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Introduction

In 1974 the Danish Natural Science Re-
search Council initiated a three year inve-
stigation of the Muskox (Ovibos moscha-
tus) in Greenland in order to gain further
knowledge about the biology of the spe-
cies and the size of the population. A con-
tributory reason for the project was the
proposed North and East Greenland Nati-
onal Park, later a reality, which was to in-
clude most of the present Greenland
Muskox range (Fig. 1).

The newest estimate of the population
in North and East Greenland is 6,000-
12,000 animals (ViBe 1971). Within the
Park the Muskox is totally protected, but
according to VIBE (pers. comm.) approx-
imately 70 animals are shot annually out-
side the Park by Greenland hunters from
Scoresbysund. During the period 1961-
1967 27 Muskoxen were transferred from
East to West Greenland; in 1978 this popu-
lation was estimated to be approximately
200 animals (RoBy 1978).

As reliable age criteria are essential pre-
requisites for the understanding of many
aspects of animal life (MoRrris 1972), speci-
al emphasis was placed on age determina-
tion in this project. Nowadays, the seaso-
nal development of incremental lines in
dental cementum provides the most accu-
rate means of determining absolute age in
mammals (for a review of the method see
GRUE & JeENsEN 1979). This and other me-
thods of age determination should how-
ever be checked for accuracy against speci-
mens of known age. When, as in diphyo-
dont mammals, the sequential loss of deci-
duous teeth and/or the succession of per-
manent teeth takes place over an extended
period, the stage attained can be a useful
guide to the age of young animals. In the
Muskox, the age of young animals can be
determined even up to about 5 years by
tooth succession as described by ALLEN

(1913) and supplemented by TENER (1965),
both authors mainly using material from
North America.

The specific aim of the present study is
to outline the validity and practical appli-
cability of tooth succession and cementum
incremental lines as age criteria in the
Greenland Muskox. Stages of horn devel-
opment are furthermore one of the most
useful criteria for determining sex and age
of the live Muskox and are also considered
in this study.

The medical officer of health in Scores-
bysund 1974-75, J. P. Brangstrup and his
wife, were most helpful in collecting mate-

Fig. 1. Present distribution of the Muskox in Green-
land and the border of the North and East Greenland
National Park.
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rial for the study. The collection of the
Muskox skulls at the Zoological Museum,
Copenhagen, was kindly made available
by Dr. P. Valentin-Jensen and Dr. H.

Baagge. The study was supported by
grants from the Danish Natural Science
Research Council, nos. 511-5012 and
521/9-4.

Material

In the present study, 155 cleaned skulls
with lower jaws of Muskox from Green-
land belonging to the Zoological Museum,
Copenhagen, were used. The material was
collected between 1892-1975, the majority
in Northeast Greenland, and a few in
North and West Greenland. Five of the
animals had spent part of or all their life in
the Zoological Garden, Copenhagen.

Of the 155 skulls, 73 have unfinished
and 82 have finished permanent tooth

eruption. The date of death is known for
33 and 28 respectively and the majority of
these were collected between March and
September. To obtain specimens from the
winter period 19 skulls were collected dur-
ing the annual shooting at Scoresbysund
in November 1974 - January 1975 by P.
Henrichsen and H. Pedersen.

Methods

In the Muskox the permanent dental for-
Io Co P3 M3
i3 c1 p3 m3
(TENER 1965) and for the deciduous dentition

dIo dC0 dP3
di3 dcl dp3
will be used in the text and tables. For bre-
vity when considered together, premolars
and molars will be referred to as the buccal
teeth.

Knowledge of the date of birth is neces-
sary for accurate age determination. Infor-
mation about the calving period has been
reviewed by TENER (1965), who states that
in Canada and Greenland calving takes

mula is X 2 = 32

X 2 = 18, and these symbols

place from late April to the end of May, in
Canada possibly extending to mid June.
ViBE (1971) mentions that calving in
Greenland takes place in May-June and
MiLLer et al. (1977) found that a few calves
are born before the first week of April in
the Arctic Archipelago. On the Danish
Polar Bear Expeditions in 1973 and 1974
the first calves were seen both years on
May 1 (P. HenrICHSEN, unpubl.)

From this the calving period appears to
last from April, possibly even late March,
to early June. In calculating the age, it was
decided to regard all animals as being born
on May 1.

TOOTH ERUPTION AND ATTRITION

The skulls of the 33 animals with unfinis-
hed permanent tooth eruption and known
date of death were arranged in three diffe-
rent ways for comparison, viz.;

1. According to size of skulls, closing of

sutures and tooth succession and
wear. The age is calculated from the
assumed date of birth and the date of
death and is later referred to as the
calculated age (p. 5).
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2. According to eruption of incisors and
the maxillary teeth as described by
TENER (1965).

3. According to eruption of both man-
dibular and maxillary teeth.

A description of tooth succession based
on the skull material was prepared. As a
complete ontogenetic series illustrating
the sequential loss of deciduous teeth
and/or the succession of permanent teeth
could not be obtained based on the 33
skulls of known age, the 40 skulls of un-
known age were used as a supplement
where required. As the tooth crown at-
tains a dark stain shortly after it appears

above the gum, all parts of the tooth vi-
sible in the live Muskox are readily
discernible in cleaned skulls. In studies of
tooth succession in general, a varying ter-
minology has been used to describe stage
of eruption, but in the present study the
terms outlined below will be used:

Unerupted tooth: entirely below (Ea)
or with parts of the crown above (Eg) the
alveolar border, but never stained.

