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A B S T R A C T

A remarkable musk ox (Ovibos moschatus) assemblage was recovered at Cowshead Cave (Picos de Europa Moun-
tains, NW Spain). This find is of special paleobiogeographic relevance since it involves the first occurrence of this
species in NW Iberia and extends the boundary of its Eurasian distribution range to the SW.Fossils correspond to
at least two individuals: one young male about 20 months old, which includes an extraordinarily well-preserved
skull, and one subadult of about 38–44 months. The bone deposit, dated to 34.9 ± 0.4 cal ka BP (MIS 3), accu-
mulated in a karst cave that acted as a natural trap, agreeing with the geomorphology and the good preservation
of the remains.Considering that musk ox skulls of young individuals are extremely rare in the Pleistocene record,
the detailed comparative study of the skull here presented provides new and relevant information. The skull from
Cowshead is larger than modern specimens of similar individual age from Greenland; additionally, some remark-
able morphological peculiarities in skull and teeth were identified.One metacarpal of the subadult individual was
compared to recent and Pleistocene specimens and was among the largest in the entire sample. Significant dif-
ferences in morphology and size between fossil and recent metacarpals were detected.Teeth microwear analysis
suggests a browsing diet based on twigs and leaves at the time of death, which is consistent with a winter diet.The
cold and arid environment inferred from the presence of musk ox is consistent with the paleontological record,
since cold-adapted mammals occurred at other contemporary assemblages from NW Iberia.

© 2020

1. Introduction

The musk ox Ovibos moschatus (Zimmermann, 1780) is one of the key
species of the mammoth fauna (Vereschagin and Baryshnikov, 1982)
or Mammuthus-Coelodonta faunal complex (Kahlke, 1999, 2014), a
mammal community composed of cold-adapted species which lived
throughout the middle and high latitudes of Eurasia and North Amer-
ica during the Late Pleistocene. During the coldest episodes, this faunal
complex expanded to the southernmost regions of Europe reaching the
Iberian Peninsula, which constituted its SW boundary: finds of woolly
mammoth (Mammuthus primigenius), woolly rhinoceros (Coelodonta an-
tiquitatis) and reindeer (Rangifer tarandus), although scarce, are reported
in a number of Iberian sites, especially from the North (Cantabrian
Region and Catalonia; Altuna, 1996; García
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and Arsuaga, 2003; Álvarez-Lao et al., 2009, 2017; Álvarez-Lao
and García, 2010, 2011a, 2011b, 2012). Iberian occurrences of these
species are relatively more frequent during the Marine Isotope Stage
(MIS) 3, an episode characterized by numerous and abrupt climate
changes, from extreme cold to temperate conditions (Barron and Pol-
lard, 2002; van Andel, 2002).

This mammal community was closely related to the steppe-tundra
or mammoth steppe (Guthrie, 1982), an herbaceous ecosystem distinc-
tive of the Quaternary glacial periods. At the end of the Pleistocene the
steppe-tundra vanished and, consequently, the mammoth fauna also dis-
appeared as a community: some of these species (for example, woolly
mammoth and woolly rhinoceros) became extinct, others (such as rein-
deer and musk ox) moved northward to arctic refuges, and some oth-
ers (like the saiga antelope Saiga tatarica) migrated to the central Asian
steppe.

The musk ox became extinct at most of its Pleistocene geographi-
cal range, including all Eurasia. Evidences point to this extinction be-
ing related to environmental change (mainly climatic warming) and not

https://doi.org/10.1016/j.quascirev.2020.106336
0277-3791/© 2020.
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to anthropogenic causes (Campos et al., 2010; Lorenzen et al.,
2011). It still survives in Northern Canada and Greenland; additionally,
several populations were successfully re-introduced in Alaska, Siberia
and Scandinavia (Tener, 1965; Lent, 1988). Its maximum spread was
reached during the Late Pleistocene coldest episodes (Kahlke, 2014),
expanding through extensive areas of Eurasia, including the Iberian
Peninsula. However, Iberian occurrences of this species are extremely
rare, with only two findings reported so far, both from Catalonia, NE
Iberia (Estévez Escalera, 1978; Álvarez-Lao and García, 2010).

Pleistocene Ovibos were often ascribed to more than one species:
for instance, O. pallantis Smith, 1827, a fossil species defined on the
basis of anatomic differences between Pleistocene and modern popu-
lations, was accepted by different authors (e.g. Khan, 1966; Sher,
1971; Tikhonov, 1998). Today, however, DNA analyses indicate that
both fossil and modern populations correspond to the single species O.
moschatus, while it is accepted that genetic diversity was much higher
during the Pleistocene than it is today (MacPhee et al., 2005; Campos
et al., 2010).

In 1986, the Lancaster University Speleological Society and the
South Wales Caving Club, during a speleological exploration of a cave
near Tresviso (Cantabria; Fig. 1), discovered a bone assemblage com-
prising an almost complete skull, which was initially interpreted as
remains of cows (Newman and Walker, 1987). The cavity, which
is more than 3 km long, was named Cowshead Cave after this dis-
covery and was inventoried as T516 by the Tresviso Caves Project
(www.tresvisocaves.info). In July 2018, a team from the Universidad
de Oviedo composed by paleontologists, geomorphologists and speleol-
ogists, recovered this bone assemblage from the Cowshead Cave, within
the framework of a research project performed in the caves of the Pi-
cos de Europa National Park. The detailed study of these fossils, here
presented, allowed their ascription to musk ox (O. moschatus). This dis-
covery is of high relevance, especially from a paleobiogeographic per-
spective, since it constitutes the first occurrence of O. moschatus from

NW Iberia, and delimits the SW border of the Eurasian distribution of
this species. In addition, the good preservation of these fossils allowed
the development of a detailed anatomical comparative study.

The main goals of this work are: (1) to present and describe the pa-
leontological site from a geomorphologic perspective to understand the
origin of the fossil accumulation, (2) to provide a detailed comparative
study of the fossils in order to identify similarities or differences with
other modern and fossil populations, (3) to infer the dietary traits based
on teeth microwear in order to assess the available plant resources and,
thus, the vegetal landscape, and (4) to discuss the paleobiogeographic
and (5) paleoenvironmental implications of this relevant discovery.

2. Setting

The entrance of Cowshead Cave (843 m altitude) is located in the
southwestern end of the Sobra Valley (Fig. 1), in the northern part of
the Eastern Massif of the Picos de Europa Mountains (Cantabrian Re-
gion). These mountains, declared National Park since 1995, are basically
characterised by a karst relief up to 2600 m altitude and high slopes re-
lated to fluvial incision and glacial erosion. Most of the bedrock is Car-
boniferous limestone and was partially covered by reddish Permian-Tri-
assic sandstone and lutite, preserved nowadays as small outcrops in the
lowest areas, for instance in the head of the Sobra valley (Figs. 1C and
2) (Merino-Tomé et al., 2013). These detrital rocks were eroded and
transported to inside karst caves formed since, at least, Pliocene times
(Fernández-Gibert et al., 2000; Ballesteros et al., 2019). In Sobra
Valley, more than 7 km of karst caves dominated by phreatic and vadose
passages developed since at least the Middle Pleistocene (Smart, 1984,
1986).

During MIS 3, dry, cold and open landscapes dominated Picos de
Europa (Moreno et al., 2010). While humans settled mainly in ar-
eas below 300 m altitude around Picos de Europa (e.g. Baena Preysler
et al., 2019), glaciers developed in the highest areas, showing a lo

Fig. 1. Location of the Cowshead Cave in the Picos de Europa Mountains, northern Cantabrian Mountains. Local glacial maximum extension is taken from Alonso (1998),
Rodríguez-Rodríguez et al. (2014) and Serrano et al. (2017) whilst Permian-Triassic rock outcrops are taken from Merino-Tomé et al. (2013).

http://www.tresvisocaves.info
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Fig. 2. A, Geology and geomorphology of the surroundings of the Cowshead Cave. B, Projection of Cowhead Cave on the orthophotography. C, Cave geomorphological map of the paleon-
tological site (whose position is shown in B), highlighting the location of the found muskox remains. D, Cross-section (whose position is displayed in B) along the southernmost part of the
cave. Anterior view of the muskox skull CH-1 covered by speleothems. F, anterior-lateral view of the skull.

cal maximum extent at around 45 ka (Jiménez-Sánchez et al., 2013).
During this maximum, glacier fronts descended to 600–900 m altitude
in Picos de Europa (Serrano et al., 2017). In the N of the Eastern
Massif, a glacier front would have been located at ~500 m distance
from the Cowshead Cave entrance (Fig. 1C). The glaciers did not oc-
cupy the entire Sobra Valley, but they blocked its lowest section, at the
confluence with the Valdediezmo Valley, during the last local glacial
maximum extent (Serrano et al., 2017). Subsequently, during the sec-
ond half of MIS 3, glacier fronts underwent a general retreat associ

ated with the development of cold and dry conditions in mountain ar-
eas (Moreno et al., 2010; Serrano et al., 2012), with probably mi-
nor advances, followed by a noticeable advance associated with MIS 2
(Ruiz-Fernández et al., 2016).
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3. Material and methods

