Notes on the Black Bear, Ursus americanus Pallas, in Alaska, with
particular Reference to Dentition and Growth

By RoserT L. RauscH
Eingang des Ms. 28. 3. 1961

I. Introduction

Incidental to other studies, [ have been able to collect data and materials relating to
the natural history and taxonomy of bears in Alaska since 1949. One purpose of this
work has been to define criteria that would permit the determination of age in indivi-
dual animals, or, at least, the delimitation of age classes. The black bear, Ursus ameri-
canus Pallas, is the subject of this initial study.

The annual cycle of the black bear is strongly influenced by climatic factors, with
the period of denning (fasting) atraining its maximum duration in regions having
comparatively long and severe winters. Even at lower latitudes, the Winterruhe
of the black bear was regarded by EiseNTRAUT (1956) as being remarkably long, but
in south-central Alaska these animals typically remain in the dens for about half of
each 12-month period. It will be shown in the present paper that little growth takes
place during the time spent in the den, and the age classes defined herein have been
related largely to the pattern of intermittent growth characteristic of the black bear
at this latitude.

In addition to findings relating to dentition and growth, some data on other
aspects of the natural history of the black bear in Alaska are presented in this report.

I1. Materials and Methods

The animals utilized for this study originated within a relatively restricted area of
Alaska (Fig. 1). Skulls, and sometimes other materials, were obtained from 219 ani-
mals; of these, 183 were wild individuals, and 36 were captives of known age. Entire
bears were weighed and measured. Whenever possible, the skull, a femur and a hume-
rus, the genital organs, and sometimes other materials, were collected from each
animal. Bones were cleaned by means of dermestid beetles and bleached in hydrogen
peroxide. After cleaning, the penile bones were dried thoroughly before being weighed
and measured. The soft tissues were preserved in 10 per cent formalin. Sections of
testes and ovaries were prepared by the paraffin method and stained in hematoxylin-
eosin. Special techniques were applied in a few cases, as described below.

Routinely, the right upper canine was removed from the skulls and stored in fluid.
The teeth from older animals were sawed longitudinally by passing the blade directly
through the center of the pulp cavity, and the surfaces so exposed were polished to
intensify detail. Thin sections were prepared in some cases. The canines from young
animals were usually studied uncut.
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Figure 1. Map of south-central Alaska, showing locations from which black bears were
obtained

In the following description of dentition, the deciduous and permanent teeth are
represented by lower-case and capital letters, respectively. The deciduous post-canine
teeth are designated premolars in this report. All dara on the eruption of teeth are
based on cleaned skulls. The stated ages of bears are approximate, based on an assumed
birth date of February 1.

III. The Deciduous Dentition

The formula for the deciduous dentition of the blads bear is 13/s c'/1 p3/s. The first
incisor, both above and below, is very small and weakly developed. The canines are
well developed and persist longer than any of the other deciduous teeth. Both p* and
pt are lacking; p* and p2 resemble their permanent successors in form. Although it
has only two roots, p? is rather similar to P! in the form of its crown; p* has three
roots, and its crown somewhat resembles that of M1. The ps is quite small, but possesses
two roots and is rather similar to Pt in the shape of its crown; ps likewise has two
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Figure 2. Complete deciduous dentition in a 4-month-old black bear (female, killed May 25).
The crown of Pi is almost fully erupted, and the tip of P! is visible

roots, and in form it most closely resembles Mi. The fully erupted deciduous teeth

The deciduous dentition is complete by the time, usually in the last part of April,
the young bear leaves the den in which it was born. Because of the difficulty in loca-
ting dens containing female bears with young, I have been unable to determine the
sequence of eruption of the deciduous teeth. The youngest animal available was
a captive-born bear about 22 days old, a male, with a condylobasal length of 60 mm.

The skull was removed and ra-
diographed, after which it was
stained with alizarine red S,
dehydrated in ethanol, cleared

_1n terpineol, and dissected.

