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INTRODUCTION

A reliable technique for aging pronghorn antelope (Antilocapra

americana) would be valuable for their effective management. Two prev-
ious studies of aging have been made on pronghorn. Dow and Wright
(1962), using known-age animals, developed a method based upon the
sequence of tooth succession and the rate of wear of mandibular denti-
tion. Because of a lack of known-age animals over 6 years of age this
method was uncertain for the older animals. There was alsc some doubt
on the accuracy of aging the 3 1/3 and L 1/3 year age classes. Koleon-
sky and Miller (1962) described a technique for aging pronghorns by the
growth of the lens but lacked known-age animals with which to verify
the methed.

For the past several years studies on aging mammals have been
based on changes in the microscopic structure of the dentine and cem-
entum of the teeth. Scheffer (1950) examined the skull of a known-age

Alaskan fur seal (Callorhinus ursinus} and noticed "concentric ridges”

around the roots of the teeth. The number of ridges observed corres-
ponded to the age of this seal in years. Further examination showed
that the growth ridges were formed by the pattern of winter dentine
deposition. A thin layer of cementum covered the ridges. An accurate
method for aging was developed using the growth ridges of dentine in
the canine teeth for fur seals up to L years of age. To establish the
technique 75 known-age animals were used. Other teeth of the jaw were
found to have dentinal ridges. The teeth of other Pinnipeds were also

noted as having growth ridgses.
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Laws (1952, 1953), concurrently with and independently of Schef-
fer, developed a reliable method of aging the elephant seal (Mirounga
leonina) by examination of ground and polished sections of the canines.
The dentine was observed to have a banding of alternating zones of
light and dark deposits. It was established that these bands had an
annular and regular pattern and could be correlated with age. Laws
(1952, 1953) later examined the teeth of seals, whales and a number of
other vertebrates, living and fossil, and found internal rings or ex-
ternal ridges which could possibly be correlated with age.

A technique for aging moose (Alces alces) by the cementum of the

first incisor teeth was developed by Sergeant and Pimlott (1959). The
incisors were cut longitudinally and polished. Although dentine layers
could be seen, the boundaries of these layers were indistinct and thus
could not be counted with accuracy. In the aresa of the root where the
cement was thickest, alternating opaque and translucent zones of the
cementum could be readily counted., The number of cementum zones and
the maximum thickness of the cementum was correlated with age in years.
This method was verified by a singlie known-age animal.

Hewer (1960} in an aging study of grey seals (Halicheerus grypus)

correlated the rings in the cementum in the canine teeth with age in
knewn-age animals.

b study ot aging mule and black-tajiled deer (Odocoileus hemionus)

by the use ¢f the inciscrs was described by Low and Cowan {1963). The
first inciscr teeth were sectioned and stained with hematoxilyn using
standard histological technique. This mathod resulted in a more de-
tailed knowledge of the structure of the annual layers in the cementum.

There was found, in the cementum, & pale-staining zone of rapid increment
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that was added during the spring and surmer and a dark-staining zone

formed by the reduction in increment rate during the fall and winter.
The deer were aged by a count of these zones. Each pair of contrastiing
zones represented one year. The reliability of this technigue was
established by corrsctly aging 2C known-age animals.

A number of other studies have bszn made using the cementum cf
the teeth to age various animals. !lcEwan {1963) developed a microtech-
nique for examining the cemental increment Lines to age caribou {Fangifzr
tarandus;. Mitchell ,1963), in an investigation of over 500 red de=r

Cervus elaphus), found annular insrement patterns in the cement pad of

£

the Lecwer first melar., 1This pattern was corrslated with vthe age of twe
Ancwn-age animais, Van Nostrand, et al. (196L used the cementum layers

en the manaibular melars of the beaver  (ast.r cansdensis’' as uvng of tha

criteris for aging individuals. Mundy and Fuller 11964 detscted arrmss

laysrs in the cementum of the third lower molar of grizzly bears . Jrgas

herribilis). These layers were subsequently used for agirng the bsars.

Novakeweki (1965) used the c(emertum cf viscn (bison bisen) teeth as wn-

of the criteria for age. FEansem .1966. agod white-tailed dezr OQu.i.i

L

eus virginianus, by the struc-ur- ¢! cental cameritum in the mandidular

first meiars using a technigues s.tlilar 1o tha't of Mitchell s 1964
Giitbert (i966,, by uslng *~+~h KOWWE-aBe Spac .mans and a micro’ s hnigos
modified after McEwan 1 o¥63 0 condarmea the ages of whilne-tlallaa Qs
by counting the numbes of (smentum afirall 1n the Iirer incosoers>, Thes

Urv

24

Y ow!l lhe hrolira'ore shows chay a numbsr of alt vodactyls cenn be apea
by the anfive'l Z2row.n pati=rn of /- otendtures of th- tootn N T |
be reascralos v assUle flha’ Loonghorr ontolope CArcdfccaprs aMer (ala

sould be &g-d Ly comparabls wethnuods.
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The first purpose of this study is to develop a reliable aging
technique for pronghorn antelope using variations in the pattern of
deposition in the cementum or dentine of the incisiform or molariform
teeth using known or established-age animals. The second purpose is to
see if this technique can then be used to check the age estimates made
by the more easily-used field technique of aging pronghorns by tooth

succession and wear as developed by Dow and Wright (1962).



MATERIALS

Approximately 20 known-age and established-age lower jaws f. om
the University of Montana Zoological Museum were available for this
study. All but two of these were the same jaws collected and used by
Dow and Wright (1962) to establish the pronghorn wear age classes of
their study. Dow {1952 collected over 1300 hunter-killed pronghern
jaws. These were also available for examiration. In addition to the
above, about 100 jaws of pronghorns from Yellowstone National Park,
Wyoming, and the National Bison Range, Moiese, Montana, were used.
Tnese jaws were obtained from the pronghorn material collected by
University of Montana graduate student Bartholomew O'Gara in 1965-
1966 for a doctoral study. A L-ysar-oid known-age castrated buck and
a females known to be over 12 years of age were also studied.

The term established-age refers to thoss pronghorns whose exact

date of birth is unknown but whose yzar of birth is known.

A¥2 1



METHODS

A rapid and simple technique was used to prepare the sections
of pronghern teeth for examination. This technique consisted of cut-
ting thin sections of the teeth with a tooth saw, grinding the sections
down by hand on carborundum paper and, if necessary, staining the sec-
tions.

