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and recent revisions were not significantly different.

" INTRODUCTION

~ Aspects of the dentition of elephants from several populations
have been described in attempts to facilitate the estimation of
age of individuals, determination of the sex and describing
interpopulation differences in demographic parameters, Both
recent methods of estimating ages of elephants rely on the
forward progression of the six molars in each half of the upper
or lower jaw. Laws (1966) and Sikes (1966, 1968) provide
detailed descriptions of the dentition of elephants in East Africa
“and both propose methods of age estimation based on the earlier
work of Morrison-Seott (1947), Perry (1934), Bourlidgre &
;. Yerschuren (1960 in Laws 1966) and Johnson & Buss (1965).
. Thisentails the classification of the relative position, development
'f_md aitrition of the molar series into discrete categories related
1o chronological age. A scarcily of known-age individuals,
.~ however, left many assumptions and approximations made by
‘Laws (1966) and Sikes (1968) unconfirmed. Subsequent use of
- their methods on other populations showed several inconsis-
tencies and both methods are currently regarded as suspect
(Croze, Hillman & Lang 1981 Eltringham 1982; Jachmann
1985, 1988).

‘Atleast three major processes combine to produce the appearance
‘of the molar complement in a given mandible. Forward
- Movement, resorption of roots of functional molars and erup-
tion of a newly consolidated molar should be coordinated to
.5ome degree for the jaw 1o function properly. Minor variation
: in the rate of appearance and disappearance of a molar should,
however, not adversely affect mastication. Smail variations in
eithereruption, forward movement orattrition could nevertheless
. Tesult in misclassification of a mandible in both the methods of
Laws (1966) and of Sikes (1968).

Laws (1966), Sikes (1968) and Hanks {19724, b) show that
_§_E_V_f':rai methodelogical errors may influence age estimation,
Motably in the correct identification of molars and laminae
-_Wh_!'_Ch are crucial to either age estimation method. Hanks
a 9724) suggested that cycles of recruitment in populations, as
: ‘“_d_‘.C?ted by age distributions, were artifacts of the age estimation
ﬁ_m?&md of Laws (1966), and he was supported, if indirectly, by
Shierry (1975), Smuts (1975), Williamson (1976) and Kerr
1978). “Cycles of recruiement™ or peaks in the age distributions
3°ccu__1‘l_”f:d at more or less the sarne ages in the populations they
tdied and the five studied by Laws (1969a) and Laws & Parker

1963_},_ although shis was obviously not correlated to rainfall

10T {0 conception or birth.
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ABSTRACT

Variation in the number of laminae per molar, and in the number and position of foramina mentale in mandibles from elephants in the Etosha
Nationul Park rules out the use of referenced laminary counts for age estimation purposet. Premature loss of arterior molar fragments occurred
in 18% of mandibles, as an additional source of confusion and subjectivity in the idemification of age classes. Classification of mandibles
arcording to the degree of eruption and asirition of anterier and posterior molars independently, result in different age distributions, and
indicates that the loss of molar fragments is more irregutar than the eruption sequence of molars. Anomalous peaks in the age distribution
cozresponding to the loss of molars were less distinctive in the samples from the Erosha Natienal Park, than in all other populations studied.
The age estimation method of Laws (1966, 1967) could not be shown to be inaccurate and age distributions based on the original schedule

Jachmann (1985) has suggested that the method of Laws (1966)
overestimates the age of individual elephants over the range 10-
30 years of age, based on photographs of the mandibles of three
known-ageelephantsinLang (1980)and one in Lawsetal. (1975).
Jachmann (1988) therefore proposed a tentative revision of the
age estimation methed of Laws (1966) over the range 10-30
years of age, bused on molarreplacement and growth in shoulder
height of six captive elephants (Lang 1980), and photographs of
the mandibles of the four known-age elephants mentioned. All
studies of the demography of African elephants, including
Jachmann’s own study in Malawi (Jachmann 1980, 1988), have
nevertheless relied on the age estimation method of Laws
(1966). The original method of Laws {1966) was used in this
study in favour of the tentative revisions by Jachmann (19883,
to facilitate comparison with previous studies, and also because
the revision is not final (Jachmann 1988).

The aim of this paper is to describe the utility of, and problems
encountered with accepted age classification methods in a
sample of mandibles from the Etasha National Park (Etosha).

