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The caribou is exceptional because a dark cementum band is formed during the first year of life, even though eruption
does not occur until later {Reimers and Nordby 1968, Miller 1972, 1974).

A section made from the newly erupted tooth can be helpful by providing a reference for the earliest stage of cementum
growth. This first stage consists of a light cementum band on the peripheral root surface. The cementum of tooth sections
from younger age classes can be approximated in the diagrammatic models by mentally subtracting elements from the cemen-
tum. For example, when the outermost light band and three dark bands are subtracted from the cementum of the 3% year old
raccoon, the cementum that could be expected for the % year old tooth section would remain, This process will help avoid
confusion among tooth sections from young carnivores, most of which have a broad light cementum band that was produced
during the first months of life.

SPECIES DIFFERENCES IN THE DIFFICULTY OF CEMENTUM ANALYSIS

The difficulty of cementum analysis varies according to species. The most common causes of difficult section analyses
are 1) unclear cementum patterns (e.g. dark band condensed together, or not in a regular pattern) and 2) indistinct dark bands.
Results can vary from exact ages with the least difficult sections, to useful age approximations with the most difficult.

Table 2. Difficulty of age analysis for the standard tooth sections described
in the workbook.

least difficult moderately difficult most difficult

mule deer white-tailed deer moose

goat elk sheep

fox pronghorn caribou
bobcat otter
coyote wolverine
mink grizzly bear
fisher wolf
badger
black bear
raccoon

TERMINOLOGY AND ABBREVIATIONS

Band — An increment of light or dark cementum, produced cyclicly at the periphery of the tooth root. For dark cementum,
the term may describe one or more lines {(annuli) that are part of an annual complex of multiple lines.

Dark cementum:
First year dark band, or first year band — The dark cementum band that indicates the end of the first year of life.
Second year band, third year band, etc. — The dark cementum band that indicates the end of the second year of life
(second year band), third year of life (third year band), etc.

Light cementum:
Light cementum is referred to in the workbook as the “first year light band” (light cementum produced during the
first year of life), “’second year light band’’ (light cementum of the second year of life), etc.

Peripheral — The direction outward, away from the central pulp cavity.
Central — The direction inward, toward the central pulp cavity.

Above — The direction that is toward the tooth crown (this laboratory mounts tooth sections so that, when they are viewed
through the microscope, the crown is upward and the root tip is downward).

Below — The direction that is toward the root tip.

Abbreviations: D = Dentin J = Dentin-cementum junction
C = Cementum P = Periodontal membrane

Numerals — refer to the dark bands of specific years. For example, the label “2" indicates the
second year dark band.
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Fig. 1. A diagrammatic model of a tooth section.

Mammals produce cementum throughout life. Cemen-
toblast cells on the outer, peripheral surface of the
tooth root produce both light and dark cementum. Den-
tinoblast cells on the inner, central surface of the
tooth produce dentin. In North America, the dark ce-
mentum band is thought to be formed during winter,
when there is a change in cementoblast activity. The
dark band is used in cementum analysis as the birthday
indicator. 1In the age analysis models, June is assum-
ed to be the month of birth for most species, and ages
are rounded to the nearest half year for teeth collec-
ted September-February.

In general, the cementum of the sagittal section
is thickest at the tip and on the concave, posterior
side., Cementum is thinner on the anterior, convex
side. Dark bands are often clearly separated on the
posterior side, and condensced on the anterior side.

] - 4

Age 4% years

18X

Fig. 3. Mule deer. I1 mid-sagittal secticn.

% years: The root is very thin walled, and a small
amount of light cementum is present. There may bLe a
dark band, 30-50 microns peripheral to the dentin, and
within a mottled (darkly stained, porous) band of light
cementum. 2% years: One prominent dark band is clear-
ly separated from the dentin by a broad band of light
cementum.

Notes: Mule deer primary incisor sections most often
have distinct cementum patterns that are readily aged.
Photo page 9.

(a)

Age 3% years

18X

Fig. 2. White-tailed deer. I1 mid-sagittal section.
1% years: One dark band is found just peripheral to
a band of light cementum (a) that has a mottled ap-
earance because of darkly stained areas with numer-
ous lacunae. The first year dark band may be indis-
tinct, and is not present at the tip of the root,

2% years: There are two dark bands. The second is
more prominent, and peripheral to the thick light
band produced the second summer. Photo page 9.
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Fig. 4. Caribou. I1 mid~sagittal section,

1% years: Sections may or may not have one dark ce-

mentum band. When present, the band is less promi-
nent than those of subsequent years, is close to the
dentin-cementum junction, and becomes more separated
by a broader light band near the tip. 2% years:
There is one prominent dark band, along with the less
distinct yearling band that may be present in some
sections.

