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CEMENTAL DEPOSITION, TOOTH SUCCESSION, AND HORN
DEVELOPMENT AS CRITERIA OF AGE IN DALL SHEEP

JAMES E. HEMMING, Department of Zoology, University of Montana, Missoula®

Abstract:

Patterns of cementum, tooth succession, and external and internal horn annuli were studied

in 129 specimens of Dall sheep (Ovis dalli). Fluoromicroscopy of annually produced cemental layers
may be used to estimate age of all sheep older than 1 year. During the first 4 years of life age can be
determined from the sequence of incisor replacement. Counts of annual horn increments provide a means
of estimating age, but may be difficult to distinguish in older animals, particularly females.

The purpose of this study was to find
reliable methods for estimating the age of
Dall sheep.

I have investigated growth patterns of
horns, replacement and attrition of teeth,
pattern of deposition of dental cementum,
and have compared age-related character-
istics of bighorn sheep (Ovis canadensis)
and Dall sheep.

The validity of horn-segment counts as
indicators of age in bighorn sheep was es-
tablished by Geist (1966).

The sequence of eruption and replace-
ment of teeth in Dall sheep has not been
described, except in a very general way by
Murie (1944).

Techniques for the study of annual incre-
ments in cementum were first described by
Laws (1952, 1953). Similar methods have
been applied to North American cervids by
Sergeant and Pimlott (1959), McEwan
(1963), Low and Cowan (1963), Gilbert
(1966), Ransom (1966), and to bovids by
Armstrong (1965), and Novakowski (1965).
These earlier studies have shown that ce-
mentum is deposited on the roots of the
teeth in the form of alternating layers, of
which one translucent and one opaque layer
represent 1 year’s deposit.

I am indebted to R. L. Rausch, Arctic
Health Research Laboratory, College,
Alaska, for his continuing assistance and en-

1 Present address: Alaska Department of Fish
and Game, Anchorage.
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couragement, especially for donating the
bulk of the specimen material used during
this study, and for his critical review of the
manuscript. P. L. Wright, R. S. Hoffmann,
and W. B. Rowan, Department of Zoology,
University of Montana, offered many help-
ful suggestions during the research and
preparation of the manuscript. R. Baker,
Stella Duncan Institute, University of Mon-
tana, assisted in fluoromicroscopy and pho-
tomicrography. Radiograms were prepared
by B. Cerino, Health Service, University of
Montana. Several specimens were provided
by biologists of the Alaska Department of
Fish and Game, and the University of Al-
berta. To these persons, as well as to others
not individually named, I express my sin-
cere thanks.

MATERIALS AND METHODS

All but 11 of the specimens utilized were
obtained from Nunamiut Eskimo hunters
from the central Brooks Range, Arctic
Alaska. The skulls or mandibles and horns
from 118 Dall sheep harvested for food
were saved and carefully labeled as to sex,
date, and location between 1950 and 1966,
an average of 7 per year. Dall sheep do not
play an important role in the economy of
the Nunamiut, but they are hunted when
caribou are scarse (Rausch 1951). Ten
more specimens, including one of known-
age, from various locations in south central
Alaska were provided by biologists of the
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Alaska Department of Fish and Game, and
the skull of a 5-day-old lamb was obtained
from the University of Alberta. Bones
were cleaned by means of dermestid beetles
and bleached in hydrogen peroxide. After
cleaning, all bones and horns were dried
thoroughly before being measured.

Published birth dates for Dall sheep fall
between 5 May and 28 June (Sheldon 1930:
366, Dixon 1938:216, Murie 1944:89, Rausch
1951:193). Since the frequency distribution
of births is not known, the median date, 1
June was used.

Horns

The horns of 89 Dall sheep (373834, 52
? 9 ) were utilized in this phase of the study.
Counts of external horn segments were made
as described by Geist (1966). The accu-
racy of counts of the annual rings was
checked in a series of horns which had been
sawn lengthwise, as suggested by Rausch
(1951) and Taylor (1962). In such sections,
the limits of successive annual increments
of horn are readily visible. Counts of an-
nual horn rings were used to check the reli-
ability of other methods of estimating age.

Replacement of Teeth

The dental terminology of Riney (1951)
and of Sisson and Grossmann (1953) has
been followed in the present work. Sym-
bols for deciduous teeth are preceded by
“D.” The sequence of replacement of teeth
was determined by direct examination of
cheek-teeth and incisors. A tooth was con-
sidered to be erupting if any portion was
visible above the level of the alveolus in the
cleaned mandible. Radiograms proved use-
ful in determining the state of development
of permanent teeth within the alveoli. Fifty
of the 129 specimens showed evidence of
eruption and were used to study tooth suc-
cession. By comparing specimens of un-
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known age with two specimens of known
age, and by counting annual rings in the
horns, it was possible to estimate age within
=+ 1 month, when date of death was known.