The tooth saw was borrowed from its inventor, Dr. R, W. Fields
¢f the Department of Geology, University of Montana. It consists of a
base to which is attached a mcunted Dremel Moto-Tool, basically a small
electric drill. In the chuck of the Moto-Teol is a shaft which holds
the small, thin, circular saw blade. Also attached to the base and
adjacent to the Moto-Tool is a movable, adjustable mount for the tooth.
A third mount holds a water can with a squeeze bulb,

The grinding process was dene as suggested by Frost (1958). 4n
8-inch squars glass piate was used as a basse. Upon this was placed a
sheet of carborundum wet or dry pap=r grit side up. Carborundum pspsr
#320 or #400 is satizfactory. A microsceps s=lide with a strip of car-
borundum paper wrapped around it, grit sida out, was used as the tooth
section hclier. Tne ungrouna secticn of tooth was placed batWeen the
holder carborundum and the glass base cartorundom. Water was amply
applied te thne carboiundum paper and the holder carporundum was ro-
tated slowly thus grinding the section.

Te remove the incisors frem the mandible the following technique
was used. ‘ihe manaible was split alung the symphysis resulting in a

6
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right and left half, in which the teeth were in a more exposed position
for easy ramoval. A tooth was removed by chipping away the surrounding
alveclar bone with a pen knife. The peridontal membrane was removed by
wetting the tooth and then rubbing the membrane away. If not done the
membrane would roll up into strings and disrupt the grinding process.
The tooth was then placed in the adjustable saw mount and, after cut-
ting off the crown, cross or sagittal sections of from 150 to 250
microns thick were cut from the root. The resulting sections wers
ground as previocusly described., From time to time the section was
checked for thickness with a 30X binocular dissecting microscope with
an ocular micrometer. Occasionally, the cementum annulations of the
section would be so distinct that a count could be made without stain-
ing. In mes%t cases, however, the section had to be ground to about 16
microns and then stained. The grinding process left a lot of debris

on the section and it was washed for L or 5 minutes in a detergsnt and
water solution and then rinsed in tap water.

Aftar rinsing the section was decalcified by placing it in 2.5%
nitric acid for 2 to 3 minutes. Next, removed from the acid, the sec-
tion was neutralized in a saturated scilution of lithium carbonate and
704 ethy. alcchel for 15 or more minutes. Next the section was rinsed
in distililed water and finally fixed to a microzcope slide with epgg
albumen fixative. The mection was then stained from 5 to 3C minutes
with Eriich’s ¢r Delafield’s hematoxylin, being examined every 5 min-
utes until the desired staining was reached. Following staining, the
section was rinsed and blued in tap water and counterstainsed in Ecsin

for 2 to 5 minutes. The ssction was then dehydrated in two changes
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each of 70% ethyl alcoheol, 95% ethyl alcohol, 100% ethyl alcohol, a 1:1
solution of ethyl alcohol and xylene, and xylene, with a time of about
2 minutes in each change. A cover glass was mounted over the section
using a 60% synthetic resin mounting medium. The unstained sections in
which the annulations could be seen were suitably mounted by placing
the dry section on a microscope slide and covering it with a cover
glass, the edges of which had been covered with a narrow band of Duco

cement. Care was taken not to get the cement on the section.

Measurements

Three quantitative measurements were taken on sach incisor and
recorded. First, before removal from the mandible, the distance from
the top of the jaw line on the lingual side of the tooth to the apex
of the tooth was measured in millimeters (Figure 1, a.). This measure-
ment would give some idea of incisor wear. Secondly, to determine
incisor growth and wear, the length of the tooth was taken, in milli-
meters, around the outside curve. The third measurement was that of

the maximum thickness of the cementum in microns.

Cemantum

Figur= 1. Incisor relationship to gum Line and jaw line
ard ¢ementum covering the root. a., Jaw line to tooth
spRX Meagurement .



RESULTS AND DISCUSSION

Preliminary Examination

As the first permanent incisor is easy tc remove and is alsc the
first permanent incisiform tcoth to erupt (Dow, 1952), it was chosen
for the initial examination. A series of first permanent incisors were
removed from the jaws of various animals which had been aged by tocth
wear, (Cross sections were cut from the roots, polished and examined
under & microscope using transmitted and reflected light. No definite
alterations could be seen in the structure of the enamel or dentine.
The cementum in some of the 6 1/3 year and older wear age :lass incis-
ors had alternating opaque and translucent zones as described for mooss
inciscr cementum by Sergeant and Fimlcit {1959i. However, no distinct
bands were observed in the incisors of the younger age slasses. Sso-
tiens of the first incisors from various ags classes of asnimals were
then prapared fcr staining. The stained ssctions revealed, under
transmitted light, much more detail “han unstained secticns. The
cem=nt and tne dentine were observed to havs sliternating bands. After
a brief and unsuccessful efforti to cerrelate the dentinal bands with
age, the dentine was by-passed in favor of the obvicusly mere consis-
tent bands in the cementum.

The bands in the cementum ¢f +the first incisors could be appros-
imately correlaved with the age of both the young and the old age
classes. 1 decided that the test metiod to prepare the establisbed-age
pronghorn teeth for examination would be by staining. 1 alse dsacidesd

4

v
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to continue using the first permanent incisor because a preliminary
examination revealed that, although the other mandibular teeth had
cementum bands, they appeared to be no more distinct than those of the
first incisor. As mentioned above, the first incisor was easy to re-
move and erupted early. Thus, it was more likely tc give a more com-
plete record of annulations in the cementum than the other incisiform
teeth., The results of the sectioning of the mandibular series of t=zath
will be discussed in more detall later.

An overall examination of the first permanent incisor shows that
the cementum covers all of the root (Figure 1). The cementum is thicker
cn the lingual side of the tooth and thimmer on the labial side. It is
generally thickest on the terminal portion of the root and tapers thinly

as it approaches the crown and overlaps the enamel (Figure 2).

Structure of Stained Cementum and Aging Technique

Observation of the cementum in stained cross and sagittal sec-
tions of the incisors showed a pattern of pale-staining and dark-
staining bands in its structure that couid be correlated with pericdic
events of the year. The pale-staining band is wide and, presumably,
is formed during the spring and summer. Tne dark-staining band is
narrow and is presumed to be formed during the fall and winter., Thls
staining patizrn in the cemenium was noted by lLow and Cowan (1963 -c:
mules and black-tailed deer, by McEwan (1963 in caribou, and by Gilbart,
(1966 tor white-teiled deer, 4 pair of these alternating bands make

up one annulation.
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S Enamel

D Dentine
Cementum

Figure 2. Diagram of a sagittal section (a) and a cross
section (

b) of a pronghorn ineisor. LX.
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The appearance of the annulations and the method for aging by
them is illustrated in a photomicrograph of the cementum of a 3 1/3"

year-old established-age pronghorn incisor (Figure 3) «

» M

N

\9 ©

Figure 3» Cementum annulations in the incisor of a

3 1/3-year-old pronghorn* Cross section, HHX,

X, dentino-cemental interfaces A, narrow summer

bands B, first fall-winter band; C, wide spring-

summer band; D, second fall-winter band; E, spring-

summer band; F, third fall-winter band.
The dentino-cemental interface is marked X* The cementum is laid down
on the dentino-cemental interface and the tooth begins to erupt at ap-
proximately 1lii months of age in the pronghorn* This would be in the
second summer of the animales life* The narrow, pale-staining band. A,
represents the period between eruption and the end of this second sum-
mer, Zone B is the dark-staining fall-winter band which begins forming

when the animal Is about 11/3 years of age. Band C represents the

third spring and summer of life and the second fall-winter band seen,
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D, begins forming when the animal is approximately 2 1/3 years old.
The wide, pale-staining spring-summer zone, E, precedes the fall-winter
line, F, which was just beginning to form at 3 1/3 years when the animal
was killed. Assuming that the pronghorn fawns are born around June 1
(Dow and Wright, 1962) at this latitude and kmowing that this particular
animal was killed on September 7, it can be calculated that this animal
was about 3 1/3 years of age. This calculation agrees with the 3 1/3
year established-age of the animal.