Notes: Cementum deposition in caribou incisors is

irregular. Some have thickened areas with broadly
spaced cementum bands (a)., Others have no thickened
areas, but cementum patterns can be distinguished
closer to the gumline (b) under higher magnification
(200-300X). Many sections have indistinct dark bands
and are difficult to age. Woodland caribou sections
are similar to those of barren ground caribou. Photo
page 10.
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Fig. 5. Moose, 11 mid-sagittal section.

calf 1+ The tip of the root has only light cemen-
‘tum, However, a distinct dark band, which is close
to the dentin-cementum junction, can be found &-10mm
above the tip (a). 1% years: There is one prominent
dark band, separated from the dentin by a broad light
cementum band. The dark band is adjacent to the den-
tin at the tip (b).

Notes: The dark bands on the thick (posterior) side
of the section arve often thin and indistinct. However,
the pattern is stable from one individual to another,
and this stability facilitates age analysis. FPhoto
pages 11, 12,

Age 4% years

15X

Fig. 8. Mountain goat. I; mid-sagittal section,

Eﬁ_years: The recently-erupted tooth has a thin root
wall and only a small amount of light cementum.

2% years: One dark band is peripheral to a light band
of variable thickness. The light band is thinnest at
the tip, where the second year dark band cannot be
distinguished.

Notes: Cementum in the goat incisor is irregular in
thickness. Thickened cementum near the gection tip
will usually contain distinct dark bands, The
last-formed darck band is usually distinet at the sec-
tion tip, but not above. On the other hand, the
first-formed, second year dark band is not distinct
at the tip, and must be identified above it (a).
Although the cementum is irregular in thickness, the
dark bands are most often prominent and regularly
spaced, making the sections among the least difficult
to age, Photo page 15,

—(a)
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Age 4% years
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Fig. 6. Elk. 11 mid-sagittal section.

1% years: The dark cementum band of yearlings can be

found /7-8mm above the Toot tip (a). It is very close
to the dentin-cementum junction, and is often indis-
tinet. 2% years: The root has one well-developed
light band and one prominent dark band. At the tip
of the root, the second year dark band is character-
istically adjacent to the dentin (b).

Notest The cementum is thinner, relative to the den-
tin, on the elk incisor than is the cementum of other
cervids. The prominent dark band that extends across
the root tip marks the age of three years. FPhoto
pages 12, 13.

N

(a)

Age 4% years
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Fig. 7. Pronghorn, I, mid-sagittal section.

1% years: The root is thin walled and there is a
small amount of light cementum. 2% years: One dark
band is present. However, it is not so prominent as
later annual bands, It is peripheral to a light band
of variable thickness, and may be very close to the
dentin-cementum junction,

Notes: As a rule of thumb, the first prominent dark

band (a), peripheral to a broad light band, marks the
age of three years, The cementum pattern can be ir-
regular and difficult to interpret, Photo page 14.



(a)

Age 4% years
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Fig. 9. Sheep. Il mid-sagittal section.
% years: The root wall is thin, and there is a small

amount of light cementum. % years: There is one
dark band, peripheral to a thin light band that 1s
not present near the root tip.

Notes: A procedure similar to that used for goat
sections must be followed. That is, cementum near the
tip is examined for the last-formed dark band, and ce-
mentum above the tip is examined for the first-formed,
second year dark band (a). The cementum of the Toot
tip usually contains no regular pattern of dark bands.
Dark bands are often broad, diffuse, and irregular,
making analysis difficult. The writer assumes that
the cementum patterns of bighorn, dall, and stone
sheep are similar. Photo page 16.
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Fig. 11. Raccoon. Lower canine mid-sagittal section.
% years: One dark cementum band is present, but it

may be indistinct. The band is peripheral to a light
band that is broad at the root tip. 2% vears: The
second year band is more prominent than the first, and
usually extends around the root tip.

Notes: The posterior surface of the root tip (a), and
the anterior surface (b) are key areas for age analy-
sls. Anteriorly, the bands are often more prominent,
but so closely spaced that they are identifiable only
at higher magnifications (100-200X). The raccoon ca-—
nine cementum pattern is stable among individuals.

The incisor is extensively used for age analysis. The
key area of the section is the root tip, where the dark
bands are prominent. Photo page 18.
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Age 2% years

15X
Fig. 10, Bear. PMl mid~sagittal section.
1% years: One dark band is peripheral to a light band

of variable thickness., In some sections, the light
band is very thin, but thick enough at some point to
separate the first yecar band from the dentin, and to
permit its identification. The first year band is
continuous around the tip of the root only when the
first summer's light band is thick. % years: The
second year dark band is more prominent than the first.

