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ABSTRACT

Modern samples of Odocoileus virginianus are used to determine (1) sex and
{2} size of prehistoric conspecifics. A special combination of standardization of
measurcments and diseriminant function analysis is proposed and evaluated. An
example, distal ends of tibias from the Brown Site (23VE3), Vernon County,
Missouri. is used to illustrate the procedures.

INTRODUCTION

Knowledge of the sex, biological age, and body size represented by bones of
white-tailed deer (Qdocoilens sirginianus) reecovered from prehistorice sites is im-
portant for reconstructions of paleoecology and aboriginal subsistence practices.
Many bones from mature individuals can be distinguished from those of immalture
animals by the extent of epiphyseal fusion (Purdue, 1983). The determination of
sex is not as easily evaluated since only the frontal and pelvie bones have qualita-
tive differences (Fdwards et al., 1982). White-tailed deer are sexually dimorphic
in body size and, thus. the bones also ditfer in size. However, quantification of
hone size is complicated by overlup between males und females and by clinal
variation of deer from different geographic and lemporal settings {e.g.. Richie,
19703, Methods are presented in this paper that determine sex and estimate mean
size of individuals in a sample of deer from & particular geographic and temporal
setting. The practicability of the methods is demonstrated on 4 sample of zooarch-
acological data.

EXAMFPLE DATA

The transverse diameter {width) and anterior-posterior diameter {depth) ol
the distal ends of tibias were measured for samples of modern deer from Jo Daviess



-

finoe. 15 couniies o central Hlinois. and the Savannal River Plant.

el conipties. South Carolina. The modern samples of tibias were
aver either Bidded by vehicles or brought to hunter check-stations,

Paess osed s remove the soft tissue. Tilias from an arche

Arnioic othe Brown Siie (EVED Vernon County, Missouri, were also

i Site wan oecapied by the Greal Osage Division of the Osage
Srine rong the tate To00< to abont 1774 AD {Chapman. 1974). The tibias [rom all
i tes had orsitving or ossitfed epiphyseal sutures and, conseqguenily,

istired, Fhe piros

et st

were of adult propartions (Purdie. 19833,

DETERMINATION OF SIEX
Three options witl be shown for determining sex as indicated by a set of mea-
surenents o bane, AH options are variations of two hasic slatistical technigques.
standardization with v-scores and diseriminamt function analysis (IDFA), The z-

IR I ANV AR

indicaies the number of standard deviation units a measurement (x3 is from the
meditix) when X is ser at 0.6 and the standard deviation {s) at 1.0

Fhe z-snores ure entered as variables in DFAL a multivariate procedure which
uses the reference specimens, ¢.¢.. the modern samples of deer, to develop criteria
for deterisining the sex for individuals in a prehistorie sample (see Cooley and
Lobes. BT and Davis, 1972 for general discussions of DEFA 1o DFA s also used
fo reclassity the Individnals in the reference samples so that the degree of morpho-
1 1

wgical overiap bebween sex clusses can be determined.

Option 1. A normal statistical procedure for the determination of sex is 1o use
the mean and standard deviation for the entire sumple to standardize and enter
the datuwinte DFA. The flaw in this arrangement is that when (here are svstemalic
differences in body size between localities, as evidenced by white-tailed deer, then
deleterions sestematie frends in sex assignoent by DFA are introduced {Table 1y,
Muales from smallsized populations. e.¢.. South Carolina, and lurge females. ey,
Nlinois. are poorly diseriminated. Clinal variation is the basis of the problem
because males [rom some localities are the size of females at others and the resuli-
ing z-scores are an nncomlortable mix of sex and clinal effects. The classification
results are identical to those produced by no standardization.

Option 2. Another methad s 1o independently analvze each sample. This in-
valves compuling w mean and standard deviation [or cach sample belore standard-
ivinsg and then performing DA on cach separate sample, The maximum amount of
separation between the sexes is produced for each sample and systematic differences
in body size between localities no loriger are an issue {Table 1). Unfortunately, the
prehistoric samples can no longer be analvzed for sex because there is no appropri-
ale reference gronp,

Option 3. The dinal option is a hybrid of the [irst two. Rach sample, using its
respeciive mean and standard deviation, is standardized independently of the
athers. The males, which in cach sample tend to have larger measurements, have
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positive z-scores and the temales. which are smaller, have negative values, The
z-scores ol all individuals are then analvzed simullaneously with DA, The results
indicate that the systematic problems appuarent in Oplion 1 arc resolved and that
the sexes can he separated with near the efficiency of Option 2 (Table 1), The
critical factor in the procedure is that both sexes are represented in cach sample,
Ideallv. the sex ratio should be 1:1. Various degrees of departure from this ratio
were investigated und, fortunately, the ratio can deviate considerably {approx-
imately £ 30%) from the ideal and still produce salisfuctory results (Tig. 1),
Although not done here, an independent test ol the sex ratio s to note the number
ol each sex represented by the pelvie and frontal bones. Unfortunately bolh
elements tend o be fragimmented o archacological sites and the frontal, in par-
ticular. may be biased for males because of the presence of antler which was often
nsed Tor tools. Overall, Option 3 appears to be the best method for determining
sex and it will be utilized in the next section.

ESTIMATING MEAXN SIZE OI" AN UNKNOWN SAMPLE

Fven using the optimal lechnigne there is overlap in the size of the sexes of
deer and DFA is unable to distinguish sex correctly all the time (Table 1), Results
ol DFA on the modern samples can be used to “correct” for the etfects of the wis-
classifications in the unknown or zooarchaeological sample. Descriptive statistics,
i.e.. mean and standard deviation, arc calculated for the known or modern sumples.
thus producing a sei of actual values, i.e., values thal estimale the parameters of the
population wilth morphological overlap ol the sexes. A set of apparent descriptive
statisties is also caleulated [or the known samples by reassigning those individuals
that IDIPA placed in the wrong sex. The apparent set of values is directly compar-
able with the deseriptive statistics [or the unknown sample sexed by DFA. Further,
the means of the unknown sample can be altered for comparison with the actual
means of known deer by the tollowing correction:

_ Lo [1eTs )
Xu = %a - 1" -
g aj /
where x_ = the correcled mean of one sex for the unknown sample, x, = the ap-

parent mean of the same sex for the unknown sample, 1 = the actual mean of the
same sex for the 'th known sample, a = the apparent meun of the sume sex tor the
U'th known sample, and g = the number of known samples. The correction factor
is the proportion of actual to apparent values averaged over the pmber of known
samples.

There are several characteristics worthy of note in the example ot the applica-
tinn of the method {Table 2). The diflerences between the actual and apparent
vulues ure slight, ranging {rom near 0 (o approximately 2% . The apparent means
tor the males are slightly larger relative to the actual values and the reverse is true
for the females, The apparent standard deviations for both sexes ure smaller then
the actual values. These effects are the result of the small males being classified by
DFA uas females and large females as males. Therelore, apparenl sex groups arc
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Efteel of the sex ratio on elussificution naing Option 3 staistical procedires isec textd
Measnrenments of distal euds of tibias of deer Tronn Jo Daviess Couvtv, Hinois, were dreated s
it thev were drom an arelacologival site The ses ratio swoas varied by randon deletion il ad-

dition of specimers for T dria! runs, Zoscores were recalenlared foe cacl rme The selvrener
sartiple was camprised of deer fronn three Tocelities: Jo Diasiess Conmitv, contral Tlinois. anod

Sl Coarnldinn, The enrve i dravwn b hand.