Cemental Layers

The first incisor (I;) was chosen as the
tooth most suitable for study of the cemen-
tum. This tooth is easily removed and it is
the first of the replacement dentition to
erupt. Techniques utilizing the third molar
(M3) from sheep, as described by Arm-
strong (1965), could not be applied because
the coronal cementum on many specimens
was damaged or lost. In museum specimens
which could not be mutilated, the tooth was
removed by soaking, after which the lower
half of the root was cut off and the re-
mainder of the tooth was then replaced and
glued in position. Several techniques were
investigated to determine the best method
for detecting the annual layers in the ce-
mentum. In all cases the individual teeth
were first imbedded in plaster of Paris to
facilitate handling, and to prevent unneces-
sary chipping during sectioning. Sections
were cut with a l-inch dental diamond
wheel attached to a Dremel Moto-tool
(Pfingst and Co., Inc., 62 Cooper Square,
New York 3, N. Y.). The specimens were
water-cooled during sectioning. Sections
from 1-2 mm thick were obtained and re-
duced to a thickness of 50-75 n by the Frost
technique (Frost 1958:274-276). Sections
50 p thick may be produced in less than 10
minutes by this method.

Since the thickness of the cemental layer
differs from place to place on the root of
the tooth, sagittal sections of the entire root
proved to be most satisfactory. Sections
decalcified and stained by standard tech-
niques did not produce satisfactory results
when examined by transmitted or polarized
light. Similar results were reported by Arm-
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strong (1965) who discovered that stained
sections from incisors of bighorn sheep
were not suitable for determination of age.
One of the major problems is that cemen-
tum of the incisiform teeth is very thin and
the annuli are crowded together. I found
that even most careful staining procedures
result in blending of annual layers making
delineation of annuli nearly impossible.

After further experimentation, a new pro-
cedure was devised which did not require
staining or decalcification: sections were
washed by shaking in a vial of distilled wa-
ter to which several drops of liquid deter-
gent had been added, and then were rinsed
in distilled water; after dehydration in 70
percent and absolute ethanol (5 min in
each), the sections were dipped in xylene
and mounted in Permount (Fisher Scien-
tific Co., Fairlawn, New Jersey). The
slides were examined by means of a Zeiss
Standard GFL fluorescence microscope
equipped as follows: Osram high-pressure
mercury lamp; exciter filter III with bar-
rier filters 53/47. Optimum magnification
was 160X.

RESULTS AND DISCUSSION

Determination of Age from Horns

Annual increments in horns of wild sheep
are sometimes difficult to count. Murie
(1944) reported that the growth-rings fall
very close together in horns of old Dall
sheep ewes, making it difficult to determine
accurately the age of some individuals. In
the present study also, external horn-rings
were difficult or impossible to count in very
old animals, and in some cases the horns of
females had been broken to within a few
centimeters of the base.

Careful study of one known-age ewe,
with well developed horns, revealed that
the first horn-ring forms during the first
winter of life and one is formed each win-
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ter thereafter. The chronological arrange-
ment of horn-rings in Dall sheep is the same
as that reported for bighorn sheep by Geist
(1966). 1 found that the horns of Dall
sheep begin to develop when lambs are
about 4 months old. The sex of lambs can-
not be determined from the horns, but after
the first year, the horns of males have larger
bases than those of females which are also
more slender. The corneous sheath con-
tinues to grow throughout the life of the in-
dividual, but it acquires the greater part of
its length during the second and third sum-
mers (Figs. 1 and 2). The basal circumfer-
ence and the length of horns of Dall sheep
rams increase at essentially the same rate
(Fig. 3).

The annual ring is a result of interrupted
growth during the winter. Little, if any,
growth was taking place in the horns of ani-
mals killed from October through January.
In a sample of 18 sheep killed in February,
the horns of one had a new annual ring. By
May, new growth was evident in all horns.
Growth appears to be most rapid during
early summer, and by the end of September
has essentially ceased. If a birth date of
June 1 is assumed, it is obvious that after
the first year, new growth begins annually
as much as 3 months before that date. Thus,
an animal not yet 5 years old may show 5
horn-rings and 6 increments, the last of
which is incomplete. In late fall, such an
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animal would have 6 complete annual in-
crements at an age of 5% years.

