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Introduction

The muskox (Ovibos moschatus) reaches its
southernmost range limit at the Scoresby Sund
arca. There it is presently the only large her-
bivorous mammal since it became abundant
after the reindeer (Rangifer tarandus) vanished
at begin of the 20™ century due to unsuitable
climatic periods (Smit & WINGAARDEN 1981).
Jameson Land and the National Park north of it
(fig. 1) are considered to bear the largest popu-
lation of muskoxen along the eastern coast of
Greenland, with about 3000 to 3600 individuals
in 1990 (BOERTMANN et al. 1991). Data on eco-
logical features like density estimates, observa-
tions on behavioural and biological parameters
are available from Jameson Land area (HaLL
1964. Fi:rns 1977, THING et al. 1987; Born et al.
1995). However, the western part of the Hurry
Fjord was never closer investigated, neither by
surveys from the air or ships nor by walks. Be-
causc the Hurry Fjord can be reached in a few
hours by boat, it is an easy accessible hunting
arca for the residents of Ittogqortoormiitt. The
muskox is an important game species for the
natives, even if the official guidelines do restrict
the number and sex ratio free for hunting.

During an expedition to the Hurry-Fjord from
July to August 1999, skulls and carcasses of
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Fig. 1 Scoresby Sund and Jameson Land / East
Greenland (redrawn from Hall 1964)
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muskoxen were found in the valleys at the
western side of the fjord. Skulls have been
found mostly clustered. Native hunters told,
that such cluster typically indicate places where
shot animals have been slaughtered. As some
studies reported large fluctuations in calf pro-
duction and mortality of calves and yearlings
occur among years, counts of animals from
only one season seem hardly reliable. Skull-
data are thought summarising kills of several
years and fluctuations of age class distribution
are assumed equalized. As predation by polar
bears is nearly absent (hunters — pers comm.),
only death caused by hard winters, senescence
and of course hunting activities are determining
population trends. This study aims on search for
reliable field-tools for sex discrimination even
on skull fragments.

Material and Methods

The geological basement of the western coast of
the Hurry Fjord (Scoresby Sund / East Green-
land; 70° 45°N; 22° 40°W; fig.1) consists of
marine sediments. Those soils have a high wa-
ter content and provide effective temperature
buffer systems, leading to a suitable substrate
for plant growth. The ecast side of the fjord is
bordered by Liverpool Land built up by grani-
te-mountains, which do not offer suitable habi-
tats for persistent muskox populations. Satellite
photographs have shown that large sections of
the area west of the Hurry Fjord remain free of
snow during the winter (FErns 1977). Thus, the
inner parts of Jameson Land act as an important
wintering area (ViBe 1958, HaLL 1964) and are
therefore very important for the viability of the
population.

In July 1999, I collected data from 95 skulls
from the valleys along the Hurry Fjord. With an
accuracy of 1 mm I took the skull measures: to-
tal length (tip of pre-maxillary to protuberantia
occipitalis), skull width (postorbital constric-
tion), width of occipitals (outermost points),
horn width (largest distance at the base in the
median direction) and the teeth row length of
the upper jaw (maxillary). The measurement er-
ror was estimated by taking twice a total of 38
measurements on 20 animals (N = 20, n = 76).
Because skulls were mostly found in clusters,
mandibles could not assigned to distinct skulls.

The eruption pattern of maxillary tooth as pu-
blished by HenricHsen & Grue (1980) was
used for ageing the animals at the time of their
death.

Complete data sets were available for 33 skulls.
Those were subjected to a principal component
analysis (PCA) to separate variables, which
explain most of the variance (Statistica 5.5).
The PCA was done on the variance-covariance
matrix (SokanL & Ronrr 1995). Only skulls of
animals aged 4 years and older were considered
to avoid data overlap caused by growth.

