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Abstract

Like in most European countries, the population of the European beaver (Castor fiber) in Slovakia became extinct in the
nineteenth century. Thanks to reintroduction of beavers in neighboring states, after a long break the beaver returns also to the
territory of Slovakia. This has particularly affected the present distribution of beavers in the Slovak Republic. The first aim of the
work was to find phylogenetic similarities of the northeastern Slovak population with the Ukrainian and Polish ones comparing
their adult skulls and mandibles on the basis of craniometric measurements. A total of 28 measurements were taken on each skull
and mandible. The statistical evaluation showed that the most similar were the Slovak and Ukrainian skulls, while in 8 cranial
parameters the Ukrainian and Polish populations were found to be significantly different. The second aim was related to their
ability to fell trees. The enamel thickness of incisors in the jaw and mandible were compared within the Slovak sample by
measuring for 18 teeth, which were previously scanned by the X-Ray Computer Tomography. The results showed that the
average thickness of incisors enamel in the mandible was 0.34 mm, while the incisors of the maxilla had enamel approximately
0.29 mm thick.
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Introduction

>4 Jana Teleky

jana.teleky @uvlf.sk The European beaver (Castor fiber Linnaeus, 1758) is an
original representative of the European fauna. It became ex-
tinct in England as early as in the thirteenth century. During
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almost all Europe and did survive only in small colonies on
the Rhone River in France, the Elbe River in Germany, in the
south of Norway, and in the inflows of the Dnieper River.
Thanks to reintroduction at the beginning of the twentieth
century, stabile populations have developed in Finland,
Switzerland, Poland and Austria.

The beaver attracted attention of the Slovak scientific com-
munity at the time of its return into the landscape of Slovakia
after about 120 years. It returned to the country that had been
significantly affected by man and raised a new hope that it can
contribute to the recovery of the natural environment in
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relevant areas (Valachovic et al. 2008). In Slovakia bea-
vers are protected by the Act No. 543/2002 of the Code
and are mostly found in the Zahorska lowland as this re-
gion is rich in the aquatic ecosystems with many streams
(Balaz et al. 2013). Interestingly, a large beaver population
has permanently settled in Bratislava, the capital of
Slovakia (Ben¢i¢ 2009). Another area occupied by beavers
in the Slovak territory is eastern Slovakia, near the Polish
border, where they came by natural migration from Poland
(Foltan 2011).

As an ecosystem engineer, the beaver plays an important role
in the natural environment. Its activity is able to significantly
change the character of the landscape (Rosell et al. 2005). For
this purpose, beavers need to have strong incisors (Hardisky
2011). The incisors are approximately 10 cm long, prominent,
(Zurowski and Krzywinski 1974) curved in shape with a char-
acteristic orange-coloured enamel restricted to the labial surface,
and dentine to the lingual surface. This distribution of materials
ensures that, as the dentine will wear away more quickly than
enamel, a sharp incisor tip is constantly maintained (Cox and
Baverstock 2015). The incisors grow continuously throughout
the life and are very important for the animal. Gnawing on trees
not only provides food and lots of building material, but also
keeps their teeth short and sharp (Baker and Hill 2003). Their
length and the fact that they are deeply implanted into the
supporting bone tissue are an indication of the enormous
strength of this type of teeth (Rouas et al. 20006).

This study had two main objectives. The first objective was
to use the craniological measurements of an original Slovak
sample as a basis for comparison of skulls of the northeastern
Slovak population with those from Ukraine and Poland with
respect to their similarities or differences. If grinding of the
mandibular incisors is specific to beavers (Rouas et al. 2006),
the second objective was aimed at the Slovak population and it
was intended to verify whether there is a difference in the
thickness of the enamel on the incisors between the upper
and lower jaws.

Materials and methods
Craniometry

We studied 20 skulls and mandibles of C. fiber originating
from the northeast of Slovakia, which are part of the collection
of the Department of Anatomy of the University of Veterinary
Medicine and Pharmacy in KoSice. We also measured 20
Ukrainian beaver skull specimens from the collection of the
Department of Animal Anatomy of the National University of
Life and Environmental Sciences of Ukraine, Kiev, and 14
Polish skulls and 10 mandibles, which originated from the
area around the town Lublin and are in the depository of the
Faculty of Animal Bioengineering of the University of
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Warmia and Mazury in Olsztyn. Some parts of 14 Polish
skulls were damaged, therefore we could not measure all 22
parameters (Table 1).

Only adult specimens were selected, identified by the pres-
ence of complete fusion between the basioccipital and
basisphenoid (Roberston and Shadle 1954). The skulls were
X —ray scanned for the purpose of estimating the age using the
Piechocki (1986) method. The ages of the specimens range
from about 3 to 7 years and this was determined using the
tooth root closure (Fig. 1).