Erupting tooth: parts of the crown
stained (E).

Erupted tooth: both the deciduous
tooth (d) and the permanent (P) have a
continuous stain around the crown.

HORN DEVELOPMENT

Based on the ontogenetic series, animals
typical for the specific age groups have

been selected and drawings of their horns
are given.

CEMENTUM INCREMENTAL LINES

For counting cementum incremental lines
the first permanent incisor was used.
Teeth were decalcified in 5% nitric acid
(HNQ;) using 0.1 ml per mg tooth. When
the fluid was shaken constantly decalcifi-

cation required 30-36 hours. 12-16 p thick
sagittal sections were prepared by means
of freeze sectioning. Sections were stained
and mounted as described by GRUE & JeN-
SEN (1979).

Results and discussion

TOOTH ERUPTION AND ATTRITION

The chronological arrangement of the 33
animals with known date of death and
their calculated age is given in Table 1. By
tooth succession, no. 3443 and no. 3773
were judged to be younger than no. 650
and no. 1416 respectively, but older by
tooth wear. In both, tooth succession was
considered delayed and they were arran-
ged according to the calculated age (no.
3443 died from Meteorhismus ruminis in

the Copenhagen Zoo after having been
caught in Greenland the same year (AN-
DERSEN 1966).

ALLEN (1913) described eruption and at-
trition of the teeth twice in the same artic-
le, but with considerable lack of agree-
ment. These descriptions were however
both based on the same material. Based on
an unknown number of animals TENER
(1965) judged the descriptions given by

5
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Age determine‘d by Incremental lines
tooth succession
Ref. no. | Sex Date of Calculated TENER This study | No. of Age (assessed
death age (1965) * lines |from no. of lines)
Months Years Years Years & months
ph-1 - - 0-2 days 0 0 - - -
3681 ) - 20 days 0 0 - - -
1747 o 15-06-1932 1 0 0 - - -
650 o 12-08-1892 3 0 0 do 0
3381 o 16-09-1961 4 0 0 - - -
3443 o 14-09-1964 4 0 0 - - -
1744 Q 01-09-1932 4 0 0 do 0
3444 o 19-11-1964 6 Va Ve - - -
ph-2 o 18-03-1933 10 1 b2 di 0 10
1609 o4 21-06-1933 13 1 1 d1 1 1
3002 Q 16-08-1956 15 1 1 d1 1 3
1386 - 05-09-1925 16 1 1 di 1 4
1387 - 05-09-1925 16 1 1 d1 1 4
1748 o 07-09-1931 16 1 1 d1 1 4
3761 o 18-01-1975 20 1v2 12 d2 1 8
3763 o 18-01-1975 20 12 1% d2 1 8
3774 Q 18-01-1975 20 1v 1% d2 1 8
3775 Q 18-01-1975 20 1% 1v2 d2 1 8
ph-3 o 18-03-1933 22 2 1%, d2 1 10
1416 Q May-Aug.
1930 24-27 2 2 1 2 03
3773 Q 18-01-1975 32 2 2 2 2 8
ph-4 o 18-03-1933 34 2Ys A% 2 2 10
2409 (o4 25-07-1947 38 3 3 2 3 2
2410 (o4 25-07-1947 38 3 3 2 3 2
771 Q 25-07-1900 38 3 3 2 3 2
3768 Q 18-01-1975 44 3 3 3 3 8
3776 Q 18-01-1975 44 3 3 3 3 8
ph-5 Q 18-03-1933 46 3 3 3 3 10
651 Q 12-08-1892 51 4 4 - - -
778 Q Aug. 1900 51 4 4 3 4 3
2424 o 30-08-1947 51 4 4 3 4 3
3765 o Nov. 1974 54 4 4 5 5 6
3767 o 04-12-1974 55 5 4 5 5 7

Table 1. Skulls of 33 Muskox with unfinished permanent tooth eruption and known date of death, arranged
chronologically according to size of skull, closing of sutures, tooth wear, etc. The classification is compared to
age assessed by means of tooth succession, cementum incremental lines and horn development (p. 7).

d: deciduous tooth.




Age Criteria in the Muskox

0 YEAR

4 YEAR

1 YEAR

12 YEAR

272 YEAR

3 YEARS

4 YEARS

5 YEARS




Pour HENRICHSEN & HELEN GRUE

ALLEN to be “essentially correct except for
a number of errors in timing of tooth erup-
tion”. TENER presents a résumé of ALLEN'S
first description - of the incisiform and the
maxillary teeth only - with his own correc-
tions but without specifying where the er-
rors occur.

Using the description given by TENER
(1965) agreement was found in all but
three cases of the animals in Table 1.

This was the “best fit” that could be
achieved after defining terms such as
“fully grown and erupted”, “almost fully
grown”, and deciding which kind of tooth
was to be used in the various age classes.