None of the deciduous teeth
had erupted in this specimen,
but the tip of it barely protru-
ded through the gingival tissue.
The tip of i2 lay just below the
surface; 1* was incompletely de-
veloped and still lay deep in the
alveolus. The conical upper ca-
nines, 4 mm long, were likewise
deeply situated. The permanent
upper canines were represeited
by minute cones at the proxi-
mal end of their alveoli dorsal
to the deciduous canines. The
crown of the tooth tentatively
identified as p* or p* was well
developed but had not begun
to erupt. Thecrown of pi, easily
recognized, had not emerged
above the level of the alveolar
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margins. Two small cones of M! were present posterodorsal to p*. The tips of both i1
and iz were quite near the gingival surface; i3 was comparatively undeveloped and
deeply situated. In form, size, and position, the lower deciduous canines were much
like the upper ones. The crown of P1 was well formed and situated medial to the
deciduous canine; no trace of the permanent lower canine was found. Neither pz nor
ps could be located, but the crown of ps was well developed though still below the
level of the alveolar margins. A single cone of M1 was identified. The relationships of
these teeth are shown in Fig. 3.

All other animals with deciduous dentition were obtained after they had emerged
spontaneously from the dens. Assuming a birth date of February 1, the youngest of
these, a male, was about 3 months old when killed on May 4; the complete deciduous
dentition was present, and P1 was erupting. The crowns of M1 and Mz, as well as
that of M1, were visible through their open alveoli. The permanent canines at this
stage measured about 11 mm long. A female killed on May 25, when about 4 months
old, possessed a dentition similar to that of the male. Some of the deciduous teeth,
particularly p? and pz, may persist in adult animals when their permanent successors
are lacking. In such cases, they usually remain buried in the gingival tissue. The deci-
duous canines often become worn before they are lost.

IV. The Permanent Dentition

The permanent dentition is represented by the formula I13/3 Cl/i P41 M2/s. The
sequence of eruption of the permanent teeth is approximately the same in the black
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Figure 4. Eruption of the permanent teeth during the first summer of life. The heavy line
indicates the period during which eruption is taking place; the solid bar indicates the period
during which teeth may or may not be fully erupted; all are fully crupted thereafter, as
indicated by open bar. (Based on 31 skulls.)

Figure 5. Externally visible growth zones and the pattern of dentin layers in the canine of
a black bear of age class VI; cementum is indicated by ,¢,“ and enamel by ,e.*
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bear as has been described by PonLe (1923) for the brown bear, U. arctos Linnaeus,
and the polar bear, U. maritimus Phipps.

The eruption of the permanent teeth begins late in the third month of life, when
the crown of P: first appears, and usually all but I3, the canines, and sometimes M
are in place by the end of the 9th month (October); by this time the animals have
already entered the dens. The sequence of eruption of the permanent teeth during
the first summer is shown in Fig. 4. Both I3 and Ms may be in place by the time the
animals emerge the following spring, although no observations were made prior to
the first of June (17th month).

The roots are usually closed in P4 MY, Iz, and sometimes in P4, at the end of the
9th month (October). All of the permanent teeth but I3 and the canines have closed
roots when the animals emerge from the ‘dens in the third spring (ca. 28th month).
The apex of the root of I? is still open in the fall of the third summer of life, but is
closed in the 4th spring. °

The crowns of the upper and lower canines are fully formed within the alveoli by
the end of the 9th month, but the growth of their roots proceeds slowly and it is not
until the 4th summer that their
dentino-enamel junctions emer-
ge beyond the alveolar margins. \
Complete eruption of the cani- a % :
nes is attained in the 5th sum- 4z 3 819
mer, and the apices of their
roots usually close in the 6th
summer.