The skulls subjected to our study were of both sexes. On
the basis of information provided by Kitchener and Lynch
(2000) and Korablev et al. (2011) we ignored the effects of
sex because it was assumed that the degree of sexual
dimorphism was similar. In total, we measured 54 beaver

Table 1
mandibles

The measurements taken from the Polish beaver skulls and

Skulls from Poland

Parameters 1. 2. 3. 4. 5. 6. 7. 8 9. 10. 11. 12. 13. 14.
AP + + + + + + + + + + + + + 4+
CbasLen + + + + + + — + + + + + + +
BasLen + + 4+ + + + - 4+ + + + 4+ + o+
BSt + + + + + + - + 4+ + + + + 4+
StP + + + + + + + + 4+ + + + + 4+
NasRh + + 4+ + + + + + + + + 4+ + o+
ZygZyg + + 4+ - + + + - + + + - + +
SupProc  + + + + + + + 4+ + + + + + +
PorbBrea + + + + + + + + + 4+ + + + 4+
EntEnt + + + + + + + + + + - + + o+
MxtLen + + + + 4+ + + + + + 4+ + + o+
SagCrest + + + + + + + + + + + + + +
NuchCrest + + + + + + + + + + + + + +
EuEu + + + + 4+ + + + + + 4+ + + 0+
OccCond + + + + + + — + + + + + + +
ParaOcc + + + + + + - + + + 4+ + + +
MxBrea + + + + + + + + 4+ + + - + 4+
Anas + + 4+ + + + + 4+ + + + 4+ o+ o+
NasP + + 4+ + + + + 4+ + + + 4+ o+ o+
PremP + + + + + + + + 4+ + + + + 0+
IncisBrea + + + + + + + + + + + + + +
PalaBrea + + + + + + + + + + + + + 4+
DM + + + + + + + + + + - - -
M+D + + + + + + + + + + - - - -
D + + + + + + + + + + - - - -
CDS + + + + 4+ + + + + + - - - -
VSKkPCd + + + + 4+ + + + + + — — - -
VSKkPCn  + + + + + + + + + + - - - -

For abbreviations and descriptions see Materials and methods
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Fig. 1 The X-ray image of adult
beaver mandible (upper) — tooth
root openings are closed and ju-
venile (lower) — tooth root open-
ings are open: permanent premo-
lar seen in a bone (arrows)

skulls and 50 mandibles of C. fiber (Fig. 2) to the
nearest 0.01 mm, using digital calipers, following the
von den Driesch (1976) measuring method. All measure-
ments are given in millimeters.

22 metric parameters were taken on skulls (Fig. 2)

1. AP — total length of the skull
2. CbasLen — condylobasal length
3. BasLen — total length of the cranial base
4. BSt - basal — palatal length
5. StP — median palatal length
6. ANas— median frontal length
7. NasP — length of the viscerocranium
8. NasRh — length of nasals
9. ZygZyg — zygomatic breadth
10. SupProc — breadth across the supraorbital processes
11. PorbBrea — postorbital breadth
12. EntEnt — interorbital breadth
13. MxtLen — length of maxillary toothrow
14. PremP — length between the first premolar tooth and

Prosthion

15. SagCrest — length of the external sagittal crest

16. NuchCrest — length of the nuchal crest

17. EuEu — neurocranium breadth

18. ParaOcc — breadth at the bases of the paracondylar
processes

19.  OccCond — breadth of the occipital condyles

20. IncisBrea — width of the incisive bone

21. MxBrea — width across infraorbital foramen

22. PalaBrea— width of palate at M3

6 metric parameters were taken on mandibles (Fig. 2)

23. DM — mandibular molar tooth row length
24. M + D — mandibular molar tooth row + diastema length

25. D- length of mandibular diastema

26. CDS- length of mandible

27. VSkPCd — height of condyloid process
28. VSkPCn — height of coronoid process

Abbreviations of cranial measurements were derived from
Komosa et al. (2007).

Incisor enamel thickness

The total number of investigated incisors of adult C. fiber
originating from Slovakia was 18, 10 of the mandible (5
pairs) and 6 of the maxilla (2 pairs and two single teeth).
There were 2 isolated incisors, identified as mandibular
because they were less bent than the maxillary ones. The
teeth inside the skull and mandible were scanned by the
Computer Tomography (CT) using Metrotom 1500 from
Carl Zeiss, with scanning distance of 500 mm and voxel
value of 133 um, U= 180 kV, =350 pA. This allowed us
to carry out a non-destructive measurement of the enamel
thickness. Using CT, a comprehensive image of the tooth
from any angle and in any cross-section is obtained. Since
the density of the tooth layers differs, the thickness of the
incisors'- enamel is measurable. The measurements were
carried out from the tip of corpus dentis to the apex dentis
in many points. We have created our own methodology.
We decided to measure the enamel thickness in the middle
of the labial surface of the tooth. The specific points may
vary depending on the length of the tooth, approximately
9 measurements per tooth and the measuring points were
determined by the software. The enamel was measured in
a labio-lingual direction, at a right angle to the transversal
plane. All measurements are given in millimeters. The
enamel thickness of incisors was evaluated using software
Volume Graphics VG Studio MAX 2.2.
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Fig. 2 The measurements taken
from the beaver skulls in the