3.1. Geomorphology

The geomorphological study of the paleontological site was carried
out to establish the origin of the fossil assemblage, using ArcGIS 10.5
to elaborate a geomorphological map of the paleontological site follow-
ing Ballesteros et al. (2015). Compass software was used to process
survey data, allowing us to project the limits of cave deposits and forms
onto a topographic survey made using the DistoX laser rangefinder. In
order to establish the provenance of the cave sand, its geochemical com-
position (three samples were taken) was compared with the composition
of the Permian-Triassic sandstone of the Sobra Valley bedrock (two sam-
ples) and the Carboniferous limestone that hosts the cave under study
(two samples). Samples were ground and then pressed mechanically into
a metallic cylinder 1.7 cm in diameter and 3 cm long. They were then
analysed using a Niton XL3t portable XRF which was previously cal-
ibrated using four reference materials. Thirty-three chemical elements
were measured and normalized with respect to the composition of the
Paleo Archean Australian Shale (PAAS) (McLennan, 2001).

3.2. Mammal paleontology

The large-mammal assemblage comprises 39 fossil remains, all of
them corresponding to O. moschatus. Fossils are exceptionally well pre-
served (Figs. 3–5) including an almost complete skull with the left
mandible attached (specimen referenced as CH-1, Figs. 3 and 4). A
minimum number of two individuals are recognised: 1) the skull and
fourteen small-sized and incompletely grown postcranial remains (in-
cluding vertebrae, scapula, humerus, radius, tibia and astragalus, Fig.
5h–k), correspond to a young individual; 2) other seven larger-sized
postcranial remains (comprising scapula, radius, tibia, metacarpal, and
phalanges, Fig. 5a–g), presenting a more advanced degree of epiphyseal
fusion (although some of them are still not fully grown), correspond to
a subadult individual. In addition, seventeen rib fragments, which could
not be accurately assigned to any of the two individuals, were recov-
ered.

Most of the fossils were found scattered over the cave floor or par-
tially buried in the few first centimetres of the sediment, so the recovery
consisted essentially in a picking-up of the remains, although the skull
and a few other elements were covered by flowstone.

For most of the fossils, the preparation consisted basically in the me-
chanical removal of the adhered sediment. However, others, for instance
the skull, required months of exhaustive and careful laboratory work to
remove the flowstone cover. All the fossils were subsequently consoli-
dated with Paraloid B-72.

Skull measurements (detailed in Fig. 6) followed the standards de-
scribed by Von den Driesch (1976) and included some additions of
our own. Measurements on teeth and postcranial remains followed Von
den Driesch (1976). All measurements were taken with calipers of dif-
ferent sizes and expressed in mm. Teeth nomenclature is detailed in Fig.
7. Aging and sexing of the individuals followed Allen (1913), Tener
(1965) and Henrichsen and Grue (1980).

For the comparative study of the CH-1 skull and teeth, the vast col-
lection of recent musk ox remains kept at the Natural History Museum
of Denmark (NHMD), which comprises almost 300 skulls originating
mostly from Greenland, was studied by DA-L. All the available speci-
mens of similar individual age to CH-1, i.e. those aged between 13 and
26 months (broadly in their second year of life), were selected for this
purpose. No data on fossil skulls from young individuals could be in-
cluded: in the literature on Pleistocene Ovibos cranial remains, usually
only descriptions and measurements of adult specimens are provided
(e.g. Tikhonov, 1998; Raufuss and von Koenigswald, 1999; Stefa

niak et al., 2019); consequently, published information on young in-
dividuals is virtually inexistent. For comparison of the postcranial re-
mains, both recent (from Greenland, kept at the Zoological Museum,
NHMD) and fossil specimens (from published sources, detailed in Sec-
tion 5.4) were considered.

In order to recover small-mammal remains, a sample of the sedi-
ment containing the musk ox remains was water-screened using super-
imposed sieves with 2- and 0.5-mm mesh lights. Fossil elements con-
tained in the sediment were recovered by checking with a binocular
microscope under 10x magnification. Taxonomic identifications were
carried out by means of photographs taken with a parallel-optics type
stereo microscope Nikon SMZ800N equipped with a 5 Mpx digital cam-
era. Small-mammal remains resulted very scarce, with only one element
suitable for identification (see Section 9).

3.3. Tooth microwear analysis

Tooth microwear patterns were analysed on the two first upper mo-
lars (left and right) of the skull CH-1. The sample size is small, but mi-
crowear provides dietary information for that specific individual at the
time of death. The microwear was quantified using a light stereomicro-
scope (Zeiss Stemi, 2000C) through direct observation on a 0.16 mm2

area following the technique established by Solounias and Sempre-
bon (2002). On each molar, the numbers of pits (NP) and scratches
(NS) were quantified in two areas and then averaged. Other variables
were qualitatively scored: presence/absence of large pits (LP), gouges
(G) i.e., circular features with irregular shape, cross scratches (XS)
i.e., scratches oriented differently than the majority of scratches, hy-
per-coarse scratches (HC) i.e., very large scratches, and puncture pits
(PP). The width of the scratches was assessed through the Scratch Width
Score (SWS) where 0 corresponds to fine scratches, 1 to a mixture of fine
and coarse, and 2 to coarse scratches. The microwear pattern was com-
pared with data collected by F.R. on extant specimens from East Green-
land (collection housed at the Naturhistorisches Museum Wien), Banks
Island (at the Universität Tübingen), Melville Island and Prince of Wales
Island (at the Canadian Museum of Nature Ottawa).

3.4. Dating

One bone sample from the right radius of the young individual
(CH-5) was selected for AMS radiocarbon dating and sent to the Direc-
tAMS laboratory, North Creek (USA). The age obtained (see Section 9)
was calibrated by means of INTCAL 13 database (Reimer et al., 2013)
using the software OxCal v.4.3.2 (Bronk Ramsey, 2017), and consid-
ering the error as two times the standard deviation (95% probability).
This calibrated date is expressed in cal ka BP.

4. Geomorphology and origin of the paleontological site

The entrance of Cowshead Cave is located in the easternmost part
of the Sobra karst valley. This valley stands at 800–1250 m altitude,
is 3 km long and has an E-W orientation (Fig. 2A). Summits up to
1556 m above sea level surround the valley where karst and slope de-
posits were identified. This valley is perched above the Urdón Gorge,
whose incision has not reached the Sobra Valley at present. The pale-
ontological site is located in the southernmost part of Cowshead Cave,
near the cave entrance. This cave is essentially formed by a vadose
canyon with a stream flowing along its bottom (Fig. 2B, C and D). This
stream emerges at the cave entrance, generating a karst spring. Rock-
fall processes enlarged the top of the vadose canyon, creating a break-
down-modified passage and the fallen boulder deposits (Fig. 2D). Flow-
stone, stalactites, draperies and other speleothems covered most of the
walls of the breakdown-modified passage, as well as some fallen boulder
deposits. The roof of this passage also presents fallen boulders cemented
by flowstone (Fig. 2D). The breakdown-modified passage hosts the ac



UN
CO

RR
EC

TE
D

PR
OO

F

D.J. Álvarez-Lao et al. / Quaternary Science Reviews xxx (xxxx) 106336 5

Fig. 3. Ovibos moschatus skull (CH-1) from Cowshead Cave in dorsal (a), ventral (b), anterior (c), occipital (d), left lateral (e) and right lateral (f) views. Scale bars are in cm.

cumulated faunal assemblage, although a humerus was also found in the
cave stream channel. Except for this bone, all fossil remains appeared
7–10 m above the cave stream and 13 m below the topographic sur-
face. The skull, scapula, limb bones and vertebrae were found covered
by flowstone (Fig. 2E, F), while astragalus, vertebrae, ribs and other el-
ements were partially covered by uncemented sand sediments (65–80%
quartz and 20–35% carbonates according to XRF analyses).

The geochemical compositions of cave sand from the paleontolog-
ical site, Carboniferous limestone and Permian-Triassic sandstone nor-
malized to the PAAS are shown in Fig. S1 (Appendix A, Supplemen-
tary data). In general, the compositional trends of the cave sand and
Permian-Triassic sandstone have similarities between them, showing
more differences with respect to the Carboniferous limestone. Cave sand

and Permian-Triassic sandstone show similar concentrations in As, Au,
Cs, Nd, Pb, V, Zn and Zr, which are 1–8 times higher than in Carbonif-
erous limestone. These detrital materials have similar content in La and
Nd as well, while these values are higher in the limestone. The cave sand
presents a content in Ca closer to the Carboniferous limestone than to
the Permian-Triassic sandstone due to the frequent precipitations of car-
bonates inside the cave. Considering the mentioned evidence, the cave
sand probably comes from the erosion of the Permian-Triassic sandstone
located at the head of the Sobra Valley (Fig. 2A).

