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Introduction

Investigation of the periodic development
of tooth cementum is to-day a commonly-
used method for determining the age of
mammals (Morris 1972). Even though
the method is used as a routine tool,
practically nothing is known about the
physiological processes leading to deve-
lopment of the annual incremental lines.
It is, however, generally believed that
natural fluctuations in the environment to
which an animal is exposed somehow af-
fect these processes.

Most of the species investigated for the
presence of annual cementum structures
come from the northern temperate zone,
where environmental conditions show
marked seasonal variation. However it has
been shown that not only wild animals
exposed to natural conditions, but also
farm-raised specimens, leading an ex-
istence far from natural, develop incre-
mental lines that can be correlated with
an annual periodicity (KLEVEZAL & KLEI-
NENBERG 1967, GRUE & JENSEN 1976).

As part of a study of the nature of
incremental lines, especially the season
for their development and their distinct-
ness in relation to climate, it was of
interest to establish whether annual in-
crements would develop in any chosen
specimen, no matter how artificial the
nature of its environment might be. Of
the Danish species of carnivores, the dog
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(Canis familiaris), kept as a domestic
animal, leads the least natural existence
both with regard to diet and exposure to
climate. Furthermore as material of known
age is easily obtained, the domestic dog
seemed the most suitable animal for study.
The specific aim of this investigation was
to establish whether distinct incremental
lines are present in the tooth cementum
of domestic dogs, and to verify whether
the visible pattern of lines can be related
to a regular time scale. The investigation
was supplied by a grant from the Danish
National Science Research Council.

The material studied includes teeth
from 16 domestic dogs from Denmark,
ranging in age from 8 months to 13
years, plus 2 specimens of unknown age.
10 of the dogs of known age were ob-
tained as skinned heads from the Depart-
ment of Pathology, Royal Veterinary and
Agricultural University, Copenhagen, and
comprised 2 Alsatians, 2 poodles, 1 New-
foundland, 2 Labrador retrievers, 1 Irish
wolfhound, 1 Airedale terrier and 1 Pe-
kingese. 4 dogs of known age (2 wire-
haired dachshunds, 1 Alsatian and 1 wire-
haired Fox terrier) were obtained from the
Institute of Comparative Anatomy, Uni-
versity of Copenhagen. From 2 poodles
kept as pet dogs by the author, I; and I»
were extracted in vivo for hygienic rea-
sons. For one of these dogs, 14 months
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elapsed between extraction of the two
teeth. Lastly, heads of 2 large dogs, age
and race unknown, were obtained from
the Game Biology Station, Kale.

In order to compare the nature of the
incremental lines in domestic dogs from
two different climates, teeth from 8
sledge-dogs (Canis familiaris) of un-
known age and 1 of known age from
Greenland were sectioned. The skulls of
unknown age were collected at Scoresby-
sund by Mr. Atwin Pepersen during the
years 1927-29, and that of known age
(20 months) by Mr. HARrY MADSEN at

Godhavn, Disko in 1948. A canine and
an incisor (I3 or I») were kindly pla-
ced at my disposal by cand. mag. P.
VALENTIN-JENSEN, the Zoological Museum
of Copenhagen.

Sledge-dogs in Greenland lead an ex-
istence which with regard to exposure to
environmental fluctuations is almost the
same as that of a wild carnivore. The
dogs are kept in the open all year round
and are most often only fed during win-
ter, when they are used as work-animals;
the rest of the year they are almost wild
and must seek their own food.

Method

Fresh jaws were boiled in water for 10
minutes in order to allow teeth to be ex-
tracted without damage to the cementum.

Teeth were then decalcified in 5% ni-
tric acid (HNO3) and sagittal histological
sections were prepared as described by
Grut & Jensen (1973). The thickness of
sections was approximately 12 ju.

Various teeth from the Danish dogs
were sectioned in order to establish which
tooth would be the most suitable for
further sectioning. As the pattern of in-
cremental lines did not vary noticeably
from one tooth to another in the same
specimen, it was assumed that under nor-
mal conditions development of the lines
would be identical in a whole set of teeth,
this being in accordance with observations

in a number of wild carnivore species
(KLevezar 1970 and own unpublished
results). However, it has been stated that
injuries to the tooth may cause an ab-
normal thickening of the cementum
(SicuEr & Bmaskar 1972). Furthermore,
in 5 species of Danish carnivores previ-
ously studied, it was observed that hyper-
cementosis affects the development of in-
cremental lines, usually resulting in a
high production of lines. Consequently,
in this study teeth showing signs of ab-
normal cementum development were
omitted. Generally two teeth, a canine
and an incisor or premolar, were sec-
tioned from each specimen. In the two
live domestic dogs only incisors were
sectioned.