Some experience is required to distinguish
annual rings from other corrugations on the
horns, especially in females and older males.
The unique character of the annual ring is
that it forms a deep, continuous groove
with loosened edges, whereas the other cor-
rugations consist of smoothly rounded ridges
and grooves. In horns sawed lengthwise,
the location and number of annuli are obvi-
ous. In such sections the horn appears to
consist of a series of stacked cones, each of
which represents an annual increment.

The horn-tips of Dall sheep are rarely
“broomed,” but they may show considerable
wear in animals more than 5 years old. In
some cases, the first year’s growth may be
almost completely worn away, but the first
annual ring was not visible in only 13 of 47
specimens in the 5-17-year-classes. For
these, I concluded that the most distal an-
nual ring was that which separated the sec-
ond and third annual increments. In most
cases, however, even if the loosened edges
of the first annual ring have worn away, its
location is marked by a noticeable swelling
in the horn. In no case was the second ring
worn away. A count of horn rings provides
an index of age to the nearest year. If the
date of death is known, and a median birth
date is assumed, the age of the individual
animal can be estimated to = 1 month.
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Fig. 3. Growth patterns in the horns of Dall sheep rams.

Determination of Age from the
Sequence of Tooth Eruption

The deciduous dentition of Dall sheep is
essentially complete at birth. The formula
for this dentition is DI 0/3, DC 0/1, DP 3/3.
The deciduous incisors and incisiform ca-
nines are much smaller than their perma-
nent successors and have a distinct neck at
the junction of the crown and root. The ca-
nines persist longer than any of the other
deciduous mandibular teeth.

Permanent premolars were counted in 63
specimens. Mandibles with damaged tooth
rows, those of immature animals with in-
complete permanent dentition, and those of
aged animals in which secondary loss of
teeth had occurred were excluded. The P
was absent from 5 of the 63 specimens.

The DP, and DP; have 2 roots, and DP,
has 3 roots; premolars P, and P; have a
single root, and P, has a double root. The
DP; may easily be distinguished from P,
by the presence of 3 cusps, whereas the per-
manent tooth has only 2 cusps. This char-
acter allows immediate recognition of ani-
mals 2% years old or younger. During the
respective periods of eruption of M;, Mo,
and Mg, there is noticeable inflation of the
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buccal surface of the mandible adjacent to
the alveolus.

Boyd et al. (1964) reported considerable
variation in the timing of eruption of per-
manent incisors of domestic sheep in Eu-
rope, which they attributed to annual
changes in available food. The specimens
used in the present study were collected
over a period of 16 years and in each case
the timing of the replacement of deciduous
teeth was sufficiently consistent to indicate
the age of Dall sheep in their first 4 years
of life (Table 1). For such animals killed
in the fall, 1-, 2-, and 3-year-olds will have
one, two, and three pairs of permanent in-
cisors. No differences in the sequence of
tooth eruption between rams and ewes was
observed.

Study of wear of the teeth, within each
year-class, revealed such great individual
variation that this technique had little value
for determination of age.

The sequence of tooth replacement in
Dall sheep differs from that of bighorn
sheep. Eruption of P; and P; precedes that
of I, in bighorn sheep (Taber 1963), but
follows that of I, in Dall sheep. In bighorn
sheep, P, is the last of the premolars to
erupt, while P, is the last to erupt in Dall
sheep.

Determination of Age from
Cemental Increments

The deposition of cementum of Dall
sheep begins approximately when the tooth
emerges from the alveolus. One year’s de-
posit includes one fluorescing and one dark
band. The fluorescing part of the cemen-
tum appears pale green and bright against
a dark background. The timing of forma-
tion of cemental increments corresponds to
the formation of annual segments and an-
nual rings in the horns. Growth of the dark
zone begins in the fall, before the rut, and
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Table 1. The periods of eruption of the teeth as determined
from the mandibles of 50 Dall sheep.

TEETH DEecipbuous PERMANENT
I, . At birth or first week ____ 13-16 months
L . _ At birth or first week _____ 25-28 months
) PR At birth or first week . 33-36 months
 of— At birth or first week ____. 45-48 months
P, . At birth or first week . 27-32 months
Ps At birth or first week ______ 25-30 months
P At birth or first week . 25-30 months
My 1- 4 months
Ma 8-13 months
Ms 22-40 months

ceases the following spring, during the
lambing period. A count of the dark zones
proved most satisfactory for estimating age,
since such zones are analogous to annual
rings of the horns. One year must be added
to the age obtained from I; because this
tooth does not erupt until the animal is ap-
proximately 13 months old. To compensate
for this, the dentino-cemental interface was
chosen to represent the first year’s incre-
ment. By counting each dark zone, includ-
ing the dentino-cemental interface, the age
in years is determined. If the date of death
is known, age can be estimated to the near-
est month.