The bone accumulation found in the paleontological site developed
due to the fauna falling through an ancient cave entrance that is cur-
rently blocked by fallen boulders and speleothems. This ancient en-
trance was a vertical shaft more than 13 m deep (Fig. 2D), which
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Fig. 4. Dentition of the Ovibos moschatus skull (CH-1) from Cowshead Cave: left upper series in labial (a) and occlusal (b) views; right upper series in labial (c) and occlusal (d) views; left
lower series in labial view (e). Scale bar is in cm.

Fig. 5. Postcranial elements of Ovibos moschatus from Cowshead Cave. Elements of the subadult individual: right scapula (CH-16) in lateral view (a); left radius (CH-17) in anterior view
(b); left metacarpal (CH-20) in anterior (c) and lateral (d) views; left tibia (CH-19) in anterior view (e); proximal phalanx (CH-21) in anterior view (f); distal phalanx (CH-22) in dorsal
view (g). Elements of the young individual: left humerus (CH-3) in posterior view (h); left radius (CH-5) in anterior view (i); right tibia (CH-6) in anterior view (j); left astragalus (CH-7)
in anterior view (k). Scale bars are in cm.

acted as a natural trap for musk oxen. The good preservation of the fos-
sils and the lack of any evidence of human or carnivore activity agree
with this hypothesis.

Once the fauna fell into the shaft, a humerus and possibly other re-
mains reached the cave stream channel. It is assumed that this stream
could destroy some fossil remains. Musk ox accumulation was co

eval with the deposition of quartz sand from the erosion of Permian-Tri-
assic sandstone. Run-off processes transported the sand ~2 km from the
head of the Sobra Valley to the ancient entrance of Cowshead Cave
(Fig. 2A). Consequently, this valley would present sandy surficial de-
posits when it was occupied by musk ox populations. Coevally, glaci-
ers would be present only in the highest areas of Picos de Europa (or
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Fig. 6. Scheme indicating the measurements taken in the skull and mandible CH-1. Designation of each measurement is specified in Table 1.

even would not be present), since musk ox habitats are not compat-
ible with the presence of nearby glaciers (Ferguson, 1991). After
this, breakdown processes blocked the ancient cave entrance and
speleothems precipitated covering the fossil remains.

5. Morphologic and morphometric comparative study of the O.
moschatus remains

The O. moschatus assemblage from Cowshead Cave corresponds to
a minimum of two individuals: one young (comprising the skull and a
number of small-sized and incompletely grown postcranial remains) and
one subadult (including seven larger-sized postcranial remains which
show a more advanced degree of epiphyseal fusion, although some of
them are still not fully grown). Almost all of these remains were found
together in a single assemblage, suggesting that probably they are co-
eval.

Descriptions and a comparative study of these elements, as well as
estimations of their individual age and sex, are provided below. Cranial
and postcranial elements from Cowshead Cave were compared to recent
musk ox material from Greenland kept at the NHMD (Fig. 8), as well
as to fossil specimens from Europe and Siberia (information from pub-
lished sources).

5.1. Skull description

The skull CH-1, which corresponds to the young individual, is excep-
tionally well preserved except for the left horn core, which is partially
missing, and the damaged right zygomatic arch. In addition, some parts
show superficial erosion. The individual age of the specimen was esti-
mated to be about 20 months (see Section 6).

The skull's general shape in dorsal view is slender, with protruding
eye orbits, narrow frontal bone and a pronounced postorbital constric-
tion (Fig. 3a), which is distinctive of Ovibos.

The orbits show a wide and deep depression in the anterior border,
the so-called “lacrymal pit” or “lacrymal groove”, which is well visible in
the left orbit (Fig. 3a) while the right one is slightly damaged. This trait
was also observed at all the studied recent skulls from Greenland and
is described by some authors such as Lönnberg (1900), Allen (1913)
and Crégut-Bonnoure (2002) as a typical feature of Ovibos.

Anteriorly to the orbits, the skull is broad compared to the recent
specimens from Greenland (Fig. 8a–c). This is because CH-1 shows al

most no constriction in front of the orbits (anteorbital constriction), giv-
ing it a particular triangular (or horse-like) shape in the rostral area,
while in the recent specimens this constriction is quite marked (Fig. 8b
and c). In order to quantify this morphological peculiarity, CH-1 was
compared to other young skulls of similar individual age: 13 of the mod-
ern Ovibos skulls from Greenland kept at the NHMD correspond to indi-
viduals aged between 13 and 26 months old, so they were considered
suitable for this comparison. Two measurements of width from the ros-
tral area (the greatest width of the premaxillaries, in the anterior edge,
and the width at the level of the M1-M2 boundary, in the posterior mar-
gin, see numbers 13 and 11, respectively, in Fig. 6) were taken and plot-
ted in Fig. 9A. CH-1 is located at the right border of the graph, clearly
separated from the recent sample, denoting a much greater width in the
posterior edge of the rostral area (right in front of the orbits) relative to
the anterior portion. Even in the recent sample, males and females are
plotted separately due to the greater width of male skulls.

The nasal bones are damaged, showing some superficial erosion and
lacking the nasal processes. The premaxillaries are slim, becoming nar-
rower anteriorly and ending in a pointed shape. Their posterior edge
does not contact the nasals.

The postorbital constriction (corresponding to the minimum frontal
width) is noticeably more pronounced in CH-1 than in modern young
specimens from Greenland (Fig. 8a–c), which is another peculiarity
of this skull. The average value of the ratio Greatest length/Minimum
frontal width, calculated in the modern population (n = 13) is 3.4
(males = 3.27; females = 3.55), while for CH-1 this ratio is 3.93, indi-
cating a more pronounced narrowing in this area. These variables are
plotted in Fig. 9B, where it can be seen that males and females of the
modern population follow different trends (males show a much greater
dispersion). The skull CH-1 is located in the highest part of the diagram,
far from the trends of the modern specimens.

The horn cores show a slight dorsoventral flattening. While the right
one is well preserved, the left one is incomplete. In dorsal view (Fig.
3a), the right horn core is straight and arranged almost perpendic-
ular to the longitudinal axis of the skull, slightly onward. In occipi-
tal view (Fig. 3d), it is deflected about 13° down from the horizon-
tal, with the apical portion curving slightly upward. The parietal and
the nuchal crest extend backward and downward from the horn bases
(Fig. 3a, e, f). The postero-frontal and parietal regions are not covered
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Fig. 7. Teeth nomenclature: principal structures and other dental elements cited in the
text of upper molars, lower molars and lower deciduous dP4.

by the characteristic rough exostosis of the Ovibos adult skulls, indicat-
ing that this individual was a young one.

The infraorbital foramen is double in the right side and single in the
left side (Fig. 3c). In the studied sample of recent musk ox from Green-
land, the number of infraorbital foramina is variable: single or double is
the most frequent pattern, while occasionally they showed three foram-
ina and, exceptionally, four. These foramina open rather back compared
to other bovids, as previously noted by Lönnberg (1900): in CH-1, they
are located above the dP3-dP4 border (Fig. 3e and f), exactly the same
position as in the other 13 studied recent skulls of young specimens from
Greenland. This feature is preceded by other small additional foramen
located over the dP2, which was also observed at all the studied Ovi-
bos skulls from Greenland, always located over the first tooth of the row
(dP2 in young specimens and P2 in adults). The presence of this addi-
tional foramen in Ovibos was described by Crégut-Bonnoure (2002).

The palatal surface is concave. The suture between palatines and
maxillae is wavy, since each palatine has two lobes (in median and lat-
eral positions) extending forward at both sides of the palatine foramen,
as described by Lönnberg (1900).

The general size of the CH-1 skull (see measurements in Table 1)
was compared to the mentioned sample of 13 skulls of modern young
individuals from Greenland. The greatest length of the skull is plotted
against the greatest width (Fig. 9C) and the condylobasal length against
the width at the mastoid area (Fig. 9D): among the recent sample, males
are noticeably larger than females; however, there is not a clear correla-
tion between size and age, since the larger specimens are not the older
ones (the largest male is aged 16–18 months), denoting individual vari-
ability. The CH-1 specimen is the largest one of the whole sample, which
is of special interest considering that it was compared with some speci-
mens of even older individual age (the estimation of the individual age
of CH-1 is discussed in Section 6.1). Only one of the recent specimens
showed a slightly greater width at the mastoid area (Fig. 9D).