From records obtained from the Montana Fish and Game Department,
Dow {1952) noted that most pronghorn fawns were dropped from May 20 to
June 20, For the present study the average fawning date of June 1 will
be used for aging pronghorns by the cementum of the first incisors.
Established-age animals, therefore, can be used with almost the same
confidence as known-age animals because the birth date is known to

within about 15 days and the date of death is known to the day.

Discussion of Established-age Pronghorn Incisor Cementum

The incisors from estabiished-age animals of 1 1/2, 2 1/3, L 1/3,
5 1/3 and 6 1/3 years were sectioned and stained. The cementum of these
animals shows the same general pattern of anmulations as observed in the
animal known tc be 3 1/3 years old.

Figure L, shows the cem=ntum of the first inciser of a L 1/2 year-
old &stablished-zge animal killed Yn the winter. From the dentinc-
cemental interface (X4, there is & Light-staining band of summer incr:-
ment {L,. Adjscent *¢ this and on the tutside surface is the dark-
staining fall-wirter band B , which began forming at about 1 1/3 years

of ape.
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Figure it. Cementum annulation In the Incisor of a
1 1/2-year-oid pronghorn. Cross sectiono 230%.
%y dentino-cemental interface; A, narrow summer
band; B, first fall-winter band.

The cementum of a 2 1/3-year-old pronghorn killed in the fall Is
shown iii Figure 5° From the dentino-cemental interface there is, in
order, the narrow summer band (A), the fall-winter band (B), the wlde”
spring-summer band (C), and on theoutsidethe fall-winter band (D;
which began forming at about 2 1/3years,

The cementum of a it X/3-year-old established-age animal killed
in the fall is shown in Fig-ure 6, In this particular incisor the
aentino-cemental interface and thenarrow summer band could not be
observed with certaintyo The first band appearing outward from the
light-coloredygranular, outer layer cf dentine was the fall-winter band

which was then followed by a wide spring-summer band, then the 2 1/3

year fall-winter band, another spring-summer band, the 3 1/d year fall-
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Figure 5. Cementum annulations in the incisor of a 2 1/3-year-
old pronghorn* Sagittal section* 21iiX« X, dentino-cemental
interface; A, narrow summer band, B, first fall-winter band;
C, wide spring-suramer band; D, second fall-winter band.

.e.v'én.Ti», -

/.411

Figure 60 Cementum annulations in the incisor of a b 1/3-
year-old pronghorn* Sagittal section* 100X*
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winter band and finally a wide spring-summer band which was on the out-
sidso The 1; 1/3 year fall-winter band may have just been forming on the
outside but this could not be definitely seen.

Figure 7 shows a section of a % 1/3-year-old established-age prongs
horn first incisor* This animal was killed in the fall. In addition to
the dentino-cemental interface and the following extremely narrow summer
band there are four wide spring-summer bands and four fall-winter bands

with a fifth fall-winter band possibly forming on the outside*

Figure 1. Cementum a,nnulatio@f In incisor of a
~ lyj-year-old pronghorn. Saglotal section. 130X.
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Figure 8 shows an incisor section of a 6 1/3-year-old established”
age pronghorn killed in the fall* From the dentino-cemental interface
and narrow summer band that follows it there are five wide spring-summer
bands and five fall-winter bands with the sixth fall-winter band appar-

ently forming on the outside.

. e «/%'" [/

Figure 8o Cementum annulations in the incisor of a 6 1/j-
year-old pronghorn. Sagittal section. 1l00xo

It is obvious that up to and including the 6 1/3-year-old estab-
lished-age animal that there is a 100 p*-r'cent correlation between the
number of cementum annulations and. the pronghorn“s age. It i.s also
apparent that an increase of one year in a pronghom"s age results In
the addition wf one annulation® consisting of a spring-summer' band and
a fall-wint&r banu, to the uutslae of the previous yearns camentum cf
the first permanent inclfor- a telal of ten established-age pronghorns

were used to determine the reliability of the cementum aging techrii.que.
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Of these, one was 1 1/2, two wers 2 1/3, two were 3 1/3, one was 4, two
were 4 1/3, one was 5 1/3, and one was 6 1/3 years old.

The cementum of a pronghorn tagged as an adult and known to be
over 12 years old was examined. Only three to five annulations could
be seen in the first incisor. It was noticed when the tooth was removed
from the jaw that it was about to fall out and the rcot was exposed to
wear. Perhaps the cementum was worn away or resorbed. The inability
to age this animal represented a major loss to the study because thers
were no other known-age or established-age animals over 6 1/3 years
avajilable for study. This suggests that animals over 12 years old can-
not be aged by the cementum annulation method. It seems likely that
some of these clder animals can be aged by this method because Table LC
shows two animals that were aged by cementum annulations te be 12:1 years
of age. The cementum ammulations of the first incisor of a pronghorn
estimated to be 9 1/3 years old by the cementum is shown in Figure 9.

One easy way to age by cementum annulations is to count the numbsr
of fall-winter bands. If a fall-winter band is present on the outside
of the section the actual count of these bands will equal the age of the
animal in years, providing the first band is counted as 1 1/3 years. If
a spring-summer band is observed on the ocutside, count the number of
fall-winter bands and then add one year to obtain the age of the animal.
Agadn count the first dark band as 1 1/2 years. This method is for an

animsl killed in the fall.
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Figure 9c¢ Cementum annulatloris in the incisor of a pronghorn
estimated to be 9 1/.3 yea'rs oldo Cross section® 2?7Xu
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A Comparison of the Tooth Wear Aging Technigue with the Cementum Aging

Technique
A method for aging the pronghcrn antelope by the sequence of tecth

eruption and the rate of wear of the mandibular dentition was developed
by Dow and Wright {1962). Using this technique, over 1300 pronghorn
mandibles were placed in age classes. Known and established-age animals
from a few days old to 6 1/3 years were used to establish the age classes.
They constructed a 1ife table, using statistics, to indicate the hypo-
thetical population structure of the 1300 pronghorns as it may have
occurred in the wild in the year 1951. They compared the hypothetical
population structure with the age-classes they established by tooth wear
and found significant agreement in the age classes of 1 1/3, 2 1/3, 5 1/3
and 6 1/3 years. Their sample of 3 1/3 and 4 1/3-year-olds was not as
predicted. Instead they found that the L 1/3 year age class was larger
than the 3 1/3 year age class.

