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Abstract

Naorgaard!, N. and Larsen?, B. H., 1991: Age determination of harbour seals
Phoca vitulina by cementum growth layers, X-ray of teeth, and body length. -
Dan. Rev. Game Biol. 14(4).

X-ray photos of canine teeth from harbour seals (Phoca vitulina) were used to age
determine seals <2 years old. It made it possible to eliminate the younger age
classes from the more time and work consuming age determination procedures.
For seals 3-15 years old, X-ray photos may be used to give an approximate age.
Among 58 seals with a pulpa cavity of less than 5% of the largest width of the
tooth, 55 (95%) were over 15 years old. Application of polarized light facilitated
the readings of tooth growth layers deposited during the first three to five years of
life. Pups two to three months old have one cementum growth layer. One-year-old
seals have three growth layers, and in each subsequent year two additional growth
layers are deposited. An age classification of 597 seals as pups (< ¥ year old),
subadults (¥2-3%: years old) and adults (>3 years old) on the basis of body
length lead to the same age class as found by dental examination for 89.9%,
82.7% and 93.1% of the seals, respectively.
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INTRODUCTION

A prerequisite in almost all mammalian
ecology studies is a reliable method of age
determination which will make it possible
to distinguish at least between adults,
subadults and pups.

For many mammalian species the
tooth-annulation method is the most ac-
curate means of age determination (Tho-
mas 1977, Grue and Jensen 1979).

At least 21 seal species have been age
determined by counting incremental lines
(growth layers) of either dentine or cemen-
tum (McLaren 1958, Mansfield and Fisher
1960, Laws 1962, Klevezal and Kleinen-
berg 1967, Smith 1973, Stirling et al. 1977,
Bowen et al. 1983).

In harbour seals (Phoca vitulina)
growth layers in the dentine become in-
creasingly irregular and indiscrete when
the seals exceed four years of age, and thus
difficult to count (Bishop 1968). Conse-
quently, age determination of harbour
seals is based on growth layers in the
cementum (Mansfield and Fisher 1960,
Bishop 1968, Bigg 1969, Mghl cited in Sen-
dergaard et al. 1976, Stirling et al. 1977,
Marsh and Scheibel 1989, Dietz et al., in
press). Mansfield and Fisher (1960) ana-
lysed dental structures by use of transmit-
ted light and reported an annual deposition
of two cementum layers: one translucent
and one opaque.

The decalcifying, sectioning and stain-
ing methods preliminary to the actual ana-
lysis are time and work consuming. Doutt
(1942) and Morris (1972) suggested that
juveniles might be age determined on the
basis of X-ray photos of teeth, thus elim-
inating the youngest age classes from the
time consuming procedure. Laws (1962),
Smith (1973) and Bowen et al. (1983)
measured the dentine thickness, but did
not relate the results to age determination.
It is hypothesized that if the annual growth
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of dentine + cementum exceeds interindi-
vidual variations within the population,
age determination based upon measure-
ments of these tissues will be possible.

During the epizootic within the Danish
harbour seal (Phoca vitulina) population
in 1988 (Bogebjerg et al. 1991; Dietz et al.,
in press), canine teeth from 489 carcasses
in the Danish Wadden Sea and 199 carcass-
es in the Limfjorden were collected during
the months May-October and July-Oc-
tober, respectively. The use of X-ray
photos of these teeth as a method of age de-
termination is examined and the results are
compared with the ages found by counting
the number of growth layers in the cement-
um. Furthermore, body lengths are related
to ages found by dental examination, and
the reliability of body length measure-
ments as a method for age determination is
evaluated.
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MATERIAL AND METHODS

When determining the age of the 688 seals,
it is presumed that all seals are born on 1
July, which is the peak pup production
date found in the Wadden Sea by Drescher
(1978). To categorize the age of seals, pups
< 6 months were grouped in »age class O«,
seals =6 and < 18 months in »age class 1«,
seals =18 and <30 months in »age class
2«, etc.

The dissected canine teeth were kept in
tap water when not used in analysis.