Results

Measurement error, estimated by the mean
coefficient of variation, was low (ranging
from 0 to = 7.47 %; CV =0.89 %, SD = 1.58,
n = 76). The first principle component (PC 1)is
loaded by horn width (loading 0.97), occipital
width (0.87), skull width (0.87) and skull length
(0.85), which explains for 92 % of total vari-
ance. Along the first axis the PCA separated the
data points into two distinct groups (see insert
in fig. 2). The group with the larger skulls were
assumed to be male skulls, whereas the smaller
skulls should be from females. Teeth row length
loads the second axis, which summarises 6.2 %
of total variance. However, data showed no
grouping along the second axis. These results
are consistent to those of Smith et al. (2002).
The discriminant function separating these two
groups along the first axis was used to assign
the skulls of known sex from museum collec-
tions (B4495 and B12474; State Museum for
Zoology. Dresden and number 778 and 779, Zo-
ological Museum, Copenhagen, all collected in
East Greenland) to one of these groups (fig. 2).
Based on this sex-discrimination, the 33 datasets
of'adult muskoxen were analysed by descriptive
statistics (tab. 1). Non-overlapping confidence
limits among all measurements contributing to
PC1 provide a reliable tool for distinguishing
both skulls and fragments for their sex, with the
restriction that animals were about 4 years and
older at the time they died.

Applying these results, a total of 91 skulls and
fragment could be aged and 65 assigned to a
gender. The mean annual crop rate is estimated
on about 10 to 12 % whereas the proportion of
yearlings in free ranging herds was observed to
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Fig. 2 Scores (unstand-
ardised) from a discrimi-
nant analyvsis of muskox
skull dara (Scoresbysund

East Greenland). Skulls
Sfrom muscums (Copenha-
gen, females, grey rectan-
gles and Dresden, males,
grey triangles) were pro-
jected on the graph by us-
ing the discriminant func-
tion of skull data. Group-
ing derived from PCA
results are shown at the
diagranm in the right upper
corner (first two principal
components).

scores

Table | Descriptive statistics of 33 sets of skull data of muskoxen from East Greenland. Each variable was

tested among genders (Wald-Wolfowitz-test).

variable n mean 95% CL  95% CL SE Z p
[mm] lower upper (corr.) (corr.)
[mm] [mm]
skull length males 20 483.6 470.6 496.5 6.17
4.54 <0.001
skull length females 13 426.6 421.3 431.9 2.42
skull width males 20 127.3 122.8 131.9 2.18
5.28 <0.001
skull width females 13 102.5 101.0 1041 0.72
occipitals males 20 179.8 175.6 1841 2.02
4.54 < 0.001
occipitals females 13 1622 148.3 156.0 1.75
horn width males 20 178.7 171:3 186.1 3:58
5.28 <0.001
horn width females 13 79.2 75.0 83.3 1.89
teeth row males 20 137.2 135:2 139.3 0.97
1:24 0.23
teeth row females 13 132.1 127.2 137.0 2.24
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be 5.6 % up to 23.9 % (HaLL 1964, Ferns et al.
1977, Born et al. 1995). The corresponding va-
lues from the skull data are 5.5 % calves (n = 5)
and 2.2 % (n = 2) yearlings. In opposite, adults
represent 76.8 % (n = 69) of the skulls, what
is higher than their proportion within the feral
populations at the study area (50 to 61 %, HALL
1964, TuiNG et al. 1987).

Comparing the distribution of skull demography
with the official guidelines from 1999, a bias
towards killed adult cows was asserted (Fishers
exact test p = 0.02). I found 34 skulls of fema-
les and 31 of males, leading to a sex ratio (ma-
les / females) of 0.91 instead of 2.33, as it would
be expected by the sex ratio free for hunting in
1999. But note, Gunn et al. (1989) found winter
mortality of males was higher in areas with high
muskox densities than in areas with low ones,
due to more exhausting ruts. That leads to a fe-
male-biased sex ratio in adult animals.

Discussion

Adult muskoxen show a distinct morphological
dimorphism between the genders as described
by previous studies (BonrLken 1982 and refer-
ences cited therein). The general validity for the
population at Jameson Land could be confirmed
and underlined with field data. This is not as
trivial as it might appear. Vise (1958) reported
considerable differences in skull sizes of col-
lection material of the museums of Lund and
Copenhagen collected around 1900 and 1930°s,
respectively. Thus, proof for the local valid-
ity of particular characters is always desirable.
This study provides some measurements, which
are easily accessible in the field and can be used
for sex determination on skulls even they are
fragmented. Although the application is still re-
stricted to adult animals, further studies based
on material with known sex and age may lead
to an extension to younger animals.