5.2. Mandible

Only the left hemimandible of the CH-1 skull was recovered (Fig.
3e). The anterior portion, including the symphysis, the anterior teeth
and almost all the diastema, is lacking. The lower cheek teeth, compris-
ing dP2, dP3, dP4, M1 and M2, are preserved. In the posterior portion, it
can be observed that the coronoid process is strongly curved backwards,
which is a characteristic trait of O. moschatus, as noted by Lönnberg
(1900) and Crégut-Bonnoure (2002).

5.3. Teeth

The morphology of the dentition of skull CH-1 (Fig. 4) is typical of
Ovibos, resembling that of caprines like Capra or Ovis, but with some fea-
tures more comparable with those of bovines.

All the teeth lack any trace of cement, which is also typical of
caprines such as Ovis and different from bovines like Bison (whose mo-
lars are usually covered by cement). In occlusal view, the upper molars
are longer than broad and show a median fossetta, which are character-
istic features of Ovibos. In the labial side, the styles (parastyle, mesostyle
and metastyle) are prominent, while the surfaces between them are al-
most flat. These features also resemble those of caprines and are differ-
ent from those of bovines, which show less prominent styles and convex
surfaces between them (Khan, 1966; Mol and Zijlstra, 1994). In the
lingual side, the upper molars show small entostyles or median pillars,
which are also present in bovines (though more developed) and absent
in caprines as Ovis and Capra (according to Allen, 1913). This feature is
also present in some of the deciduous teeth, as we will describe below.
Lower molars M1 and M2 lack median pillars (ectostylids), as is distinc-
tive of Ovibos.

A more detailed description of each tooth is provided below. Dental
nomenclature is specified in Fig. 7.

dP2. The occlusal surface is extremely worn out, almost no enamel
remains. Their general morphology is rectangular, as was typical for the
recent individuals from Greenland.

dP3. The crown is very worn. Both lobes are clearly asymmetric:
the anterior one is square, while the posterior one is much shorter and
broader. This morphology is identical to that of the dP3 of the studied
recent specimens from Greenland.

dP4. The wearing degree is slightly lower than in the other decid-
uous teeth. The occlusal surface shows a small median fossetta, which
is barely visible in the right specimen. A particularity observed in both
dP4 is the presence of well-developed entostyles or median pillars lo-
cated between protocone and hypocone (Fig. 4b, d). This structure
is teardrop-shaped in occlusal view, elongated labio-lingually and con-
nected to the protocone, resembling the shape of the pillars described
by Khan (1966) for the upper molars of the specimen ascribed by
him to Ovibos pallantis rhenanus. This trait is remarkable in the Cow



UN
CO

RR
EC

TE
D

PR
OO

F

D.J. Álvarez-Lao et al. / Quaternary Science Reviews xxx (xxxx) 106336 9

Fig. 8. Comparison of Ovibos moschatus skull, dP4 and metacarpal from Cowshead, with modern specimens from Greenland kept at the Zoological Museum, Natural History Museum of
Denmark: skull of Cowshead Cave (CH-1) in dorsal view (a); modern skull of a 20 months-old male from Greenland (CN. 3763) in dorsal view (b); modern skull of a 20 months-old female
from Greenland (CN. 3774) in dorsal view (c); left dP4 from Cowshead Cave (of skull CH-1) in labial view (d); modern left dP4 from Greenland (CN. 3474) in labial view (e); left metacarpal
of Cowshead Cave (CH-20) in anterior view (f); modern left metacarpal of an adult male from Greenland (CN. 3020) in anterior view (g); modern right metacarpal of an adult female from
Greenland (CN. 3778) in anterior view (h). Scale bars are in cm.

shead specimen since entostyles are poorly developed or absent in the
dP4 of the studied recent specimens from Greenland.

M1. This molar is fully grown and in wear: dentine is exposed at
all the cristas except in the posterior ones (posthypocrista and post-
metacrista), where wearing is very slight.

In occlusal view, the molar length almost doubles its width (see mea-
surements in Table 2). Median fossettas are well developed in both the
left and right specimens. Parastyle, mesostyle and metastyle are very
prominent, while the interstylar faces are nearly flat. No trace of cin-
gulum is observed. Entostyles are present as in Bison and Bos, though
rather less developed (Fig. 4b, d), as is typical for Ovibos, according to
Allen (1913). Entostyles are not in central position, but slightly dis-
placed anteriorly toward the protocone. In occlusal view, they are trian-
gular-shaped. In all the described morphological features, M1 from CH-1
skull are indistinguishable from those from the studied recent musk ox
from Greenland.

M2. The crown is totally unworn. The thin bone wall of the lateral
side of both maxillaries is clearly damaged, giving the erroneous impres-
sion (in lateral view) that M2 were completely erupted. In order to as-
sess the real erupting degree of the M2, we must focus on the rise of
its crown with respect to M1 (Fig. 4a, c). In the anterior half, the para-
cone rises at the same level of the M1, while the protocone is slightly
below. The posterior half (metacone + hypocone) is visibly below, with
the hypocone just starting to emerge above the alveolar border. The
morphology of the crown is very similar to the M1: antero-posteriorly
elongated, with very prominent labial styles and nearly flat interstylar
faces. Since the occlusal surface is unworn, median fossettas are not
well defined. Due to the incipient stage of emersion of the lingual side,
entostyles are not yet visible. The right M2 shows a pathology: an ex-
tra enamel fold diagonally crosses the anterior fossa, from the middle
of the paracone's lingual face towards the posterior end of the postpro

tocrista (Fig. 4d). This peculiar feature is not present in the left M2 of
the same skull nor in any of the studied recent specimens from Green-
land.

dP2. The wearing stage is very advanced. The morphology of the oc-
clusal, lingual and labial faces is identical to that of the recent dP2 sam-
ple from Greenland.

dP3. This tooth also shows advanced wearing. The crown is damaged
in the lingual side, so the morphology of the occlusal surface cannot be
properly observed. However, the preserved portion is indistinguishable
from those of the studied recent dP3 sample from Greenland.

dP4. The wearing degree is slightly lower than in the dP3. An inter-
esting peculiarity is observed: two pillars or ectostylids, well developed
and clearly independent of the labial conids, are present in the labial
side (Figs. 4e and 8d). This trait is of special relevance, since it does
not occur at any of the revised recent dP4 from Greenland. The pat-
tern in the studied recent specimens ranges from total absence of pillars
to, at most, slight bulges (Fig. 8e), but well-developed ectostylids such
as those of the specimen from Cowshead Cave were not noticed in any
case. Specimens from Northern Canada figured by Allen (1913), also
lack pillars. Therefore, this is, to our knowledge, the first reported pres-
ence of well-developed ectostylids in dP4 from any fossil or modern Ovi-
bos moschatus population.

M1. This molar is fully erupted and in wear. The wearing degree
is slightly more advanced than in upper M1, exposing the dentine at
all the cristids. In general, the erupting and wear degrees are more ad-
vanced in the lower than in the upper teeth of each individual, which
is observable both in the Cowshead specimen and in the modern ones
from Greenland. The lingual face is relatively flat (stylids are not very
prominent) except for a constriction between metaconid and entoconid,
which is noticeable in occlusal view. In the labial side, an anterior cin-
gulid is well developed. The ectostylid is absent, which is a typical
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Fig. 9. Bivariate plots of different measurements of O. moschatus skull from Cowshead Cave (CH-1) in comparison with modern skulls of young individuals (aged between 13 and 26
months) from Greenland, kept at the Natural History Museum of Denmark: A, facial width at the level of M1-M2 boundary (WfM1−2)/greatest width of the premaxillaries (GWpr); B, least
frontal width (Lfw)/greatest length (GL); C, greatest length (GL)/greatest width (GW); D, condylobasal length (Lcb)/mastoid width (Wm). Source: 1, own data D.A.-L. All measurements
are in mm.

trait of Ovibos lower molars. Their general shape is identical to that of
the modern M1 from Greenland.

M2. The erupting degree is more advanced than in the upper M2: the
metaconid is totally erupted and rises at the same level of M1, while the
protoconid is slightly below. The distal cusps (entoconid and hypoconid)
are almost totally emerged but still below the proximal ones. A slight
wear is present only in the premetacristid and preprotocristid. The mor-
phology is very similar to that of the M1, with absence of ectostylid and
presence of anterior cingulid (while less marked). In general, this molar
is indistinguishable from the modern M2 sample from Greenland.

Teeth measurements are provided in Table 2. For morphometric
comparisons, deciduous teeth were not considered useful because their
crowns show noticeable shortening due to the advanced interdental at-
trition. Taking reliable measurements in M2 was not possible because
they were not totally emerged. Consequently, M1 were selected for com-
parative purposes since they are the only dental elements that were
fully emerged and not yet affected by interdental attrition at the time
of death. They were compared to a sample of 26 recent M1 from Green-
land: only M1 of individuals in roughly their second year of life (from
13 to 26 months of age) were considered because they are fully grown
but still not affected by interdental attrition at this stage. The results
are shown in Fig. 10 and indicate that both left and right M1 of

the CH-1 skull are the widest ones of the whole sample. Moreover, the
left M1 is also the longest one, while the right one (which is slightly
shorter) is only surpassed in length by one specimen of the recent sam-
ple from Greenland.