Radiography

Before decalcifying, the right or left lower
canine tooth from each of the 688 seals was
placed on »Kodak X-Omat MA« X-ray
films (18 x 24 cm). After processing, the
films were cut and photos of individual
teeth were mounted in 4 x 4 cm slide
frames, which were then subjected to
measurements of dentine + cementum
thickness, largest width of the tooth, and

Width of pulpa opening

Hard tissue thickness
at outer curvature

Total width

Hard tissue thickness
atinner curvature

Fig. I Indication of where to measure: dentine +
cementum thickness at inner and outer curvaiture, lar-
gest width of the tooth and size of the pulpa opening.

teeth; Mads-Peter Heide-Jergensen and
Ditta Ries for comments on an earlier draft
of the paper.

width of the pulpa opening when one such
was present. Measurements of dentine +
cementum thickness were made at the
outer and inner curvatures of the tooth,
and at the site where the pulpa cavity was
widest (Fig. 1). The thickness of dentine +
cementum was expressed as the average of
the two measurements, and dentine +
cementum percentage was expressed as

100 x (dentine + cementum thickness) x 2
largest width of the tooth

A combination of dentine + cementum
thickness and dentine + cementum percen-
tage (Modified DC-thickness) was calcu-
lated among seals with a dentine + cemen-
tum percentage > 66% as

MDC =
Y2 x (dentine + cementum thickness +

(-0.7 + 0.44 x dentine + cementum percentage))
(see p. 24).

In other cases Modified DC-thickness was
equal to dentine + cementum thickness.

A Wild stereoscope (6-50 x ) was used
for all measurements, which were carried
out with an accuracy of 1/10 mm.

Dentine + cementum thickness and
dentine + cementum percentage were
plotted as frequency curves. As the ma-
terial originated from animals that all died
during the same 6-month period (May-Oc-
tober), discrete peaks in the frequency
curves were interpreted as discrete age clas-
ses according to the hypothesis presented
in the introduction.
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Decalcification, sectioning and
staining

After radiography of the teeth, the basal
8-10 mm of the roots were cut off. The
roots were placed in separate gauze nets, 30
at a time, in a constantly stirred 2.4 [ nitric
acid (HNO,) solution.

Pilot projects had indicated that a sol-
ution temperature of 19-21°C in combina-
tion with a stronger HNO, solution than
the one described by Jensen and Nielsen
(1968) facilitated the total removal of cal-
cium and reduced the time needed for
decalcifying, while the use of the proposed
concentration reduced the risk of damag-
ing the teeth. Accordingly, the first 24
hours of decalcification were carried out in
9% HNO,, the succeeding 36-48 hours in
5.6% HNO,, and temperature was kept
between 19 and 21°C.

After decalcification, each root was
washed in tap water for one minute, and
left in 100 ml tap water for 24-48 hours be-
fore dehydrating and embedding in
paraffin wax. From each tooth four lon-
gitudinal sections of 15-20 microns were
prepared on a Leitz microtome. Applica-
tion of water to the paraffin block immedi-
ately before cutting facilitated handling
the tissue.

Staining was carried out ina 2:2:1 mix-
ture of 1% toluidine blue, 2% Borax (so-
dium borate) and 1% Pyronin (Allen and
Melfi 1985). After staining for 90-100 sec-
onds, specimens were successively rinsed in
distilled water, 70% ethanol, 93% ethanol,
99% ethanol, for 30, 15, 15, and 2 x 300
seconds, respectively, and sealed with
cover slips before analysis.

Reading

Reading of growth layers in the root
cementum of stained sections was carried
out with transmitted light in a polarization
microscope. All sections were read both
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with and without the use of polarization
filters. As observed by Hewer (1960) and
Laws (1962) the layers deposited during the
first 3-5 years of life were more diffuse
than layers deposited later on in life.

Cementum growth layers of each tooth
were counted on both sides of the root in at
least two sections. When discrepancies
were found, age was determined from the
largest number of layers counted. All teeth
were read twice by the same person, on two
different days. In cases of diverging results
in the two readings, a third reading was
carried out before the age was finally es-
tablished.

