communities

Maniitsoq

Qaanaaq

Ivittuut
Nanortalik
North and Northeast Greenland
Washington Land
National Park
Ittoqqortoormiit
1Diverse

Nuuk
Ivittuut
Nanortalik

1, 3, 4
2
-

Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
No

Washington Land
National Park
Jameson Land & Liverpool Land
Inner Kangertittivaq / Scoresbysund Fjord

-

No
No
Yes
Yes

includes the following communities: Aasiaat, Qasigiannguit, Kangaatsiaq, Ilulissat and Qeqetarsuaq.
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Figure 3. Muskox populations in Greenland. Native populations (blue) are in North and Northeast Greenland.
Inglefield Land muskoxen are a mix of native and translocated stock. In western Greenland, specifically from Cape
Atholl to Nanortalik, all populations are either translocated (orange) or the result of expansion (green) from a
neighbouring translocation. Population borders are approximations and size does not reflect animal abundance, e.g.,
Greenland’s largest muskox population, Maniitsoq, inhabits a relatively small area. Boundary of the National Park in
northeast Greenland is indicated. Currently, regulated harvest is permitted on most populations, however hunting is
prohibited in Washington Land, National Park, Nanortalik and Nuuk.
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Maniitsoq muskox population
In 1963 and 1965, 27 juvenile muskoxen were translocated from East Greenland to the area south of the
Kangerlussuaq (Søndre Strømfjord) International airport in West Greenland. Previously, this population was
commonly called the Kangerlussuaq muskoxen (Cuyler & Witting 2004), but hereafter will be referred to as
the Maniitsoq muskoxen as per APNN (2019a). All hunting was prohibited for 25 years, first harvest was
1988, and by 1990 the muskox population was considered well established (Olesen 1993).
Already in the 1980’s, the muskoxen clearly selected lowland elevations under 400 m. At that time, this
included the lowlands surrounding the Kangerlussuaq (Søndre Strømfjord) international airport and several
large valleys, i.e., Ørkendalen (Bioshytte), Ammalortoq Lake, and Paradisedalen (Arnangarnup Qoorua)
(Olesen 1993). The total area available to Maniitsoq muskoxen is 7,853 km2, however only circa 950 km2 is
habitat under 400 m elevation (Olesen 1993). Calf production indicated that lowland habitat within the
7,853 km2 region was well suited to muskoxen. Although neither is normal for muskox populations
elsewhere, in the 1970-80’s, calves accounted for 24-28% of the Maniitsoq muskox population, while many
cows produced a calf every year (Roby 1978, Thing et al. 1984, 1987, Olesen 1993).
To manage the Maniitsoq muskox harvest, APNN subdivided the region into four hunting management
areas. Initially there were three hunting management areas (Piniarfik 1, 2, 3) but a fourth was added winter
2018 (Figure 4).

Figure 4. APNN’s four hunting areas (Piniarfik 1, 2, 3, 4) for harvest management of the Maniitsoq muskox population
in Qeqqata municipality (APNN 2019b). Top right and indicated by red diagonal lines is the hunting-prohibited area
(Piniarfigeqqusaanngitsoq) that surrounds the Kangerlussuaq (Søndre Strømfjord) international airport and includes
Sandflugtdalen Valley and Isunngua areas. Hunting has always been prohibited in the inner Paradise Valley, indicated
by solid red.

9

Current population trend, Maniitsoq muskoxen
A 2018 helicopter survey provided a population size estimate of circa 20,334 muskoxen (95% CI 9,386 –
44,055; SE 6397; CV 0.31) for the Maniitsoq muskox population (Marques 2018). This number cannot be
compared with previous ground-based minimum counts, because it is the first and only estimation of total
abundance of muskoxen in the entire area south of the Kangerlussuaq international airport. The high 2018
estimate provides evidence of the explosive increasing trend for abundance that occurred since 27
individuals were translocated to the area in the 1960’s. The steep growth curve in the 1980’s and ‘90’s
(Figure 5) supports this. Regardless, alone the 2018 estimate cannot indicate current population trend.
Instead past, recent, and current trends are indicated by the minimum count and calf percentage data
gathered over a 40-year period (Figures 5, 6). These suggest the current trend is steady decline in
abundance since 2010. The most recent minimum count, in 2020, also supports that population size and
production have decreased. The abundance in the 2000-2010 period might have been greater than the
2018 aerial survey estimate of circa 20,334 muskoxen. Below follows a brief discussion of the minimum
counts, calf production, 2018 aerial survey, muskox density, and disturbance.