5.4. Postcranial remains

A total number of 38 postcranial elements were recovered in the as-
semblage. Those corresponding to the young individual (Fig. 5h–k) in-
clude eight vertebrae, one scapula fragment, two humeri, one radius,
one tibia and one astragalus. The subadult assemblage (Fig. 5a–g) com-
prises one scapula, one radius, one tibia, one metacarpal, one proximal
phalanx and one distal phalanx. In addition, 17 rib fragments, which
could not be accurately assigned to any of the two individuals, were re-
covered. With the exception of the metacarpal, which is described in de-
tail below, the musk ox postcranial remains from Cowshead Cave do not
show any morphological particularity when compared to the sample of
recent specimens from Greenland.

Most of the bones show incompletely fused epiphyses and diaphysis
(see detailed information in Sections 6.1.4. and 6.2.1.), indicating that
they were still growing when the animals died. Consequently, only the
metacarpal (CH-20; Fig. 5c and d), scapula (CH-16; Fig. 5a) and pha
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Table 1
Measurements (in mm) of the skull and mandible CH-1. The numbers correspond to the
measurements specified in Fig. 6.

Number Measurement CH-1

1 Greatest length of the skull (Prosthion - Akrokranion). 397
2 Condylobasal length. 390.7
3 Basal length. 363.5
4 Medial frontal length (Akrokranion - Nasion). 213.5
5 Length Prosthion - Nasion. 183.5
6 Length Prosthion - posterior edge of the orbit. 268
7 Length Prosthion - anterior border of dP 2. 97.5
8 Greatest width of skull. 193
9 Least frontal width (=postorbital constriction). 101
10 Width between the bases of the horn cores. 105
11 Facial width at the level of M 1-M 2 boundary. 136
12 Facial width across the tuberosities. 128
13 Greatest width of the premaxillaries. 74.1
14 Greatest width across the nasals. 51
15 Anteroposterior diameter at horn core base. 48.9
16 Greatest length of horn core. 120
17 Greatest palatal width between the lingual borders of M 2. 113.6
18 Length of the cheekteeth row (dP 2-M 2). 115.3
19 Lateral length of the premaxilla (Prosthion -

Nasointermaxillare).
111

20 Length Prosthion - infraorbitale foramen. 128
21 Greatest inner length of the orbit. 61.8
22 Greatest inner height of the orbit. 53.7
23 Dorsobasal diameter at horn core base. 44.4
24 Least occipital width. 86.6
25 Least height of the occipital region (Opisthion-highest point of

nuchal crest).
74.3

26 Greatest height of the occipital region (from the condyles
basis to the nuchal crest).

103.7

27 Greatest mastoid width. 132
28 Greatest width at the bases of the paraoccipital processes. 115
29 Greatest width of the occipital condyles. 102
30 Greatest width of the foramen magnum. 35.9
31 Height of the mandible in front of dP2. 32.1
32 Height of the mandible behind dP4. 42.7
33 Height of the mandible behind M1. 50.5
34 Height of the mandible behind M2. 63
35 Length Gonion caudale - aboral border of alveolus of M2. 95
36 Height from Gonion ventrale - deepest point of the

mandibular notch.
111

37 Height from Gonion ventrale - highest point of the condyle
process.

116.5

38 Height from Gonion ventrale - Cronion. 160
39 Length of the cheeckteeth row (dP2-M2). 110
40 Length oral border of dP2 - Gonion caudale. 204

langes (CH-21, CH-22; Fig. 5f and g) of the subadult individual were
useful for morphometric purposes (see measurements in Table 3), be-
cause they are the only recovered elements with completely fused epi-
physes, so we assume that they were totally grown at the time of death.

The morphology of metacarpal CH-20 is distinctive: the diaphysis
is narrower in its proximal half while the distal half shows a progres-
sive widening that reaches its maximum at the distal edge (Fig. 5c).
This shape is identical to that of the Pleistocene Ovibos metacarpals fig-
ured by Kahlke and Kahlke (1969), Siegfried (1982), Bosscha Erd-
brink (1983) and de Vries (1990). In this aspect, Ovibos metacarpals
are visibly different from those of other similar species such as bison,
whose shaft maintains a constant width for most of its length and widens
abruptly near the epiphyses.

The size of metacarpal CH-20 was compared to a sample of Pleis-
tocene specimens from Europe and Siberia and to a sample of recent
specimens from Greenland (Fig. 11A). A remarkable difference is noted:
Pleistocene specimens (including CH-20) are noticeably larger than re-
cent ones, with no overlap between both populations (Fig. 8f–h). Spec-
imen CH-20 is one of the largest in the entire sample. In addition, the
Pleistocene specimens are proportionally longer than the recent ones
(Fig. 8f–h): the average value of the ratio greatest length/proximal
width in the Pleistocene population (n = 12) reaches 3.2 (the value for
CH-20 is 3.28), while in the recent sample from Greenland (n = 66)
it is 2.89. Authors like Soergel (1941), Kahlke and Kahlke (1969),
Tikhonov (1998) and Crégut-Bonnoure (2002), previously realised
that Pleistocene Ovibos metacarpals are relatively long and narrow com-
pared with recent ones. Ungulate metapodials show a significant in-
traspecific variability, which was noticed in many species, mostly in
cervids, and is related to adaptation to the landscape along a wide spec-
trum of habitats and to different lifestyle options (Klein, 1964; McMa-
hon, 1975; Nieminen and Helle, 1980; Klein et al., 1987; Kuzyk
et al., 1999; Putman and Flueck, 2011). Such a high plasticity of
phenotypic expression in response to different ecological and social cir-
cumstances may involve epigenetic factors (Flueck and Smith-Flueck,
2011; Putman and Flueck, 2011).

Morphologically, all other postcranial elements are indistinguishable
from the studied Ovibos recent sample. It is interesting to remark the low
and wide morphology of the distal phalanx, which is very different from
those of other bovines and caprines and resembles that of Rangifer, as
previously noted by Crégut-Bonnoure (2002).

From a morphometric perspective, the scapula and phalanges of the
subadult specimen from Cowshead Cave are noticeably larger than those
of the recent population from Greenland (Fig. 11B, C, D). This is espe-
cially marked in the phalanges: the proximal one is much larger than
the entire recent sample (n = 39; Fig. 11C); the distal phalanx is also
longer than the whole modern sample (n = 36) and only one of the re-
cent specimens is slightly wider.

6. Aging and sexing of the O. moschatus individuals

The age and sex of both the young and the subadult individuals were
estimated based on different traits such as teeth erupting and wearing
degree, horn core developing, cranial morphology and size, and bone fu-
sion degree. Results and discussion are provided below.

Table 2
Measurements of the upper and lower dentition of skull and mandible CH-1. Width measurements at M 2 and M2 were not able to be taken since these teeth are not totally emerged.

Upper dentition dP 2 dP 3 dP 4 M 1 M 2

Length Width Length Width Length Width Length Width Length

Left series 15.25 10 19.1 16.45 22.75 20.65 32 19.7 34.16
Right series 14.9 9.9 19.3 15.5 23.2 20.8 31.25 19.78 34.3
Lower dentition dP2 dP3 dP4 M1 M2

Length Width Length Width Length Width Length Width Length
Left series 10.3 6.2 13.1 8 28.15 12.8 29.7 12.5 34.8
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Fig. 10. Bivariate plot width (W)/length (L) of O. moschatus M1 from Cowshead Cave (of
skull CH-1) in comparison with modern specimens from Greenland kept at the Natural His-
tory Museum of Denmark. Source: 1, own data D.A.-L. All measurements are in mm.

6.1. Young individual

The young specimen includes the complete skull and a number of
postcranial elements indicated in Section 5.4. In order to assess the indi-
vidual age of the CH-1 skull, two main variables were considered: teeth
eruption and wearing, and horn core development. Other variables like
skull size and bone suture fusion were also taken into account.