Lower canines from six free-ranging
seals of known age (1, 2, 4, 4, 5, and 7 years,
respectively) were prepared and used as
reference. Five of the seals were freeze
branded and released from the Sealarium
in Esbjerg at the age of 3 months, whereas
the last one was caught and freeze branded
in the open.

Body length measurements

The body length was measured and the sex
determined in the field by local collectors,
and later on the seals were aged by dentine
+ cementum measurements or by the
decalcifying procedure. To evaluate the
reliability of the body length as an indica-
tion of age in Danish harbour seals, the re-
lation between body length and age of 597
carcasses was analysed. The data sets were
fitted to the growth equations of

Von Bertalanffy: L, = Leo (1 -a x exp(- kt))
and Gompertz: L, = Loo (exp(-a X exp(- kt))

(Kaufmann 1981), where L, = total length
from tip of nose to end of hind flippers of
an animal at age t, Lo = the asymptotic
total length, k = growth coefficient, deter-
mining the rate of increase in length and
»a« is a constant (see Table 4). t = 0 indi-
cates the day of birth (fixed at 1 July).
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Curve fits were performed using the
programmes: »KaleidaGraph« and »Sys-
tat« on a Macintosh computer.

For age determination purposes, the
lengths found by use of the Bertalanffy
equation on a ¥ year old and a 34 year old
seal were used fo separate pups from
subadults and subadults from adults,
respectively.

RESULTS

The conversion factor between total
length and standard length {tip of nose to
end of tail) (Committee on marine mam-
mals 1967) of Danish harbour seals was cal-
culated on the basis of measurements of
203 seals, measured by the same personata
post-mortem examination and aged by
dental examination.

Age determination based on radiography

Dentine + cementum thickness peak-
ed around 0.3, 1.0-1.2, and 1.9 mm (Fig. 2)
and these peaks were interpreted as
representing seals belonging to »age class
O«, »age class T« and »age class 2«, respect-
ively. Less distinct peaks were observed in
the frequency curve showing dentine +
cementum percentage, and age separation
by this curve is possible only for the two
youngest age classes (Fig. 3).

The teeth were classified in four groups
on the basis of the two frequency curves
{Table 1). A random selection of fifteen
teeth in each of the groups 2 and 3 and three
teeth in group 1 were picked for additional
age determination by the decalcifying-
staining procedure; for all 33 teeth the ob-
tained age was identical for the two
methods. Therefore, no further age deter-

mination was considered necessary for the
teeth in groups 1, 2 and 3. Teeth in group 4
were all age determined by the decalcifying-
staining method.

Of the seals with a pulpa opening vis-
ible on X-ray photos, 99% (n==353) turned
out to be =<4 years old. When the pulpa
opening exceeded 40% of the largest width
of the tooth, the examined seals were pups.

Among teeth with a dentine + cemen-
tum percentage between 66% and 95%, a
linear regression between age and dentine
+ cementum thickness on one hand and
age and dentine+ cementum percentage on
the other hand gave correlation coeffi-
cients of 0.68 and 0.71, respectively.
However, it was empirically found that
Modified DC-thickness gave a better corre-
lation to the obtained age than did either of

Tuble 1. Classification of the 677 examined seals in four groups, according to the specified criteria on denfine
+ cementum thickness and dentine + cementum percentage. The corresponding age classes are based on an
interpretution of the frequency curves in Figs 2 and 3 (see text). N is the number of seals in each group. Aliseals
were recorded between May and October 1988.

Dentine + cementurn Dentine + cementum  Group  Age class according to N
thickness percentage the frequency carves
< 0.5 mm <13% i i 104
0.9-1.3 mm 20-35% 2 | [19
1.7-2.0 mm 40-55%, 3 2 69
Teeth that do not fit into
group |, 2or 3 4 385
Total 677
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Fig. 2. The frequency curve of dentine+ cementum thickness in canine teeth for 677 harbour seais recorded
from May-October 1988 in the Danish Wadden Sea and in the Limfjord area.
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Fig. 3. The frequency curve of dentine+ cementum percentage in canine teeth for 677 harbour seals recorded
Jfrom May-October 1988 in the Danish Wadden Sea and in the Limfjord area.
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the two above measurements separately
(R=0.74).