An unusual combination of
characteristics was observed in
one specimen, a wild male kil-
led on June 4. In dimensions
(condylobasal length, 150 mm; ][
zygomatic width, 89 mm) and
conformation, the skull was
typical of those from bears kil-
led in their first spring, at an
age of about 4 months. The den-
tition, however, was indistin-
guishable from that of animals
a year older, at an age of about
16 months. There was no evi-
dent explanation for this ano-
malous development.

The pattern of intermittent
growth characteristic of the
black bear in south-central
Alaska is reflected in the den-
tition. The teeth that develop SZ
slowly (i. e., I? and the canines)
show annulations resembling
those described by ScHEFFER
(1950) in the canines of the fur
seal, Callorhinus wursinus (Lin-

naeus). In the t.eeth of the bears, Figure 6. Development of the right upper canine of the
these annulations ~demarcate black bear, correlated with age classes I-VI

14-¥Im d'c I7-VI0 ? 24-ym &

2r-uid
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comparatively broad zones of dentin that represent successive seasons of growth.
Since I3 attains complete development prior to the beginning of the 4th summer, it
exhibits only three growth zones. The canines grow through at least 6 summers and
usually exhibit 6 externally visible growth zones (Fig. 5). The sequential pattern of
the layers of dentin is best seen in longitudinal sections (Fig. 5). These annulations
provide the simplest means by which the younger bears can be segregated into age
classes (Fig. 6). Of the 10 classes distinguished, as mentioned earlier, numbers I
through VI correspond respectively to the first 6 summers of life. The changes in
canines are described below.

The rate at which dentin is deposited changes inversely with age. At the end of
the first summer, the crown of the canine is complete and a layer of dentin is present.
The bulk of the root is produced during the second and third summers, after which
the annual increment decreases progressively until the apex of the root closes. The
following values, in terms of percentage of the greatest length of the complete upper
canine, are representative of the relative proportions of the annual increments: first
summer (including the crown), 419%; second summer, 20%; third summer, 17 %/;
fourth summer, 13 %; fifth summer, 6 %o; sixth summer, 39%0. In general, the age of
bears killed at any time during the first 6 years of life can be determined from the
characteristics of the canines, but it is sometimes difficult to differentiate the last one
or two growth zones.

After the 6th or 7th year, the wall of the root gradually thickens, particularly at
the apex, as cementum accumulates externally and dentin is deposited in the pulp
cavity. The cementum appears as alternating dark and light layers which may be
correlated with age. These layers are often very difficult to count, and no attempt
was made to utilize them in the present work. The maximum diameter of the pulp
canal is not less than 2-3 mm in the oldest animals.

Variation in the numbers of teeth

The first three permanent premolars, above and below, are small in size and pro-
bably have little functional value. On the basis of data published by Harr (1928),
ERDBRINK (1953, p. 306) concluded that there is a tendency for the elimination of P2
and Pz in the black bear. This hypothesis is supported by the findings in the Alaskan
material; in addition, the same tendency is exhibited to a lesser degree in Ps.

The permanent premolars were counted in 159 skulls, excluding others which had
been damaged, cubs with incomplete permanent dentition, and aged animals in which
secondary loss of teeth had occurred. Excepting P* and P4, the permanent premolars
are quite variable in size and position, and poorly developed teeth can be confused
with persistent deciduous premolars. The latter and anomalous teeth of questionable
identity were not included in the counts. Disregarding sex and differences between
right and left sides, 29 different combinations of premolars were recorded (Table 1).

The most frequent combination (28%0 of the specimens) was 1-3-4; only 3 (2%)

had all of the premolars present. 1-4

In reference to the long-muzzled species of bears, CoLYER (1936, p. 367) stated

that certain of the permanent premolars ”...seldom persist through the whole life
of the animal, the second tooth in the upper and the second and third in the lower
being usually lost at an early stage of life.“ In the Alaskan material, no differences
were noted in the frequency of missing premolars between first-year and older ani-

mals when aged individuals were excluded. My observations do not substantiate

CoLYER’s opinion that the permanent premolars are lost more frequently than any |

of the other teeth.