Minimum counts 1963 – 2020, Maniitsoq muskoxen
Since the initial release of 27 muskoxen in 1963-65, ground-based minimum counts from the 1980’s to
2020 provide indices of abundance. Although not population size estimates, they illustrate general
population trends (Figure 5). Minimum counts in this area are usually done by two observers travelling by
skidoo in the January-April period, and using binoculars and telescopes recording all muskoxen seen. The
2018 minimum count was the actual number of muskoxen seen during a helicopter survey for caribou.
Certainly, the inconsistent timing, effort and coverage of the diverse minimum counts makes comparisons
across time less reliable. For example, the 1977-1995 minimum counts were carried out before the hunting
season and covered hunting areas 1 and 2 (see Figure 4). Minimum counts in 2000-2010 occurred also prior
to winter harvesting, but typically covered most of hunting areas 1, 2, 4 and northern portion of area 3. In
2010, lack of snow and sea ice limited the minimum count to hunting areas 1 and 2 and a small portion of 3,
while 4 was impossible to cover. Meanwhile, winter harvest influenced minimum count results post-2014
because counts were during or after the winter hunting season. During these counts, animals had probably
moved to less accessible terrain, which prevented their detection. Furthermore, 2014-2020 area coverage
was highly variable and often much reduced. The exception being the 2018 minimum count from
helicopter, which had the greatest effort and coverage of any count to date. Owing to different timing and
effort, muskox abundance trends should be considered with caution. Nevertheless, general trends are
apparent.
The index of muskox abundance illustrates a general rapid expansion in the 1980’s and early 1990’s, a
possible peak from the mid 1990’s until 2010, and a decline thereafter (Figure 5). Neither the magnitude
nor slope of the decline are likely as steep as they appear, since minimum counts after 2014 occurred after
hunting had altered the distribution and detectability of the animals. Regardless, the suggested declining
trend in population size since 2010 is supported by simultaneous declining number of muskox groups
observed, maximum group size, as well as a circa 37% reduction in calf recruitment (Appendix 2).
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Furthermore, minimum count data from hunting area 2 (Appendix 3), which received consistent effort and
coverage on all ground-based counts, although timing varied, similarly supports an abundance decline in
the Maniitsoq population since 2010.
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Figure 5. Index of Maniitsoq muskox abundance since translocation to the region in 1963-65. Data are minimum
counts of only those individuals observed and cannot be interpreted as estimates of population size. All but 2018 are
ground counts. All are of varying timing, effort, and area coverage. Beginning 2000, all are pre-calving counts from
either winter or late winter. Those from 2000 to 2010 were pre-harvest, while those 2014-2020 were post-harvest. In
the latter muskoxen are avoiding lowlands owing to recent hunting. The actual number of individual muskoxen
observed during the March 2018 helicopter survey () has been included as a type of minimum count, which effort and
coverage were the most comprehensive relative to any other minimum count. (Data from Roby 1978, Thing et al.
1984, Olesen 1993 and Cuyler unpublished).