METHODS

The mandibles of 5325 elephants were collected during culling
operations in the western part of Etoshain 1983 {219) and 1985
(306). Each mandible was marked with a numbered metal tag
and painted with polyester resin after the soft tissue had been
removed by scavengers. Standard body measurements following
Laws (1966) were recorded for all culled individuals, but only
used as a direct indication of age in 44 juveniles captured live
during the 1985 cull.

Mandibular molars were identified by their relative sizes (Laws
1966, Hanks 1972b). Maximum widths and lengths of intact
and incomplete molars were measured as in Laws (1966). The
full laminary complement was recorded in intact molars, as well
as the number of laminae posterior o a vertical line through the
foramen mentale, i.e. the laminary index of Sikes {(1968). The
incidence of incompletely developed first and fast laminae was
recorded, as well as the number of functional laminae in each
molar. Alveolar sockets were classed as open (molar lost
recently), semi-filled, closed but visible with some small cavities,
and closed entirely, grading into matrix (longest interval since
molar was lost). The number and relative position of the
foramina mentale were recorded forboth sides of each mandible.

All mandibles were allocated fo the 30 age classes of Laws
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(1966), as based on the characteristic stage of molar progres-
sion, as well as the revised age schedule of Jachmann (1988).
Only right halves were used as is conventional. As a test for
personal subjectivity, all mandibles were furthermore reclassified
twice, based on the appearance of the anterior and posterior
molars independently. Chronological age limits were assigned
to age classes by Laws (1966) later refined by Laws (1967) and
modified by Jachmann (1988). The frequency of individuals in
year groups were calculated using equal representation of the
number of individuals in each age class over the number of years
represented by each age class, or by using three-year running
averages.

Afteridentification of molarssituated above the foramen mentale,
the laminary index, or “FM formula™ of Sikes (1968), was
identified by counting the number of laminae posterior to the
imaginary vertical line passing through the foramen mentale, of
the molar above the foramen. Chronological ages were assigned
to six of the 57 possible molar pge groups of Sikes (1968). The
standard notation for elephant molars is followed, where M1
refers to mandibular molar 1.

Age structures were compared using a contingency analysis as
recommended by Caughley (1966).

RESULTS

Identification of molars

Figure 1 illustrates the sizes of molars of males (A) and females
(B} from Etosha. M1, M2 and M3 showed no overlap in size,
while M6 could be identified by the absence of an alveolus
posterior to it. M4 and M5 were distingunished by their relative
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FIGURE 1A: Widths and lengths of M1-M6 in the total sample of males (A)
and of intuet molars only {*A') of elephants culled in Etosha National Park.

. males were generally more massive than those in females, but

sizes and the presence or absence of a preceding M3. Molars of

sizes overlapped as is shown in Hanks (1972b). This overlap
was only in part due to the inclusion of partially wom or-
incompletely developed teeth in the series (Figure 1 A-’A’, B-
'B’). One supernuwmerary molar (M7) was found, giving an’
incidence of 0.2% in the total sample. One mandible in the 1985
sample was abscessed and had a fractured M4, possibly as the
result of a gunshot wound, while one mandible in the 1983
sample showed the loss of an entire M3 soon after complete
eruption with no further development of M6. The other half was
normal.

Number of laminae

Frequency distributions of the number of laminae in each molar
are shown in Figure 2. Variation in the number of laminae per
molar occurred in all molars, with overlapping numbers from
M3 to M6. Apart from the number of rudimental laminae
described by Sikes (1968), which may or may not be counted,
the visible number of laminae is further reduced by another
process. The first, or anterior, lamina of all molars is usually
smallerthan the rest, and probably does not last as fong, The first
Ilaminae of M4-6 are in addition sometimes absentor incompletely
developed where the developing buttress temaing confined
below the last lamina of the preceding melar. Not all molars
show this reduction to the same degree and the incidence of
incomplete first laminae as the only remaining evidence, is
shown in Table 1. The last functional laminae in M1-3 might
similarly be suppressed due to the developmentofthe succeeding
first lamina of the next molar. More last laminde are in Fact
incomplete or absent than first laminae (Table 1),
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FIGURE 1B: Widths and lengths of M1-M6 in the totaf sample of females (B}
and of intact molars only (B} of elephunts culled i Etosha National Park.
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GURE o Frequcncy distribution of the number of lnmmae in intact elephant
Ml-ﬁ in Etosha National Park (nn denotes sample size).

anatlon ‘occurred in the position and number of foramina
entale (Table 2), and the position of foramina on left and right
i dlbles differed in 7.3% of the total sample. Counts of
inde differed in up to three laminae in M1-M3 and up to two
1indé in M4-6 when counted from the posterior and anterior
foramina mentale.