Figure 4, a tooth section from an animal
estimated to be 52 months old, illustrates
zones of cemental growth during successive
years. The first summer is represented by
Zone A and subsequent summers by Zones
B-D. The dentino-cemental interface is
labeled 1, and Zones 2—4 represent winter
growth, The narrow white layer surround-
ing the tooth is the periodontal membrane.
The area inside the dentino-cemental inter-
face is dentine (X). In this specimen, Zone
5 is just beginning to form and is represented
by the thin dark line just inside the peri-
odontal membrane. If the date of death
were not known, its age would be estimated
at between 4% and 5 years.

Occasionally lamellae may be seen within
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Fig. 4.
ture of the dental cementum.

Internal anatomy of the first incisor and fine struc-

Bold diagonals represent
enamel, the narrow diagonals dentine, the stippled area ce-
mentum, and the clear area pulp cavity. Fluorescence
photomicrograph shows cementum layer. Zones A-D repre-
sent summer growth and Zones 2-4 represent winter growth.
Zone 1 is the dentino-cemental interface. The dentine is
indicated by X.

the light zones but the difference between
the lamellae and the dark zones is readily
apparent. Nishiwaki et al. (1958), Low and
Cowan (1963), Gilbert (1966), and Mc-
Cutchen (1966) described similar lamellae
in teeth of the sperm whale ( Physeter cato-
don), mule deer (Odocoileus hemionus),
white-tailed deer (O. virginianus), and
pronghorn antelope (Antilocapra ameri-
cana), respectively.

One specimen was found which showed
one less cemental increment than was re-
vealed by a count of the annual rings of the
horns. Bloom and Fawcett (1962) reported
that if the periodontal membrane is dam-
aged or destroyed, cementum may be re-
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sorbed. An injury or other abnormality may
have resulted in the loss of one annual in-
crement in this specimen. However, I found
that annual increments of the cementum
are well defined, for example, 17 distinct
annuli were counted in two specimens,
which is close to the ultimate age in wild
sheep.

The amount of cementum which is de-
posited annually in Dall sheep tends to de-
crease with age, but the dark and light
zones may always be identified, even in the
oldest animals, by means of fluoromicros-

copy.
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REPRODUCTIVE BIOLOGY OF THE WHITE-TAILED

JACK RABBIT IN NORTH DAKOTA'

TED R. JAMES,? Department of Biology, University of North Dakota, Grand Forks
ROBERT W. SEABLOOM, Department of Biology, University of North Dakota, Grand Forks

Abstract:

Reproductive characteristics of the white-tailed jackrabbit (Lepus townsendii campanius)

were determined from 836 animals collected between April, 1964, and December, 1965. A synchronous
breeding pattern, with four well-defined peaks of annual activity, was apparent. The breeding season
was 148 days in length, and extended from late February through mid-July. A definite annual cycle of
sperm production was found. Weights of the testes and the epididymides varied directly with this cy-
cle. The number of ova shed decreased steadily as the breeding season progressed. Females produced
an average of 3.29 litters annually. Litter size ranged from one to nine, with an average of 4.6. Com-
bined pre-implantation and intra-uterine losses were 21 percent, and appeared to be more prevalent in
older females.

The white-tailed jackrabbit is prevalent
throughout the northern prairies of North
America. However, this species has received
very little attention, and there is a paucity
of information concerning its ecology and

life history. The desirability of extensive
investigations concerning the biology of the
jackrabbit was evident following recent de-
clines in rabbit populations in North Da-
kota. An inquiry into the reproductive biol-
ogy of this species was conducted from

L A contribution of the Federal Aid in Wildlife
Restoration Act, North Dakota Project W-67-R.
Additional support was provided by a National De-
fense Education Act Predoctoral Fellowship.

2 Present address: Biology Division, The Uni-
versity of Tennessee, Martin.

April, 1964, through December, 1965.