In spite of the close agreement the need
was felt for a more detailed description of
succession of the maxillary teeth. Further-
more, it was decided to include also the
mandibular buccal teeth, as lower jaws are
much easier to collect than the rest of the
skull. The morphology of the tooth crown
of the Muskox has been described by Loo-
Mis (1925), but as the terminology was
found difficult to use, terms from the tritu-
bercular theory as presented by SPINAGE
(1973) are used in the present study (Fig.
2). The abbreviations used are slightly dif-
ferent from those of SPINAGE, the latter
being established ones but difficult to un-
derstand. The description of tooth erupti-
on and attrition outlined in the present
study and the one given by TeNEr (1965)
are presented in Table 2.

In three cases disagreement between the
two descriptions occurs; this concerns the
dentition at birth (0 year), at 3 and at 5
years. Based on a calf less than two days
old from the Copenhagen Zoological Gar-
den and verified on a calf with very slight-
ly worn hoofs found dead in Northeast
Greenland in 1978, only the three incisors
were found to be erupted at birth. All
other teeth had parts of the crown under
the gum and were erupting, whereas TENER
considered all deciduous teeth to be erup-
ted at the time of birth. In the 3-year age

class there was disagreement about the de-
ciduous premolars, where TENER uses pre-
sence of dP4 surmounting P4 as a criteri-
on. In this study however individual vari-
ation in the time of loosing the premolars
was found, and this criterion is considered
unsuitable for age determination. In the 5-
year age class the most important criterion
in the description by TENER is the func-
tional canine. In this study animals deter-
mined by incremental lines to be more
than 5 years old and collected in the area
between 74° and 78°N often had one or
both canines missing and/or unerupted
(Plate 1, B). According to TENER the age of
these animals would be underestimated.
Lack of canines in the Muskox in Green-
land is an anomaly which is believed to
be genetically determined (HENRICHSEN
1980). Both missing and unerupted cani-
nes were rarely found south of 72°N, but
in the northern part of the range 20 ani-
mals out of 32 (62.5% ) and in the southern
3 out of 30 (10%) had one or both canines
missing or unerupted. This shows that the

lingual
HYCND PRCND HYCND PRCND

ENCND MECND ENCND MECND

HYICN PRCN
posterior anterior
MECN  PACN
_buccal

Fig. 2. Tooth crown nomenclature of permanent
mandibular and maxillary molars. A = m3. B = m1-
2. C = M1-3. ENCND = entoconide. HYCLD = hy-
poconolide. HYCN = hypocone. HYCND = hypo-
conide. MECN = metacone. MECND = metaconide.
PACN = paracone. PRCN = protocone. PRCND =
paraconide.
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Age in
years

TENER (1965)

This study

Born with di1-3, dc and dP2-4 erupted
and with M1 concealed in the alveolus.

Born with dp2 and dc unerupted, dp3-4 and dP2-4
erupting and di1-3 erupted. M/m1 are found as loose
parts in the alveolus.

Va

The anterior half of M1 projects above
the alveolus, the posterior half being
about even with it. dP2-4 show consider-
able wear.

dc and dP/dp2-4 are erupted and worn on all structu-
res except the posterior parts of dP4's HY- and
MECN. m1 is erupting with PR- and MECND above
and EN- and HYCND below the gum. M1 is erupting
with PACN above the gum, PR- and possibly MECN
above the alveolar border. The erupted parts of
M/m1 are unworn.

dP2-4 are much worn and M1 is fully
grown and functional. The anterior half
of M2 projects slightly above the alve-
olus, the posterior half being above level
with the alveolar border. dP2-4 are still
present.

All structures on dP4 are worn. ml is erupted and
worn on all structures. M1 is erupting and without
wear on the posterior parts of HY- and MECN. m2
has PRCND just above or below the gum, while ME-
and HYCND are above and ENCND below the alve-
olar border. M2 has PACN above and the other
cones below the alveolar border.

1v2

dP2-4 are further worn, M1 is grown and
functional, the anterior half of M2 is
above the alveolus and the posterior half
levels with the edge. di1-3 and dc are still
present. :

m2 has PR- and MECND above the gum and is worn
on PRCND. M1 is erupted and worn on all structu-
res. M2 has PACN almost above the gum and PRCN
above the alveolar border.

dP2-4 are much worn, the crown pattern
on dP2-3 being obliterated. M1 is
worn, the anterior half of M2 is unworn
though fully emerged. M3 is still fully
enclosed in the alveolus. The tip of il
appears just above the alveolar border.

m2 is erupting and worn on all conides except the
posterior parts of HY- and ENCND. M2 is erupting
with PA- and PRCN above and ME- and HYCN
below the gum and it is worn on PACN. i1 and
M/m3 are in the alveolus.

A%

dP2-4 are worn nearly to the roots. M1
is worn considerably. M2 is functional
and worn on the anterior half and slightly
on the posterior half. M3 is still encapsu-
lated. i1 is fully grown and i2 is still enclo-
sed. di2-3 and dc are not yet shed.

m?2 is erupted and worn on all structures. M2 is erupt-
ing and worn except on the posterior parts of HY- and
MECN. m3 has PRCND above or just below the
gum. il is erupted and i2 is in the alveolus.

dP2-3 have been shed but dP4 still sur-
mounts P4, P2-3 are about half their ma-
ture height and P4 is above the alveolus.
M1 is worn further, M2 shows some wear
and M3 is appearing above the alveolus.