6.1.1. Tooth eruption and wear
While detailed information on each individual tooth is indicated in

Section 5.3, a general vision is here provided. All deciduous teeth are
still present and heavily worn: the occlusal surfaces of dP2 show very
small remnants of enamel, while in dP2 any trace of enamel was to-
tally worn out, so only dentine is preserved; in dP3 occlusal surfaces,
small enamel patches are still present, while the dP3 crown is damaged
lingually, so no proper observations could be made; the wearing stage
of dP4 and dP4 is less advanced, preserving visible enamel isles. Both
M1 are totally erupted, with all the occlusal enamel surfaces in wear.
While wearing is advanced in paracone and protocone, as well as in the
anterior surfaces of metacone and hypocone, the posterior surfaces of
these last cusps (posthypocrista and postmetacrista) are slightly worn
(the dentine here is not exposed, Fig. 4b, d). M1 is also totally erupted,
with all the occlusal enamel surfaces showing more advanced wearing
than M1. Both M2 remain completely unworn. Apparently, M2 seem to
be completely erupted (Fig. 4a–d), but this is only an erroneous impres-
sion due to the damage of the external thin bone walls of both maxil

laries, as discussed in Section 5.3. The erupting degree of M2 is more
advanced than M2, with slight, barely noticeable wear only in the
premetacristid and preprotocristid.

This degree of teeth eruption and wear matches exactly that of the
studied modern specimens from Greenland aged 20 months at death.
Compared to the descriptions and pictures provided by Allen (1913),
Tener (1965) and Henrichsen and Grue (1980), the erupting and
wearing degree of CH-1 is slightly greater than that of the individuals
aged 18 months.

6.1.2. Horn core development
The right horn core of skull CH-1 in dorsal view (Fig. 3a) is straight

and arranged almost perpendicular to the longitudinal axis of the skull,
slightly onward, as indicated in Section 5.1. Its length is approximately
1/3 of the skull's greatest length. In occipital view (Fig. 3d), it is
arranged sub-horizontally. This morphology is the same as that of the 20
months-old male skulls of the studied modern population from Green-
land. It is also very similar to that of the18 months-old male skull pic-
tured by Henrichsen and Grue (1980), and that of the 18 months-old
male skull photography published by Allen (1913).

From a morphometric perspective, the CH-1 horn core was compared
with a population of 20 months-old modern individuals from Green-
land (n = 4; own data) and with a population of 18 months-old mod-
ern individuals from Canada (n = 5; Allen, 1913): the anteroposte-
rior diameter at the base in males is 41–46 mm while in females is
24–34 mm; total length in males ranges from 103 to 115 mm and in fe-
males from 45 to 63 mm. CH-1 measurements (anteroposterior diameter
at base = 48.9 mm, length = 120 mm) slightly exceed the values of the
males from the comparison samples.

In order to evaluate the size of the horn core with respect to the skull,
the ratio Greatest length of the skull/Length of the horn core was con-
sidered. The values for modern young individuals (18–20 months old) of
the above indicated populations from Canada and Greenland range be-
tween 3.3 and 3.67 for males and from 5.3 to 6.9 for females. The result
obtained for CH-1 is 3.3, matching the male ratio.

The CH-1 horn core is deflected about 13° down from the horizon-
tal, with the apical portion curving slightly upward (Fig. 3d). Such
low deflection angle is equal to those measured in the 20 months-old
male modern skulls from Greenland. Allen (1913) indicates that the
deflection of the horn axis from the horizontal in 18 months-old indi-
viduals from Canada is of about 7°. However, the angle measured over
the photograph of an 18 months-old male skull published by this au-
thor is higher, of about 13–14°, matching the value of skull CH-1. These
sub-horizontal angles are typical of specimens under 24 months of age.
At two years, the deflection is noticeably more pronounced, reaching
values of about 20° in males and 33° in females (Allen, 1913). As indi-
viduals get older, this angle increases.

6.1.3. Other skull features
The CH-1 skull, as indicated in Section 5.1 and Fig. 9c and d, is big-

ger (in most of the measurements) than the 13 skulls of modern young
individuals from Greenland, although it is closer to the size of the males,
which supports its attribution to a male. Its length (397

Table 3
Measurements (in mm) of postcraneal elements from Cowshead Cave: only fully-grown elements of the subadult individual are considered. Abbreviations: GLP - greatest length of the
Processus articularis; WG - width of the glenoid cavity: SLC - Smallest length of the Collum scapulae; GL - greatest length; Wp - width of the proximal end; Dp - depth of the proximal end;
Wd - width of the distal end; Dd - depth of the distal end; SD - smallest width of the diaphysis; GW - greatest width.

Element Ref. GLP WG SLC GL Wp Dp Wd Dd SD GW

Scapula CH-16 78.76 47.46 47.33
Metacarpal CH-20 192.6 58.7 36.4 72.45 35.97 37.4
Proximal phalanx CH-21 71.72 35.81 32.85 33.02 22.4 28.3
Distal phalanx CH-22 64.73 27.1
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Fig. 11. Bivariate plots showing different measurements of O. moschatus postcranial elements from Cowshead Cave in comparison with modern specimens from Greenland, kept at the
Natural History Museum of Denmark and (for metacarpals) with other Pleistocene fossil specimens from Eurasia: A, metacarpal: greatest length (GL)/width of the distal end (Wd); B,
scapula: width of the glenoid cavity (WG)/greatest length of the Processus articularis (GLP); C, proximal phalanx: greatest length (GL)/width of the proximal end (Wp); D, distal phalanx:
greatest length (GL)/greatest width (GW). Sources: 1, Bosscha Erdbrink (1983); 2, de Vries (1990); 3, Kerkhoff and Mol (1991); 4, Siegfried (1982); 5, Cregut-Bonnoure
(2002); 6, Kahlke and Kahlke (1969); 7, own data D.A.-L. All measurements are in mm.

mm) is also greater than those of the two modern 18 months-old male
skulls from Canada published by Allen (1913), which measure 355 and
360 mm.

The main skull sutures (between left and right frontals, between
frontals and parietals and between parietals and occipitals) are still not
fused, as they are in all the individuals of the same individual age of the
modern population from Greenland.

6.1.4. Postcranial remains of the young individual
The postcranial elements of the young specimen are incompletely

grown (Fig. 5h–k), evidenced by the lack of fusion at one or two of
the epiphyses for each limb bone, and are noticeably smaller than the
ones of the subadult individual. The distal humeral epiphysis is partially
fused while the proximal one is unfused; the proximal radial epiphysis
is almost totally fused but the distal one is unfused; both (proximal and
distal) tibial epiphyses are totally unfused. This bone-development de-
gree is the same as that observed in modern Greenland individuals aged
20 months old.

6.1.5. Date of death of the young individual
Overall, according to the teeth erupting and wearing degree, horn

core development, cranial morphology and size, and bone fusion degree,
we conclude that the young individual was a male of about 20 months
of age.

In order to estimate the date of death, we must first consider the
epoch of birth and, therefore, the calving period: musk ox calving takes
place mainly from April to early June, possibly extending from late
March until mid-June (Tener, 1965; Henrichsen and Grue, 1980).
Consequently, the young specimen from Cowshead died most probably
between December and February, i.e., in winter.

6.2. Subadult individual

Remains from the subadult specimen include only postcranial ele-
ments (Fig. 5a–g). These are well distinguishable from those of the
young specimen because of their markedly larger size.
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6.2.1. Postcranial remains of the subadult individual
The age of death of this individual can be estimated from the grow-

ing stage of each bone. Two of them are incompletely grown: the proxi-
mal radial epiphysis is totally fused but the distal one is still unfused; the
proximal tibial epiphysis remains unfused while the distal one is com-
pletely fused. However, other elements like scapula, metacarpal, proxi-
mal phalanx and distal phalanx are fully grown. This same asynchrony
in the fusion stage of different bones was also observed in five recent
musk ox skeletons from Greenland aged between 38 and 44 months.
In all of them, radii and tibias preserved one unfused epiphysis while
metacarpals and phalanges were fully grown. In addition, a metacarpal
from a skeleton of a 32 months-old individual retained an unfused distal
epiphysis, which suggests that total fusion of the metacarpals probably
occurs between 32 and 38 moths.

Although a more accurate estimation is not possible, comparison of
the subadult individual from Cowshead with the recent skeletons from
Greenland suggests that it died at about 38–44 months, that is, roughly
in its fourth year of life.

The sexing of this individual cannot be accurately performed since
none of the preserved elements show dimorphic features. However, the
extremely large size of the elements (Section 5.4), which surpasses the
size of the modern specimens from Greenland, suggests that it probably
corresponds to a male.

Fig. 12. A, photomicrograph of the tooth enamel surface on the left M1 of O. moschatus
from Cowshead cave (35 times magnification). B, bivariate plot of the average numbers
of pits and scratches for the fossil O. moschatus from Cowshead cave compared to ex-
tant populations of muskox. Coloured areas correspond to the Gaussian confidence ellipses
(p = 0.95) on the centroid for the extant leaf browsers and grazers from Solounias and
Semprebon (2002).

7. Dietary traits of the Cowshead Cave musk ox inferred from
microwear analysis

7.1. Results of the microwear analysis

The microscopic observation revealed that the enamel of the occlusal
surface of CH-1 teeth is well preserved (Fig. 12A) and both left and
right M1 are suitable for the quantitative microwear analysis.

