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Abstract: Osteometric features of the femur both in adult males and females, as well as in adolescent males of the
edible dormouse, Glis glis (L., 1766) were evaluated. Seven morphometric characters of the femur and its
angular configuration were measured on electronic pictures of the femurs of dead specimens without any
developmental bone abnormality. In addition to the actual bone measurements of the edible dormice, 12
indices were calculated from the linear measurements. The examination and statistical analysis of defined
femoral features established a primary norm of the variation in male and female femurs in Glis glis. The
obtained results indicated that femoral osteometric measurements of the edible dormouse allow identifi-
cation of the sex and age of the studied specimens; moreover, as the femoral osteometric characters are
likely to be affected by the population variations in heredity and geographical factors related to the life
style, the femur’s structure can be analyzed and interpreted to reveal interpopulation differences in this

species.
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Introduction

The edible dormouse, Glis glis (L., 1766) is widely
distributed in European deciduous or mixed forests
(Krysturek 2010). The adaptability of this species
has allowed it to spread across Europe and through
northern Turkey to the Caucasus, northern Iran and
Turkmenistan (AMori et al. 2010).

The search for anatomical structures of the
edible dormouse reflecting age and sex was stimu-
lated by the necessity to find some morphological
tools for assessment of its population variation in
the Palearctic, where: (i) subspecific morphologi-
cal variation has still not been assessed (KRYSTUFEK
2010); (ii) the significance of geographical variation
within G. glis, in the context of the subspecific level
of differentiation among populations, has not been
investigated in detail throughout its range (HoLDEN
2005), (iii) there seems to be too many named races
of G. glis (ELLERMAN, MORRISON-ScOTT 1951), (iv)
a number of these synonyms remain without a clear

and exact indication of their morphological dis-
crimination (CorBeT 1978, HoLpex 2005) and (v)
the geographical boundaries of 10 tentatively recog-
nized subspecies have not been determined (CORBET
1978).

The femur is a unique, very solid, inflexible and
dense bone among the long single bones in the mam-
mals’ body (Description of the Femur Bone: eHow.
com). As the femoral osteometric measurements are
likely to be affected by population variations in he-
redity and geographical factors related to life style
(BIRDSELL 1972, FEREMBACH 1966), the aim of the
present study was to examine the morphology of ed-
ible dormouse femurs and to establish a representa-
tive picture of its osteometric features related to sex
and age. Thus, a database for further work would be
provided, which would contribute to elucidation of
the intraspecies taxonomic structure of G. glis within
its range.
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Material and Methods

The samples analysed consisted of edible dormouse
specimens (G. glis) that belong to the subspecies
G. g glis (L., 1766), which has a range cover-
ing France, Germany, Austria, Italy, Switzerland,
former Yugoslavia, Romania and Russia (ELLERMAN,
MOorrISON-ScoTT 1951). The specimens were kept in
the mammals’ collection of the Hungarian Natural
History Museum in Budapest. They came from a
contemporary population in Hungary, which inhab-
its natural or semi-natural forests (sessile oak, turkey
oak and beech), bushes and orchards, where the ani-
mals have an optimal food supply (Bako, GAL 1999),
mainly in or at the boundary of mid-mountainous and
hilly areas with bushy or woodland coverage (BAkO
et al. 1998, HECKER ef al. 2003).

The age determination of the animals was based
on the dental development and the state of dental at-
trition: class 1 —adolescent (1-2 years); class 2 — adult
animals (over 3 years) (GAISLER et al. 1977). The sex
and locality of the specimens were described in the
biological data of each collection.

The following 8 morphometric measurements
of the femur and its angular configuration (Fig. 1)
were measured: V1 — Vertical maximum length; V2
— Vertical length to the head; V3 — Collo-diaphyseal
angle; V4 — Proximal breadth; V5 —Head vertical di-
ameter; V6 — Neck vertical diameter; V7 — Maximum
mid-shaft antero-posterior diameter and V8 — Distal
breadth. Measurements were taken from 18 femurs
of the dead specimens (10 adult males, 4 adult fe-
males and 4 adolescent males) without any develop-
mental bone abnormality.