Apart from the pre-
molars, the incisors and
Ms were the only teeth
found to vary in number
in the specimens studied.
The left Is was lacking
in one animal, in which
the left 1z and the adja-
cent canine were in ap-
position. The rigth Ms
was absent in a female
about 8 months old. Su-
pernumerary third incis-
ors were observed in two
specimens. One, killed in
August of the second
summer, possessed an ex-
tra right I3. The tip of
the partially erupted
right mandibular canine
occluded with the latrter,
which had rotated out-
ward through about 90°.
The long axis of this in-
cisor had assumed a near-
ly horizontal position.
Although only partially
erupted, the supernume-
rary incisor was normal
in size and form, while
both the crown and root
of the adjacent I3 were
malformed. The second
animal, killed in Septem-
ber of its third year, had
a supernumerary left I3.
In this case, the left
mandibular canine occlu-
ded with both the nor-
mal and the supernume-
rary incisors; as a result,
the tooth in normal po-
sition had rotated

in-
ward through about 45°,
and the eruption of
the supernumerary
tooth  was  retarded.
Again, the tooth regar-
ded as supernumerary

had developed normally,
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Combinations of permanent premolars and their frequencies
in 159 skulls. The line separates upper and lower teeth.
Whether left or right side is not considered
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iNumber 9o
3 2
3 2
3 2
2 1.3
2 i.3
2 1.3
2 1.3

0.6
1 0.6
1 0.6
1 0.6
1 0.6
| 0.6
1 0.6

but both the crown and the root of the I* in normal position were somewhat malfor-
med. In both cases, however, the malformed teeth were clearly typical of third



84 R. L. Rausch

incisors in size and form. The malocclusion resulting from the presence of such super-
numerary teeth probably would later give rise to periodontal disease.

CoLYER pointed out (1936, p. 368) that the mandibular incisors of bears are sub-
ject to some variation in position. This was rather striking in the black bears con-
sidered here, but there was no evidence that such variation had any functional
significance. Almost no variation was noted in the position of the upper incisors or of
the molars. '

Wear of teeth

The amount of wear exhibited by the teeth of bears increases with age, but there is
considerable individual variation within any given age group. In the Alaskan
material, signs of attrition were first noted in the teeth of animals killed during the
third summer of life. Although there was no evidence of wear in most animals, the
tips of I3, or of I and I2, were slightly worn in a few. Most of the bears killed during
the 4th summer also had unworn teeth, but in some the amount of wear exceeded
that observed in any of the third-year animals. There was considerable variation as
to whidh incisors were involved; thus, only I' was worn in some, both I* and I? in others,
and I3, I1, and Iz in a few. In one case, small attrition facets were present on the
paracone and metacone of M!, and in another on the cusps of Mi.

In the 5th summer, about half the animals still had unworn teeth. Wear in others
was still limited to the incisors, but in such cases the crowns of I or of I* and I2 were
sometimes worn quite flat. Attrition of the incisors was unequal, with the superior
teeth always showing more severe wear than their inferior counterparts. Attrition
facets were bilaterally present on the paracone and metacone of M! in two animals,
and on the metaconid of M in another. A rather deep cavity was found in the right
M: in one instance. By the 6th summer, attrition facets were more regularly present
on the cusps of M! and My, and in one case M2 was slightly worn. In some individuals,
however, the teeth were still unworn, and slight wear was evident only on I' and I2
in others.

Since I was unable to determine the absolute age of black bears after the 6th
summer, the remaining specimens were segregated into four classes (VII-X) according
to relative age. These age classes are considered here in connection with tooth wear,
but will be characterized later in this report. In class VII, It and I2 always showed
some wear, although it was slight in some individuals. In one case, the tip of I3 was
worn. The lower incisors were either unworn or only slightly worn at the tips.
Attrition facets were often present on the major cusps of Mi and M!, but the wear
was superficial. In class VIII, I1+ and I were usually worn, often only slightly. The
tips of I3 and Is showed attrition facets in several cases. The major cusps of M!
and M1 were usually worn, but in most examples the attrition facets were small. Wear
was evident also on M2 and Mz, and in one instance on Ms. Both the protocone and
tetracone of P* had attrition facets in one animal.