The formula »- 0.7 + 0.44 x (dentine
+ cementum percentage)« was the result
of a linear regression on dentine + cemen-
tum thickness as a function of dentine +
cementum percentage among teeth with a
dentine + cementum percentage between
66% and 95%.

The age distribution of the examined
seals with a Modified DC-thickness of =
0.6, 0.7-1.5, 1.6-2.3, 2.4-2.7, 2.8-3.2, 3.3-3.9
and =4.0 was concentrated around the age
classes 0, 1, 2, 3, 4-6, 7-10and > 15, respect-
ively (Table 2).

More than 96% of the examined seals
with a Modified DC-thickness index be-
tween 0 and 2.3 were identically aged by the
use of Modified DC-thickness and by a
combination of dentine + cementum
thickness and stained sections.

As the pulpa cavity narrows the corre-

40
25
30
25

|

Age (years)
—_ = D
S v O

wn

lation between the two methods decreases
(Fig. 4). When the pulpa cavity is filled, a
further increase in thickness of dentine +
cementum is caused only by increased
cementum, leading to a weak correlation
between age and dentine+cementum
among seals =15 years (R=0.25, df=58).
Among 58 seals with a dentine +
cementum percentage =95%, 55 were be-
tween 16 and 37 years old. The last three
were 13, 14 and 15 years old, respectively.

Age determination based on
sections of teeth

Stained sections of teeth from three pups
collected in October all had a layer of
cementum outside the neonatal line. The
layer appeared as alight band. Based onthe
15 examined seals in group 2 (one year old)
and 3 (two years old) it was found that two
additional layers, one dark and one light,

x x
X x HMHN XK
xXXMHMNX xx

0O MOV O | O O KT |

o

20 30 40
Modified DC thickness

Fig. 4. The relation between Modified DC-thickness and the obtained age for 677 harbour seals recorded from
May-October 1988 in the Danish Wadden Sea and in the Limfjord area.
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Table 2. Separated age distributions of 677 examined seals according to the index of Modified DC-thickness

(MDC).
Age classes
MDC 0 1 2 3 4-6 7-10 11-15 >15 N
%o % % % L] %o %o %
0-0.6 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 120
0.7-1.5 0.0 99.3 0.7 0.0 0.0 0.0 0.0 0.0 135
1.6-2.3 0.0 2.0 96.1 2.0 0.0 0.0 0.0 0.0 102
2.4-2.6 0.0 0.0 1533 69.5 15.3 0.0 0.0 0.0 59
2.7-3.2 0.0 0.0 0.0 B0 | 84.9 12.9 | 0.0 93
3.3-3.9 0.0 0.0 0.0 0.0 14.1 65.2 18.5 2.2 92
4.0-> 0.0 0.0 0.0 0.0 0.0 9.2 11.8 78.9 76
Total 17.7 20.1 16.0 6.5 14.9 11.7 4.0 9.2 677

were deposited per year (Fig. 5). This pat-
tern was confirmed by the number of
growth layers counted in the six seals of
known age. An outer dark band was ob-
served among some of the seals, but it
could not be determined whether it was a
deposition of a new dark cementum layer
or an artifact from an extra uptake of stain
at the edge of the section.

Age determination based on body
length measurements

The asymptotic length of males (n=341)
was significantly greater than that of fe-

males (n=256) (t-test, using the results of
the Von Bertalanffy curve fits, t=6.9,
p<0.001) (Table 3, Figs 6 and 7). Females
and males reach 95% of their asymptotic
length at the age of 4.9 and 5.8 years,
respectively. The difference between the
lengths predicted by the two growth equa-
tions was for no age class more than 0.9 cm,
and the R-values obtained did not differ
(Table 3).

The conversion factor between total
length and standard length was significant-
ly higher for pups than for older seals (t-
tests, t=9.7, p<0.001), but not significant-
ly different for subadults and adults (t-test,

Fig. 5. Growth layers in the cementum of a canine tooth from a harbour seal, age determined fo two years.
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Fig. 6. Age/length relation for 341 male harbour seals recorded in the Danish Wadden Sea and the Limfjord
area. The fitted curve is based on the Von Bertalanffy growth equation.
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Fig. 7. Age/length relation for 256 female harbour seals recorded in the Danish Wadden Sea and the Limfjord
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t=0.65, p>0.25) (Table 4). No difference
was observed between males and females
(all ages, t-test, t=0.66, p>0.25).