Results and discussion

A distinct layer of cementum was present
in teeth from all 18 Danish dogs, and
incremental lines were visible in 17 of
them. The single animal lacking lines was
the only specimen known to be less than

one year old, namely an Alsatian of 8
months age. In the domestic dog perma-
nent incisors, canines and premolars erupt
before the animal reaches an age of ap-
proximately 8 months (Sisson & Gross-
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MAN 1938). As cementum formation is
usually initiated before eruption (SicHER
& Buaskar 1972), the number of incre-
mental lines could be expected to equal
the age in years, if the domestic dog fol-
lows the pattern observed in other mem-
bers of the family Canidae. The question
is whether the observed number of in-
cremental lines can be correlated with a
time scale (not necessarily annual), as in
wild animals.

Examination of the incremental lines
made it clear that assessment of the exact
number was difficult in most cases and
impossible in some, due to the nature of
the lines. In general, these appeared faint
and poorly-defined compared with lines
seen in the Danish red fox (Vulpes vulpes)
(GrUE & Jensen 1973). Since the prepara-
tion of sections was performed exactly as
for the red fox, and as sections were satis-
factory from a histological point of view,
it was assumed that the cause for the
diffuseness of the lines lay in the material
itself and not in the preparation technique.
2 of the 18 specimens (a 16-months old
wire-haired Fox terrier and a 10-year old
Pekingese) possessed lines as clear as
those found in the red fox. Nevertheless,
for the 15 specimens of known age older
than one year, it was very evident that
the number of lines present by far ex-
ceeded the number of years the animal
had existed (Fig. 1). Thus, the above
mentioned 16-months old Fox terrier and
the 10-year old Pekingese showed 3 and
14 lines respectively, while a 6-year old
Labrador retriever showed 11 lines, and
one of the live poodles, 13 years old,
showed at least 27 lines.

It proved to be impossible to establish
any correlation between the age of a dog
and the number of incremental lines in
its teeth, and the pattern of lines was
much more irregular than that observed
in 5 species of wild Danish carnivores
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previously studied. It was therefore con-
cluded that the development of incremen-
tal lines is not correlated with seasonal
cycles in dogs kept as domestic animals
in Denmark.

In the 9 sledge-dogs from Greenland
canine cementum showed a pattern of
incremental lines that did not correspond
in appearance to the general picture ob-
served in the Danish dogs, but was much
more like that previously observed in the
arctic fox (Alopex lagopus) from Green-
land (Grut & Jewsen 1976) and in the
red fox (Vulpes vulpes) from Denmark
(Grue & Jensen 1973). Furthermore, as
the 20-month old sledge-dog, killed in
October showed 1 well-defined incremen-
tal line in the cementum, it seems reason-
able to assume that in dogs living un-
sheltered in the arctic, incremental cemen-
tum lines develop according to a seasonal
cycle, and that the number of lines pre-
sent corresponds to the age of the animal
in years as is the case in wild carnivores.

Other species of the genus Canis in-
vestigated for age-related structures in
teeth include the coyote (Canis latrans)
(LinaarT & Kwowrton 1967) and the
black-backed jackal (Canis mesomelas)
(LomBaarp 1971). Distinct incremental
lines were found in both species, and
through studies on animals of known age,
it was established that the number of lines
present corresponded to the age of the
animal in years. Material for these two
studies was collected in the temperate
zone, (northern and the southern parts
respectively), as the coyotes were from
Wyoming and Montana, North America,
and the black-backed jackal from Trans-
vaal, South Africa.

Distinct incremental lines have also
been observed by the author in a single
specimen of wolf (Canis lupus), Sudbury,
Canada. The animal killed in June, showed
a developing first incremental line border-
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Fig. 1. Section of canine of 6-year old Labrader dog, Denmark. Close-set incremental
lines are visible in the cementum. 11 lines were discerned in the section, and although
they are less clear in the figure, the number visible exceeds the animal’s age.

vy B it 1 mm
Fig. 2. Section of canine of sledge-dog (CN 3301), Greenland. 5 well-defined incremental
lines are visible in the cementum.
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Fig. 3. Section of canine of cat (IK 27) from the early medieval period, Denmark. 4
incremental lines are seen in the cementum. The position of the outermost line, close
to the periodontal membrane, indicates its deposition shortly before the animal died.

ing the exterior margin of the cementum.