It was also found by Dew and Wright {1962} that aging animals over
6 1/3 years of age by tooth wear wag uncertain due to a lack of known-age
specimens with which to compare. Tnsy assumed that the tooth wear of
these older animals would follow the general pattern shown by the 3 1,3
to 6 1/3 year oids. That is, from 3 1/3 years of age, two infundibula
would disappear from the mclariform dentition from easch side of the jaw
per year up to th: age of 9 years when all 12 infundibula per side would
be missing. Bnimals over 5 years ot age could not be aged further by
tooth wear,

The first part of this e¢idy *hus shows that prongherns can be

reliatly aged by the annviations in the cementum of the tirst inciscrs
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using estabiished-age pronghorns up to 6 1/3 years of age.

The second part of the study will be to: first, collect evidence
to show that the number of annulations in the cementum of the first
incisors continue to be correlated with age in pronghorns over 6 1/3
years of age as they are in those under 6 1/3 years of age, and second,
to show that the cementum aging technique can be used to age tooth sam-
ples of esach age class established by Dow and Wright (1962). From this
sample it was hoped that some idea could be obtained of the validity of
the 7 1/3 year and older wear age classes and that some conclusions
could be drawn as to why Dow and Wright (1962) found more L 1/3 year
olds than 3 1/3 year olds. Third, each wear age class will be sampled
ty the cementum aging technique to show the amount of agreement betwesn
the two techniques. It can be assumed that the nearer the amount of
agreement is toward 100 per cent the more reliable the two techniques
are,

First incisor tooth samples, for cementum aging, werz selected
from the jaws within each wear ags clags., Thess wers chosen to include
ag many infundibular patterns as pes:zible in an age class rather than
in a random manner. [ wsed no formula in selecting the size of the
sample frem a wear age class,

In order to compare the cemertum aging technique with the tooth
wear technique and to record the data for future reference, Tables 1
through L were constructed. Jn each table the section left of the
double 1line was taker, in part, from the wear age class tables publishea

by Dow and Wright (1962,, The pronghern tooth formula is Lé%, Gé?, P%%v

-

and M%%b The incisors are achrzviaved 11y, canines ic¢h, premclars v,
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and molars (mj. The prefix D stands for a deciduous tooth and the
prafix P stands for a permanent teoth., The suffix 1 stands for the
first tooth of that series, 2 means the second tooth of that series,
and 3 means the third tooth of that series. For example, Pil means
first permanent incisor, m3 means third molar and so on. On the left
side of the tables under the hsading of molariform teeth is the column
which 1ists the presence .F) or absencs (A} of the infundibula of each
tooth in a mandible. Before the molariform teeth are worn down each
tooth has a set number of infundibula., There are 12 infundibula pewr
side on the mandibular molariform teath. In aging by tooth wear Dow
and Wright (1962, suggested generally that pronghorns with a full set
of psrmanent molariform teeth and no or one infundibulum missing would
be classed az a 3 1/3-year-old. If two or three infundibula wers mis-
sing per side the animal would bs cliasssd as a § 1/3-year-old and so
on up to the time when the animal had all the infundibula missing and
was placed in the 9 1/3 year and older class.

Within each particular sge -lass there are jaws thar havs the
same number of infundibulae miszsing but whizh have the infundibula mis-
sing from aifferent testh. Thos, in an age class the jaws that have
the same Infunditula miszsing from "he sams fesxth are grouped togethar
in & sub-vilass  ip Tablizs & and 2 the top saction (4 records incisd
form tceth data. The Dottom s=wctinn <f [ebles 1 ard 2 B} pwcords and
tabulates the data for th= molariform teeih.

On tnz right side of the doubie~ 1.rme in the tubles are Twe 8T8
of columns which were derfved trom the swsults of the inciser cementum

aging semples of the preseny study. Arimsie whose ages were Delieved
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TABLE 1

SAMPLE OF CEMENTUM AGES FROM 3 1/3-YEAR-OLD WEAR AGE CLASS

Status of Dentition Number in Cementum Age Sample
Observed Age + 1 Year
3 N 3 4 5
A) Incisiform Teeth ]
Pil,2,3,Pcl 1 1 2
Pil,2,3,Dcl 3 1
Pil,2,3,Pcl erupting 2 1 1
Pil,2,3,Dcl one side 1
Pcl erupting other
Total 7 2 2 1 1
B) Molariform Teeth
Pp2 Pp3 Pph ml m2 m3
P P PPP PP PP PPP L 1 1
P P PPP PP PP PPP
P P PPP AP PP PPP 2 2
P P PPP AP PP PPP
P P PPP AP PP PPP 1 1
P P PPP PP PP PPP
P P PAA PP PP PPP 1
Total 7 2 2 1 1
Per zent 78 22




2L

TABLE 2

SAMPLE OF CEMENTUM AGES FROM 4 1/3-YEAR-OLD WEAR AGE CLASS

Status of Dentition Number in Cementum Age Sample
Observed Age + 1 year
3 N 5 3 b 5
A) Incisiform Teeth B
Pil,2,3,Pcl | 6 5 2
Pil,2,3,Pcl erupting | 1 2
Pi1,2,3,Dcl l 2 3 1 1
Pil,2,3,Dcl one side ! 1
Pcl erupting other?
%l Total 1 9 5 5 3 1
|
B) Molariform Teeth |
|
i
Pp2 Pp3 Ppl ml m2 m3 !
P P PPP AA PP PPP 6 2 3
P P PPP AA PP PPP
P P PPP AA PP PPA 3 3 3 1
P P PPP AA PP PPA
Other combinations 1 2
Total 1 9 5 5 3 1