M2 is erupted and worn on all structures. m3 has PR-
and MECND above the gum; the conides are not
worn on the posterior parts. M3 has PR- and possibly
also PACN above the gum and HY- and MECN
above the alveolar border. P/p2 are erupting and
unworn. dP/dp3 may still be found above P/p3,
which - especially if dP/dp3 are lost - are erupting.
dP/dp4 surmount P/p4. i2 is erupted and i3 is in the
alveolus.

P2-4 and M3 are almost fully grown but
show little wear. i1-3 are fully grown but
dc still surmounts the growing c.

m3 has all structures except HYCLD above the
gum, the posterior parts of HY- and ENCND are
worn. M3 is worn on PA- and possibly also on
PRCN. P/p 2-4 are erupted and also i3.

At 5 years of age ¢ has become functional,
all other teeth show wear to varying de-
grees.

At 4V years of age M/ma3 are erupted and worn on
all structures. Considerable variation is found con-
cerning the eruption of ¢ (see p. 8).

Table 2. Description of tooth eruption and attrition based on 73 Muskox from Greenland compared with the
description given by TENER (1965). For explanation of crown nomenclature see Fig. 2.
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Age in Incisiform teeth Premolars Molars
years | il i2 i3 c p2 p3 p4 P2 P3 P4 lml m2 m3 MlI M2 M3
0 d d d dEg|dEg dE dE dE dE dE | Ea - - Ea - -
Ve d d d d d d d d d d E - - E - -
1 d d d d d d d d d d P Eg/E - E Eg -
1Y%, d d d d d d d d d d P E - P E -
2 d/Ea d d d d d d d d d P E Ea P E. Ea
2, P d/Ea d d d d d d d d P P E P E Ea
3 P P d/Ea d E d/E d/E E d/E d/E| P P E P P E
4 P P P d/Ea] P P P P P P P P E P P E
1Y, P P P PX|P P P P P P P P P P P P

Table 3. Eruption pattern of mandibular and maxillary teeth in the Muskox. For explanation of abbreviations,
see p. 5. PX = canine may be missing or remain unerupted.

state of eruption of the canines should be
used with the greatest care in age determi-
nation, and that reference always should
be made to the buccal teeth.

The last of the buccal teeth to erupt are
the third mandibular and maxillary mo-
lars (m3 and M3) and this is judged to hap-
pen when the animals are approximately
4V, years old. The number of incremental
lines in the first incisor of animals in this
group, however, indicates that animals
older than 42 years have been included
(Table 1). Thus age determination based

on tooth succession in the Muskox in
Greenland is considered reliable up to the
age of 4 years.

The eruption pattern of the maxillary
and mandibular teeth in the Muskox is
summarized in Table 3. In determining the
age of individuals with unerupted perma-
nent dentition, it is recommended first to
consult Table 3 and then check the resuits
using the verbal description in Table 2,
and to use the eruption pattern of molars
followed by incisors.

HORN DEVELOPMENT

Sex and age determination of the live
Muskox in the field has been attempted by
a number of authors using not only horn
development but also body size, length of
guard hair, urinating posture etc.(GRrAY
1973, ALENDAL 1974, HUBERT 1974).
Drawings of the horns according to sex
and age are shown in Table 1. For all spe-
cimens used, age has been determined
from tooth succession and/or incremental
lines and all had been collected in the same
area. Because of broken horns on many of
the younger animals and lack of material
some of the drawings are based on few
specimens and some categories are not re-

10

presented at all. Due to the relatively
small size of the horns it was found diffi-
cult to determine sex and age by the horns
alone in animals less than two years old.
In males from two to four years old, age
determination based on the horns was rea-
sonably reliable. In older age classes only
slight changes with age occurred, changes
that are difficult to see on live animals. As
a supplement to the descriptions of horn
development given by ALLEN (1913) and
TENER (1965) the drawings may however
help field workers to gain experience more

easily in sex and age determination of the
Muskox.
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CEMENTUM INCREMENTAL LINES

The first permanent incisor of 69 Muskox
were investigated. All teeth showed a di-
stinct layer of cementum, thin along the
sides of the root, but in mature teeth with
pads of cementum round the root apex
(Plate 1, A and C). Counting of lines was
most easily performed at the apical region
of the root, where distance between neigh-
bouring lines was at its largest. In the
Muskox, as in many other ungulate speci-
es, the root apex of incisors is frequently
exposed to resorption which may cause
disturbance of the pattern of incremental
lines. Therefore it was often necessary also
to count the lines in the thin cementum
layer at the cervical region of the root.

In teeth where the pulp cavity ramifies,
the cementum structures are often indi-
stinct. Such teeth are readily recognized,
as foramen apicale are usually situated on
the side of the root (Plate 1 A).

It has generally been accepted that for
correct determination of age based on ce-
mentum incremental lines, age at tooth er-
uption must be taken into consideration.
This is however only correct for species
where cementum formation is initiated
shortly before or just at the time of erup-
tion. In at least some ungulate species ini-
tiation of cementum formation and time
of eruption do not coincide, and both ce-
mentum and incremental lines may appear
before the tooth erupts.(for reference see
GRUE & JENSEN 1979).