From this study of the periodic growth
of cementum in dogs, it can be concluded
that endogenous cycles cannot alone
maintain a strict annual periodicity in the
deposition of incremental lines. Obvi-
ously, the development of annual lines
requires a more direct exposure (o
seasonal fluctuations in external factors
than domestic dogs are subjected to in
their mainly indoor environment in Den-
mark. Captivity as such does not affect
the annual deposition of incremental lines,
for both arctic foxes and minks (Mustela
vison), reared on fur-farms in Denmark
develop annual lines similar to those of
wild animals (Grue & Jewsen 1976 and
own unpublished results). Nor does the
lack of seasonal variation in composition
of the diet seem to influence the develop-
ment of annual lines, for even living on
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an unvaried diet, minks produce in-
cremental lines on an annual basis (own
unpublished results).

The domestic dog provides ideal mate-
rial for further experiments in this field,
for instance in attempts to define more
precisely the type of external influence re-
quiered to produce synchrony between
deposition of incremental lines and sea-
sons of the year.

It would be of interest if determination
of age by means of incremental cementum
lines were also applicable to archaeologi-
cally obtained carnivore teeth. Examina-
tion of the outermost cementum layer is
furthermore of special interest to archaeo-
logists, as the nature of this layer may
determine in which season of the year
the animal died. In this way a study of
incremental cementum lines in excavated
teeth not only gives information about
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the age of animals but also contributes to
the knowledge of activity and site occupa-
tion (cf. Saxon & Hicuam 1968, Kay
1974). So far this method has been tried
only on teeth from herbivores where the
presence of a thick cementum layer allows
lines to be investigated in undecalcified
ground sections. However in carnivores
the cementum layer is thin, and stained
sections of decalcified teeth are required
both for a reliable assessment of the num-
ber of lines and especially for interpreta-
tion of the last-formed layer.

In connection with this study of in-
cremental lines in domestic dogs, the
opportunity to examine a few teeth of
dogs from the Mesolithic age was taken.
The teeth were excavated at Ertebelle,
Denmark, during the period 1893-97 and
since then had been kept untreated at the
Zoological Museum of Copenhagen. 5
teeth (3 canines and 2 premolars) were
kindly placed at the author’s disposal by
mag. scient. Tove Harring. A major
problem with teeth from such excavations
is their poor condition and especially their
porosity, resulting from a loss of organic
material. Indeed the remains of organic
material in the 2 premolars proved to be
too little to allow the tissue to be sec-
tioned after decalcification. Even though
the 3 canines were more solid after de-
calcification and sections could be prepa-
red, the cementum was completely de-
stroyed and just a lattice-work of organic
material was left. The dentine was also

affected, but regions of unaffected dentine
found near the pulp cavity did show
stratifications similar to those found in
the dentine of sledge-dogs from Green-
land.

Considering the age of the material
and the duration of the storage period,
the negative result obtained here does
not exclude the possibility that useful
histological sections could be prepared
from excavated carnivore teeth especially
from more recent periods. Not only the
age of the material but also its conser-
vation state may be of importance for a
successful decalcification of archaeologi-
cally obtained teeth. In addition the dura-
tion and nature of storage before proces-
sing may affect the ability of the tissue
to withstand decalcification. Indeed the
organic parts of teeth of the domestic cat
(Felis domestica) from early medieval
layers excavated in Odense, Denmark
during 1970-71 and processed while con-
taining natural moisture, withstood treat-
ment with a decalcifying agent (T. Hat-
TING & K. RoseNLUND, pers. com.) and
Fig. 3 shows a section prepared by K.
ROSENLUND.

Both the 5% nitric acid used in this
investigation and the 3°o hydrochloric
acid (HCI) used for cat teeth are harsh
decalcifying agents and it is possible that
with very old teeth better results could
be obtained by using a more gentle rea-
gent, for instance EDTA.

Dansk resumé

Uperiodiske lagdannelser i tandcementen hos hunde (Canis familiaris L.)