Per cent 7 60 33
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TABLE 3

SAMPLE OF CEMENTUM AGES FROM 5 1/3 AND 6 1/3-YEAR-OLD
WEAR AGE CLASSES

Number in Cementum Age Sample

Status of Dentition Observed Age t 1 Year

=

n c 6 7 5

A) 5 1/3 year wear age class

Molariform Teeth _T

Pp2 Pp3 Pph ml m2 m3 |

P P PPP AA AF PPA 1

P P PPA AA PP PPA 1

Other combinations 1 3
Total 3 1 3

Per cent L3 1L L3

B) 6 1/3 year wear age class

Molariform Teeth T
Pp2 Pp3 Ppl ml m2 m3
P A PAA AA AP PPA 1
P A PPA AA AP PPA
P A PAP AA AA PPA 1
P A PAP AA AP PPA
P A PPP AA AA PPA 1
P A APA AA AP FPPA
P A  PAA AA PP PPA 1
F A PAA LA PP PPA
P P  FAA 4A AA PPA 1
P P PAA £A& Ak FPh
P P PFA AA AA PFa 1
F A PPt LA AA APA
X . A PAP AA AF PPA 1
P A& PAA AA AP PEA
Total L O 2 1 3

Per cent 25 SO 25
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TABLE L

SAMPLE OF CEMENTUM AGES FROM PROBABLE 7 1/3, 8 1/3 4ND 9 1/3
YEAR AND OLDER TOOTH WEAR AGE CLASSES

| in Cementum Age Sample
Observed Age . + 1 Year
5 6 7 8 9 5 T 8 9 12

Status of Dentition
of Molariform Teeth

A) 7 1/3 year wear age class

Pp2 Pp3 Pph ml m2 m3 P}
A PAP AA AA APA| 1
PAA

AAA
AAA

PAA

PAA
PAP

PAP
APA

APA 1

PPA 1 1
PPA

AA

AA

AA

AA PPA 1 1
AA PPA 1
ALk PPA

AA

AA

PPA 1
PPAL_

W oy WY YO
B o b
EEEERERE

Total 1 1
Per cent 1, 1L 4

1 1 1
1, 1k

(oL

L

B) 1/3 year wear age class

AAA AL APAT] 2 1 1
AAA AA AA APA

AAA APA 1
AAA APA

PAA APA 1
PAA APA

PAA PPA 1
PAA APA

<

B B B BB

B o P B
mE EEEER
EEEREE

 Total 1 3 2 1
Per cent 1l L3 29 14

C) 9 1/3% year and older wear
age class
A1l infundibulia wmissing-Total 1 i z

D} Tetal number of 6-yszar-plus
wear class agsd by cementum 1 1 3 1 3 1 3

N
N
NG

- -t r— —a

=
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to be observed to the year because the cementum annulations stained well
and could be clearly seen and counted wers placed in the "observed"
column of each table. Animals whose ages were probably observed but
due to‘poor staining or minor cemental variations there was some doubt
on their ages were placed in the + 1 year columns. As the "observed®
columms are the ones I believe to be most reliable they will be the
ones primarily discussed. The + 1 year columns are included to aid the
discussion when enough data could not be obtained from the first columns.

In Table 1, the 3 1/3-year-old wear age class, a sample of nine
pronghorns were placed in the "observed" columns by the cementum aging
technique. Using these columns it can be seen that there is a 78 per
cent agreement bétween the two aging techniques. The 22 per cent re-
maining were classed as 4 1/3-year-clds by the cementum aging vech-
nique and as 3 1/3-ysar-olds by the tocth wear aging rechnique.

In Table 2, the L4 1/3-year-cld wear age class, there were 1l
animals placed in the "observed® columns by cementum aging. Thers is
a 60 per cent agreement between the two techniques.

Dow and Wright (1962} found that the L 1/3-year wear age class
they established had more animals placed in it than the 3 1/3-year-cld
wear age class. According to their hypothetical population structure,
which zhowed a de=cline in numbers as the animals became older, there
should have been more 3 1/3-year-clids than [} 1/3-year-olds. They as-
sumed that there were errors in assignment of animals to the L 1/3-year
age class rather than that the population of pronghorns was not incresas-
ing at a constant rate. Ain =xamination of the "observed" columns in

Table 2 suggests that Dow and Wright's (1962) assumption was correct.
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A number of animals aged 4 1/3 years by the tooth wear technique were
assigned to other age c¢lasses according to the cementum aging technique.

Dow and Wright {1962} assumed that a number of animals classed
as I} 1/3 years old were actually 3 1/3 years old. The found that 75 of
the 136 animals they aged as 3 1/3 years by molariform tooth wear had
Pcl in place and Ll of the 136 animals in this class had Dcl in place.
One hundred and twenty-one of ths 148 animals placed in the L 1i/3-year
age class by the wear on the molariform teeth had Pcl in place and 20
had Dcl present. They suggested that as the presence of Dcl was more
common in the 3 1/3-year class those animals in the L 1/3-year class
that had Dcl present were actually 3 1/3-ysar-olds that may have had
more than normal molariform wear and were thus misclassified. These
animals wouid account, in large parit, for the larger number of animals
piaced in the L 1/3-year class. They alternately suggested that thers
may have been a l-year delay in the shedding of [cl and that there ars
L 1/3-year-olds with Dcl prasent. Aging a sample of the 4 1/3-year-old
wear age class by the incisor csmentum technique shows that two of the
animals tootn wear aged as 4 L/3 ysars old were also cementum aged as
ly '1/3 years old. It seems unlikely that all of the i 1/3-year-cld wear
aged animsis, with Dcl present, are misclassified. This further sug-
gests thai there may actually be a year's delay in the shedding of Lol
From the examination c¢f Table 2 it appears Llikeiy that the reason why
there are more L 1/%-year-oid animels wear-aged than 3 1/3-year-old
enimals Lls because gome 3 L/ 3-yesar-cld animals with more than usual
molariform toein wear were misclaszilisd as 4 1/3 years old and some
5 1/3-year-old animals with ie8s than usual molariform toeoth wear ware

misciazsifiled as 4 1/3 year olds.
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Table 3 A, the 5 1/3-year wear age class, shows only a 1L per
cent agreement between the two aging techniques. This agreement is
believed to be too low, perhaps because of the small sample size of
only seven animals. By interpolating between the L 1/3-year agreement
in Table 2 and the 6 1/3-year agreement in Table 3 B there shculd have
been about a 55 per cent agreement between the two methods in the 5 1/3-
year age class,

In the 6 1/3-year class (Table 3 B) there was a 50 per cent
agreement between the two aging techniques. As only four animals were
placed in the "observed" columns, this agreement is probably distorted
due to the small sample size.

In the probable 7 1/3-year wear age class (Table 4 A) there is a
L43 per cent agreement between the two aging techniques. Although this
agreement is a low figure it can be seen that the majority of animals
that were "wear aged" and placed in this class were alsc placed in this
class by incisor cemeéntum aging. This suggests that, even though Dow
and Wright (1962) did not have known-age animals to confirm their cri-
teria for this age class, this class as established by tooth wear age
is prebably a somewhat valid one. It ¢an also be surmised that the
cementum aging criteria for *this class are probably walid.