study. a Lateral view of the
cranium. b Basal view of the

cranium. ¢ Lateral view of the
mandible. d Medial view of the
mandible. e Dorsal view of the
cranium. f Caudal view of the
cranium. For abbreviations and
descriptions see Materials and
methods

Statistical analysis

All values measured on the skulls and mandibles were com-
pared using a one-way analysis of variance and Tukey’s mul-
tiple comparison test. The results were evaluated by means of
software Graph Pad Prism 5 (GPP). The coefficient of varia-
tion (CV), was calculated using the following formula: CV%
= 2 (a - standard deviation, x — mean value).

Results and discusssion
Craniometry

On the basis of GPP, 28 measured craniometric parameters of
the Slovak, Ukrainian and Polish skulls and mandibles were
statistically evaluated and compared.

It was found that three dimensions (SupProc, OccCond,
EuEu) of the skulls differed significantly (p <0.05). The
breadth across the supraorbital processes (SupProc) and
breadth of the occipital condyles (OccCond) exhibited
variability on the cranium among the Ukrainian and
Polish populations. It was exactly the neurocranium
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breadth (EuEu) that differed significantly between the
Slovak and Polish skulls. One metric parameter of the
mandible, the mandibular molar tooth row length together
and diastema length (M + D), showed a significant differ-
ence (p <0.05) between both Slovak and Ukrainian man-
dibles and Ukrainian and Polish mandibles (Fig. 3).
Highly significant differences (p <0.01), (»p <0.001) were
noted between the Ukrainian and Polish skulls in four
craniometric parameters: median frontal length — ANas;
breadth at the bases of the paracondylar processes —
ParaOcc; length of the viscerocranium — NasP; length be-
tween the first premolar tooth and prosthion — PremP.
When comparing the Polish and Slovak populations, three
dimensions (ANas, NasP, PremP) on the skulls differed
significantly (Fig. 3), but only one morphological differ-
ence was detected at the same level of significance
(ParaOcc) between the Ukrainian and Slovak skulls. The
measurements of the mandibles revealed highly significant
difference (p <0.001) in one parameter (D — length of
mandibular diastema) among all three studied populations.
The mean values of the other 19 craniometric dimensions
presented similar results for the Slovak, Ukrainian and
Polish collections of skulls.
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Fig. 3 The bar graph shows the 9 100+
craniometric parameters, which
were different between the three
studied beaver populations.
Means with different superscripts
are significantly different *° p <
0.05,* p<0.01,* p<0.001
(SK- Slovak specimens, UA-
Ukrainian specimens, PL-Polish
specimens) The statistical method
applied in this study was One-
way analysis of variance and
Tukey’s multiple comparison test

80+
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The calculation of the CV focused on the detection of in-
traspecific variability of the studied beaver skulls. It was ob-
served that except for one case, the intrapopulation variability
of the Slovak skulls was within the range (0.2-12.0%) of the
total variability of basic craniomorphological characters, as
concluded by Jablokov (1966) in his compilation about vari-
ability in mammals.

The highest CV (13.2%) was recorded in the width of the
incisive bone (IncisBrea), while the lowest 2.41% was found
for neurocranium breadth (EuEu), as seen in Table 2. In the
case of the Ukrainian population the CV was higher than 12%
with four variables (Table 3). The highest value of the CV
(33.83%) was calculated for Polish skulls (Table 4). The
above mentioned results indicate that the greatest intrapopu-
lation variability was detected for the skulls originating from
Ukraine.

A similar study was done by Kitchener and Lynch (2000).
They mentioned that the biggest variation among the beaver
populations in Europe was found in Germany compared with
the French, English and Scandinavian populations. The
German specimens were characterised as having large mandi-
bles with relatively large tooth rows. Their results also con-
firmed that the skulls of British fossil beavers are morpholog-
ically closest to those of the extant Scandinavian beavers.

Comparison of the Slovak population with the Ukrainian
and Polish ones conducted in our study revealed that the
Polish population had the longest skulls (AP), the longest
maxillary (MxtLen) and mandibulary toothrow (DM) and
elongated viscerocranium (NasP). The Ukrainian specimens
had wider skulls (ZygZyg), longer nasals (NasRh) and man-
dibular diastema (D). On the other hand, they had the highest
mandibles (VSKPCn). The characteristic features of the

M+D ANas

Diastema NasP ParaOcc SupProc OccCond

Slovak skulls were a wider rostrum (MxBrea) and the longest
mandibles (CDS).