£ Number of incomplete first and last laminze in fully erupted molars of
nts‘culled in 1983 and 1983 in Etoska National park. Percentage incidence
it parenthesis.

} might Total no. of No. with No. with

:eeding elephants incomplete incomplete

in fact exanined first laminac last laminae
9 0 2 (6.0
53 0 28 (52.8)
181 0 76 (42.0)
154 16 (104 52 (33.8)
1 2 @) 23 (d6.0)
34 3 (1) 0
501 4 181 (36.13

of elephants celled in Elosha National Park. Pcrcc:nm;:e incidence
i puremhesxs

Ne. of No. of No, of No. of

ondibles  foraminz  foramina  mandibles displaced
o mentale  mentale  with 2
expected  present

foramina
foramina  menmale in L
mentale & R mandibles

64 B2 12 (371.3) 4]

B4 110 I (23.8) 4
138 181 31 (46.4) 8 (116}
126 155 11 (349} 4

BR £06 16 (36.4) 1

64 L0 la (30.0) 0

percent of mandibles had no molar situated directly
the forarncn mentale reference point, thus occupying
_fposntlons relative to Sikes’ age groups. The
ar bledegree of filling of the alveolus abave the foramen, and
degree of abrasion of the anterior edge of the next
te that some molars are lost at irregular intervals.
lthough ot mientioned as such by Sikes (1966, 1968), the
ene GE molar lamina above the Foramen is not totally

‘ he last few laminae of a particular molar are
u son Complete resarption of molar roots occur

allyIost in
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above the foramen and the part of a molar anterior to the foramen
projects as an unrooted shelf. The entire molar progressively
loses its roots en passage over the foramen, and the ccelusal
surface is therefore last bit by bit. The anterior part of the
alveolus itself retrogresses as soon as one or more roots are
resorbed, and the alveolus is therefore only visible in the molar
row when the last section of the anterior malar of the two or three
present is lost. Two different molars are present in a mandible,
except in age class ITT where three molars (M1-3) are present,
and age classes XXIII-XXX where only one molar (M6) is
present. In the normal sequence of events all mandibles will on
occasion have recently evacuated alveoli over the foramen,
while partially or completely filled alveoli above and posterior
to the foramen indicate the premature loss of a molar. It is not
possible to judge from the size of the alveolus which lamina
would have been situated above the foramen, thus further
limiting the use of Sikes” method based on counting laminae,
The incidence of lost molars and therefore alveoli situated
above the foramen mentate is presented in Table 3, as well as the
degree of filling of the alveolar sacket (Table 4). Itis notknown
how rapidly the entire cavity is filled by secondary bone growth,
but at least the closed-absent class represents premature losses
of M1-4.

TABLE 3: Number of mandibles with no molar over the foramen mentale in
eleplants culled in 1983 and 1985 in Erosha Nutionai Park. Percentage incidence
given in parenthesis.

Anterior molar Total ne. of mandibles No. of mandibles

present exnmined in (983 with ne molar over
foramina mentale

M1 46 16 (34.8)
M2 76 38 (50.8)
M3 170 27 (i59)
M4 E28 5 {39
M3 44 1 {23
M6 32 - -

496 87 (17.5)

TABLE 4: Conditicn of the alveolus of lost motars in mandibles with no molar
cver the foramen mentale, from elephants culled in Etosha National Park.

Alveolus  No. of Fresh H1flled 34 filed  Closed -
of alveoli fully (%} (%) absent (%)
: examined  open (%)

Mt 16 8 (5000 1 (63) 1(63) 6 (375
M2 38 30 79 2 (53 10 (263) 23 (60.5)
M3 27 4 (148) 4 (148) 4 (148) 14 (51.9)
M4 5 1020000 2 @) 1 (2000 1 (20.0)
M5 1 1 (100.0} . . .

Comparisons between ages assigned following Sikes (1968)
and Laws (1966)

Figure 3 illustrates the correlation between ages of the elephants
from Etosha as derived from the methods of Laws (1966) and
Sikes (1968), with ages derived from Luaws in general greater
than those according to Sikes, Table 5 presents the range of
laminary indices (Sikes 1968) sllocated to mandibles in each of
Laws’ age classes, in the samples from Etosha, as well as similar
ranges described by Sikes (1968). The wide range of FM indices
in each of the Lawsian age classes in the samples from Etosha
indicates that the two methods correspond less welf than they
should, as both describe the sume process of anterior progres-
sion of molars. Ages derived from one method are therefore not
directly convertible to the other system.
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FIGURE 3: Comparison berween the ages allocated to female (%) and male (M) elephants in Etosha Nationai Park according 1o the methods of Laws (1966) and Sikes
(1968) {the dingonal line A-' A" represents exact correspondence between the two methods).