Notes: Dark bands are usually distinct at the root
tip, and at a thickening near the gumline (a). After
the first 3-5 years, cementum bands are often very
close together and difficult to count. February is
assumed to be the birth month for bears, and the age
is rounded to the nearest full year for teeth collect-
ed October-March. The analysis model is the same for
black bear and grizzly bear. However, grizzly pre-
molar sections have less distinct cementum patterns
than do those of black bears. Photo page 17.

Age 3% years

15X AN T

Fig. 12. TIisher. Lower canine mid-sagittal section.
1% years: A broad light band separates the first year
band from the dentin of both the anterior and poster-
ior root surfaces, and from that of the root tip.

2% years: At the root tip, the second year band is
more prominent than the first.

Notes: The fisher canine cementum pattern is stable
among individuals, and dark bands are prominent. These
combined factors make age analysis less difficult.
Photo page 19.




Age 3% years

15X
Fig. 13. River otter, Lower canine mid-sagittal section,
1% years: The second summer's light cementum produc-—

tion appears to take place irregularly in the otter ca-

nine, but is usually greatest at the root tip. The
addition of light cementum during the second summer
makes the first year band visible, most often at the
root tip. The first year band is usually not contin-
uous around the root tip. 2% years: The second year

band is usually visible only at the tip of the section,
is more prominent than the first year band, and may ex-

tend across the root tip.

Notes: The lack of light cementum production at the
sides of the root makes the dark bands in this loca-
tion very difficult to identify. Even at the root
tip, the dark bands are often indistinct. These fac-—
tors combine to make age analysis of the otter canine
difficult, Higher magnifications (100-300X) are used
to identify the closely spaced dark bands.
20, 21.

1

Age 2% years

22X
Fig. 15, Mink. Lower canine mid-sagittal section.
1% years: A broad light band separates the first year

band from the dentin of both the anterior and posterior
root surfaces, and from that of the root tip,

2% years: At the tip of the section, the second year
band is more prominent than the first.

Notes: The writer has aged few mink canines, but the

cementum pattern for the species appears to be regular
and stable, Higher magnifications are needed to iden-
tify dark bands, particularly on the anterior and pos-
terior areas of the section. Photo page 23.

Photo pages

can be both irregular and indistinct.

Age 45 years

15X
Fig. 14. Badger. Lower canine mid-sagittal section.
1% years: A broad light band separates the first year

band from the dentin of both the anterior and poster-
ior root surfaces, and from that of the root tip.

2% years: The first and second year bands are
prominent .
Notes: Cementum patterns of badger canines are regu-

lar, and stable among individuals. Photo page 22.

-1
Age 3% years
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Fig. 16. Wolverine. Lower canlne mid-sagittal section.
The first dark band in the wolverine canine
There may be
non-annual dark bands. False interpretation may be
caused by these factors. One dark band should be pre-
sent in yearling wolverines, but it may have complex
characteristics. 2% years: An annual pattern may be
possible to identify, even though it is complex, be-
cause it has been repeated twice. Pattern repetit-
ions tend to 6ccur in the same way at the same spot

in the section.

1% years:

Notes: The wolverine canine section is among the
most difficult to age. Multiple non-annual bands may
be condensed together in a distinguishable pattern
only at gome points in the section. No photo page.
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—— Age 3% years
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Fig, 17. Fox. Lower canine mid-sagittal section.

1% years: The second summer's light cementum is often
so thin that the first year dark band cannot be easily
distinguished at the periphery of the section, To
avoid confusion with the %-year age class, the first
year's light cementum mist be identified above the
root tip (a). Magnifications of 200-300X are nece-
ssary to distinguish the light band, thin at this

spot in the section, and the first year dark band
peripheral to it. Non-~annual, indistinct dark hands
at the tip of %-year old sections may cause them to
be incorrectly aged as yearlings. However, the light
cementum of the %-year old section, unlike that of
yearlings, does not extend more than about 2mm above
the section tip. 2% years: The second year dark band
is peripheral to a thin light band.

Notes: The writer uses this ape analysis model for
both red fox and gray fox. Fox canines are among the
least difficult to age because of their regular
cementum patterns. Photo page 23.

2

——— Age 3% years

15X
Fig. 19. Wolf. Lower PMI mid-sagittal section.
1% years: The first summer's light cementum may be

best-developed at the root tip, where it separates
the first year band from the dentin. On the sides of
the root, the dark band is very close to the dentin.
2% years: The second summer 's light cementum is the
broadest cementum layer, and peripheral to it there
is one dark cementum band.