Frahnert and Heidecke (1992) reported preliminary results
of their morphometric study involving the variability of 400
beaver skulls from the Elbe population as well as limited
numbers of skulls from other populations. On the basis of 24
measured parameters, the above authors concluded that four
studied populations originating from the same geographical
area differ in two parameters, the length of nasals and
interorbital breadth. They also noticed, that the most obvious
was the trend to smaller measurements from the largest Elbe
individuals eastwards to the Sibirian and further to the
Canadian populations. Freye (1959) also studied the cranium
of European beavers from the Elbe and he found a major
intrapopulation variability between the length of nasals and
condylobasal length. Frahnert (2000) described skull propor-
tions during the ontogenetic growth. She carried out measure-
ments of 72 parameters of skulls from beavers of the German
population that were used for taxonomic differentiation of this
species. The author concluded that it is not relevant to classify
the representative examples metrically.

The study by Korablev et al. (2011) focused on cra-
nium proportions in the aboriginal relict population, and
the reintroduced daughter population of the European
beaver in the Upper Volga Basin and showed that these
populations differed significantly (P <0.01) in all cranial
parameters. They also found out that for the decades
after reintroduction (about 20 generations) the skulls of
reintroduced beavers were characterized by a longer and
narrow rostrum, shorter maxilla length, larger zygomatic
width, and a short and high mandible in comparison with
the maternal population. The mean CV for integrative
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Table 2 The values of the coefficient of variation (CV) in the Slovak
beaver population. The highest value of CV is in bold

Table3  The values of the coefficient of variation (CV) in the Ukrainian
beaver population. The highest value of CV is in bold

Variable n? x° SD¢ CV % Variable n? x° SD¢ CV %
AP 20 140.84 8.36 5.94 AP 20 136.4 2.96 2.17
CbasLen 20 134.64 8.45 6.28 CbasLen 20 132.63 6.19 4.67
BasLen 20 129.56 8.36 6.45 BasLen 20 127.56 6.18 4.84
BSt 20 38.43 2.51 6.53 BSt 20 36.39 3.72 10.22
StP 20 90.5 5.85 6.46 StP 20 91.58 5.81 6.34
NasRh 20 57.63 4.28 743 NasRh 20 60.14 3.03 5.04
ZygZyg 20 98.91 4.78 4.83 ZygZyg 20 102.13 5.62 5.5
SupProc 20 352 3.73 10.6 SupProc 20 38.49 3.97 10.3
PorbBrea 20 27.58 1.9 6.9 PorbBrea 20 29.03 4.48 15.4
EntEnt 20 43.8 3.05 6.96 EntEnt 20 44.59 332 745
MxtLen 20 32.79 1.69 5.15 MxtLen 20 31.78 0.78 245
SagCrest 20 30.95 3.12 10.08 SagCrest 20 30.59 7.04 23.01
NuchCrest 20 47.82 4.65 9.72 NuchCrest 20 48.84 9.71 19.88
EuEu 20 46.81 1.13 241 EuEu 20 47.81 1.48 3.09
OccCond 20 31.62 1.44 4.55 OccCond 20 32.96 1.14 3.46
ParaOcc 20 55.16 2.95 5.35 ParaOcc 20 64.41 5.59 8.68
MxBrea 20 34.26 2.39 6.98 MxBrea 20 32.65 3.85 11.8
Anas 20 75.24 52 6.9 Anas 20 72.91 2.69 3.7
NasP 20 64.66 2.16 334 NasP 20 62.96 1.65 2.62
PremP 20 53.91 2.78 5.16 PremP 20 53.5 2.16 4.04
IncisBrea 20 26.96 3.56 13.2 IncisBrea 20 24.88 2.55 10.25
PalaBrea 20 37.59 2.48 6.6 PalaBrea 20 39.7 6.92 17.43
DM 20 36.08 1.45 4.02 DM 20 35.38 1.42 4.01
M+D 20 62.49 2.33 3.73 M+D 20 65.43 341 521
D 20 26.41 1.2 4.54 D 20 30.61 2.59 8.46
CDS 20 108.91 6.33 5.81 CDS 20 106.58 4.62 433
VSkPCd 20 47.19 2.44 5.17 VSkPCd 20 45.56 222 4.87
VSkPCn 20 61.93 2.51 4.05 VSkPCn 20 62.54 348 5.56

* number of specimens
® mean value
¢ standard deviation

For abbreviations and descriptions see Materials and methods

characteristics of intra-population variability for all signs
were calculated in accordance with Jablokov (1966). The
CV in the reintroduced population was greater, but not
significantly, considering standard error.