We wish to acknowledge C. A. Grondahl,
J. Samuelson, G. D. Kobriger, and A. W.
Adams, of the North Dakota Game and Fish
Department, for their assistance in the field

This content downloaded from 132.174.250.220 on Thu, 31 Jan 2019 17:35:22 UTC
All use subject to https://about.jstor.org/terms



	Contents
	552
	553
	554
	555
	556
	557
	558

	Issue Table of Contents
	The Journal of Wildlife Management, Vol. 33, No. 3 (Jul., 1969), pp. 457-744
	Front Matter
	Winter Territoriality in Mountain Lions [pp. 457-464]
	Population Ecology of Summer Resident Elk in Jackson Hole, Wyoming [pp. 465-481]
	Digestible Energy Requirements for Winter Maintenance of Michigan White-Tailed Does [pp. 482-490]
	Fasting Metabolism of White-Tailed Deer [pp. 490-498]
	Nutritional Analyses and in Vitro Digestibility of Mistletoes Browsed by Deer in Arizona [pp. 499-505]
	Qualitative Identification of Forage Remnants in Deer Feces [pp. 506-510]
	Habitat-Deer Relations in Two Ozark Enclosures [pp. 511-520]
	Antler Morphometry in a Colorado Mule Deer Population [pp. 520-533]
	Immobilization of the Shiras Moose [pp. 534-537]
	Winter Food Habits, Range Use, and Home Range of Antelope in Montana [pp. 538-551]
	Cemental Deposition, Tooth Succession, and Horn Development as Criteria of Age in Dall Sheep [pp. 552-558]
	Reproductive Biology of the White-Tailed Jack Rabbit in North Dakota [pp. 558-568]
	Energy Metabolism of the Eastern Gray Squirrel [pp. 569-575]
	Movement Patterns of the Mongoose in Hawaii [pp. 576-584]
	Time-Specific Tracer to Indicate Bait Acceptance by Small Mammals [pp. 584-588]
	Incubation Environment and the Development of Mallard Embryos [pp. 589-595]
	Some Aspects of the Breeding Biology of the Hooded Merganser [pp. 596-604]
	Brood Habitat of the Hooded Merganser [pp. 605-609]
	Brood Break-up and Dispersal of Ruffed Grouse [pp. 609-620]
	Characteristics of Drumming Sites Selected by Ruffed Grouse in Alberta [pp. 621-628]
	Aging and Sexing Criteria for Ohio Ruffed Grouse [pp. 628-636]
	Prairie Chicken Responses to Changing Booming-Ground Cover Type and Height [pp. 636-643]
	A Method for Evaluating Greater Prairie Chickens Habitat in Colorado [pp. 643-649]
	Sage Grouse Nesting and Brood Habitat in Idaho [pp. 649-662]
	Regression Coefficients Used to Adjust Bobwhite Quail Whistle Count Data [pp. 662-668]
	Responses of Instrumentally Conditioned Starlings to Aversive Acoustic Stimuli [pp. 669-677]
	Responses of Caged Grackles to Chemically Treated and Untreated Foods [pp. 678-681]
	Trout Production and Angling Success from Matched Plantings of Brook Trout and Rainbow Trout in East Fish Lake, Michigan [pp. 682-692]
	Accumulation of Dieldrin by Fish and Selected Fish-Food Organisms [pp. 693-700]
	Briefer Articles
	An Improved Age-Lens Weight Regression for Black-Tailed Deer and Mule Deer [pp. 701-704]
	A Photoelectric Cell System for Recording Nocturnal Activity of Mule Deer [pp. 704-708]
	Fertility in Male White-Tailed Deer Fawns [pp. 708-711]
	Capturing and Marking White-Tailed Deer Fawns [pp. 711-714]
	Age Determination of Pheasants by Measurement of Proximal Primaries [pp. 714-717]
	Production and Weights of Eggs Laid by Yearling, 2-, and 3-Year-Old Pheasants [pp. 718-721]
	Under-Snow Shelter for Small Mammal Trapping [pp. 722-723]

	Book Reviews
	Review: untitled [p. 724]
	Review: untitled [p. 724]
	Review: untitled [pp. 724-725]
	Review: untitled [p. 725]
	Review: untitled [pp. 725-726]
	Review: untitled [pp. 726-727]
	Review: untitled [p. 727]

	Recent Books [pp. 727-729]
	Obituaries
	David Clark Coleman, 1926-69 [p. 730]
	Burt L. Monroe, Sr., 1901-68 [pp. 730-731]
	John Frank, 1934-68 [p. 731]
	Eric Juul Gregerson, 1948-69 [pp. 731-732]
	Clark Walsh, 1908-69 [p. 732]

	The Wildlife Society [pp. 733-744]
	Erratum: Roost Sites and Flight Patterns of Canada Geese in Winter [p. 744]
	Back Matter