Calf production 1977-2020, Maniitsoq muskoxen
Until at least 1981 calf percentage for Maniitsoq muskoxen was excellent (Figure 6) resulting in the highest
recorded population growth rate, 35%, for any muskox population globally (Thing 1984, Olesen 1993).
Population growth for Maniitsoq muskoxen was above the 17-24% reported for a similarly translocated
population in Alaska (Jingfors & Klein 1982) and the 21% from Queen Maud Gulf, Canada (Gunn et al.
1984). Maniitsoq’s population increment, circa 30%, continued almost unabated until 1990 (Olesen 1993),
and even into 2000-2001 (Cuyler et al. 2001). Beginning in 2002 however, calf percentages declined and
have not recovered to pre-2000 values (Figure 6). Calf percentage seemingly improved since the 2010
minimum count, however, the 2014-2020 period involved only post-harvest counts. Resulting calf
percentages may just be an artifact of hunters shooting all except calves, thereby reducing the total
number while calf number remained the same, which artificially raised calf percentage in the counts.
Specifically, the 2014 value is likely unreliable and artificially high because the count was post-harvest, nohunting zones did not yet exist and the small size of surveyed area, which was easily accessible to hunters.
In the 2016-2020 period, a no-hunting zone was established, and minimum count effort was concentrated
there. Thus, the circa 15% calves for this period provides the best current expected calf percentage, which
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is circa 40% below the pre-2000 values and supported by the circa 37% known decline in calf recruitment
(calves per 100 cows; Appendix 2).
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Figure 6. Calf percentages in the Maniitsoq muskox population from 1977 to 2020. All results are from ground counts.
Beginning 2000, all results are from winter (pre-calving) counts, 2000-2010 pre-harvest and 2014-2020 post-harvest.
The April 2014 outlier value ( ) is likely unrealistic and artificially elevated, primarily owing to the timing of the count,
which was post-harvest, and count effort involved a limited area easily accessible to hunters. Thus, while total muskox
number was reduced calf number remained the same (not shot), which artificially raised calf percentage. (Data from
Roby 1978, Thing et al. 1984, Olesen 1993 and Cuyler unpublished).