We could not overlook the study by Komosa et al. (2007)
who described differences in morphological distance of a cra-
nium between the Neolithic and contemporary beavers.
Comparison of the mean values of the northeastern Slovak
population with those from the Wielkopolska region showed
that the data obtained in the group of 3-year old and 4-5 year
old contemporary Polish beavers and in Slovak specimens
were almost identical in 5 parameters. The remaining 17 char-
acters were very similar metrically which indicates morpho-
logical closeness of these skulls.

@ Springer

* number of specimens
® mean value
¢ standard deviation

For abbreviations and descriptions see Materials and methods

Incisor enamel thickness

The results of measurements of enamel thickness of man-
dibular incisors and maxillary incisors are presented in
Tables 5 and 6. The mean value of enamel thickness
calculated from 93 measured values carried out on 5 pairs
of incisors of the mandible reached 0.34 mm. The mean
thickness of incisor enamel of the maxilla calculated from
49 measurements was 0.29 mm. Interestingly, the highest
values in the mandible incisors’ enamel were measured in
the first third of the corpus dentis and the thickness of
the enamel incisors in maxilla was the highest at the tip
of the tooth. When the enamel of two isolated teeth (they
were considered as teeth coming from the mandible) was
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Table 4  The values of the coefficient of variation (CV) in the Polish
beaver population. The highest value of CV is in bold

Variable n® x° SD® CV %
AP 14 141.14 8.62 6.11
CbasLen 13 138.25 7.94 5.74
BasLen 13 132.2 7.98 6.04
BSt 13 38.41 2.73 7.11
StP 14 94.1 5.46 5.8
NasRh 14 58.77 4.27 7.26
ZygZyg 11 101.91 6.09 5.98
SupProc 14 34.4 2.74 7.96
PorbBrea 14 28.43 2.36 8.3
EntEnt 13 45.71 3.81 8.34
MxtLen 14 33.23 1.7 5.12
SagCrest 14 36.33 12.29 33.83
NuchCrest 14 46.72 3.29 7.04
EuEu 14 48.74 2.64 5.42
OccCond 13 31.15 1.31 421
ParaOcc 13 56.04 2.73 4.87
MxBrea 13 34.0 2.13 6.26
Anas 14 80.63 4.78 593
NasP 14 70.9 4.89 6.9
PremP 14 48.26 4.98 10.32
IncisBrea 14 25.76 1.94 7.53
PalaBrea 14 36.5 1.62 4.44
DM 10 36.23 1.45 4.0
M+D 10 62.13 2.51 4.04
D 10 26.04 1.74 6.68
CDS 10 105.46 4.78 4.53
VSkPCd 10 45.64 2.98 6.53
VSkPCn 10 60.52 3.03 5.0

* number of specimens
® mean value
¢ standard deviation

For abbreviations and descriptions see Materials and methods

measured, the mean thickness was 0.32 mm, (teeth 11,
12) see Table 5.

The beavers are characterized by hypsodont teeth, which
are extremely important for them (Rouas et al. 2006; Stefen
2009). Their strong incisors are specialized for gnawing. They
need this for feeding purposes, but it also provides lots of
building material for constructing dams, ponds and canals
(Rosell et al. 2005). Zhijiang et al. (2003) and Maul (2003)
reported that the upper incisors of beavers moved only slightly
when incising wood and were used mainly as an anchor. The
lower incisors can perform gnawing movements, because the
rodents can move their mandible laterally to some degree
(Maul 2003). Hinze (1950), Rybczynski et al. (2010) and
Cehlarikova (2010) also indicated a similar use of lower and

upper incisors. Stefen (2009) named the incisors as the “freest
“teeth, because they have a space to increase in size. The
author found that within the first 50 months, the length of
the incisors in C. fiber nearly doubles, from about 4 mm to
nearly 8 mm. The mentioned research about intraspecific var-
iability of beaver teeth showed that the overall range of vari-
ation in lower incisor length over all studied ages (from about
3 months to 18 years) is about 6 mm.

The morphology of the skull, mandible and jaw-closing
muscles enable the beaver to produce a very effective and
efficient bite. The incisor bite force calculated for the
American beaver (550-740 N) was much higher than it would
be predicted from the body mass and incisor dimensions (Cox
and Baverstock 2015). Enamel in this type of teeth is only on
the labial surface and is normally two-layered. Korvenkontio
(1934) called the inner layer portio interna (PI) and the outer
layer portio externa (PE). As reported by von Koenigswald
and Mors (2001), the enamel formation is closely controlled
by genetic and epigenetic factors and is devoid of modifica-
tions during the use of the tooth. Thus the enamel microstruc-
ture contains much phylogenetic information.

Although beaver teeth attracted attention of many scien-
tists, we have not found a publication that would have given
a measurement of enamel thickness explicitly.