In order to assess when cementum ap-
position starts in the Muskox, unerupted
permanent first incisors were sectioned.
Judging from the stage of succession it was
established that apposition is initiated
already in the second summer before the
animal is 15 months old, that means more
than a year before the tooth erupts (Table
3).

To establish when the first incremental
line is formed both. unerupted permanent

first incisors were furthermore sectioned
in two animals judged by tooth succession
to be two years old. No. 1416 was shot be-
tween May and August and thus 24-27
months old, while the date of death of no.
2421 is not known. One incremental line is
found in each of the first incisors in both
individuals (Plate 2 A), and apparently in
the Muskox the first line becomes visible
in the animal’s second year of life. As root
development is still in progress at this age,
the first line can easily be distinguished
from succeeding ones, as it does not conti-
nue round the root apex.

For a correct classification in age groups
knowledge of season for development of
incremental lines is required. For this pur-
pose 30 Muskox judged from their tooth
succession to be more than 15 months old
were used. Fig. 3 shows for each month
the number of animals with a developing
incremental line bordering the periodontal
membrane, as a percentage of the total
number of animals available for the parti-

%
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Fig. 3. Development of incremental lines in teeth of
the Muskox in relation to time. For each month the
number of specimens showing a developing incre-
mental line is plotted as a percentage of the total
number available for that month. (N = 30).

11




Pour HENRICHSEN & HELEN GRUE

12




Age Criteria in the Muskox

Plate 2.

£
&

Plates:

Plate 1.

A. No. 3765 o . Shot November 1974. First perma-
nent incisor. Abnormal pulp cavity with several
ramifications. Foramen apicale approximately 3
mm above tip of the root.

B. No. 2246 Q. Shot summer 1938. Canine anomaly.
X-ray of mandible viewed from the ventral side.
Left canine not formed, right canine formed, but
not erupted. Judged by number of incremental li-
nes to be 6 years old.

C. No. 1384 Q. Shot September 1925. First perma-
nent incisor. 14 incremental lines.

cular month (cf. GRUE & JENSEN 1979). In-
dividuals from July and August have light-
ly stained cementum as the outermost
layer. Deposition of incremental lines is
observed in animals killed between Sep-
tember and January. However, lack of
material from February prevents an accu-
rate assessment of time when development
of the line ceases. Fig. 4 illustrates the
chronological sequence of incremental li-
ne formation and eruption of the first per-
manent incisor {cf. GRUE & JENSEN 1979). In
no. 3773 the eruption of permanent teeth
is considered delayed and the animal is ar-

0,1 mm

Sections of teeth of Muskox from Northeast Greenland.

Plate 2.

A. No. 1416 Q. Shot May-August 1930. First perma-
nent incisor. One incremental line.

B. No. 3773 Q. Shot January 1975. First permanent
incisor. Two incremental lines.

C. No.990 o . Collected between 74° and 78°N. Un-
erupted canine with five incremental lines.

ranged in Table 1 in agreement with the
calculated age (p. 5). Based on the ce-
mentum structures this proves to be cor-
rect, as two incremental lines are visible
(Plate 2 B).

As incremental lines in unerupted and
erupting incisors of the Muskox were pre-
sent, cementum structures in the unerup-
ted canines in sub-adult and adult indivi-
duals were examined (cf. also GRUE & JEN-
seN 1979). One canine from four animals
with one or both canines hidden in the jaw
was sectioned. Each tooth had a well-
developed cementum layer with close-
lying incremental lines. Also the number
of lines present corresponded to the num-
ber found in i, of the same animal. Howe-
ver, the character of the lines in these cani-

13
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Fig. 4. Development of incremental lines in relation
to tooth replacement in permanent first incisor in the
Muskox.

Asterisk = time of birth, dots = period for devel-
opment of light-staining cementum, solid bars =
period for development of incremental line in the
permanent tooth. The single row of dots indicates
permanent tooth not yet visible above the gum.
Double row of dots and narrow bar indicate erupting
permanent incisor, and three rows of dots and broad
bars indicate erupted permanent incisor.

nes generally made counting more diffi-
cult than in the corresponding incisor (Pla-
te 2 Q).

In the Muskox the process of tooth suc-
cession lasts over four years (Table 3).
Based on the hypothesis that in deciduous
teeth, cementum incremental lines also ap-
pear on an annual basis, two lines should
be expected in the deciduous first incisor
in the Muskox, and three in the last pre-
molar, at the time the teeth are shed. The
deciduous first incisor of 13 animals
listed in Table 1 have been sectioned. It is
seen that in each case the expected number
of lines was found. The last deciduous pre-
molar, found on top of the protruding per-
manent tooth at the age of approximately
36 months (Table 3) from three animals
was also sectioned, and in each three in-
cremental lines were observed.

14

Based on these findings it seems reason-
able to conclude that in the Greenland
Muskox cementum incremental lines are
formed according to a seasonal cycle in
both deciduous and permanent teeth. One
line is formed each year, but the first line
in the permanent incisor occurs however
in the second year of life, when the animal
is between 16 and 21 months old.

This was further supported by a Musk-
ox of known age. An adult bull which in
1961 as a calf had been transferred from
Northeast to West Greenland was illegally
shot in August 1970. The bull was then 9
years and 3 months old and had 8 incre-
mental lines, the 9th probably would start
forming in the beginning of September.