The 1980’s and 1990’s were associated with rapid population growth, when the percentage of calves was
usually circa 25% (Figure 6) of the total number of muskoxen observed. In 1990, near Kangerlussuaq
(Søndre Strømfjord) international airport, Ørkendalen Valley (Bioshytte/Bios cabin) and Ammalortoq Lake,
density was almost 2 muskoxen/km2 at elevations under 400 m, however, density was greater in the most
commonly used valley areas, and yet there were no observations of density dependent mortality i.e. no
increased calf mortality had been observed even in the areas of highest densities (Olesen 1993). This
suggests that for Maniitsoq muskoxen, a density of circa 2 muskoxen/km2 in lowland habitat was no
impediment to calf production. By winter 2001, density grew to at least 4-5 muskoxen/km2 in the same
area (Cuyler et al. 2001). Again, because winter grazing was often concentrated, some valley locations had
much higher densities, e.g., circa 29 muskoxen/km2 near Bios cabin Ørkendalen (589 muskoxen in 20.25
km2) and circa 22 muskoxen/km2 around Ammalortoq Lake (876 muskoxen in 40.5 km2) (Cuyler et al. 2001).
Even at those densities, calf percentage was circa 25% and annual population growth circa 30% (Cuyler et
al. 2001), which indicates that the carrying capacity of that lowland habitat was excellent. However,
something changed in the period 2001-2004, because calf percentage decreased each year and this trend
continued until 2010 (Figure 6).
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Typical causes for poor calf production include predation, disease, adverse weather, and maternal body
condition. Elsewhere, large predators (Reynolds et al. 2002, Marquard-Petersen 1998) and fatal disease
outbreaks (Ytrehus et al. 2008) can negatively affect calf percentages. However, for Maniitsoq muskoxen,
large predators are absent and fatal disease has not been observed. This leaves poor cow body condition
and adverse weather as primary factors. Given the relative stability of the xeric continental climate of the
region, weather conditions or events are not expected to explain the observed continuous decline in calf
production in the 2000-2010 period, or the relatively stable but low values thereafter. This makes cow body
condition the likely primary factor. Causes of poor cow body condition would include muskox densities too
high for the forage quantity, quality, and availability in the region, and excessive disturbance preventing
cows from regaining body reserves in summer or maintaining those reserves through winter.
Simultaneously with the declining trend for calf percentages, in the period 2001-2004 there occurred a
significant (p<0.05) reduction in cow rump fat depth, and pregnancy rates (cows bearing a foetus) fell from
74.6% to 61.5% (Cuyler & Witting 2004). Poor cow body condition (fat reserves) suggests the possibility of
density dependent effects and/or excessive disturbance. Regarding the former, the high densities observed
in 2000 and 2001 did not appear to change calf percentage. Regarding disturbance, at least for the 20012004 period we know harvest pressure doubled (Cuyler & Witting 2004). It may only have been coincidence
that calf % dropped just as harvesting increased, specifically winter harvesting. On the other hand, the
increased disturbance occasioned by winter hunting activities may have negatively influenced cow body
condition and ultimately calf production.
Winter hunting began in 1994 and initially harvest disturbance was minimal. For example, the first six years
winter quotas were small, averaging 227 muskoxen, or about half the annual quota. The harvests involved a
small number of commercial hunters from only the towns of Sisimiut and Maniitsoq, hunting was only in
what are now referred to as hunting areas 1 and 2, and Sisimiut hunters used almost exclusively dog sleds
for transport. Maniitsoq hunters had a government granted dispensation to use skidoos. In the period
2000-2010 several things occurred. The Maniitsoq winter harvest quotas began at 500 muskoxen and rose
quickly thereafter. The harvest continued to involve a growing but still limited number of commercial
hunters, still mostly from Sisimiut and Maniitsoq. Many Sisimiut hunters replaced dog-teams with
motorized vehicles. Sport hunters were admitted. Finally, by the end of the period a third hunting area was
added, which meant winter hunting now occurred over the entire region, excepting Paradise Valley and the
near airport area. In sharp contrast to the early days, since circa 2010 and continuing today, winter harvest
involves large numbers of commercial and sport hunters, using many and diverse motorized vehicles, which
penetrate deeply into the region and specifically all lowlands. Meanwhile, trophy harvesting has always
been permitted into April, ending just as muskox calving begins. In the beginning the trophy harvest
involved few agents and hunters. Like the regular harvesting, however, today the trophy harvest industry is
greatly expanded involving multiple actors and concession districts covering much of the region.
Muskox calving normally begins in mid-April and lasts to past mid-June (Lent 1988). Disturbing parturient
cows in late gestation is not expected to be compatible with good calf production. The current JanuaryFebruary harvest likely disturbs normal winter distribution, as well as foraging and rumination time for
muskoxen. Likely this also applies to the March-April trophy harvest. Each winter since 2000, hunting
appears to cause Maniitsoq muskoxen to avoid lowlands and seek vehicle-inaccessible terrain at relatively
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high elevations (Cuyler unpublished). Avoiding areas accessible to hunters was apparent during the March
2018 aerial survey (Figure 7). Although 2 weeks after the end of the regular 2018 winter hunting season,
most muskoxen had not returned to lowlands, and the hunting of trophy bulls was still on-going at the
time. Avoiding essential lowland habitat in winter likely has a negative effect on the winter body condition
of pregnant cows. Thus, winter harvest may have influenced the steep decline in calf percentage in the
2000-2010 period (Figure 6).
Finally, the 2020 minimum count involved only hunting areas 1 and 2, which contain the 950 km 2 under 400
m elevation described in Olesen (1993). The 2020 post-harvest count yielded 16.9% calves, and a density of
0.9 muskoxen/km2 in Olesen’s lowlands (Cuyler & Mølgaard unpublished). Both are well below the 2000
values: 26% and 4-5 muskoxen/km2 respectively (Cuyler et al. 2001).
Although elsewhere in the Arctic muskox densities are typically lower, for Maniitsoq muskoxen the
relatively high 2000-2001 densities of 4-5 muskoxen/km2 in lowland habitat (under 400 m elevation) did
not appear to influence calf percentage, which remained high. This suggests that today’s 2020 post-harvest
density of 0.9 muskoxen/km2 is unlikely to be a limiting factor to population growth, prerequisite on that
cows can utilize lowland habitat as they did prior to and including 2000-2001. Instead, harvest may be the
primary limiting factor, specifically its associated disturbance, which causes muskoxen to avoid lowland
habitat, although total catch is likely also important.
Improving cow body condition would promote calf production. Strategies would include reducing the
duration of human disturbance. Shorter hunting season(s) could increase undisturbed foraging in optimal
habitat. A shorter summer hunting season, e.g. beginning after mid-August, would likely facilitate
rebuilding cow body condition lost during the winter and due to calving and lactation, resulting in more
cows achieving the prerequisite 22% fat for ovulation during the rut. Regarding the winter harvest, a
shorter winter season ending well before parturition would likely facilitate successful gestation and
birthing. Furthermore, the magnitude of disturbance associated with an otherwise shorter seasons might
be minimized if fewer persons and motorized vehicles were involved than is currently normal.