The only relevant research available was conducted by von
Koenigswald and Mérs (2001) who found that enamel of the
fossil representative of the family Castoridae — Steneofiber
dehmi (Freudenberg, 1941) is unusually thin (about
100 pm), but clearly divided into PI and PE. In Steneofiber
eseri (Meyer, 1838) the incisor enamel was thicker (150 pum),
the thickness reaching a value approximately half that of our
results.

Rouas et al. (2006) described the incisors from the histo-
logical point of view. The colouring helped the authors to
determine the structures and tissues. They carried out several
horizontal sections perpendicular to the corono-apical axis at
different levels. At the occlusal level, they found a blue
coloured vestibular enamel, surmounted by a brown layer cor-
responding to the deposit of ferric oxide on the enamel. At the
median level, the enamel was located on the vestibular face.
The dark pink dental surface corresponded to the dentine sur-
rounding the pulp tissue which appeared black. They men-
tioned that because the enamel is the tissue which is the most
mineralised and the hardest, the enamel arc is still the portion
of the dental tissue that wears least, giving the tooth a
bevelled, occlusal surface.

Gordon et al. (2015) were also involved in the research of
enamel of beaver’s incisors. Their study revealed that beaver
teeth have layers of calcium and phosphorus “nanowires” that
make up the core structure of the enamel. At this microscopic
level, the iron and magnesium in beaver enamel also sur-
rounds the nanowires helping the teeth resist the decaying
power of acid. The researchers concluded that one reason for
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Table 5 The values of the enamel

thickness of 12 Mandibular incisors

beaver mandibular incisors in

certain points 1. 2. 3. 4. 5 6 7 8 9. 10 11 12
0296 0293 0289 0.301 0347 0341 0338 0.353 0387 0375 0.33 0.295
0.3 0295 0258 0301 0363 0352 0336 0347 0391 0384 0325 0312
0.3 0286 028 0297 0351 0361 0336 0342 0379 0381 0334 0317
0277 0294 0291 0.289 0357 0377 0348 0357 037 0387 0.335 0315
0.326 0.32 0.31 0313 0429 0.38 0375 0386 0394 0.396 0337 0.32
0284 0291 0277 0273 0391 0429 0361 0375 0387 0372 0334 0301
0305 0289 0286 0.304 038 0408 0.288 0285 0373 0378 0.287 0.29%4
0283 0318 0302 0307 0397 0385 0329 - - - 0.321  0.309
0295 0319 028 0.295 038 - 0317 - - - 0322 0312
- 0289 0294 0294 0394 - - - - - 0.327  0.288
- - 0294 0297 - - - - - - - 0.291
- - 0302 - - - - - - - - 0.31
- - 0.29 - - - - - - - - 0.281
- - 0301 - - - - - - - - -
- - 0287 - - - - - - - - -

Thicker enamel (in bold) is in the first third of the corpus dentis

The measurements were carried out from tip to root of the tooth

The measurements are given in millimeters

beaver’s strong incisors and unusually decay-resistant enamel
is the presence of a lot of iron.

Our findings that the mean thickness of the enamel of the
upper and lower incisors differs clearly confirms the above-
mentioned fact about the cutting technique. The fact that the

Table 6 Beaver maxillary incisors (13—18) and their values of the
enamel thickness in certain points

Maxillary incisors

13. 14. 15. 16. 17. 18.
0.265 0.269 0.329 0.315 0.374 0.304
0.229 0.227 0.309 0.315 0.36 0.271
0.232 0.247 0.317 0.313 0.349 0.303
0.26 0.232 0.319 0.294 0.335 0.297
0.247 0.24 0.32 - 0.354 0.298
0.236 0.229 - - 0.34 0.302
0.239 0.229 - - 0.335 0.263
0.24 - - - 0.318 0.269
0.232 - - - 0.349 0.282
- - - - 0.311 0272
- - - - 0.351 0.283
- - - - 0.298 -

- - - - 0.309 -

Thicker enamel is at the tip of each tooth (in bold)
The measurements were carried out from tip to root of the tooth

The measurements are given in millimeters

@ Springer

enamel in the first third of the mandibular incisors is thicker,
indirectly confirms the conclusions of Gohre (1954) who de-
scribed that the lower incisors can cut into the wood to a depth
of about 1-2 cm.

However, the strength of beaver incisors is not related only
to the enamel thickness but is affected also by other factors.
According to Stefen et al. (2016), the shape and the wedge
angle of beaver incisors are also important. They assumed that
under the changing conditions the wedge angle of about 23° to
27° is optimal for beavers and is similar to the optimal wedge
angle of sharp steel cutting tools. The upper incisors have a
slightly larger wedge angle, consistent with their general use
as anchors during cutting. From the histological point of view,
they reported that the lower incisor in C. fiber is fixed by fibres
along the complete length within the alveolus.