General knowledge of the season during
which incremental lines are formed en-
ables correct grouping in age classes,
usually also for individuals with unknown
date of death (GRUE & JENSEN 1979). When
the date of death falls outside the normal
period for line development, relative
thickness of the outermost cementum
layer should indicate how long the animal
lived after completion of the last formed
incremental line. In the Muskox such an
estimate is however very unreliable and in
most cases impossible, because the annual
layers are very thin.

Table 4 shows age composition based
on the number of incremental lines in 69
Muskox including the 19 animals collected
during the hunting season from November
1974 to January 1975.

Only little information exists regarding
the maximum age of the Muskox. BuckLey
et al. (1954) suggest a potential longevity
of at least 25 years based on a female cap-
tured as a calf in Greenland in 1930 and
released on Nunivak Island off the West
coast of Alaska in 1936. The animal died
in 1953, and grinding surfaces of the teeth
were reported to be in fairly good condi-
tion.
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Table 4. Number of incremental lines in the perma-
] No. of No. of Muskox nent first incisor in the Muskox from Greenland used
incremental Total in the present study.
lines o Q
; 1 1 2 The highest number of incremental lines
3 ; i g found in the material collected during the
4 1 4 5 winter 1974-75 was in a female shot in
5 7 4 11 January. Based on the designated birth,
6 5 1 6 May 1, the 14 lines observed indicate the
7 2 8 10 age of 14 years and 8 months (Plate 1 C).
8 3 2 5 . .
9 0 1 1 In the material from the Zoological Mu-
10 3 4 7 seum the highest number of lines found
11 2 0 2 was 13; as the animal was shot in Septem-
12 1 0 1 ber the age is assessed to 14 years and 4
i 4 8 i i months. Grinding surfaces at this age were
found much worn and a maximum age of
2 37 69 approximately 20 years seems likely for
the Muskox in Greenland.
Conclusions

In the present study three criteria appli-
cable for determining age of the Muskox
have been investigated, cementum incre-
mental lines, tooth succession and horn
development.

It was found that in the Greenland
Muskox seasonal development of the root
cementum allows exact determination of
age based on the number of incremental
lines when season of death of the animal is
known. The first line appears in the se-
cond year of life at the age of 16-21
months, and the normal period for line de-
velopment is September-January.

When the season of death is unknown,
age can only be assessed as N or N+1
where N indicates the number of incre-
mental lines, because an estimate of the
length of the period the animal lived after
completion of the last formed lines is very
unreliable in this species.

Cementum incremental lines provide
the only possible means of establishing
exact age, and is a most reliable one, after
completion of permanent tooth eruption.
However, the method has the disadvanta-
ge that it requires dead material.

Tooth succession is found reliable for
age determination up to four years when
applied to cleaned skulls, and it is recom-
mended to use the eruption pattern of mo-
lars followed by incisors. It is concluded
that because of lack of canines in animals
from certain areas in Greenland the erup-
tion pattern of canines cannot be conside-
red a reliable criterion.

For live, immobilized animals age deter-
mination by means of tooth succession
can be based on incisors only, as inspecti-
on of the buccal teeth in live animals is
most difficult; thus in this situation the
method is applicable only up to the age of
approximately three years (Table 3).

Stage of horn development is found rea-
sonably safe for establishing age in both
sexes from two to four years, in males pos-
sibly extending to four and a half. Al-
though in younger animals the small size
of the horns makes classification difficult,
this method provides a most useful means
of assessing the age of live animals in the

field.
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Dansk resumé

Aldersbestemmelse af grgnlandsk moskusokse (Ovibos moschatus).

Tre metoder til aldersbestemmelse af den grgnland-
ske moskusokse er blevet undersggt. De omfatter
tand- og hornudvikling samt veaekstlinier i rodcemen-
ten pa forste fortand. Underspgelserne er foretaget pa
et materiale tithgrende Zoologisk Museum, Kgben-
havn, og omfatter 155 kranier indsamlet i perioden
1892-1975 fortrinsvis i Nordgstgrenland, suppleret
med 19 stk. fra Scoresbysund nedlagt i jagtseesonen
1974-75.

Af de underspgte individer med kendt dedsdato
var 33 i gang med tandskifte. Ud fra disse er frem-
brudsmgnsteret for malketaender og blivende tand-
seet beskrevet (Tabel 2 og 3). Til beskrivelse af tand-
kronens struktur er benyttet nomenklatur fra den tri-
tuberculate teori (Fig. 2). Ud fra tandskiftet kan alde-
ren af den grenlandske moskusokse bestemmes indtil
dyret er 4 ar. Ved denne alder er det blivende tandszt
i funktion bortset fra underkabens fortandslignende
hjprnetand og over- og underkabens bageste kind-
tand, som er i frembrud (Tabel 3). En yderligere al-
dersklassificering baseret pad de navnte taender vil
vere forbundet med stor usikkerhed, hvilket for
hjernetandens vedkommende skyldes, at den hos dyr
fra visse omrader hyppigt er rudimenteer eller endog
helt mangler (Tavle 1C). Med hensyn til de bageste
kindteender viser antallet af vaekstlinier i den tilsva-
rende forste fortand, at frembruddet kan straekke sig
over s3 lang tid, at der er risiko for, at flere alders-
grupper slas sammen (Tabel 1).