Notes: The writer has little experience with wolf
teeth, but the premclar cementum pattern seems to be
more distinet than that of the canine. Thickening

in the cementum near the gumline, and at the rToot tip,
have the most distinct cementum patterns. However,

the dark bands can be irregular, indistinct, and con-
densed together at some points of the section. These
factors can make age analysis difficult. Fhoto page 25.

8-
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—— Age 3% years
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Fig. 18. Coyote. Lower canine mid-sagittal section.
1% years: A characteristic dark band is usually pre-
sent. It is diffuse, indistinct, and separated from
the dentin by light cementum that is thick only at the
root tip. Above the tip, the first year band cannot
be distinguished from the dentin-cementum junction,
The first year band is not continuous around the sect-
ion tip. %-year old sections are distinguished from
those of yearlings by the highly porous cementum at
the tip of the former, and by the absence of the first
year hand. 2% years: The second year band is promi-
nent, and extends around the root tip.

Notes: After the second year band, subsequent dark
bands are relatively close together, and are found in
a regular pattern. Fhoto page 24.

Age 3% years —_.

15X
Fig. 20. Bobcat. Lower canine mid-sagittal section.
1% years: The first year dark band may be absent. It

may also be an indistinct band, present only on the
sides of the root, and not extending around the root
tip. A very broad light cementum band is formed during
the second summer. 2% years: The second year dark
band is prominent.

Notes: As a rule of thumb, identification of the se-
cond year band is the starting point for age analysis,
because of the variability of the first year band.
Birth is assumed to take place in June, and the writ-
er makes no adjustment to compensate for the fact that
bobecats may be born at other times of the year. There
is a variety of cementum patterns (Fig. 46), and the
variation seems to be independent of sex or geograph-~
ical origin. Photo pages 26, 27.




INTRODUCTION TO THE PHOTOGRAPHS

The photomicrographs that follow were made over the span of several years, in
the normal course of conducting age analyses. It is the writer's usual practice
to make photographs of tooth sections that demonstrate key characteristics.,

A Leitz microscope with plano objectives is used for photography. Magni-
fications of 60-250X are used for age analysis. Those given for the photo-
micrographs are different because of reduction or enlargement during printing.
The microscope reveals fine histological details that are necessary for the
cementum aging of most species. Other optical instruments may lack the required
resolution capability.

The reader will observe differences among the photographs, both in technical
quality and in format, which are a reflection of changes in films, developers,
and photography routine. The current film used in the laboratory is Panatomic-
X, and it 1s processed in Microdol-X developer. Prints are made on Polycontrast
paper with a number 3 filter. All are manufactured by Kodak, Future editions of
this workbook will present photographs of more uniform quality and format. The
writer will appreciate any suggestions.

Known age tooth sections. The sections photographed were not from known age

animals unless so indicated in the figure caption.

A-B-C certainty codes. As part of the age report, each result is given a

letter A, B, or C. It is used only when the tooth being aged is standard for this
laboratory's analysis model, and the collection date is known. The code is a
subjective judgment about the ease of analysis, which varies according to distinct-—
ness of cementum pattern. It is assumed that the least difficult analyses are the
most accurate, although that assumption remains hypothetical. The writer expects
that 95% of A section ages are correct, 807 of B, and 50% of C. Generally, overall
accuracy is expected to be 80%. The most common error is likely to be one year,
although large errors of 20-30% of the age are possible among C code sections.

Histology of the tooth section. In addition to the cementum, it is also

important to recognize dentin, the junction between dentin and cementum, and the
periodontal membrane. These tissues are identified in Fig. 21.

D = Dentin J
C Cementum P

I

Dentin-cementum junction
Periodontal membrane

il
1l

Numerals are used as labels in the photographs to identify specific dark
cementum bands. For example, the numeral 2 marks the second year dark band,
used as a reference for the age of 2 years. Other terminology is explained on

page 1, in the introduction to the diagrammatic models.
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Fig. 21. White-tailed deer. Montana. Primary incisor mid-sagittal section.
Age 3%A. The first year light cementum has a mottled appearance (a) because
of darkly staining areas and numerous lacunae. The first year dark band may
be indistinct. A. 22X. B. 66X. Model on page 3.

Fig. 22. Mule deer. California. Primary incisor mid-sagittal section. A. Age

154, 22X, B. Age 4%A, 22X. (. A thin dark cementum band (a) is very close to the

dentin and does not extend into the root tip. It 1s not an annual band, and is
not present in all sections., 66X, Model on page 3.