The fact that skulls were mainly found in clus-
ters together and the skewed age distribution
towards older individuals both supports their
origin from hunting kills. Additionally, several
skulls have been found damaged by shots. If
animals had died because of starvation or natu-
ral predation, a higher proportion of calves and
yearlings as well as senescent animals would be
expected. But only in two out of 91 cases loss

of teeth was recorded. Nevertheless, anima
that died for other reasons than hunt mightt
included in this study. f
TuinG et al. (1987) reported an annual harves
of 300 to 500 muskoxen in 1980°s. 200 anim
per year could be hunted in 1991 outside th
border of the National Park, but illegal shootin
was considered as being common (BOERTMA
et al. 1991). The real number harvested migh
be higher. In 1999 the municipality of Score
bysund issued 250 licenses, 175 for bulls and 7
for cows. The observed sex ratio among skul
may reflect the present ratio within the popt
lation, but the proportion of shoot adults mu
considered not sustainable. Regarding densit
dependent mortality in adult males GUNN et @
(1989, p. 1110) mentioned: .,... that differer
strategies be used when herds are managed f
trophy hunting than when they are managed f
meat production®.
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Zusammenfassung

Geschlechtsbestimmung des Moschusochse
(Ovibos moschatus) von Ostgronland
anhand von Schiidelmafien

Wiihrend einer Expedition im Sommer 19
an der Westkiiste des Hurry-Fjordes (Jamest
Land, Scoresbysund, Ostgronland, 70° 457
22° 40°W) wurden aufgefundene Schidel de
Moschusochsen (Ovibos moschatus) verme
sen. Moschusochsen werden durch die einhe
mische Bevolkerung (Inuit) bejagt, wobei d
Schiidel nach der Jagd zusammen mit andere
grofieren Knochen im Geliinde verbleiben. Mi
tels Hauptkomponenten- und Diskriminan;
analyse konnte eine sichere Geschlechtsbestim
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mung von Schideln adulter Tiere (> 4 Jahre)
gezeigt werden. Die Altersbestimmung erfolg-
te anhand des Zahnstatus der Oberkiefer nach
Hexricnsen & GruUE (1980). Neben den Abma-
fien der Horner konnen noch die Schidellidngen
und -breiten sowie die Breite der Occipitalen
fiir dic Geschlechtszuordnung an Schideln und
Fragmenten im Feld angewandt werden. Das
Geschlechterverhiltnis der geschossenen Tie-
re betrug 0.91 (m:w) und wies einen starken
Uberhang adulter Tiere auf. Die fiir 1999 giil-
tigen offiziellen Abschu3vorgaben (175 Bullen,
75 Kiihe: 2.33 m:w) zeigen den Versuch, die
Bestinde nachhaltig zu nutzen. Dies ist in den
vorangegangenen Jahren im Untersuchungsge-
biet nicht geschehen, wie die Alters- und Ge-
schlechtsverteilung der Schidel zeigt.

Summary

Skull measurements as a field tool
for sex determination in muskoxen
(Ovibos moschatus) from East Greenland

During an expedition to the western coast of the
Hurry inlet (Jameson Land, Scoresbysund, East
Greenland, 70° 45°N; 22° 40°W) in summer
1999, skulls of muskoxen (Ovibos moschatus)
found in the field became measured. This spe-
cies is hunted by the native inuits. Skulls and
other larger bones from shot muskoxen kept
left in the field. Applying principal component
analysis (PCA) and discriminant analysis al-
lowed a save sex determination of adult ani-
mals (~ 4 years). Ageing was done on the teeth
state of the upper jaws following HENRICHSEN &
Grur (1980). Beside the horn size, also skull
length and width and the width of the occipitals
can be used for determining genders on skulls
and cven on fragments in the field. A sex ratio
of 0.91 (m:f) and a strong bias towards adult
animals was found in shot animals. In 1999 per-
mits for killing 175 bulls and 75 cows (2.33;
m:f) were issued, which underlines the attempt
for a sustainable management of the local popu-
lation. As the sex- and age distribution of ana-
lysed skulls shows, this did not happen during
the ycars before.
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