Til studiet af vaekstlinier er benyttet histologiske

praparater af den fgrste fortand fra 69 moskusokser,
hvoraf én var af kendt alder (9 &r 3 mdr.).
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Den grgnlandske moskusokse viser en klar &rs-
cyklus i dannelse af rodcement i savel malketand
som blivende tand, og det ma antages, at liniernes an-
tal svarer til dyrets alder i &r (Tabel 1). Den blivende,
forste fortand er brudt frem og i funktion, nar dyret
er ca. 2V2 ar, men underspgelser af ikke frembrudte
teender viser, at cementdannelsen starter ca. 1 4r in-
den tanden bryder frem, og ferste linie dannes, nar
dyret er 16-21 mdr. (Fig. 4). Disse iagttagelser stottes
af dyret med kendt alder, som havde dannet 8 vaekst-
linier. P4 grundlag af dyr med kendt dgdsdato kunne
perioden for liniedannelsen bestemmes til septem-
ber-januar (Fig. 3). En eksakt aldersangivelse kan
kun gives, sifremt arstiden for moskusoksens dgd er
kendt. Som fglge af det totale cementlags ringe tyk-
kelse er det ikke muligt at vurdere, hvor lang tid et
givet dyr har levet efter dannelsen af den yderste
vakstlinie, og nar dedsdato ikke kendes, kan alderen
derfor kun fastseettes som »N eller N+1«, hvor Ner
antallet af vaekstlinier. Det zldste dyr i materialet var
en hun (skudt i januar), hvis alder bestemtes til 14 &r
og 8 mdr.

Den praktiske anvendelse af de to metoder be-
greenses af, at dgdt materiale skal veere til radighed.
Ved underspgelse af fortzendernes frembrudsmenster
pé levende, bedsvede individer vil det dog vaere mu-
ligt at aldersbestemme dyrene indtil en alder af ca. 3
ar (Tabel 3).

Tegninger af hornudviklingen for de opstillede al-
dersgrupper er udarbejdet (Tabel 1) og kan benyttes
ved kgns- og aldersbestemmelse af moskusokser un-
der feltarbejde. Hornudviklingen alene kan med ri-
melig sikkerhed dog kun benyttes i alderen 2-4 r, for
hannerne maske til 4% ar.
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Pe3roMe Ha pycCKOM SI3bIKe

OINPENEJIEHUE BO3PACTA 'PEHJIAHIICKOI'O
MYCKYCHOI'O OBIIEBBIKA
(Ovibos moschatus)

Buulu  uccrefoBaHsl Tpu crnocoba ompenesieHHs
BO3pacTa I'PEHNaHACKOro MycKycHoro osuebbixa.
OHu OCHOBAaHBI Ha Pa3BUTHH 3yDOB H POTOB, a TAKKE
Ha POCTOBBIX JIHHHAX B KOPHEBOM LIEMEHTE NEPBOIo
3yba-pesua. HMccneqoBaHus NpoBeAeHBl HA MaTepy-
ane, NpuHadexaleM 3oosioruueckomy Mysewo B
r. Konenrarene, u oxsaTwiBatoT 155 uepenos,
cobpanHblx B nepuone ¢ 1892 no 1975 r., rnasubim
obpasom B CeseposocTounoii I'pennannuu, gonos-
HenbIx 19 uepenamu u3 Cxopecbusynzga ot ocobeid,
yOHTBIX B TeUeHHUE Ce30Ha 0XOoThl 1974-1975 r.

W3 obcnenosanHbX ocobell, nJaTa CMEPTH KOTO-
pbIX H3BECTHA, Y 33-X npoucxoauna cmena 3y6os. Ha
OCHOBaHHM 3THX ocobell onucaHa XapaKTEpHCTHKa
APOpPE3bIBAHIS MOTOUHBIX H NTOCTOSHHBIX KOMILIEK-
TOB 3y60B (Tabsa. 2 n 3). IIpyu onucaHUU CTPYKTYPbI
3y6HOrO BEHUA MPHUMEHSIETCH TEPMUHOJIOTHS H3
Tputybep kyasrHol Teopun (bur. 2). ITo cmene 3y6os
BO3pacT TPEHJIAHACKOTO MYyCKYCHOrO oBleObIKa
MOXHO ONpEeuTh, MOKa JKUBOTHOE He cTapiue 4
ger. B 3Tom BO3pacTe BCTYnMA B JeHCTBHE
MOCTOSHHBIH KOMNAEKT 3y0OB, 3a HMCKIIOYEHHEM
[OXOXEro Ha pe3el Kibika HUXKHEH 4eMOCTH H
3aJHMX KOPeHHbIX 3y00B BepxHeH H HibkHeil
yearocTell, HaXOMSIIUXCA Ha CTaJHH NPOPE3LIBAHUS
(tabn. 3). Hanerefiias xinaccudukauua 0o Bo3-
pacTy Ha OCHOBAHHMH BBIIIEYNIOMAHYTHIX 3y60B
ByIeT CTpaaTh 3HAUHTE/ILHO I HEHA IEKHOCTBIO, 4TO
B ciyuae Kkibika oObAcHAeTCa TeM, HTO OH Y
JHMBOTHBIX H3 HEKOTOPBIX MECTHOCTeH HacTo ocTa-
eTcs pYNUMEHTapHLIM WM JaXKe COBEPLIEHHO
otcyrerByer (tabn. 1 C). YUTo xacaercs 3aQHHX
KOpeHHbIX 3y0OB, WYHCIO PpOCTOBBIX JIMHUH B
COOTBETCTBYIOLUECM TTEPBOM PE3LE YKa3bIBAET Ha TO,
YTO NEPHO NPOPE3bIBAHMSA MOXKET OBITh HACTOJIBLKO
IUIMTEbHLIM, YTO COCTOHT PHCK CMEIIMBaHUSA
HECKOJILKNX BO3pacTHbIX rpynn (tabs. 1).