On the basis of the obtained conversion
factors, an asymptotic standard length
(L) of 157 cm and 146 cm was found for
males and females, respectively. The stan-

dard length of new-born female and male
pups was 87 cm and 90 cm, respectively.

Of the seals categorized by body length
measurement as pups, subadults and
adults, 89.9%, 82.7% and 93.1%, respect-
ively, were aged to the same categories by
dental examination (Table 5).

Tuble 3. Growth parameters of the Von Bertalanffy and the Gompertz growth equations, fitted to age and length
data of 341 male and 256 female harbour seals. All seals were recorded between May and October 1988. Num-

bers in brackets indicate standard error.

Sex Equation Loo, Total Lty, Total a k R
(cm) (cm)
Males Bertalanffy 176.7 103.5 0.415 0.367 0.92
(1.2) (0.008) (0.02)
Gompertz 176.0 104.3 0.524 0.433 0.92
1.2) (0.012) (0.022)
Females Bertalanffy 164.5 100.8 0.387 0.418 0.93
(1.2) (0.009) (0.031)
Gompertz 163.9 101.6 0.478 0.486 0.93
(1.2) (0.013) (0.033)

Table 4. Conversion factors between standard length and total length of pup (age class 0), subadult (age class
1-3) and adull (age class >3) harbour seals, and of males and females (all ages). All seals were recorded between
May and October 1988. The measurements were made by the same person at a post-mortem examination. N is

the number of seals in each age class.

Category Total/Standard length SE N
Age class 0 1.157 0.016 7
Age class 1-3 1.129 0.018 62
Age class>3 1.127 0.020 59
Males, all ages 1.139 0.021 111
Females, all ages 1.141 0.023 98

Table 5. Relation between total body length according to growth equations, and age based on examination of
the teeth, for pups (0-¥: years old), subadults (¥3-3%4 years old) and adults (>34 years old).

A B
Age Total body length age class based on N
in according to growth examination of teeth (%)
years equations (cm)
Female Male 0 1-3 >3
0-'4 <113 <116 89.9 10.1 0.0 99
V2-3%5 - 113-149 116-156 6.8 82.7 10.5 266

> 149 > 156
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DISCUSSION

Based on the peaks in the frequency curves,
a correlation between Modified DC-thick-
ness and age was found among seals in age
classes 0, 1 and 2. The interpretation of the
peaks was confirmed by the decalcifying-
staining method. The peaks in the fre-
quency curves (Figs 2 and 3) may have been
caused by the high growth rate of dental tis-
sue in young seals (Laws 1962, Smith 1973),
and by the fact that all examined seals died
during a restricted period (May-October).
Interindividual variation in growth of
dentine+ cementum layers, combined with
the smaller annual increase in thickness of
dentine in older seals (Laws 1962, Bowen et
al. 1983) meant that peaks could not be dis-
tinguished for dentine + cementum thick-
nesses >2.2 mm.

The correlation between Modified DC-
thickness and age among seals with a
dentine+cementum thickness >2.2 mm
was based on the ages established by the
decalcifying-staining method. According-
ly, for seals older than two years, radio-
graphy as a means of age determination is
compared only to the decalcifying-staining
method.

The good agreement between the ages
obtained in the age classes 0, 1 and 2, using
radiography and the decalcifying-staining
method, indicates that radiography might
be used as a cheap and fast method to
eliminate the younger age classes from the
more time and work consuming decalcify-
ing-staining method.

As all seals examined in this study died
within the period May-October, caution
should be taken if the described relation be-
tween Modified DC-thickness and age is to
be used on seals which die outside this per-
iod, or on seal populations with a different
pupping season.