-10-
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Fig. 23. Caribou. British Columbia. Primary incisor mid-sagittal section.
Age 7%B. The first year dark band 1s less prominent than those of subsequent
years and is close to the dentin. Caribou cementum patterns are irregular and
difficult to age. A. 51X. B. 22X, C. 195X. Model on page 3.

A B

Fig. 24. Caribou. Alberta. Primary incisor mid-sagittal section. A. Age 11%B.
Near the root tip, where the cementum is thickened. 47X. B. Age 5%5B. Above the
root tip, where the cementum is thin. 68X. Model on page 3.
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Fig. 25. Moose. Yukon Territory. Primary incisor mid-sagittal section.
Age 3%A. A. 22X. B. A delicate dark band present in some sections

(labelled X in the photograph) is not an annual band.

The prominent dark

band near the dentin of the root tip is the one year band. 67X. Model on

page 5 was revised on 27 December 1985,

-12-



Fig. 26. Moose. Yukon Territory. Primary incisor mid-sagittal section.
Portions of sections taken above the root tip to illustrate the first year's
cementum growth. A delicate dark band (labelled x in the photographs) is
not an annual band. A. Calf, B Age 1% . Model on page 5 was revised on
27 December 1985.

& —_— — _—— -

Fig. 27. Elk, known age. Primary incisor mid-sagittal section. The first
dark band is only present 7-8mm above the tip of the root. Near the root tip,
the second year band is close to the dentin. A, Oregon, Age 554, 73X. B. 22X,

C. Washington, Age 1%A. Portion of the section above the root tip. 52X.

Model on page 4.
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Fig. 28. Elk. Washington.

The second year band is characteristically close to the dentin of
and less prominent than the third year band. A. 22X.

Primary incisor mid-sagittal section. Age 454,

the root tip,

B. 52X, (€. 52X. Model
on page 4.
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Fig. 29. Pronghorn. Kansas. Primary incisor mid-sagittal section. There is
no dark band in yearling incisor sections. The second year band may be very
close to the dentin and less prominent than subsequent annual dark bands.

A. Age 45A, 22X. B. Age 1%A, 52X. C. Age 2%A, 52X. D. Age 3%A, 52X. E. Age
4%A, 52X. F. Age 55A, 52X. Model on page 4. - -
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Fig. 30. Mountain goat. British Columbia., Primary incisor mid-sagittal section.
The second year dark band is characteristically separated from the dentin above
the root tip, but is very close to the dentin at the tip. The goat cementum
pattern is among the most distinct of all species. A. Age 4%A, 22X. B. 50X,

C. Age 5%A, 84X. D. 22X. Model on page 4.
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Fig. 31. Sheep. British Columbia., Primary incisor mid-sagittal section.
The second year dark band may not be distinct at the root tip, but may be
present only at some distance above it. The last-formed annual dark band is
usually distinct only at the tip of the section., A, B. Age 13B, 50X. C. 22X.
D. Age 95B. The dark bands of sheep incisor sections are sometimes diffuse
and difficult to count. 50X. E. 22X. Model on page 5.
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Fig. 32, Black bear, Premolar One mid-sagittal section. The grizzly bear
cementum pattern is similar in all respects, but is usually less distinct,

has more non-annual dark bands, and is more difficult to age. A, B, New
Hampshire. Age 2%A, 47X. C. The first year dark band has a variable location
relative to the dentin., It may either be very close to the dentin, and difficult
to distinguish, or may be clearly separated. 22X. D. North Carolina. Multiple,
non-annual bands (a) are frequent in bear tooth sections. 136X. E. Montana.
Tooth collected in May. Light cementum (b) has formed at the periﬁhery of the
root, distal to the dark band of winter (c). 86X. Model on page 5.

0
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Fig. 33. Raccoon. Kansas. Canine mid-sagittal section. A. Age SA, 22X.
B. Age 3%A. The first, prominent dark band extending across the root tip is
the second year band. 22X. C. 46X. Model on page 5.

Fig. 34. Raccoon. Incisor longitudinal section. The first year dark band is
prominent in the section tip. A. New York. Age 2%A, 22X. B. 51X. C. North

-

Carolina, Age 6%A, 47X. Model ‘on page 5.

-19-



Fig. 35. Fisher. Canine mid-sagittal section.
separated from the dentin by a broad light band.

The first year dark band is

A. New York.

annual dark bands. 77X, B. 259X, (. 22X. D. New Hampshire.

Model on page 5.

220-

Age 6%A.

Double

Age 254, 51X.