The low numbers of scratches and pits, as well as the presence
of large pits and gouges, place this specimen among the extant leaf
browsers (Table 4; Fig. 12A, B). The presence of hyper-coarse scratches
and the high Scratch Width Score (SWS) suggest the consumption of
woody parts of plants, such as bark or twigs (Semprebon et al., 2011).
In the case of the musk ox, these microwear features were most probably
produced by the twigs of small trees or shrubs. The absence of puncture
pits allows discarding the consumption of fruits or seeds. The diet of this
individual at the time of death was that of a typical browser, probably
composed of leaves and twigs of trees or bushes.

In comparison, extant populations of musk ox have higher numbers
of scratches and plot among the mixed feeders (Table 4; Fig. 12B). In
all populations, the sample is averaging the signal of individuals dead at
different seasons of the year (i.e. more browsing or more grazing) into
a seasonal mixed feeding signal. The microwear pattern observed on the
specimen from Cowshead Cave plots within the leaf browsers because it
is a single individual and it reflects the diet at the time of death, brows-
ing in that case.

7.2. Discussion of the dietary traits

The microwear pattern on the molars of the musk ox from Cow-
shead Cave suggests a browsing diet based on twigs and leaves at the
time of death. The leaf browsing diet is consistent with the plant re-
mains and microfossil recovered in Late Pleistocene musk ox teeth from
the North Sea, where birch pollen was identified together with Aster-
aceae, Ericaceae and Poaceae (van Geel et al., 2019). Studies of the
musk ox diet in extant populations report a high variability that re-
flects the diversity of habitats ranging from high polar desert to sub-
arctic continental vegetation, but also seasonal changes mainly related
to the availability of the resources. Generally, the musk ox is an adap-
tive forager that uses large amounts of plants with high-fibre content,
usually dominated by graminoid plants when available (Klein, 1992).
In the southern areas of the musk ox distribution, willows (in the form
of shrubs) constitute a major part of its diet, when they are available
(Tener, 1965). On Banks Island, willow and sedge represent most of
the musk ox diet but their proportion varies seasonally (Larter and
Nagy, 2004). Willow is an important part of the musk ox late win-
ter diet. The decrease of the sedge proportion and the increase of wil-
low in the musk ox diet from November to January on Banks Island
are most likely caused by changes in forage availability (Larter and
Nagy, 2004). More generally, graminoids, especially sedges (Carex sp.)
play a major role in summer diets of musk ox (Tener, 1965; Wilkin-
son et al., 1976). Woody species are highly consumed at all seasons on

Table 4
Average numbers of pits (NP) and scratches (NS), scratch width score (SWS) and presence (pres.)/absence (abs.) of large pits or percentages of individuals with large pits (LP), gouges (G),
cross scratches (XS), hyper-coarse scratches (HC), puncture pits (PP) for the 2 M of Ovibos moschatus from Cowshead Cave and from extant populations.

Locality (Tooth) N NP NS LP G SWS XS HC PP

Cowshead Cave (RM1) – 18.5 10.5 pres. pres. 2 abs. pres. abs.
(LM1) – 19.0 11.5 pres. pres. 2 abs. pres. abs.

East Greenland 8 24.3 20.4 75% 25% 1.1 0 abs. abs.
Banks Island 8 20.1 19.2 87.5% 75% 1 0 abs. abs.
Melville Island 8 24.1 19.6 37.5% 37.5% 1.1 37.5 abs. abs.
Prince of Wales Island 15 23.1 19.1 26.7% 26.7% 1.2 20 abs. abs.
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the mainland where musk ox populations occur within the limits of the
boreal forest (Tener, 1965). In faecal samples from high Arctic sites,
representing late winter and spring feeding, roughly 50% of identifi-
able fragments were woody fibres and over one-third were sedges. In
the Taimyr Peninsula, musk ox depends on graminoids and willows in
winter (Rapota, 1984). Consequently, the high amount of browse and
woody parts in the diet of the young individual from Cowshead Cave
would correspond to a winter diet. This conclusion is supported by the
season of death estimated from tooth eruption and wear.

8. Paleobiogeographical implications

The occurrence of musk ox at Cowshead Cave (located at latitude
43.2ºN and longitude 4.7ºW) is of great paleobiogeographic significance
since it represents the first occurrence of this cold-adapted ungulate in
NW Iberia (Cantabrian Region) and, moreover, because it extends to the
SW the known Eurasian distribution range of this species (Fig. 13).

O. moschatus is present in Europe probably since MIS 16 (at the site
of Süßenborn, Germany; H.-D. Kahlke, 1963; R.-D. Kahlke, 2014)
and reached its largest distribution range during the coldest episodes of
the Late Pleistocene (MIS 5d - MIS 2; Kahlke, 2014). Detailed stud-
ies on the Pleistocene distribution of O. moschatus across Europe were
carried out by Crégut-Bonnoure (1984), Kahlke (1999, 2014) and
Raufuss and von Koenigswald (1999): its range spread through
most of continental Europe reaching northern Iberia and the British
Isles to the W, southern Scandinavia to the N, the Alps and Carpathi-
ans to the S and reaching the Urals to the E (Fig. 13). Eastward of
the Urals, its distribution extended across northern Asia, covering W

and NE Siberia to the Liakhov and the New Siberian Islands, and is lim-
ited southwards by the arid areas of Central Eurasia (Kahlke, 1999,
2014). The southernmost finds come from the Arbreda and Can Rubau
sites (Estévez Escalera, 1978; Álvarez-Lao and García, 2010), both
in Gerona (NE Iberia), at latitude 42ºN. The westernmost known bound-
ary of the Ovibos Eurasian range corresponds to the site of Aghnadar-
ragh, in Northern Ireland (Lister and Grün, 2015), at about longitude
6.2ºW.

Markova et al. (2015) identified changes in the geographical dis-
tribution of O. moschatus in Eurasia related to the sequence of cli-
matic changes, during the second part of the Late Pleistocene and the
Holocene (MIS 3–1). They conclude that its greatest extension occurred
during the geochronological intervals Denekamp and LGM (Last Glacial
Maximum). The musk ox assemblage from Cowshead Cave (dated to
34.9 cal ka BP, see Section 9) corresponds to the Denekamp interval,
which is consistent with the results of Markova et al. (2015) and
delimits a more southern and western distribution boundary than that
known for this episode.

The distribution of O. moschatus in the Iberian Peninsula is consistent
with those of other cold-adapted taxa: all Iberian occurrences of rein-
deer (Rangifer tarandus) are also located in the Cantabrian Region and
Northern Catalonia (Altuna, 1996; Álvarez-Lao and García, 2011a;
Gómez-Olivencia et al., 2014; Álvarez-Lao et al., 2015), West
and East of the Pyrenees, respectively, where existed topographically
low areas which acted as corridors allowing the entrance of mammal
faunas from continental Europe to the Iberian Peninsula (Álvarez-Lao
and García, 2011a). Likewise, most of the Iberian occurrences of
Mammuthus primigenius and Coelodonta antiquitatis are also located

Fig. 13. Late Pleistocene maximum distribution of Ovibos moschatus in Europe (shaded in red) following Kahlke (2014) with additions after Lister and Grün (2015) and this work.
(For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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at these same areas (Altuna, 1996; Álvarez-Lao and García, 2011b,
2012; Álvarez-Lao et al., 2017).

The finding of musk ox remains at Cowshead Cave, a location away
from other sites where this species occurred, could suggest a possible
southward winter migration from mainland Europe, which would in-
volve a seasonal movement of more than 250 km. However, considering
the migratory behaviour of modern musk ox populations, this possibility
seems unlikely: in contrast to other ungulates such as reindeer, in which
many populations perform long seasonal migrations between summer
and winter ranges (Moen et al., 2006; Schmidt et al., 2016), most
authors agree that musk ox is a relatively sedentary species which only
makes short displacements between its winter and summer areas (Har-
ington, 1961; Tener, 1965; Lent, 1988; Klein, 1992; Moen et al.,
2006; Sheremetev et al., 2014; Schmidt et al., 2016). According
to Tener (1965), these seasonal movements generally do not exceed
50 km, which is consistent with data recently obtained by GPS location
of populations from NE Greenland (Schmidt et al., 2016). However,
the possible migratory behaviour of Late Pleistocene musk ox popula-
tions is unknown. Following Siegfried (1982), the short, stocky and
flattened metacarpal of Ovibos moschatus is indicative of a tundra inhab-
itant who behaves predominantly faithfully to the place without much
movement. According to this assertion, we cannot reject the possibility
that the longer and slender metacarpals of Late Pleistocene musk ox pop-
ulations could be related to a more migratory behaviour.