In Table L B, the probable 8 1/3-year wear age class, there is
oniy one animali placed {n the "obzerved" columns established by the
incisor cementum technique so these cclumnsg and the + 1 ysar columns
were combined to show a 25 per cent agreement between the two aging

techniques.
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Table 4 C, the probable 9 1/3 year and older wear age class
shows a 100 per cent agreement between the two aging techniques in that
all four animals wear aged at 9 1/3 years and older were also cementum
aged at 9 1/3 years and older. Two of these animals were aged by the
cementum technique at 12#1 years.

When the data of Table 4 A, B, and C are totaled Table 4 D is
the result. This shows that of the 19 animals aged at over 6 1/3 years
by the tooth wear method, 16 were aged at over 6 1/3 years by the cem-
entum. This is including the * 1 ysar columms. From this it seems
leogical to assume that the number of first incisor cementum bands in-
crease with age in the 7-year and oldsr pronghorns. It is realized that
an examination of the first incisor cementum of 7 1/3 year and older
known-age animals will be necessary to check this assumption.

A total of nine animals that were placed in various age classes
by the tooth wear aging technique could not be aged or could be aged
only tc t 2 years by the cementum aging method because of poor staining
or cementum abnormalities. These were not included in the data of
Tables 1-4.

The possibility that the variation in cementum deposition steps
or increases at some particular stage in the 1ife ¢f the pronghorn can
not be prscluded tntil a number of known-apge pronghorn are studied.,
The 1i*srature ¢n articdsctyl cementum annulations shows that this is
unif¥ely., In red deer, a 17-year-clid known-age stag was found to nave
a correspending number of cementum amrvalations on the first molar
(Mitcheil, 1963,. Gilbert (1966, found in white-tailed d2er that the

cemernttum annulations of the first iucisors of four known-age animals
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from 7 1/2 to 11 years old corresponded to their respective ages.
Ransom (1966) found this to be the case in white-tailed deer molar
cementum in known-age animzls up to 11 years ocld. In the above cases
older known-age animals were not avallable for study.

The close correlation between the two techniques in the prong-
horns over 6 1/3 years of age indicates that the wear ages for the
older animals are possibly valid. The overall per cent agreement of
the two techniques is low. This suggests that one or both techniques
are somewhat inaccurate. As the age classes become clder there was
less agreement between tha two techniques. This possibly indicates
that it is morse difficult to place the older animals in the correct
czlass. Frcm the present study only generalizations can be made con~
cerning the older age classes. More and colder known-age animals are
ne=ded to establish these classes and to determine the reliability of

the two techniques for aging.

incisor Length and Tooth Wear Measurements

In order to determine if incisor wear would be a good criterion
for age the length of the incisors was measured and the distance from
the inside jaw line to the incisor apex was measured. Figure 10 shows
these measurements for each age group. The age groups were established
by the :ementum annulation aging technique. In an effort to previde
adeguate data, tne measurements of the animals whose ages wers "observed"
ana thcse animais aged to + | year were averaged together.

The ranges of incisor lengti. ~(rdud tc overlap consideran,y
between the age greups making thez: measusements: of Little use lor

reliabit ag.ng. The averages of the jaw ilne tc incisScr apex MeasLrement:
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Length
(mm. )

Lo
38 x
36
3k
32
30
28
26
2L
22
2C
18
16
1

12
11

Age 8 101 2 3 L S5 6 7 8 9 10 11 12
Months Years
Number in 4 o ‘ o
Sample (5 (3) (13)(18(15 (kL) (7y (33 (5} (0) (0} (3)

Tooth Length {average)

- - - Jaw-Tooth Apex Lengih (average;

x Maximum and Minimun Range of Incisor Lengths

Figure 1C. Graph of permanent inciser ilesngth and wear in relation tc
cementum age.
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followed the same pattern as the averages of the incisor lengths. The
graphs of the averages showed a general trend., It appears that the
first inciscr does not rsach full ilength until the animal is about 3
years of age. From 3 years of age to 12 years the inciscr is worn down
at an almost constant rate. It is assumed that once the tooth srupts
it is subject tc the same rate of wear. It is interesting to note that
the regular decline in the Incisor lengths in the animals aged at under
6 1/3 years of ags by the cementum method continues in the animals aged
at over 6 1/3 years of age. This suggests that the cementum annuiation

aging methed is perhaps placing animals over 6 1/3 years of age in the

correct age group.

Cementum Thickness Measurements

The mazximum ¢ementum thickness was cbtained from inciscrs of
pronghorns whese ages wers "gbszrved" by the cementum aging method.
Thess measurements wers not extremely accurate bscause most cof the
sections were cut somewhat obliquely causing an increase in the maximum
thickness. Ir c¢rder to obtain the maximum cementum thickness from the
¢erogs sacticns of a teeth it was necesssary tc cut & sa2rieés of croess
sections frem =ech tooth and then measurs the section with the thickest
cementum. £ 3CX oirnocuiar dissec  ing milrcscope with an vovear micro-
meter was used to take the measursments. Becauss the m2asur-ments wWeiw
cf a preiiminary nsture they were oot fresisd statistically. Figure 1!

Zlilus*retes tne range and averepwos ] these measuremsnts.

1

%

P
&

i

It can be saen that the rangss r wach age group hsbe soms o
lap with &djacw=nt ranges, Mosimum ¢-menftem thickness dov~ 0. apprar

to be a reilavle criterion for aging., [t can be, how=ver, a veluable
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Number in

sample (1) (L) (6) (13 (5) (2) (33 (1) {(2) (0) (01 {(2)

Maximum Cementum Thickness (average)
x Maximum and Minimum Range

Figure 11. Graph of maximum cementum thickness and age.
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clue as to relative age when aging pronghorns by the annulations. In
general, the constant increase in cementum thickness is apparent in the
inciscrs of animals over 6 1/3 years of age as it is in the incisors of
animals classed as 6 1/3 years and younger by the cementum aging method.
This is further evidence to suggest that the technique is perhaps plac-
ing the 7-year and older animals in the correct age class. The exception
to this generalization is the incisor with 3-5 annulations from the
animals known to be over 12 years of age. The thickness of the camantum

was 560 microns. This tooth was not included in the graph.

Causes of Difficulty in Aging by Cementum Annulations

From Tables 1-L4 a count of the animals placed in the '"observed!
columns by cementum aging is Ll; as compared to 26 animals aged to + 1
year, This shows that in the majority of sections the cementum annula-
tions could be clearly seen and counted. Among those sections in which
the annulations could not be sesn clearly were some that did not stain
well due to poor microtechnique. In another group the annulations
could not bs seen or counted reliably because of zemsntum resorption
and repair. Because of this all ¢f the cementum in any ocne section
should be examined carefully for the number of annulations., Figurz 12
shows & ssction of inciscor which has undergone extensive rescrpticn and
repair anda the annulaticrsz could net be counted accurately. In this
gection evsn & poertion of the dentine was rescorbed ana then repairzd
with new cementum, Other ssciiens of this toeoth indicated that this
resorption occurred 3 to L years atrt=r sruptivn. This phencmencn

appears to cccur at any age in the pronghoern testh.