Jlist u3ydeHus pOCTOBBIX JHHHH HCIOMB30BaJIHCh
FHCTONOTHYECKHE MpenapaThl IepBoro pesua 69
MYCKYCHBIX OBHEOBIKOB, M3 KOTOPbIX OAMH ObLI
uspectHoro Bospacra (9 aer u 3 mecsiua). I'pen-
MaHAckui MyCKyCHbIH OBLEObIK BbIKa3bIBAET HETKU
rogoBoH HHKA 06pa30BaHUs KOPHEBOTO LEMEHTA
KaK B MOJIOYHBIX, TAK M B NOCTOSHHBIX 3ybax, H

AOMYCTHMO MpPEANoNaraTh, YTO YMCIIO JIMHUH COOT-
BETCTBYET YHCIly FOJOB BO3PacTa XHBOTHOTO (Tabi.
). Mocrosrubli nepBelii pesel npopesancs H
BCTYNHI B JeHCTBHE, KOTaa KUBOTHOMY npHom. 2 A
roja, HO MCCAENOBAaHHS Henpopesaswmmxca 3y6os
noKa3aju, 4To obpasoBaHue UEMEHTA HAHWHHAETCS Ha
npu6. 1 rox pasblie mpopessiBaHus 3yba, W 4TO
nepBas JuHUS oOpa3syeTcs B Bo3pacTe oT 16 go 21
mecsiues (dur. 4). Otu HabaroneHHs NOATBEPX-
[AKOTCs MUBOTHBIM H3BECTHOrO BO3pacTa, y KOTO-
poro 6bulo obpasoBano 8 pocToBblX nueui. Ha
OCHOB2HUM JKMBOTHBIX, [aTa CMEPTH KOTOPBIX
H3BECTHA, MOXHO OBUIO YCTAHOBHTH, HTO NEPHOJ
obpasoBauust NUHHII HacTynaeT oT ceHTsbps no
aupaps (¢ur. 3). TouHoe ompeneneHue Bo3pacTa
BO3MOXHO TOJIBKO €CJIi M3BECTHO, B KaKO€ BpEMS
roga MyckycHbiii oBuebblk ymep. Bcneacrtsue
Ha3HAYMTENbHOH o6Imell TONIMHBI LEMEHTHOTO CJIOS
HEBO3MOXHO OLEHUTH, KaK JOJIr0O aHHOE JKHBOTHOE
npoxuiao mocile obpa3oBaHus camoil HapyxHOH
pOCTOBOH JNHMHMH, M €CIM JaTa €ro CMepTH
Heu3BECTHA, BO3PAcCT €ro MO3TOMY MOXKHO OIpe-
AeAUTH TONbKO Kak “ N mu N+ 17 ger, npuuem N
PaBHO YHCJIY POCTOBBIX THHUH. CTapiIMM KHBOTHBIM
B maTepHane Oblla caMka (3aCTpescHHaA B AHBAPE),
BO3pacT KoTOpoil Obut onpepenen kak 14 per 8
MeCHLEB.

IIpakriyeckoe NpUMEHEHHE 3THX ABYX cnocobos
OrpaHuyeHo TEM, 4TO HEoOXOAUMO MMEThL B pacrno-
psokeuud MepTBbIl MaTepuan. Onsaxo, Hccaeno-
BAHMEM XapaKTEePHCTHKH TNPOPE3bIBAHHSA PE3LOB
JKHMBBIX HAPKOTH3MPOBaHHBIX ocobell MoxHO onpe-
H[EeATH BO3PACT XKMBOTHBIX, TIOKA OH HE NPEBbILIACT
npubn. 3 ner (rabn. 3).

PaspabortaHbl pDHCYHKH cTaauil pa3BUTHS pOroB
ocobell mpesonpenesieHHBIX BO3PACTHBIX TpPyM
(rabGa. 1), ¥ ¥UX MOXHO HCIOJIb30BaTh [Jd ONpe-
[efieHHs Tofla M BO3pacTa MYCKYCHBIX OBLEOBIKOB
npu nosiesoit pabore. OgHako, pasBUTHEM POTOB C
NPUEMIIEMOfl CTENEHBIO HANEKHOCTH MOYKHO PYKO-
BOJIUTHLCS TOJNBKO B CJIy4ae )HBOTHBIX BO3PacTa OT
2-X 10 4-X JeT, B cliy4yae caMUOB MOXET-ObITh ¥ [0
4 % ner.
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