The number of annual cementum
growth layers of the six seals of known age

was in agreement with previous works of
Mansfield and Fisher (1960), Hewer (1964),
Bishop (1968), Bigg (1969), Marsh and
Scheibel (1989) and Dietz et al. (in press) ex-
cept for their first year, where three instead
of two growth layers were observed. From
British Columbia, Bigg (1969) reported
that the first cementum is deposited at 2-3
months of age, and that it appears as a dark
band. However, among the three pups
examined in this study, the first layer of
cementum was well developed at the age of
2-3 months, indicating that the deposition
had started earlier and probably already
during the suckling period. Furthermore,
the layer appeared as a light band. It is not
clear why this innermost cementum layer
has not been observed in other studies.

As sections of teeth from seals of
known age were used for reference in inter-
preting growth layers, estimation of relia-
bility of the used age determination
method was not possible. However, based
on the reference teeth and the agreement in
obtained age by X-ray and the decalcifying-
staining method, it was estimated that sec-
tions of good quality in the age classes 0, 1
and 2 were correctly aged. Among older
seals, the divergence between the number
of growth layers counted in two indepen-
dent readings demonstrated that for the
age classes 3-10, 11-20 and > 20 years, the
age cannot be determined with an accuracy
better than + one year, + two years and +
three years, respectively.

Hewer (1960), Laws (1962) and Mans-
field (1991) stated that doubt about the age
often arose due to difficulty in interpreting
the innermost and the outer layers. The in-
creased uncertainty in age determination
of old animals was due to difficulties in
counting the increasingly narrower outer-
most bands.

The bands in the cementum are often
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widest on the concave side of the tooth, but
the narrower and more distinct bands at the
convex side may be more easy to read. In
some teeth the cementum layers were very
ondulating due to varying thickness within
the single layers, which made them difficult
to read.

Application of cross polarized light
made the appearance of pale or diffuse
dark bands deposited during the first three
to five years of life more distinct. For seals
older than 10 years, thinner and more dis-
tinct layers are deposited, which are most
easily read without polarization.

The asymptotic standard length of fe-
males and males observed in this study are

DANSK RESUME

in good agreement with the results present-
ed by Boulva and McLaren (1979), Bigg
(1981), Drescher (1979), Markussen et al.
(1989), and Hirkénen and Heide-
Jergensen (1990) (Table 6).

Asindicated by the good agreement ob-
tained between body length and age (Table
5), body length measurements may be used
to classify the seals as pups, subadults and
adults when a gross estimate of age is suffi-
cient. The length measurements, as a
means to indicate age, are advantageous
when the age of live seals is needed, because
they are easy to obtain and do not demand
any costly equipment.

Aldersbestemmelse af speettet seel Phoca vitulina pa grundlag af
veekstlag i tandcement, rentgenfotografering af teender, samt

kropslaengde.

Rentgenoptagelser af hjsrnetaender fra spaettet
szel (Phoca vitulina) kan bruges til at aldersbe-
stemme 0-, - og 2-arige seeler. Det er derved mu-
ligt at frasortere disse aldersklasser for aldersbe-
stemmelse med den mere tids- og arbejdskrze-
vende metode med farvede tyndsnit. For saler
mellem 3 og 15 ar kan rentgenfotos bruges til at
estimere alderen (tabel 2, Appendix 1). Af 58
szeler med en pulpahule pa mindre end 5% af
tandens sterste diameter var 55 (95%) over 15 ar.

Anvendelse af polariseret lys gor det nem-
mere og mere sikkert at aflaese antallet af vaekst-

Peswme Ha DYCCKOM H3HKE:

lag i hjerneteenderne fra de ferste 3-5 ar.

Undersogelser af farvede tandsnit viser, at
der i de forste 2-3 maneder afszettes ét lag tand-
cement, og at yderligere to lag afseettes for hvert
af de efterfelgende ar, sdledes at en etérig seel
har tre lag og en todrig har fem lag.

En aldersopdeling i unger (< ' ar), sub-
adulte (¥2-3'2 ar) og adulte (>3 &r) pa grund-
lag af leengdemal henferte henholdsvis 89,9%,
82,7% og 93.1% af de undersagte seler til sam-
me aldersgruppering som blev opnéet ved tand-
undersogelsen.