» W

Figure 120 Cross section of an incisor showing resorption
and repair of the cementumo iitKo

Usually the resorbed and repaired areas are local spots on the
teeth and the other sections of the cementum remain normale These areas
can often be identified In the cementum of the pronghorn and are similar
to areas of resorption and repair in human teeth as illustrated by Henry
and Weinmann (19$1ja The causes of resorption and repair in human teeth
are trauma and systemic or idiopathic factors and age (Henry and Wein-
mann, 19%1jo Perhaps some of these factors are causes of resorption in

pronghorn te<'th® 1lne section in Fl.gui-e 9 shows an area of resorption

and rimpair o

Lamellae
The cementum of pronghorns exhibit fainter staining increment

linee, called lamellae, within the annulationso These can be seen in
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Figures 6 and 7. Low and Cowan (1963} noted lamellae in their examina-
tion of mule and blacK-tailed desr cementum. They also stated that
similar lamellae were described by Nishiwaki et al. (1958) for the testh
of whales. Gilbert (1966) found lamellaes in the cementum of white-

tailed deer.

Occurrence of Rut Lines

Some of the stained sections of the pronghorn incisors showed an
additional dark-staining band next to the fall-winter band. As the rut
occurs in Montana pronghorn in September (Wright, et al., 1962) it was
assumed that this additional band, the innermost of the two bands, was
a rut lire as described for mule and black-tailed deer by Low and Cowan
(1963 . The rut and fall-winter bands can be seen in the dark band
arsas of Figures 7 and 8. The appearance of the rut and fall-winter
bands do not ordinarily cause any difficulty in aging by cementum annul-
ations because the two structures are close together. Rarely it occurred
that a certain section showed what appeared to be rut and fall-winter
bands far enough apart to be classified as two separate fall-winter
bands. This, however, is a matte=r of judgment. When this appeared to
happen the animal was given a maximum and minimum age and not included
in the data. [zwally when this {s suspected the maximum thickness of

the cementum can be used as a clue to age.

P

Mitchell (1963 determined in r«d deer that the number of cementum
annalations in the individual tewvh of one side were the same as the
corresponding te«th of the other side. Also, the number of annulations

in the teeth of a side corresponds=n to the time of eruplion of the teeth,
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In the present study one entire set of ten teeth from a side of
the mandible was sectioned in two animals. In one animal, wsar aged to
be 8 1/3 years old, cross sections were made of the incisiform teeth
and sagittal sections were made of the molariform teeth. The sections
were examined unstained. In the second animal, wear aged to be 7 1/3
years old, the incisiform testh were cut in cross section and the molar-
iform teeth were cut in frontal section. These sections were stained
and examined. In both animals the cementum of all the teeth had alter-
nating bands in its structure which may have been annulations. There
was 50 much difficulty in counting the cementum bands, because some were
not distinct, that the inadequate results were not included in the study.
Whether or not the other incisiferm and melariform teeth could be used
for aging was thus not determined with certainty by this limited study.
It was found later that the left and right first permanent incisors of
mary animals had the same number of cementum annulations. It is prob-
able that the pronghorn teeth have cemsntum annulations equal in number

in corresponding teeth and in an eruption sequence but this needs further

stuady.

Width of Cementum Annulations

Sergeant and Pimlct: {1959} fournd in mooss that the thickness of
cementum added from year to year was about the same from the ages cf
1 to 10 years. McFwan (19631 noted that the thickness of annulaiicns
increased with age in caribou. Gilbsret (1966 found in white-tailed
deer that the annual bands tended ¢ decrease as the animals apprcached
old age. In prongharn: 1% appesrs, generally, that the individual

cementum annulations tend to increase in thickness as the animals became



3%
older. This is & general impressicn obtained from sxamining a large
number of undecalcified sections., Unfortunately, the thizkness of
individual annulations were not measured in unstained sections. Table
5 shows the relative width of the annual incrasments of some of the

established-age animals.

THBLE S

RELATIVE THICKNESS CF ANNUAL BANDS OF CEMENTUM
IN ESTABLISHED-AGE FRONGHORNS

Animal Thickness of Band (microns
No. Age (years) 1 5 3Band szber 5 6
E17 2 1/2 13 68
E.8 3 1/ 8 26 Ly
E19 3 1/3 18 86 78
E20 L 173 0 1h9 198 168
E2L L L/3 J 129 g9 109
E22 5 1/3 135 229 158 130 68
E23 6 1/3 19 8¢ 198 197 396 117

T
s -t

The primery purpuse of Tabls 5 iz to guantify and record the
annual cementlum eqdsd per year LI e felecied group of pronghorn firse
incisers. The measurements ars Lot colparsbls belwzen the animsels be-
cause MOSL Werw nit taken from the arwa of maximum cementum thi . Kness.
Thers 13 consideradle varfation i ths thlckress of the arnusl bards
in any cue ag% among tus snimals. The measursments of band Number

one were LeKED fTem the denvinc-cemwntsh interface to the emd of
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the first fall-winter band; band 2 was from the end of the first fall-
winter band to the end of the second fall-winter band, and so on to the
sixth fall-winter band. The measurements are somewhat distorted because
they were taken on stained, decalcified sections and I believe gome
stretching and shrinking of the annulations occurs in sections so pre-

pared.

Comparison of Cross and Sagittal Sections

At the beginning of the study I found that cross sections were
easier to cut, more sections could be made, and were easier to grind
without destroying them than sagittal sections. Later in the study
sncugh experience was developed to prepare good sagittal sections.
Sagittal sections were found to be praeferable to cross sections because
they showed the continuity of the annulations better, thus were more
reliable for aging. It is believed that if sagittal sections had besn
used from the beginning of the study more animals would have been placed
in the "observed" columns of Tables 1-4, providing that the cementum

stained well.

Time of Formation of Fall-Winter Band and Rut Band

The exact time of the formation of the fall-winter band was dif-
ficult to determine because the cutside edge of the section had to be
examined on an animal killed at a particular date. It was difficult teo
determine Lf the cutside edge of the section showed a true band or
merely showsd an artifact formed by lighting conditions. By exsmining
unstained sections of incizors it waz found that the fall-wintsr band

was aiready forming by December 6. The cpaque spring-summsr band was
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apparently forming as late as Octobsr 26, In stained sections, in the
males, a dark-staining rut or winter line is forming on the outside by
September 7. It is difficult to determine if a dark band forming on
the outside of a section is a rut or a fall-winter band. In the females
a stained section showed that ths spring-summer zone was still forming
by October 26. From these data it ¢sn be assumed that the rut line
begins forming around August and September and the fall-winter line
begins forming around November or possibly as early as September. Some
animals were collscted in the spring but were collected too late to be

studied and inciuded here. Therefore, the time when the spring-summer

band begins tc form is not known.