2018 survey Maniitsoq muskoxen
March 2018 was the first ever systematic transect distance sampling aerial survey for Maniitsoq muskox
abundance and distribution in the region south of the Kangerlussuaq international airport in West
Greenland. The 2018 population size estimate for Maniitsoq muskoxen was circa 20,334 muskoxen (95% CI:
9,386 – 44,055; SE = 6,397; CV = 0.31). The large Coefficient of Variance (CV) reflects poor accuracy on the
population estimate. This estimate cannot provide population trend, because it was the first using this
method, and there are no other estimates for comparison.
The March 2018 aerial survey occurred two weeks post-harvest (albeit trophy harvest continued) and
muskoxen were still avoiding lowlands and other areas easily accessible to hunters. This is likely the primary
factor causing the nonuniform distribution observed across the region (Figure 7). Few muskoxen (n=8,
0.5%) were observed in the southernmost portion of the region near the Sukkertoppen Ice Cap, likely
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because that area is characterized by barren high elevations of around 1000 m or more. Despite the large
area of lowlands in the north only a few muskoxen (n=81, 5.5%) utilized that area. This is remarkable, given
that lowlands are the preferred habitat for muskoxen. This area is, however, within easy reach for hunters
coming from the Kangerlussuaq international airport town. Many muskoxen (n=200, 13.6%) were in an area
halfway between the airport and the Sukkertoppen Ice Cap. Meanwhile, the majority concentrated in two
subareas on either side of the region. Most (n=632, 43.1%) were in the east near the Greenland Ice Cap and
the rest (n= 546, 37.2%) were in the west. This was not surprising because in the winter 2018, muskox
hunting was prohibited in hunting areas 2 and 4, while motor vehicles were prohibited in hunting area 1.
These restrictions coincide with the two greatest concentrations of muskoxen post-harvest. Regardless of
where they were observed, few muskoxen were utilizing lowlands.

Figure 7. March 2018 distribution of the 1,467 muskoxen observed two weeks post-harvest (albeit still trophy-bull
season) during the aerial survey of the Maniitsoq muskox population. Boundaries are approximate. (Cuyler
unpublished).

Cape Atholl muskox population
Lying just above 76° N Lat, the Cape Atholl region is High Arctic. Traditionally, most of the Cape Atholl
muskox population concentrate on the southern coast of Cape Atholl around the slopes and valleys close to
little auk (Alles alles) breeding colonies (Mosbech et al 2018). The Cape Atholl region encompasses 880 km2,
however, just 202 km2 of those involve elevations below 200 m and are considered habitat with forage for
muskoxen. This forage is currently being altered / deteriorated by muskox grazing and trampling (Cuyler
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unpublished, Mosbacher et al. 2018, Mosbech et al. 2018). Meanwhile, excepting the slopes associated
with the little auk colonies, biomass production during the short high arctic summer is low even at
elevations below 200 m (Mosbech et al. 2018).
During the minimum count from a fixed-wing aircraft in 2015 there were observed 276 muskoxen. In a
similar count in 2017, 212 muskoxen were observed. Although fewer seen, a decline in abundance is not
suspected since snowy weather obscured visibility and prevented counting much of the preferred southern
coast. Far from the preferred southern coast of Cape Atholl and near the Thule Air Base, a total of 41
muskoxen were observed post-calving 2017 by staff at the airbase. Meanwhile, for the past two years, Air
Base staff have observed increasing numbers of muskoxen around the Thule Air Base, and in March (precalving) 2020 there were circa 100 muskoxen near the Air Base (Kasim Virk, pers. comm.). These
observations suggest an expanding muskox population.

Figure 8. The muskox group (n=18) observed several times from 06 to 19 February 2012. They were located deep
within the Nuuk Fjord, i.e., at the mouth of the Sarqarssuaq Valley (north side) with it meets the Isfjord (inner portion
of Nuuk fjord; 64 25.830' N; 49 51.529' W). Photo: Ivali Lennert (from Cuyler 2012).