OnpeneneHue BoO3pacTa NATHUCTOrO ThneHa Phoca vitulina Ha ocHOBaHUM POCTOBHX

crnoes 3y6HO[‘C LUEMEHRTa, DEeHTreHOBCKUX CHHMKOB SEGOB ¥ ONUHH Tena.

FeHTreHoBCKHE CHHMKHM KNHKOB NATHHCTOTO
TioneHa Phoca vitulina MOTryT MCHOONE3OBATE-
cA InA onpepeneHus Bospacta O-, I- u 2-

neTHuUX ThneHeid. Takum 0O6pPasoM BOSMOKHO
OTCOPTHPOBATDL 3ITH BOIPACTHHE KIACCH L0

ompeneneruA BolpacTa Tpelywmum Gonsle
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BpeMeHUM ¥ TDYLA CHOCOGOM OKPBWEeHHHX TOH-
KUX paspesoB. JUIA OUEHKM BO3pacCTa THNeHei
or 3 mo IS5 ner MoryTr MCHONbL3IOBATHCHA PEHI-—
redoBckue cHuMku (Tat6n. 2, lpunoxenue I).
W3 58 rwneseil ¢ nynenoBO¥ MONOCTER MEHB—
we 5% makcuMmanbHOTo AMameTrpa 3yda, 55
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(95 %) Gunu crapme IS ner.

llpuMeHeHue NONRPUSKPOBEKHOLC CBETE
QO6NeruaeT ¥ NOBHHMAET TCUHOCTE CUUTHEBEHWUA
YXCHA POCTCOBHX CJICEB B KIHNKAX C NepBRux
3-5 rounos.

HecnenoBaHyus OKDalleHHIX Da3REIOB 3¥y-—
6OB TMOKAa3LEBAIOT, UTO B NepBHe 2 - 3 Mecaus
oTnarasTena ONME c¢nol ayoHoro ueMenta, u
yTo 3a Ka*nmﬁ nocnenymmnﬁ ol CTHarawTcs
eme ABA CJOH, TBK 4YTO y ONHONETHETrD TH-
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Mean age (birth date fixed to 1 July) and standard deviation (SD) of 677 seals with a Modified DC-
thickness between 0.1 and 5.2. The seals were recorded between May and October 1988. N is the
number of seals with the specified Modified dentine + cementum thickness.

Modified DC-  Mean age SD N Modified DC-  Mean age SD N
thickness (years) thickness (years)

0.1 -0.05 0.05 26 2.7 3.35 0.65 10
0.2 0.04 0.07 15 2.8 4.80 0.87 8
0.3 0.09 0.05 33 2.9 4.99 0.93 16
0.4 0.15 0.08 30 3.0 5.14 0.95 30
0.5 0.24 0.11 12 31 5.50 1.05 18
0.6 0.19 0.14 4 3.2 6.83 1.93 21
0.7 0.89 1 3.3 7.93 2.50 19
0.8 0.94 0.04 7 3.4 7.95 2.21 15
0.9 0.93 0.03 10 3.5 9.10 1.95 20
1.0 1.00 0.07 30 3.6 9.74 2.88 12
1.1 1.06 0.08 22 3.7 9.39 1.64 13
12 1.13 0.06 31 3.8 10.22 1.49 12
1.3 1.14 0.06 27 3.9 7.15 1
1.4 1.21 0.06 6 4.0 15.45 8.12 10
1.5 2.26 1 4.1 13.88 7.55 4
1.6 1.66 0.55 3 4.2 15.55 4.09 7
1.7 1.86 0.29 10 4.3 20.35 5.46 12
1.8 2.06 0.11 19 4.4 21.03 5.06 8
1.9 2.07 0.08 26 4.5 24.08 6.05 13
2.0 2.11 0.07 20 4.6 23.78 5.52 10
2.1 2:23 0.29 14 4.7 21.47 4.64 4
2.2 2.15 0.05 4 4.8 27.45 8.37 3
2.3 2.31 0.45 6 4.9 24.44 2.11 2
2.4 3.09 0.56 16 5.0 26.11 1
2.5 3.26 0.55 18 5.1 36.10 1
2.6 2.89 0.47 15 5.2 25.05 1