Time of Formation of the First Layer of Cementum

The time of the formation of the firzt layer of cementum has been
subject to some discussion. Sergeant and Pimlett (1959} noted that on
meose calf incisors the cementum was about .12 mm. thick around the tims
of eruption and it was suggested that & portion of the cementum was lald
down before eruption. Low and Cowan (1963, in aging deer by the cemen-
tum, dated¢ the first inciscr’s eruptiocn at 12 months from the dentinc-
cemental interface. The time of the formaticn of the cementum was
discussed but was not determined. Gilbert 1,966} tound that in white-
tatled deer the cemerium wss formed prier to the eruption of the first
LXLLECT

It was necessary fo determine when the first laysr cf cementum
began w0 form in the imciscrs of prorghurn ant:ilope in order 1o age by
the cementum annulations. 4 seri~s of pronghorn first incisors, ranging

from sevsral monthe before wrupiion to Wher iths incisor was fully in
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pPlace, was examined. Tables 6 snows the results of this examination.
It can be seen from the table that, in the pronghorn, the cementum of
the first incisor begins forming just pricr to eruption, between 12

and 15 months.

TABLE 6

EXAMINATION OF FIRST INCISORS TO LETERMINE WHEN THE CEMENTUM
FIRST FORMS IN THE PRONGHORN

_ hge Agirg Status of Tooth Camentum

(Months Methoed Eruvption Length Thickness

{mm. ) (microns)
8 sruption unerupted 13 o]
11 kncwn unerupted 2L 0]
12 kniewn unerupted 25 0
15 eruption unerupted 32 10
15 erupticn unsrupted 32 13
15 eruption P ik 3e 13
15% eruption just erupLing 28 13
163 sruption E :/L-. 36 52
20 erupt Lan fully in 35 L1

The Lewasys 1 fLne Alfernat“ha Striectti- Cd the Cwmmertum

The causes of the Ycrmation ¢l th aitsrrating steucture of *he
cemen.tam have been speculaved woorli LYy a number of reswarchers. Sep-

geant and Flwmictt (1959 s

g9

gerled Lhatl lhe alternaling equence may be

'l gt e LG SEESUTY artaticonas ¢ - e ERE [ ‘
related LG S68S0Na, varlatlona iz .-wdirg condibticns, Mchweh P a%6
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surmised that seasonal differences in the amount of sunlight and the
quantities of summer and winter forage may be factors. Low and Cowan
(1963} noted that food may be of primary or secondary importance and
that the behavior of the annulations may be dus to cyclic hormonal
changes or othsr related photeperiocdic responses.

In pronghorns, Wright, et al. (1962) mentioned that the bucks
loose weight during the rut. Perhaps the rut band is caused by factors
leading to this loss of weight. A L-ysar-old pronghorn buck that had
been castrated at birth was available for study. An examination of thes
first incisor cementum showed that the animal could be accurately aged
by the annulations. There seemed to be no particular difference ba-
tween the cementum of this animal {Figure 13) and that of a normal
i 1/3-year-cld male {Figurs 6) =xcept that there appeared to be fswer
lamellae per annulation. It could alsc be seen that the dark-staining
band was wsll formed on the cutside of the cementum by the time of the
castrated buck's death on August 11. Onfeortunately, no other adult
male had been collected this early so a comparison of the time of form-
ation of the outside bands could net be mades. The cutside dark-staining
band appears to be formed, in the csstrated buck, mariier than those
found in the ncermal bucks. No other discussion can be made on the
causes of the altzrrnaving structurz ¢f vhe cementum from the present

sLudy.
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Fig'axe 13 tn the 'Lncisor cementum of a
l-year-old castrated back pronghorn,, Sagittal
sectl'en® 220X,,



SUMMARY

A new tecﬁnique for aging pronghorn antelope was developed. The
first permanent incisor of the pronghorn was sectioned, decalcified,
stained and the cementum was examined. The cementum showed alternating
light and dark-staining bands. Each pair of alternating bands repres-
ented one annual layer of cementum. Some unstained sections of incisors
showed cementum annulations. A series of ten established-age pronghorns
up to 6 1/3 years of age was accurately aged by the cementum annulaticn
technique. The incisor of a pronghorn known to be over 12 years old was
feund to have only three to five annulations. The root of this tcoth may
have been damapged or resorbed. This was a major loss to the study be-
cause no other known-age pronghorns over 6 1/3 years old were availabie.

A sample of pronghorns originally aged by the tooth sruption and
wear technique was subsequently aged by the cementum annulation technique.
There was up to 78 per cent agreement betwsen these two aging techniques
in pronghorns aged at 6 1/3 years and younger. Thers was a high degrss
of agreement (16 of 19) between the two methods in aging pronghcime tu bz
over 6 1/3 years of age. Incisor length and wear and maximum cemsnoum
thickness are net good criteria for aging prongherns. It appears that
incisor length declines beocause of wear as the pronghorn becomass clder.
it appeesrs that the maximum cementum thickness of the incisor Incrsases
with age. The comparison of the number ¢t cementuln anrislet (is with arnim-
als aged by touth replacemsnt and wear, with inciscr length ana wear, and
with cementum thickness sugges‘s 'nat aging pronghorns oy the number (f

L>
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annulations is pessible in pronghorns older than 6 1/13 years of ags,
as it is in pronghorns 6 1/3 years old and younger.

Rescrption and repair occurs occasiocnally in pronghorn cementum.
In addition to the dark-staining fall-winter bands and the light-staining
spring-summer bands, there appear to be dark-staining rut lines present
in the cementum annulations. Somewhat less than half of the pronghorns
aged by cementum annulations were difficult to age because of poor
staining technigue, resorption and repair and rut lines. Ths other
incisiform teeth and the molariform teeth of the pronghorn have bands
of alternating structure in their cementum. Sagittal sections are pre-
ferable tc cross sections. The fall-winter bands begin to form arocund
Noevember or possibly as sarly as September. The rut band appears to
form arcund August or Ssptember. The %ime when the spring-summer band
bzgins to form is not known.

The first layer of cementum in the first permanent incisor forms
just prior to the eruption of the toeoth., The incisor cementum of a
L-year-old castratad buck was found to have annulations which could be
corrglated with age. Although the cementum aging technigque is estab-
iished in pronghorns up to 6 1/3 ysars of age, a series of known-age
pronghorns c¢ver &6 1/3 years old are nesded to verify this new aging
technique for ths claer animals. When this i3 done 1t can thsn be
det=rmined whether or not thic technique is mors accurats and desirstle

to uge than other techniques for aging pronghorns.
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