Nuuk muskox population
The Nuuk muskox population is assumed tiny and the result of expansion southward from the Maniitsoq
population (e.g., from Angujaartorfiup Nunaa area north of Sukkertoppen Ice Cap). Since 1998, there have
been several sporadic independent reports of muskox individuals or small groups (up to 18 muskoxen)
being observed south of the Sukkertoppen Ice cap. Such observations from locals have continued, and since
2010 often report muskoxen in the inner Nuuk and Ameralik fjords. The largest group (n=18, Figure 8)
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observed was seen February 2012 at the mouth of Sarqarssuaq Valley. Meanwhile, in the 2001-2020
period, there have been seven helicopter surveys for caribou abundance in the same Nuuk area. Despite
multiple surveys by low and slow flying helicopter, muskoxen have never been observed in the Nuuk area.
This lack of muskox observations for Nuuk area indicates that population density is extremely low, because
in contrast, muskoxen are normally seen during helicopter survey for caribou in the Sisimiut muskox area
(Figure 3), which population is relatively small. Further, during any helicopter count for caribou in
Maniitsoq, muskox observations are numerous. Local knowledge suggests poaching may be the key factor
preventing the establishment of a reproductive viable Nuuk stock.
Given possible poaching, if a Nuuk stock of muskoxen is to be realized, then cooperation and support from
Nuuk and Kapisillit residents seems a prerequisite necessity. An information- education program through
schools, mass media and public meetings, and discussing the economic benefits (e.g., trophy harvest and
qiviut industry) of having a muskox population in the Nuuk area might facilitate such collaboration.
Although currently low numbers of muskoxen are assumed, there is still potential for a viable Nuuk
population to become established naturally because, 1) further immigration from the Maniitsoq muskox
population remains possible, and 2) the xeric climate should be favorable for muskoxen in Nunatarsuaq,
the Austmannadalen Valley and generally the area around and east of the Buksefjord Power Station's dam
on Kangerdluarssuunguup taserssua lake, e.g., around Isortuarssuk lake and its outlet valley to Naujat
Kuuat / Ameragdla.
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Appendix 1
Table from Cuyler 2019a, Bilag 1, Tabel 1 (original in Danish / Greenlandic)
Overview aerial survey results for estimates of caribou abundance 2010, 2012, 2018 and 2019.
Population
Kangerlussuaq-Sisimiut – hunting area 2
Survey method
Kangerlussuaq-Sisimiut area
Number caribou observed
Region coverage (%)
Total strip width
Population estimatea
Density
After re-stratification of 2005 surveyb
Akia-Maniitsoq – hunting area 3
Survey method
Akia-Maniitsoq area
Number caribou observed
Region coverage (%)
Total strip width
Population estimate a
Density (per km2)
After re-stratification of 2005 surveyb
Ameralik – hunting area 4
Survey method
Ameralik area
Number caribou observed
Region coverage (%)
Total strip width
Population estimate

2012 c

2010

2018 d

Strip transects
26.000 km2 f
1.429
1 %f
600 m (2 x 300m)
98.300a

Distance sampling
26.209 km2 *
5.064
9,4 % *
Varying distance
69.406 *

(90% CI 71.500-132.400; CV=0,19)

(95% CI: 59.570-80.865; SE=5.175; CV=0,07)

2 to 7 per km2 f
94.700b

2,7 per km2 *

2019 e

(CV=0,14)

Strip transects
15.362 km2 f
380
1,6 % f
600 m (2 x 300m)
23.989 a

Distance sampling
11.575 km2
2.630
10 %
Varying distance
60.500

(90% CI 16.667-31.311; CV=0,18)

ca. 1.55 per km2 f
17.400b

5,2 per km2

(CV=0,14)

Distance sampling
7.044 km2 f
701
8%f
Varying distance
11.700

Distance sampling
4.676 km2
1.095
10 %
Varying distance
23.700

(90% CI: 8.500-16.000; CV=0,18)

Density (per km2)

1,7 per km2 f

a

5,1 per km2

Cuyler et al. 2011. Status of two West Greenland caribou populations 2010, 1) Kangerlussuaq-Sisimiut, 2) Akia-Maniitsoq. Greenland Institute of Natural Resources, Tech Rep No. 78.
Poole, Cuyler & Nymand. 2013. Evaluation of caribou Rangifer tarandus groenlandicus survey methodology in West Greenland. Wildlife Biology 19: 225-239. DOI: 10.2981/12-004 (Note:
This publication provided more precise estimates, but not necessarily more accurate).
b
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Appendix 2
Maniitsoq muskox population
Population trends, 2000 – 2020
Data from ground-based minimum counts, using skidoo and ATV. Data from 2000-2010 period is preharvest, while that from 2014-2020 is post-harvest.
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Figure 9. Number of groups of Maniitsoq muskoxen observed during minimum counts in the period 2000-2020.
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Figure 10. Number of groups of Maniitsoq muskoxen observed during minimum counts in the period 2000-2020.
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Figure 11. Maximum Maniitsoq muskox group size observed during minimum counts in the period 2000-2020.