TABLE 5: Range of laminary indices per Lawsinn age class in ¢lephants inEtosha
National Park,

Age class Carresponding Range of laminary Medal laminary
{Laws 1966)  laminury index indices in Etoshz index in Etosha
in Sikes (1968) elephants elephants
[ i+ 1/0
3| 11-3 110 1/0
mn 10 -0 12
v 1/4-5 V3-T172 170
v /-7 T/ - 17 A
VI 1/1-2 [1/0 - 113 /0
VIl i3 /04 [11/0
VT 03/ -7 111/3
X TH/5-6 /1 - IV/1 mi/7
X 147 - 1¥/1 1ys5 - Iv/4 11/8
XI w2 19 - 1v/4 v
X /i3 iviD-3 VA
XIil v V/3-5 v/
Xiv v/ 1v/3-6 /s
XV /A9 /59 Wi
xXvi Vo - v/l IV/7- Vi VA
XVII vi2 Vi - Vi3 v
Xvi v/ V- V/o Vi5
XIX vi4 VI5-V/7 -
XX V75 Vi5-V/i8 -
XX1I Vi vie-s VB
xXxn V/10-12 V/B-10 Vi
XXN v1/1-2 Vi1 VIH -
XXIV VI/3 V9 - Vi -
XXV VI/4-8 Vii2-V1/5 -
XXV VI/4-VI5 Vi
xxvi V4. Ve Vis8
XXvin V1/9-10 - -
XXX - -
XXX Vit Vi/g-9 -

*eqtire molar situated posterior to a vertical line through the foramen meatate.

AGE: SIKES (YEARS)

Age distribution

As a fair degree of subjectivity is invalved when allocating
mandibles to one of Laws' (1966) age classes, it was suspected
that a biased use of the method could be responsible for the
inaccurate assignment of individual mandibles to a particula
age group. As 2 tes, all mandibles were re-allocated to age
classes using the appearance of the anteriorand posterior molar
independently. Entirely different numerical distributions ar
produced in this way (Figures 4 & 5). Smoothing by using th
estimated age ranges in Laws (1966) and {1967) increased th
similarity between anterior-molar biased and posterior-molar
biased distributions (Figures4 B& D, 3B & D). Anterior-molar:
bias results in stightly more uneven disiributions than posterior-:
molarbias, the more se in the distributions that emerge using age:
rangesin Laws {1966) rather than the age ranges in Laws (1967).!
This may indicate that erupiion of molars is more regular than;
the eveniual loss of their fragments.

Age distributions of the elephant from Etosha samples, as:
derived from the method of Sikes (1968) are illustrated in Figure
6. Penks do not generally correspond with the loss of motars
M2-4, and ihese distributions are potentially useful. Variations .
in the number of laminae per molar or the position of the mental
foramen are not taken into account in Sikes’ method. The only .
modification that could be made to her method was the alloca-
tion of prematurely lost melars to the last laminary age group’
(Figure 6 A,C) or the last two laminary stages of the missing
molar (Figure 6 B,D). Age groups 20-30, following Sikes ':
{1968) are underrepresented in both the 1983 and 1983 samples,
as compared to the Lawsian age distributions (Figures 7 & 8). 7

Figure 9 A-J illustrates female age structures derived from Z'_:
culled samples of etephants from Etosha and seven other popu- g
lations {data from graphs in Laws 1969b, Hanks 1972a, Shesry :
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DISCUSSION