From a topographical perspective, the location of Cowshead Cave
at a high altitude (843 m a.s.l.) is consistent with the assumption that
these animals (at least the young individual) died in winter. The musk
ox is adapted to living in regions of low precipitation where winter snow
cover is either shallow or irregularly distributed allowing the persis-
tence of areas with accessible winter forage (Lent, 1988). Thus, while
in summer the musk oxen frequent productive areas such as river val-
leys, lakeshores and meadows, in winter these lowland settings are cov-
ered by a thick layer of snow, preventing them from accessing the
vegetation there and, thus, forcing them to move to wind-swept areas
at higher elevations, wherever suitable forage exists and snow depth
is kept low by prevailing winds (Tener, 1965; Stuart, 1982; Lent,
1988; Gustine et al., 2011; Schmidt et al., 2016; van Geel et al.,
2019). Musk ox remains were found even at higher elevations than
Cowshead Cave at other European sites: according to Raufuss and von
Koenigswald (1999), the highest altitude localities yielding Ovibos re-
mains are Schnurenloch cave (Switzerland, 1250 m a.s.l.) and Potocka
cave (Slovenia, 1650 m a.s.l.).

9. Paleoenvironmental implications

The chronology of the O. moschatus assemblage from Cowshead Cave
was determined by an AMS radiocarbon date of 34.9 ± 0.4 cal ka BP
(D-AMS 029027) falling within MIS 3 (Fig. 14). The presence of musk
ox at NW Iberia in this chronology is indicative of cold and arid envi-
ronmental conditions, which is highly relevant from a paleoenvironmen-
tal perspective and is consistent with the paleontological record: this
date corresponds to one of the episodes in which a greater number of
cold-adapted mammal occurrences is registered in the Iberian Peninsula,
especially from the Cantabrian Region (Fig. 14).

The chronology of Cowshead Cave overlaps with the age of the Ur-
tiagako Leizea (Guipúzcoa) assemblage, at which reindeer is, by far,
the dominant species (comprising 83.5% of the ungulates) and, more-
over, woolly mammoth and woolly rhino also occur (Altuna, 1984;
Altuna and Mariezkurrena, 2010), documenting one of the MIS 3's
coldest episodes recognised in the Cantabrian Region. In addition, rein-
deer fossils were recovered at other sites from this region of coincident
or similar age, such as La Garma, in Cantabria (Gómez-Olivencia et
al., 2014), Arlanpe, in Vizcaya (Gómez-Olivencia et al., 2014) and
Aitzbitarte III, in Guipúzcoa (Altuna and Mariezkurrena, 2011;

Marín-Arroyo et al., 2018); likewise, woolly rhinoceros occurred at
the nearby cave of Jou Puerta, in Asturias (16 km N of Cowshead Cave),
in the same time span (Álvarez-Lao, 2014). Moreover, the age of the
Cowshead Cave musk ox corresponds to the episode at which the south-
ernmost registered spread of woolly mammoth is documented in Eu-
rope (in Padul, southern Spain, Álvarez-Lao et al., 2009), contempo-
rary with the development of an Artemisia-dominated steppe in Southern
Iberia (Fernández et al., 2007).

Small-mammal remains are among the most paleoenvironmentally
informative fossils; however, the micromammal record from Cowshead
Cave resulted very poor: the only identifiable element is an arvicoline
molar fragment (Fig. S2, Appendix A), whose size and shape in occlusal
view match those of the T1 (first triangle, following the nomenclature
of van der Meulen, 1973) of a vole M3. Despite it being only a small
fragment, it shows features of systematic significance: the morphology
of the basal portion in lateral view is indicative of a rooted molar; the
enamel thickness in the anterior wall of the prism (measurable in oc-
clusal view) is greater than that of the posterior one. These two features
are distinctive of Pliomys coronensis (=P. lenki). Although this extinct
vole is not environmentally very informative, its occurrence at Cow-
shead Cave is interesting from a chronological perspective, since it is a
common species in MIS 3 assemblages of the Cantabrian Region (Sesé,
2005), such as El Castillo (Sesé, 2017) and El Esquilleu (Uzquiano et
al., 2012), mainly linked to rocky areas (Cuenca-Bescós et al., 2010).

From a paleoanthropological viewpoint, the Cowshead Cave assem-
blage is also coeval with the end of the Aurignacian technocomplex
(34.6–33.1 cal ka BP) and the first Gravettian evidences (36.8–35 cal ka
BP) at the Cantabrian Region (Marín-Arroyo et al., 2018). It would
be of interest to consider the possible influence of the severe environ-
mental conditions evidenced at that time in Cowshead Cave (and other
sites above indicated), to discuss the likely scenario in which this cul-
tural transition occurred.

10. Conclusions

The remarkable musk ox assemblage from Cowshead Cave is of great
paleobiogeographic relevance since it involves the first occurrence of
this species at NW Iberia (Cantabrian Region) and, moreover, because it
represents the SW boundary of its Eurasian distribution range.

The fossil assemblage corresponds to at least two individuals: one
young and one subadult. The bone accumulation was produced by acci-
dental falling of the animals through a vertical shaft (of at least 13 m in
depth). The lack of bone fragmentation by human or carnivore activity
allowed an exceptional preservation of the fossils.

A detailed morphometric and morphologic study of the skull from
the young individual (CH-1), in comparison to a sample of modern spec-
imens of similar individual age from Greenland, showed morphometric
and morphologic peculiarities:

-Morphometrically, the skull CH-1 resulted larger than the modern
specimens of the comparison sample. Among the teeth, M1 from CH-1
are also greater than almost all the comparison specimens.

-Morphologically, the skull is broader in front of the orbits (i.e. an-
teorbital constriction is very slight), giving it a particular triangular
shape in the rostral area. This constriction is quite marked in the recent
specimens from Greenland and, consequently, the rostral area is visi-
bly more slender. In addition, postorbital constriction is noticeably more
pronounced in CH-1 than in the modern specimens.

-Deciduous teeth also show interesting peculiarities: dP4 show
well-developed entostyles or median pillars, while entostyles are poorly
developed or absent at all the studied recent dP4 from Greenland. Fur-
thermore, in dP4 two pillars or ectostylids are well developed, which is a
trait of special relevance since pillars do not occur at any of the revised
recent dP4 from Greenland.
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Fig. 14. A, radiocarbon date of the O. moschatus remains from Cowshead Cave. B, NGRIP paleoclimatic ∂18O curve (North GRIP Members, 2004). C, graphical expression of the date from
Cowshead Cave compared to calibrated dates from other Iberian assemblages of similar age comprising cold-adapted mammal species (specified at the right). Abbreviations: H - Heinrich
Event; O.m. - Ovibos moschatus; R.t. - Rangifer tarandus; A.l. - Alopex lagopus; M.p. - Mammuthus primigenius; C.a. - Coelodonta antiquitatis. Sources: 1, Altuna (2011); 2, Marín-Arroyo et
al. (2018); 3, Altuna and Mariezkurrena (2010); 4, Gómez-Olivencia et al. (2014); 5, Bernaldo de Quirós Guidotti et al. (2012); 6, Álvarez-Lao (2014); 7, Hoyos and
Rasilla (1994); 8, Álvarez-Lao et al. (2009).

The metacarpal of the subadult individual (CH-20) was compared to
a sample of recent specimens from Greenland and to other Pleistocene
fossil metacarpals from Europe and Siberia. Morphometrically, all the
Pleistocene metacarpals are larger than the modern ones, with no over-
lap in length between both populations (specimen CH-20 is one of the
largest of the entire sample). Morphologically, Pleistocene metacarpals
(including CH-20) are remarkably more slender than all those from
the modern sample. Other postcranial elements from Cowshead Cave
(scapula and phalanges) resulted also larger than almost the entire mod-
ern sample from Greenland.

According to tooth eruption and wear degree, horn core develop-
ment, cranial morphology and size, and bone fusion degree, we conclude
that the young individual (including the skull CH-1) was a male of about
20 months of age. Consequently, the date of death can be estimated be-
tween December and February, i.e., in winter. This is consistent with the
tooth microwear pattern, which suggests a winter diet, and with the lo-
cation of the assemblage at a high altitude cave.

Bone fusion degree in the limb bones of the subadult individual sug-
gests that it died at about 38–44 months, that is, roughly in its fourth
year of life.

The occurrence of musk ox in Cowshead Cave evidences the devel-
opment of cold and arid environmental conditions in mountain areas
of NW Iberia at 34.9 ± 0.4 cal ka BP. Open landscapes most proba

bly dominated during this time in the area; however, the existence of
small trees or shrubs in the surroundings of Cowshead Cave is suggested
by the predominantly browsing diet of the young individual inferred by
its tooth microwear pattern. This cold and arid environment is consistent
with the regional paleontological record, since a number of contempo-
rary assemblages from the Cantabrian Region yielded remains of other
species of the mammoth fauna, such as R. tarandus, M. primigenius and
C. antiquitatis.
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