1 forbindelse med studier over arligt fremkomne
linier i teendernes rodcement hos en raekke dan-
ske vildtlevende rovdyr er ogsd undersegt tender
af 18 danske hunde, hvoraf 16 af kendt alder.
Histologiske praparater af hjernetznderne viste
uregelmaessige cementlinier, som i antal langt
oversteg dyrenes alder i ir, og korrelation mel-

lem individernes alder og liniernes antal kunne
ikke pavises. Til sammenligning undersegtes
hjernetender fra 9 grenlandske sledehunde,
hvoraf 1 var af kendt alder (20 mdr.). Histolo-
giske pracparater af disse teender viste velafgreen-
sede cementlinier, der mindede om de Aarligt
fremkomne linier hos bl. a. vildtlevende redrav
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og polarrev. Den 20 mdr. gamle sledchund hav-
de dannet én cementlinie, og det antages, at
liniernes antal hos de grenlandske sledehunde
svarer til dyrenes alder i 4r. En klar drlig cyklus
i rodcementdannelsen kunne séaledes konstateres
hos de grenlandske sledehunde, der er udsat for

store sesonmassige endringer i livsvilkdrene,
mens den ikke fandtes hos danske »stue«-hunde,
der i mindre grad er udsat for sidanne variatio-
ner. Muligheden for fremstilling af histologiske
preeparater af rovdyrtender fra arkaologiske
fund er ogsé omtalt.

PesromMe Ha pyccKoM sI3BIKE

Heneprofnyeckue CIOHCTbIe CTPYKTYpbl 3y6oB cobak (Canis familiaris L.)

B cBa3u ¢ MccreqoBaHHsSMU 00pa3oBaBIIEXCA
€KETrOAHO IHHHII B KOPHCBOM LeMeHTe 3y6oB
HEKOTODBIX KHUBYILIAX Ha BOJE JATCKAX XHIIHBIX
KHBOTHBIX, TaKKe wuccreaoBanuce 3yonr 18
HaTCKHX cobak, H3 KOTOPBIX 16 OBIIH H3BECTHOTO
Bo3pacra. [ MCTOJIOTHYECKHE IPENaPaThl KINBIKOB
[IOKA3aJId HePerysapHbIe JIMHIA LUeMEHTAa, HC/I0
KOTOPEIX 3HAYHTEYHHO MPEBBIIIAIO YUCIO FOJI0B
BO3PACTA JKHBOTHLIX, H He ObLIO BO3IMOXHO
HaliTu kaxoro HuOYIb COOTHOINCHHA MENKIY
BO3pacToM ocobeil ¥ wucioM Juuuit. [ cpas-
HeHHs OBITH MCCIIEAOBAHBI KIbIKH 9 rpeHyiani-
CKMX YODSKHBIX coBak, H3 KOTOPBIX OBLI
H3BECTEH BO3pacT onHoil (20 mecsaues). I'meto-
JIOrHYecKHE TIPEnapaThl 3THX 3y00B moka3eplBalu
YETKO OrpaHHYeHHBIE IEMCHTHBIC THHAMW, HAIO-
MHHAIOIIME O eXerogHo 00pa3yIoUINXCa THHHAX

y, MeKIy NpOo4YuM, JKHBYIIMX Ha BOJE KPaCHBIX
NHCHL, M rectoB. Y 20-MecsauHOH YOPSKHOH
cobakin obOpazoBanach HEMEHTHA#d [HHHA, W
npeAnoaraeTcs, 4To YUCIO JTUHAN Y TpeHTaHa-
CKHX YHPSOKHBIX c00aK COOTBETCTBYET 4HCIY
rofoB BO3pAcTa 3THX MKUBOTHHIX. Takum 00-
pasoM, YeTKHil TOZOBOM uUK1 00pa3zoBaHHs
KOPHEBOTO LeMEHTA OBIIT OOHAPYHEH Y TPEHIaH -
CKHX YIPSKHBIX cobak, KOTOPBIE NOIBEPKEHb
3HAYMTENILHBIM CE30HHBIM H3MEHEHHAM YCTOBHH
MX KH3HH, MEXOY TeM KaK OH OTCYTCTBOBAm y
MATCKMX «KOMHATHBIX» cobak, B Oosee HU3KOM
CTeNneHH MOJBEPKEHHbIX TAKHM H3MEHEHHAM.
Ob6cykaaeTcss TAKKE BO3MOXKHOCTE I[IPHTOTO-
BIICHHSI THMCTOJNOTHYECKHX [penaparTos 3y0oB
XHIIHBIX XKUBOTHBIX M3 APXEOJIOTHYECKUX HAXO-
HOK.
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