Molar width and length are generally sufficient to identify a
particular molar. When a molar is partially eroded, fragmented
or not fully erupted and therefore not identifiable by measuring
its width and length as in Figure 1, the relative sizes of other
molars present in the mandible reveal its identity. Confusion
between M4, M5 and M8 is resolved in this way, and there was
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FIGURE 6: Age distributions of female elephants in the 1983 (A & B) and 1985 (C & D) samples [rom Eiosha Nutional Pask using the method of Sikes (1968
no need to resort to laminae counts or exposing roots for indices occurring in each age class of Laws (1966). Such rang
identification, as was found by Laws (1966), Hanks (1972b}and were greater in Etosha elephants than suggested by Sikes (196
Fachmann (1988). Laws (1966} ascribes the overlap in size and may reflect interpopulation differences. :
between molars as possibly due to the inclusion of both sexes in :
his sample, but Hanks (1972b) and the present study show that Apart from Hanks (1972b) and Jachmann (1985, 1988) wi
even by separating the sexes, the overlap remains, albeit re- counted laminae but used the Laws (1966) method to alloca
duced. The respective widihs and lengths of molars from the ages, only Corfield (1973), Malpas (1978) and Lark (198
sample from Etosha are similar to those from Zambia (Hanks seem to have used Sikes’ method. Variation occurred in
1972b) and smaller samples from Uganda (Laws 1966) and number of laminae in the intact and fully developed M1-6in!
Kenya (Sikes 1968). Molars 3-6 from elephants in Malawi are populations studied. There appears to be no standard number
considerably smaller than M3-6 from Etosha, Uganda and laminae for each molar and variable numbers are more comm
Kenya{Jachmann 1985). Few abnormalities occurred in molars than suggested by Sikes (1968). The same degree of variati
in the Etosha samples, similar to the sample of Hanks (1972b). was found in Etosha as by Laws (1966}, Hanks (1972b) a
Meotar abscesses are regarded as indicative of loss in condition Jachmann (1988), in Uganda, Zambia and Malawi. Identific
and population stress (Laws & Parker 1968), with a high tion of molars can therefore not rely on lamina counts onl
incidence in Uganda (approximately 10%) but were rure in Variation in the degree of reduction of the rudimental lamina
Etosha (0.4% of ali jaws) and absent in Zambia (Hanks 1972b). and complete development of first and last functional famin
Supernumersry molars in Etosha (0.2%) and Zambia {0.1%} due to the state of development of adjacent molars, is a furth
were likewise less abundant than in Uganda (1.0%). drawback in the use of referenced laminary counts as an ind

of age, as also found by Corfield (1973) and Jachmann (198
Asboth the methods of Sikes and Laws are based on the forward Additional uneertainty is caused by the variation in the numb
progress of the molar series in the jaw, the degree of correlation and position of the foramina mentale which are supposed to
between age distributions derived from both methods is to be a fixed reference point for counting faminae. Variation in
expected. This was also found by Malpas (1978, in Eltringham number of laminae, reduction of rudimental laminae, and
1982) and Lark (1984). Individual ages assigned using the two positien of the foramen mentale disqualify Sikes’ method, o
methods may, however, differ greatly, The use of both methods have consequently restricted its use. ‘
require a degree of subjectivity, and no two workers will assign
all mandibles to the same categories using either method, Ages Sikes (1968) furthermore provides only six ages for her 37
derived by the method of Laws (1966) cannot be converted classes, but maintains that intermediary ages can be read off he

directly into Sikesian ages, as shown by the range of laminary age reference chart. This is problematical, as there is n0;
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E-7: Frequency distribution of elephants in cach Lawstan age class (A)

1 j'l_::uj graups odjusted according to the ranges given in Laws (1966) (B),

s (1957a) (C) and the age schedule of Tachmann (1988) (D) in the 1983
v sample from Etosha Nazional Park,

e that intermediate groups follow in regular increments
'h_E"l_l n:fact the six known ages do not. In Etosha at least, it
ms wrong to regard the presence of the last lamina of M6 as

an elephant in the terminal age group. This lamina is
¥ & small portion of the normal occlusal surface of M6 in
It elephants, and death through starvation will ensue long
efare only the last lamina remains.

€ Most severe shortcoming of the use of Sikes’ method for
Imining the age of the mandibles of elephants from Etosha,
Bt up_to 18% of mandibles have no molar situated over the
4l foramen, due to the premature loss of the last portion of
terior molar present. It would not be correct to regard
above the foramen mentale as equivalent to the last
fHndry group of the now lost molar, as a variable degree of
10s1on of the next molar and variation in the appearance of the
Sacket from fresh to undetectable indicate that the

Cing molar is lost at different stages in molar progression
lifferant elephants,

“alveg

fature Ioss of molars is regarded as premature only in terms
EC estimation methods, as no detrimental effects should
ly be experienced by the individual elephant. Notonly
mdl\'_i__d'uﬂl clephants have different rates of molar progres-
I other factors may also contribute to premature or
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FIGURE 8: Frequency distribution of elephants in ench Lawsinn nge closs (A)
and in year groups adjusted sccording to the ranges given in Laws (1966) (B),
Laws (19674} (C) and the age schedule of Jechmann (1988 (D} in the 1985
sample from Etoshy National Park.