The measurements of the different features were
taken according to the method described by NOBLE e?
al. (1988). The morphometric characters were meas-
ured on the photographs using the software Image J,
ver. 1.44, with 0.01 mm accuracy. Twelve logical in-
dices characterizing the femur shape were calculated
from the linear measurements, namely: 11=V5/V4;
12=V6/V4;i3=V5/V6;i4=V4/V8;15=V4/V7;16=V8/
V7; 17=V5/V7; i8=V2/V1; 19=V8/V1; i10=V4/V1;
il11=V5/V1 and 112=V6/V 1.

All these osteometric data were used for the
statistical calculations. Data were tested for normal-
ity using Kolmogorov-Smirnov D-statistics, and for
homogeneity of variances using Levene’s test. The
osteometric differences between the groups of the
investigated animals were checked on the basis of
the univariate and multivariate description of the fe-
mur. Basic statistical parameters: mean (X), stand-
ard deviation (SD) and standard error of mean (SE)
were calculated for each group of the investigated
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Fig. 1. Morphometric measurements taken on the posterior
surface of the femur of edible dormouse, Glis glis glis (L.,
1766): 1 — Maximum length; 2 — Length to the head; 3 —
Collo-diaphyseal angle; 4 — Proximal breadth; 5 —Vertical
diameter of the head; 6 — Vertical diameter of the neck; 7 —
Mid-shaft antero-posterior diameter; 8 — Distal breadth

animals. For all the osteometric characteristics stud-
ied the 95% confidence limits of their mean values
were calculated.

The following statistics were computed for
each parameter:

Coefficient of sexual dimorphism CD =[(X
-X_)/X_ - 7¥100;

“Coefficient of age dimorphism CD =[(X -
) ] ¥ 100’ age adult
adolescent adolescent

Coefficient of variation CV=SD / X, as estima-
tion of variability;

Student’s t-test for comparison of the mean val-
ues.

The multidimensional osteometric differentia-
tion among the femurs in the groups of the studied
animals was studied using Discriminant analysis
(Stepwise Discriminant Function Analysis with
Model Definition — Forward Stepwise). The uni-
variate and multivariate analyses were conducted by
means of the statistical package StatSoft (1993).
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Results

The measurements of the femurs from the G. glis
groups made are given in Table 1.

The average values of the osteometric param-
eters analyzed in the three groups of the studied ani-
mals were of sufficient accuracy, and the errors of
the arithmetic means of analogous parameters were
of the same, not very high, order and their absolute
variation was at similar levels. The relative variation
of those osteometric parameters in the three groups
of animals, on estimating it through the Coefficient
of variation, was also of low grade and at similar
levels, with a trend towards higher values of some
parameters in the adult males.

Comparison of the mean values (p < 0.05) of the
osteometric parameters between the different groups of
animals indicated: (i) significant differences between
the adult and adolescent males in 50% of the linear
measurements and 50% of the computed indices; (ii)
significant differences between the adult males and
females in 37.5% of femoral linear measurements and
50% of the computed indices; (iii) significant differ-
ences between the adult females and adolescent males
in 25% of the femoral linear measurements and 8.3%
of the computed indices (Table 1).

The coefficient of sexual dimorphism in the
femoral linear measurements of the adult males and
females (Fig. 2a) had their highest values at V7,
Vland V2 and reached negative values at V6 and V3.
Indices i3 and i4 showed the highest positive values
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of the coefficient of sexual dimorphism, while 16 and
112 — the highest negative values.

The coefficient of age dimorphism in the fem-
oral linear measurements and indices followed the
same pattern in the adult and adolescent males (Fig
2b): high positive values at V7, V1 and V2; the high-
est positive values at i3 and i4 and the highest nega-
tive value at 6.

The results of the Discriminant Function
Analysis concerning the femoral osteometric fea-
tures of the studied groups of animals showed that:

(i) on the analysis of the largest linear char-
acters V1, V2 and V7 in the groups of adult and
adolescent males (Wilks” Lambda: 0.2939; approx.
F (1, 12) = 28.8338; p < 0.0002) a correct assign-
ment of 92.86% of the specimens to their known age
was achieved. The classification functions that were
worked out for age discrimination included only one
character (V7), namely:

Y, .= V7 *103.285 - 205.105

dotescent = V7 *87.072 — 146.779

(i1) on the analysis of the same linear charac-
ters in the groups of adult males and females (Wilks’
Lambda: 0.1679; approx. F (1, 12) = 59.4696; p
< 0.0000) correct determination of the sex was
achieved in 100% of the specimens. The classifica-
tion functions that were worked out for sex discrimi-
nation included the same variable V7, namely:

Y .= V7%90.6200 — 179.9546

Y =V7%68.7915 — 104.8068

female

According to the algorithm of the discrimina-

V6 V5

V4

i12

i10

i9 e

Fig. 2. Coefficient of sexual dimorphism in adult males and females (a) and Coefficient of age dimorphism in indi-
vidual adult and adolescent males (b) in femoral linear measurements of the edible dormouse (Glis glis glis L., 1766).
Explanations of the osteometric measurements are given in Fig. 1
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Table 2. 95 % confidence interval of mean values of osteometric features on the femur of the edible dormouse (Glis
glis glis L., 1766) from the different groups of animals (G1_ male adult, G2_ male adolescent and G3__ female adult

individuals). Description of ostemetric parameters is given in Material and Methods and Fig. 1

95% confidence interval of the mean values
Male animals Female animals
Osteometric
parameters G_1 G2
Confidence Confidence Confidence Confidence Confidence Confidence

-95.00% 95.00% -95.00% 95.00% -95.00% 95.00%

V1 28.3235 30.5623 24.7094 26.8279 21.8323 26.3423
V2 27.7091 29.9035 23.9977 26.8896 21.5917 25.3256

V3 138.4733 148.0063 140.7721 147.9392 142.0147 153.8753
V4 5.9240 6.6762 5.0376 5.3071 4.2596 6.8191
V5 2.8135 3.3247 2.6847 3.1793 2.2090 3.2324
V6 2.0029 2.3831 2.0582 2.5298 1.7528 2.8479
V7 3.8062 4.1240 3.2234 3.4620 2.7486 3.2727
V8 5.0376 5.8666 3.8533 6.1907 4.4693 5.6700
il 0.4529 0.5220 0.5306 0.6026 0.4507 0.5371
i2 0.3232 0.3736 0.3914 0.4963 0.3495 0.4856
i3 1.2848 1.5341 1.1218 1.4441 1.0850 1.2931
i4 11.8359 14.2496 8.6793 9.5994 7.9245 14.7068
i5 1.4864 1.6979 1.4903 1.6056 1.3834 2.3059
i6 0.1128 0.1340 0.1634 0.1755 0.1526 0.1757
i7 0.7027 0.8497 0.8231 0.9305 0.7476 1.0601
i8 0.9700 0.9869 0.9695 1.0048 0.9499 0.9990
i9 0.0154 0.0178 0.0211 0.0229 0.0179 0.0233
i10 0.2035 0.2245 0.1976 0.2039 0.1867 0.2720
ill 0.0964 0.1120 0.1081 0.1194 0.0999 0.1254
112 0.0683 0.0808 0.0781 0.1002 0.0812 0.1088

tion analysis applied, when the classification scores
for the femur of a single specimen are computed, it
should be classified as belonging to the group for
which it has the highest classification score.

Discussion

The studies of skeletal (postcranial) bones, and par-
ticularly of the femur, in different animal species,
including morphological examination and evaluation
of quantitative and qualitative data about osteometric
features, has led to the identification of the sex and
age of the mammals studied (ONAR et al. 2005, ViGNC
et al. 2000, ALrak et al. 2009, JAMBRESIC, PAauNovic
2002). The results obtained from the present evalu-
ation of the femur variation in the edible dormouse
strongly confirm that the development of its visible
anatomy shows considerable variation and the evalu-
ation of osteometric measurements provides morpho-
logical information about the sex and age of the ani-
mals. They also comply with the results of the mor-
phometric studies of human femurs, which revealed

racial and morphological differences between differ-
ent human populations (BIRDSELL 1972, FEREMBACH
1966), and the variations in the upper femoral mor-
phology between the racial groups may be significant
in describing some morphometric modifications of
their hip design (ATiLLA et al. 2007).

The present examination and statistical analysis
of defined femoral features has established the initial
norm of their variation described by the 95% confi-
dence interval of their mean values in males (adult
and adolescent) and females (adult) (Table 2).

The femoral osteometric characters are likely
to be affected by the population variations in hered-
ity and geographical factors related to the life style
of G. g. glis from Central Europe, therefore, they can
specify the animal population and allow comparison
with other, different populations from areas where
the species occurs. The results obtained indicate that
femoral osteometric measurements in the edible dor-
mouse provide a proper anatomical basis for exami-
nation of sexual and age dimorphism and population
differentiation of this species within its range.
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