According Pahlevan et al. (2014), the value of the enamel
thickness is 345 um in a human maxillary central incisor and
235 um in a lateral incisor, related to the one-third labial
cervical area. The maximum thickness in maxillary central
and lateral incisors in the one-third labial incisal surface was
1260 um and 1220 pm, respectively.

Hall et al. (2007) compared enamel thickness between
mandibular central and lateral incisors in humans and found
that wider teeth were associated with greater enamel thickness
(p<0.1), but the thickness varied greatly among subjects
(range: 0.44—1.28 mm).

Our research showed that the mean value of enamel thick-
ness in beaver incisors was very similar to that published by
Pahlevan et al. (2014).



Biologia (2018) 73:379-387

387

Acknowledgments Valuable comments from two anonymous reviewers
of'this journal are gratefully acknowledged. The work was realized within
the framework of the project ITMS No. 26220120066 “Centre of excel-
lence for biomedical technologies”, which is supported by the
Operational Program “Research and Development” financed through
the European Regional Development Fund.

Funding This study was funded by the project ITMS No. 26220120066
“Centre of excellence for biomedical technologies.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval
ical approval.

This study did not require official or institutional eth-

References

Baker BW, Hill EP (2003) Beaver (Castor canadensis). In: Feldhamer
GA, Thompson BC, Chapman JA, editors. Wild mammals of North
America: biology, management and conservation, Second edition.
Baltimore, Maryland The Johns Hopkins University Press, pp 288—
310

Balaz I, Ambros M, Tulis F, Veselovsky T, Klimant P, Augustini¢ova G
(2013) Hlodavce a hmyzozravce Slovenska, Univerzita Konstantina
Filozofa v Nitre, Nitra

Benci¢ T (2009) Rozsirenie populdcie bobra vodného (Castor fiber Linné
1758) v intravilane hlavného mesta Slovenska, v Bratislave.
Bakalarska praca, Zvolen, LF, TU

Cehlarikova P (2010) Bobr evropsky (Castor fiber) v zapadnich Cechach,
Piirodni fenomény a zajimavosti zapadnich Cech. Vydalo ob&anské
sdruzeni Mezi lesy, Prostibof ve spolupraci s Muzeum Cheb, p. o.
Karlovarského kraje

Cox PG, Baverstock H (2015) Masticatory muscle anatomy and feeding
efficiency of the American beaver, Castor canadensis (Rodentia,
Castoridae). ] Mammal Evol 23:191-200. https://doi.org/10.1007/
$10914-015-9306-9

von den Driesch A (1976) A guide to the measurement of animal bones
from archaeological sites. Peabody Museum Bulletin 1, Peabody
Museum of Archaeology and Ethnology, Harvard University,
Cambridge

Foltan M (2011) Vyskyt a ekoldgia bobra eurépskeho na Slovensku,
Bakalarska praca, Zvolen, LF, TU

Frahnert S, Heidecke D (1992) Kraniometrische Analyse eurasischer
Biber, Castor fiber L. (Rodentia, Castoridae) - Erste Ergebnisse.
semiaquatische Saugetiere. Wissenschaftliche Beitrdge der Martin-
Luther Universitdt Halle/Saale 1992:175-189

Frahnert S (2000) Wachstumsbedingte Proportionsverdnderungen am
Schédel des Bibers, Castor fiber L., 1758 (Rodentia, Castoridae):
Taxonomische Bedeutung und Diskussion funktioneller Aspekte.
Bonner Zoologische Beitrige 49:131-153

Freye HA (1959) Deskriptive Anatomie des craniums vom Elbe Biber
(Castor fiber albicus Matschie 1907). Wissenschaftliche Zeitschrift
der Martin-Luther Universitdt Halle, Mathematisch
Naturwissenschaftliche Reihe 8:913-962

Gordon LM, Cohen MJ, MacRenaris KW, Pasteris JD, Seda T, Joester D
(2015) Dental materials. Amorphous intergranular phases control
the properties of rodent tooth. Science 347:746—750. https://doi.
org/10.1126/science. 1258950

Gohre K (1954) Bestimmung des Kréfte einsatzes und der
Arbeitsleistung des Bibers (Castor fiber L.) beim Holzfallen.
Archiv Forstwesen 3:82-89

Hall NE, Lindauer SJ, Tiifek¢i E, Shroff B (2007) Predictors of variation
in mandibular incisor enamel thickness. J Am Dent Assoc 138:809—
815

Hardisky T (2011) Beaver management in Pennsylvania (2010-2019).
Pennsylvania Game Commission, Harrisburg, pp 2-3

Hinze G (1950) Der Biber. Korperbau and Lebensweise Verbreitung und
Geschichte. Akademie Verlag, Berlin, Germany