delayed loss of some molars. At least two molaes are fost
coincidentally with majoriife history events, both of which may
aceur at variable ages, namely weaning and first factation in
females (Laws 1966, Laws 1969a), Calves are weaned at age 2-
4 years, which coincides with the loss of M2. Increased demands
on the occlusal surface during and after weaning may well
unseat the parttally resorbed roots of M2 earlier than otherwise.
Cows may start lactating from 10-18 years, and greater muiri-
tional demands during this phase may similarly affect the time
of loss of M3. This of course would only affect females, and any
such effect would have been easy to describe, were it not that
males from about 10-20 years old are underrepresented in
breeding herds and by consequence also in typical culled
samples.

Fatti et al. (1980} suggest that misclassification accounts for the
ubiquitous peak in 2-4 year-olds in elephant age distributions,
while misclassification of completely different age groups
accounts for two peaks, at 12-16 years and 20-28 years re-
spectively. All three peaks coincide with the actyal loss of a
molar, M2, M3 and M4 respectively. The identification of M4
and M3 are not foolproof, the more so in the absence of an intact
preceading tooth such as in age classes XTI and XVI (Laws
1966), and may result in the aflocation of jaws of completely
different ages to these classes. The other alternative cause of
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FIGURE 9: Age structures of female elephants derived from the revised age estimation method (Jachmann 1988): A & €, and the method of Laws 1966 (B, D-1j, fu
culled samples from Etosha National Park (A-D), Kruger N.2. (E), Kabalega Falls N.P. (F), Luangwa Valley N.P, (G}, Hwange (H), Mana Poels N.P. (T) and
Cionarezhou NP, (F). Data are three-year running averages from references in lext.

misclassification of 12-16 and 20-28 year-olds could be that
incorrect intervals are allocated to the various stages of [oss of
M3 and M4,

For unknown reasons, the refined age ranges in Laws (1967)
were ignored by Hanks (1972a), Sherry {1975}, Smuis (1975),
Williamson (1976) and Fatti er al. (1980). Age ranges in Laws
(1966) are arbitrary, while those in Laws (1967) were based on
variation in the only independent criterion of age used in
elephants other than molar progression, namely growsh of the
eye lens. Age distributions constructed from age class frequen-
cies with the age ranges of Laws (1967) are far more even than
those using ranges in Laws (1966). It would be informative 1o
have a sample from one of the populations with markedly
uneven age distributions reassessed by more than one person,
with regard to ernphasis on eruption or loss of molars, and the
ignored age ranges in Laws (1967).

The validity of using a single series of capiive elephants in Basel
Zao (Lang 1965, 1980) to discredit Laws’ (1966, 1967) method
is guestionable. Aurtificial diets and individual variation in the
loss of molars as found in this study complicate this issue.
Observations that individual growth rates are faster than previ-
ously believed and individual ages are overestimated by Laws’
method will have to be substantiated in Africa, The revision of
Laws’ (1966) method proposed by Jachmann (1988) could be a
step in the right direction, bu caution has to be exercised in the
use of this revision. The fact that elephants in Malawi, on which
the revision was based in part, are apparently smaller than
savannaelephants{Loxodonta africana africana) elsewhere, and
show some differences in their molars (Jachmann 1985, 1988)
might not support the use of the revised method in other
populations. The use of the molar progression method of age
estimation by Laws (1968, 1967) has proved to be the most
useful in this study. Chronological limits assigned 1o age classes
should ideally be verified by known-age individuals, but this is
unlikely to be achieved.
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The most vexing issue regarding the elephants in the Eroshg
samples is the evenness of their Lawsian age distributions, [
this a mere chance effect of individual variation in mol
progression combining with local environmental effects g
occlusion and possibly interpopulation differences in the rate
molar progression, to make an age estimation methed said toh
biased in other situations, appear adequate? In this stud
greater caution was applied in the identification of molars
allocation of mandibles to age classes in view of the {indings{
Fatti e al. {1980). Less emphasis was possibly placed on
status of a single feature in the mandible in favour of the overa
appearance. The absence of peaks in the age distribuiion co
well be of biological significance and suggests the operatio
another mechanism on molar progression or population ag
structure, such as the premature foss of molars, synchroni
breeding or even periodic changes in the mortality rate.
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