50
45

Calves per 100 Cows

40
35
30
25
20
15
10
5
0
2004

2006

2008

2010

2012

2014

2016

2018

2020

Year

Figure 12. Winter calf recruitment as represented by calves (age circa 10 months) per 100 cows, observed during four
demographic counts completed in the period 2006-2020 for Maniitsoq muskoxen.

The recruitment values in 2017 and 2019 are lower than those obtained in 2006 and 2010 (Figure 11).
Given the former are post-harvest values, although relatively low, these are probably artificially high since
cows are commonly harvested but calves are not. Actual calf recruitment in 2017 and 2019 was likely lower
than shown.
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Appendix 3
Maniitsoq muskox population, Hunting Area 2
Population trends for APNN Hunting area 2, 2000 – 2020
Data from ground-based minimum counts, using skidoo and ATV. Rather than consider all four
hunting management areas for Maniitsoq muskoxen (Figure 4), an examination of minimum count
data from only hunting area 2 provides readily comparable results. In contrast to other hunting
areas, the area 2 received relatively similar monitoring effort and coverage in the 2000-2020
period, although 2000-2010 results were pre-harvest and 2014-2020 were post-harvest. Much of
hunting area 2 is preferred lowland habitat for muskoxen (Olsen 1983, Cuyler & Witting 2004).
Trends observed here are expected to indicate trends for the Maniitsoq muskox population.
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Figure 13. Hunting area 2: Maniitsoq muskox minimum ground count results in 2000-2020 period. The 2000-2010
counts occurred before the winter harvest, while 2014-2020 occurred after. All counts occurred pre-calving.

In hunting area 2 there has been a steady decline in the number of muskoxen observed. The regression’s
high R2 value indicates that the line provides a reliable trend (Figure 13). Since 2014 muskox abundance
appears relatively stable at low numbers. There is the possibility that numbers might have been higher if
these counts had occurred pre-harvest. Regardless, already in the 2000-2010 period (when counts occurred
pre-harvest), there was a marked decline in observed muskoxen.
In hunting area 2, the 2000-2010 calf percentage declined steeply to circa 1/3 of its original value (Figure
14). Again, the regression line’s high R2 value is evidence of reliability. The post-harvest 2015-2020 calf
percentages might suggest partial recovery of calf production from the low in 2010, however, these are
derived post-harvest, which may have artificially boosted calf percentages (i.e., harvest biased to removal
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of juveniles and adults) and percentages appear to be dropping over that period. Thus, current calf
percentages remain poor, specifically since calf percentages were normally circa 25% in the 1980’s and
1990’s.
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Figure 14. Maniitsoq muskoxen, hunting area 2: Calf production (percentage of the total number observed) in 20002020 period from muskox minimum ground counts. The 2000-2010 results are pre-harvest while 2016-2020 postharvest. Linear regression illustrates the highly predictive declining trend for calf percentage in 2000-2010 period.
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Figure 15. Maniitsoq muskoxen, hunting area 2: Number of muskox groups observed on counts during the 2000-2020
period. The 2000-2010 counts occurred before the winter harvest, while 2014-2020 counts were after.

25

18
16

Average group size

14
12
10
8
6
4
2
0
2000

2005

2010

2015

2020

2025

Year
Figure 16. Maniitsoq muskoxen, hunting area 2: Average group size observed on counts during the 2000-2020 period.
The 2000-2010 counts occurred before the winter harvest, while 2014-2020 counts were after.
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Figure 17. Maniitsoq muskoxen, hunting area 2: Maximum group size observed on counts during the 2000-2020
period. The 2000-2010 counts occurred before the winter harvest, while 2014-2020 counts were after.

In conclusion, for two decades observations from hunting area 2 illustrate that the number of muskoxen
observed, calf percentage, number of groups, as well as average and maximum group sizes, have all
declined. The declining trends from hunting area 2 support an overall declining trend for Maniitsoq muskox
abundance and calf production (Figures 5 and 6).
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