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ACCURACY IN MOOSE MANDIBLE SIZE VERSUS TOOTH WEAR

- ASSESSMENTS

Brian McLaren and Richard Curran
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ABSTRACT: Accuracy checks of tooth wear assessments and size measurements were undertaken
for mandibles submitted by moose hunters in Newfoundland. Tooth wear class, a subjective
assessment often used in age interpretation, was inconsistent in repeat measurements by the same
technician in 23% of cases, and, in comparison between 2 technicians, in 53% of cases. There was
confusion particularly between Classes I and I1, and consistent bias in the interpretation of higher
classes. Size measurement was much more consistent, with 1-2% relative error in repeat measure-
ments of asample size of n > 77. Smaller sample sizes may result in larger relative measurement error
because individual repeat measurements differed by as much as 17 mm.
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Moose (Alces alces) populations are gram. Mandibles are stored frozen until
best managed with accurate sex and age processing, and several thousand assess-
information (Bubenik etal. 1975, Ferguson ments are made each hunting season by
1993). When moose mandibles are submit-  staff in a central laboratory facility in St.
ted to research agencies by hunters, as- John’s, Newfoundland, as well as in some
sessment of the jaws and teeth can be used regional centres in the Province. Due to
to determine age structure of the harvested limited storage space, mandible ages and
populations. While this strategy allows corresponding licence numbers must be re-
monitoring at a low cost, it depends on corded as soon as possible after they are
accurate age assessments. Assessments received. To minimise observer error and
by most wildlife agencies include cemen- standardise subjective wear assessments
tum age from incisors (Haagenrud 1978), as much as possible, an attempt is made
tooth eruption, wear or jaw condition each year to have as few technicians as
(Passmore et al. 1955), and mandible size  possible (2 or 3) process mandibles, and to
(Saether 1983). When an agency isrespon- have the same technician assess tooth wear
sible for a large moose harvest, or a harvest each year. Sometimes, accuracy in assess-
over a large geographic area, several wild- ments may be sacrificed for processing
life officers or technicians may be involved  efficiency.
in processing mandibles. This paper ad- Age is easily recognised from mandi-
dresses the accuracy of such assessments.  bles taken from calves and yearlings, while

mandibles from animals > 2 years old are
METHODS limited to a tooth wear assessment, using

InNewfoundland, moose mandiblesub-  Classes II through IX of the 10-class sys-
missions are required as part of a Big Game tem developed by Passmore et al. (1955).
Hunter participation and recognition pro- This method is based on exposure of light
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and dark dentine patterns on premolar and
molar crowns, recession of gums around
molars, and a subjective assessment of molar
concavity, or “scooping.” To assist wear
assessments, photographs from Passmore
etal. (1955) withaccompanying descriptive
text are available for frequent consultation.
Resulting age and wear assessments are
recorded with hunter licence number. All
jaws are then measured for total lower
mandible length. Total length is that meas-
urement from the buccal side of the most
proximal part of the jaw bone to the most
distal part of the jaw bone at the furthest
extent of the gum line (Fig. 1). Recession
and presence of gum tissue is variable de-
pending on cleaning and storage of the
bones, and estimates of the gum line are
approximate. Additional mandible meas-
urements taken from moose > 2 years old
are molar row length, from the proximal
gum line at the third molar (M3) to the distal
gum line at the first premolar (P2), and
diastema length, from the distal gum line at
the first premolar (P2) to the proximal gum
line at the fourth incisor (I4) (Fig. 1). All
measurements are recorded to the nearest
millimetre with a steel tape, and wherever
possible, measurements are made on the
left lower mandible (if the left is broken, the
right is substituted). Measurements are

Molar Row

Diastama

k Total Mandibie Length

Fig. 1. Endpoints (—) and dimensions (- - - - -
measured on mandibles submitted by moose
hunters in Newfoundland. See Methods for

descriptions of these measurements.
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true lengths, placing the tape straight and
parallel to the jaw as much as possible. Two
incisors (I1) are extracted from animals > 2
years old for cementum ageing. This paper
does not explore relationships between wear
class and cementum age, because the sub-
ject has been handled in more detail else-
where (Addison and Timmermann 1974,
Hindelang and Peterson 1993).

Ninety-six mandibles were compared,
using a blind-check routine, including 4 calf
and 10 yearling mandibles. After initial
assessments by one technician, all mandi-
bles were replaced in storage bins and
reassessed by a second technician with less
experience. The second technician used a
different steel measuring tape. After the
second assessment, all mandibles were
remeasured by the first technician. The 3
sets of observations for each mandible were
then matched using licence number. Wear
assessments were compared by cross-tabu-
lation. Size measurements were compared
with the assumption of anormal error distri-
bution.

RESULTS

Cross-tabulation of wear assessments
indicated a 23% difference in reassignment
of tooth wear classes by the same techni-
cian, and a 53% difference between the
assignments by 2 technicians (Table 1).
The majority of difference between observ-
ers occurred in Classes II and 111, and when
these classes (according to the first assess-
ment) were removed, the results became
20% and 31% error respectively. Compar-
ing the first and second assessments by the
same observer, about the same number of
mandibles were assigned a higher wear
class (n =13) as a lower wear class (n = 8)
the second time. Comparing the two inde-
pendent assessments, tooth wear in the
initial assessment in Classes III and higher
was more often assigned a lower class by
the second observer, in 29 of 50 cases,
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Table 1. Comparison of initial wear class assignments for moose jaws (lower mandibles) from eastern
Newfoundland with (a) repeated assignments by the same technician, and (b) assignment by a

second technician.

