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between the Urals and the Taimyr Peninsula between 90,000 and
80,000 YBP [marine isotope stages (MIS) 5] and 60,000 and 50,000
YBP (MIS 4/5) (25, 26). However, we note that from 50,000 YBP
into the last glacial maximum (LGM) the Barents–Kara Ice Sheet
was too small to block these eastern rivers, so no lakes were formed
and no barrier was present between the Urals and the Taimyr
Peninsula, allowing geneflow to occur between the two regions at
least since 50,000 YBP.

Clade 3 is comprised predominantly of ancient specimens from
North America and Greenland, and includes all modern musk ox.

Greenland was the last land mass colonized by musk ox, and the
data clearly demonstrate that North America is the source of the
Greenlandic populations, as it is also suggested for caribou (27).
This finding is consistent with the complete glaciation of Green-
land during the LGM (18–21,000 YBP). Any areas that remained
ice-free during this period were very small and isolated (28),
making it unlikely for any mammal to survive on the island.

Geospatial Demographic Analyses.To explore the geographic ori-
gin, spatial distribution, and demographic history of the musk ox,
we performed combined temporal and spatial analysis including
all finite-dated musk ox (149 specimens) from across the sam-
pling range. These analyses provide insights into the geographic
origin of the clades, their interrelationships, and the dynamics of
local populations and the species as a whole, and allow addi-
tional inference into the possible causative agents of observed
changes in genetic diversity. These analyses were performed
using a geospatial inference package incorporated within the
Bayesian phylogenetic inference software, BEAST (29).

A Bayesian skyride (30) reconstruction of changes in genetic
diversity through time (Fig. 1) shows that after an increase in
diversity during MIS 4 and 5, diversity declined during MIS 3,
between 50,000 and 33,00014C YBP. This decline was followed
by a subsequent rapid increase in overall diversity, followed by a
steep decline circa 18,00014C YBP. Finally, this decrease in
diversity begins to reverse during the mid-Holocene, associated
with increase in population size following the establishment on
Greenland. This finding is unlikely to be a sampling artifact, as
both an analysis of a randomly chosen subset of samples from the
whole distribution (n = 40) and an analysis of 78 samples with
equal temporal distribution (0–5,000; 15,000–20,000; 20,000–
25,00014C YBP) recovers the same pattern (Figs. S4and S5).

The dynamics reported here differ substantially from the two
previously published aDNA datasets that are sufficiently large for
comparable demographic analysis, mammoth (16) and bison (31)
(Figs. S6Inset andFig. S7). Although both musk ox and mammoth
experience an increase in diversity during the MIS 4 glacial, fol-
lowed by decline during the MIS 3 interstadial, genetic diversity in
mammoth begins to decline much earlier than in musk ox (65,000
14C YBP vs. 48,00014C YBP), and appears to be reduced by a much
larger extent. Clear differences are also observed between the
musk ox and bison datasets, in particular with the bison starting to
decline around 30 to 35,00014C YBP, coincident with a period of
increase in musk ox diversity (Fig. S7).

Thesefluctuations may reflect either the degree of impact of
human hunting on each species, their natural abilities to respond
to changes in the Beringian ecosystem (both in overall temper-
ature, but also rate of temperaturefluctuation), or a combination
of both. In contrast to bison, musk ox are adapted to high arctic,
thus extremely cold, environments, preferring dry and cold
continental climates where winter snow cover is either shallow or
patchy with areas of accessible forage (cf. 32, 33). Over historic
time-scales, musk ox abundance and distribution in both
Greenland and Arctic Canada havefluctuated significantly in
response to both long- (32, 34) and short-term shifts in climate.
For example, Miller et al. (35) reported a 76% decrease in musk
ox abundance on Bathurst Island in just 1 year, between 1973
and 1974, because of deep and persistent snow cover and icing.
The climatic fluctuations in the High Arctic are also responsible
for periodic reproductive failures (35, 36).

Given these biological insights, it is tempting to speculate on
whether environmental, and in particular climatic change, might
have been the driving force behind the ancient musk ox pop-
ulation dynamics. Although difficult to test directly, because
neither our dataset nor available climatic reconstruction datasets
for the relevant period are temporally or geographically dis-
tributed in enough detail to enable statistically supported com-
parison, the Bayesian skyride provides some tantalizing insights.

Fig. 2. Maximum cladecredibility treesummarized from thegeospatial Bayesian
analysisofmtDNAcontrol regionsequenc eof135ancientand14modernmuskox,
including the postmortem DNA damage model. The colors of the branches cor-
respond to their probable geographic location as calculated using the geospatial
analysis. Labels on the tips of the branches correspond to the age of the sample.
Bayesian posterior probabilities above 0.9 are shown (color code as in Fig. 1).
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