Class IX consisted of older animals, all of which showed considerable tooth wear.
Severely worn incisors were common, and it was not unusual for I' and I? to be worn
down to the gingival tissue at their posterior edges. The tips of I3 were usually worn,
sometimes down to the level of I' and I2. The lower incisors were less severely worn
in most cases. In most of the specimens, attrition facets were present on the paracone
and metacone of M!, and on the protoconid and hypoconid of Mi; a longitudinal
groove, more or less obliterating the protocone and hypocone, was often present along
the crown of M!. The amount of wear on M2 and Mz, and on Ms varied considerably,
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but generally was slight. The cusps of P* had attrition facets in a few cases. Broken
teeth were occasionally noted in this age class.

The animals comprising class X regularly possessed badly worn and broken teeth,
often with signs of periodontal disease. Incisors were commonly lacking or had been
broken and worn down to the level of the gingiva. Premolars, including P4, had been
broken in several cases, although their roots, or fragments thereof, usually remained.
Broken canines, usually worn quite smooth, were not uncommon; some barely pro-
truded above the gingiva. The molars exhibited a variety of conditions, with a wide
range in the degree of wear. Many possessed extensive cavities, sometimes extending
into the pulp cavities of the roots, and often only the smoothly worn roots remained.
Occlusal drift was evident, particularly in the canines.

It is apparent that tooth wear is variable within a given age class. Since the rate
of wear must depend largely upon the amount of abrasive material that is chewed,
it might be expected to differ from region to region. It is possible that such wear
would vary less within a given age class among animals subject to uniform conditions.
The order in which the teeth become worn in the black bear is approximately the same
as that described by KurTén (1958) for the cave bear, U. spelaeus Rosenmiiller and
Heinroth.

Sexual dimorphism

In the series studied, the skulls of adult males averaged larger than those of adult
females, and a corresponding sexual dimorphism was observed in the dentition. The
mean values obtained for the crown lengths of the molars differed significantly, but
the amount of overlap was so great as to preclude the use of these measurements to
determine the sex of individuals. Greatest length and transverse diameter were deter-
mined for the upper canines, one of which was removed from each skull. The
transverse diameter was taken just proximal to, and parallel with, the dentino-enamel
junction. Only fully formed, unworn canines from animals belonging to classes VII
through IX were used; consequently, the available sample was small, consisting of
only 42 teeth equally divided as to sex. In order to avoid excessive mutilation of the
skulls, the lower canines were not removed. The measurements of the canines are
summarized in Table 2.

It may be seen from the table that the observed ranges of the two dimensions
from the upper canines show no overlap between the sexes. Assuming a normal
distribution, the limits of variation expected in a sample of 1000 individuals can be
determined by calculating the standard range.! Accordingly, the range of canine
length is 63.2 to 82.8 mm for males, and 50.7 to 70.6 mm for females; the overlap
between the sexes is thus about 7.5 mm. The standard range for the transverse diameter
is 10 to 14 mm for males, and 8.3 to 11.3 mm for females, with an overlap of only
1.3 mm. However, extreme variants would be rare at best, and the majority of animals
could be expected to have canines with near-average dimensions. The reliability of
the two measurements in determining the sex of individual black bears can better be
appraised by calculating the coefficient of difference?, from which the percentage of
joint overlap can be determined. For canine length, the coefficient of difference is 2.3,
and the joint overlap is 1 %; thus, canine length would serve to distinguish 99 /s
of the males and 99 %o of the females. In the case of the transverse diameter, the

| * SR = M + 3.24 5 (Simpson, 1941).
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