Jablokov AV (1966) Variability of mammals. Jzd. Nauka, Moskva

Kitchener AC, Lynch JM (2000) A morphometric comparison of the
skulls of fossil British and extant European beavers, Castor fiber.
Scottish Natural Heritage, Review No.127

von Koenigswald W, Mors T (2001) The enamel microstructure of
Anchitheriomys (Rodentia, Mammalia) in comparison with that of
other beavers and of porcupines. Paldontol Z 74:601-612. https://
doi.org/10.1007/BF02988167

Komosa M, Frackowiak H, Godynicki S (2007) Skulls of Neolithic eur-
asian beavers (Castor fiber L.) in comparison with skulls of contem-
porary beavers from natural biotopes of Wielkopolska region
(Poland). Pol J Environ Stud 16:697-705

Korablev N, Puzachenko Y, Zavyalov N, Zheltukhin A (2011) Long-term
dynamics and morphological peculiarities of reintroduced beaver
population in the upper Volga basin. Balt For 17:136-147

Korvenkontio VA (1934) Mikroskopische Untersuchungen an
Nagerincisiven unter Hinweis auf die Schmelzstruktur der
Backenzihne. Histologisch-phyletische Studie Annales Zoologici
Societatis Zoologicae-Botanicae Fennicae-Vanamo 2:1-274

Maul L (2003) Das Benagen von Knochen. Nat Mus 133:157-165

Pahlevan A, Mirzaece M, Yassine E, Ranjbar Omrany L, Hasani
Tabatabaece M, Kermanshah H, Arami S, Abbasi M (2014) Enamel
thickness after preparation of tooth for porcelain laminate. J Dent
(Tehran) 11:428-432

Piechocki R (1986) Osteologische Kriterien zur Alterbestimmung des
Elbebibers. Zoologische Abhandlungen Musseum fiir Tierkunde
Dresden 41:177-183

Roberston RA, Shadle AR (1954) Osteological criteria of age in beavers.
J Mammal 35:197-203

Rosell F, Bozsér O, Collen P, Parker H (2005) Ecological impact of
beavers Castor fiber and Castor canadensis and their ability to
modify ecosystems. Mammal Rev 35:248-276. https://doi.org/10.
1111/5.1365-2907.2005.00067.x

Rouas P, Suaudeau T, Delbos Y, Rouas A, Nancy J (2006) Hypsodontia in
Castor canadensis: an anatomical and histological study.
Morphologie 90:33-38

Rybezynski N, Ross ME, Samuels JS, Korth WW (2010) Re-evaluation
of Sinocastor (Rodentia: Castoridae) with implications on the origin
of modern beavers. PLoS One 5(11):€13990. https://doi.org/10.
1371/journal.pone.0013990

Stefen C (2009) Intraspecific variability of beaver teeth (Castoridae:
Rodentia). Zool J Linnean Soc 155:926-936. https://doi.org/10.
1111/5.1096-3642.2008.00467.x

Stefen C, Habersetzer J, Witzel U (2016) Biochemical aspects of incisor
action of beavers (Castor fiber L.). ] Mammal 97:619-630. https://
doi.org/10.1093/jmammal/gyv209

Valachovi¢ D, Sibl J, Adamec M (2008) Program zachrany bobra
vodného (Castor fiber Linné 1758). Statna ochrana prirody
Slovenskej republiky Banska Bystrica

Zhijiang Z, Pingxiang C, Beigang L, Yonghua W (2003) Bionic cutting of
wood I. Biological characteristics of a beaver when incising wood.
In: Proceedings. 16th International Wood Machining Seminar, 24—
27 August, Matsue, Japan

Zurowski W, Krzywifiski A (1974) Anomalies in the wear of incisors in
the European beaver. Acta Theriol 9:367-370

@ Springer


https://doi.org/10.1007/s10914-015-9306-9
https://doi.org/10.1007/s10914-015-9306-9
https://doi.org/10.1126/science.1258950
https://doi.org/10.1126/science.1258950
https://doi.org/10.1007/BF02988167
https://doi.org/10.1007/BF02988167
https://doi.org/10.1111/j.1365-2907.2005.00067.x
https://doi.org/10.1111/j.1365-2907.2005.00067.x
https://doi.org/10.1371/journal.pone.0013990
https://doi.org/10.1371/journal.pone.0013990
https://doi.org/10.1111/j.1096-3642.2008.00467.x
https://doi.org/10.1111/j.1096-3642.2008.00467.x
https://doi.org/10.1093/jmammal/gyv209
https://doi.org/10.1093/jmammal/gyv209

	Craniometry...
	Abstract
	Introduction
	Materials and methods
	Craniometry
	Incisor enamel thickness
	Statistical analysis

	Results and discusssion
	Craniometry
	Incisor enamel thickness

	References