Initial Wear (a) Repeated assignment (b) Second assignment
Class
Assigned 1 Inm nr v v VI VII VI I Im 1 1Iv vV VI
I 12 10 3
I 1 23 5 13 15 1
111 3 13 3 1 10 1
\% 1 | 12 2 8 )
v ) 2 2 5
VI 1 2 1 2 2
VI 1 1 1 1 1
VII 1 1
while a higher wear class was assigned only DISCUSSION

once in 50 cases (i.e., observer bias; total
difference between observers for jaws in
Class III or higher, 60%). The 4 calf
mandibles were consistently identified, but
yearling assessments varied, with 1 of 13
falling into Class II in reassessment by the
same observer, and 3 of 13 falling into Class
IT in assessment by different observers.

The results of the measurement error
assessment showed an encouraging level of
precision and accuracy in both observers
(Table 2). Comparing the blind check on
the first observer, mean error was < 2 mm
for all 3 measurements. The 95% confi-
dence interval for the absolute error in this
assessment was approximately 1-2 mm,
and relative error was < 1%. Moreover,
from the sample of mandibles used in this
study, 95% of the remeasurements for this
observer fell well within+ 1 mm. Compar-
ing observers, the error rate reflected a
consistent negative bias of 2-3 mm, and the
absolute measurement error was approxi-
mately 3-4 mm (95% C.1.) or 1-2% relative
error.

ﬂ Alces

The results of this study describe the
subjectivity of the wear class index.
Misclassification even of yearling moose is
not unexpected, based on age comparisons
in Hindelang and Peterson (1993), who
showed 30 moose yearlings in a sample of
76 aged by cementum annuli being deter-
mined as Class I or higher. Classes II and
III, which accounted for the majority of
difference between observers in this study,
illustrate the difficulty in wear assessment.
These 2 classes are distinguished only by a
slight difference in wear on the third molar,
adifference in breadth of exposure of darker
dentine on the first molar, and a subjective
assessment of wear on the premolars
(Passmore et al. 1955). Because tooth
wear is progressive, subjective assessments
will differ considerably between observers.
When technicians are most experienced in
assessing samples that contain few mandi-
bles of relatively old animals, observer inex-
perience with excessive wear explains the
bias found between technicians in classify-
ing higher than Class II (cf. Hamlin et al.
2000). Itis encouraging to note that reas-
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Table 2. Measurement error, mm, in (a) repeated observations by the same technician, and (b)
" repeated measurement by a second technician, for mandible size in adult moose from eastern

Newfoundland.

(a) Same technician

(b) Second technician

Total MolarRow Diastema Total Molar Row Diastema

Number of cases 80 78 77 83 80 79
Firstmean 432 165 154 432 165 155
Second mean 432 165 155 431 162 152
Mean of paired -0.238 -0.026 0.169 -2.346 -2.722 -2.671
differences

95%C.I. forpaired -0.851, -0.503, -0.351, -3.195, -3.461, -3.313,
differences 0.376 0.452 0.688 -1.496 -1.982 -2.029
Range of absolute 0-9 0-11 0-9 0-17 0-14 0-14
measurement error

Mean absolute 1.912 1.333 1.597 3.383 3.557 3.101
measurement error

95%C.I. for 1.464, 0.960, 1.220, 2.723, 3.019, 2.563,
measurementerror  2.361 1.706 1.974 4.043 4.094 3.640
Relative error (%) 0.4 0.8 1 0.8 2.2 2

sessment by the same observer only rarely
involves a change in classification of more
than one wear class (Table 1), but when this
difference involves yearlings and 2-year-
old moose, population reconstruction is se-
riously affected, because these are such a
large component of most managed moose
populations. Also, comparison of the re-
sults between observers offers little justifi-
cation for comparing moose population age
structures based on tooth wear classes if
more than one technician is involved in a
study. Similarly, patterns of tooth wear
cannot be compared between populations if
different technicians are involved in the
assessment. Finally, tooth wear assess-
ment is not a precise tool, and should not be
used as a surrogate for ageing moose by
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counting tooth cementum annuli (Hamlin et
al. 2000).

Measurement of mandible size is, in
contrast, a fairly reliable procedure. Be-
tween years, technicians involved in mandi-
ble processing may change and still allow an
acceptable accuracy for the comparison of
populations or population cross-sections.
The consistent (negative) bias in this study
in the results of 2 observers is probably
related to differences in the measuring tape,
or its use (e.g., parallax error). Itisimpor-
tant that a large enough sample be used in
making mandible size comparisons between
populations, because, as this study shows,
single measurements can involve errors of
up to 17 mm; much higher than the mean
relative error of 1-2% (Table 2). These



[

ALCES VOL. 37 (1), 2001

large errors are probably associated with

" incomplete cleaning of tissue from the jaw

or with speed in processing mandibles. This
study also indicates that reported differ-
ences in mandible size of <5 mm are likely
associated with measurement error. It is
unfortunate that mandible size cannot easily
be translated into age classes for moose.
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