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ABSTRACT Fully modern human form, more gracile than the antecedent 
archaic modern form was evident by 30,000 years ago. One hypothesis to explain 
this decrease in skeletal robustness is that change occurred in human diet and that 
this change was associated with a decrease in activity levels required in both in- 
dividual and group behavior. I t  is possible to study dietary change directly using 
trace element analysis of strontium levels in bone. The amount of strontium in 
bone reflects the amount of strontium in diet. Since plants contain higher levels of 
strontium than do animal soft tissues, the level of bone strontium will differ be- 
tween individuals according to the proportion of plant and animal products in 
their diets. In this study the ratio of strontium:calcium in human bone to stron- 
tium:calcium in faunal bone is compared for samples of archaic modern humans 
(from Mugharet et Tabiin, Mugharet es-Skhiil, and Jebel Qafzeh) and fully modern 
humans (from Mugharet el-Kebara and Mugharet el-Wad) from Israel. The use of a 
ratio controls for potentially unequal strontium levels in soils at  different sites and 
for different diagenetic histories between sites. The results of the analysis are 
internally reliable, reflecting bone strontium levels rather than technique error; 
therefore, they reflect diet. 

I t  appears that a change occurred in the amount of animal protein in the diet of 
humans but that this change occurred almost 20,000 years after the first appear- 
ance of skeletally modern humans. These results refute the hypothesis that the 
morphological transformation to modern human form occurred as a result of 
behavioral changes involved in obtaining previously unused foods. If any decrease 
in human activity level occurred between archaic modern and fully modern 
humans, this decrease probably was due to alterations in the means of procuring 
or processing the same kinds of foods that had been utilized earlier in time. 

The general sequence of fossil forms docu- 
menting the later course of human evolution 
has been known for many years. The earliest 
members of our species appeared about 
100,000 years ago, yet these archaic humans, 
colloquially referred to as Neandertals, are 
morphologically distinct from fully modern hu- 
mans. Although the differences are no longer 
considered major (due in part to the work of 
Straus and Cave, 1957), the combination of 
skeletal traits seen in the earliest humans is 
outside the range of variation and covariation 

apparent today. In general, the physical 
changes that took place in the past 100,000 
years involved an overall reduction in skeletal 
robustness. Neandertals are considerably 
more robust in both their cranial and post- 
cranial skeleton than are present-day humans 
(Trinkaus, 1976, 1977, 1978% 1978b, 1980; 
Smith and Ranyard, 1980; Wolpoff, 1980; and 
others). 
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Even though these facts are commonly ac- 
cepted, the adaptational reasons for the a p  
pearance of fully modern human form are still 
unclear. Most explanations for the difference 
in skeletal robustness between Neandertals 
and modern humans have incorporated a de- 
crease in activity requirements through time 
(Brace, 1964, 1979, Binford, 1968a; Brose and 
Wolpoff, 1971; Trinkaus, 1976, 1977; Wolpoff, 
1980). The specific hypotheses have included: 
(1) the development of food processing tools 
and techniques (Brace, 1962, 1979; Binford, 
1968b, Brace and Ryan, 1980), (2) the use of 
more efficient tools (Brose and Wolpoff, 1971, 
Wolpoff, 1980), and (3) a change in social organ- 
ization (Binford, 1968a). Although there are 
studies in progress that may soon provide the 
information necessary to test the first two 
hypotheses (note in Jelinek, 1975), ascertain- 
ing function and efficiency from tool form is 
still a problem that has several competing solu- 
tions (Bordes and Bourgon, 1951; Bordes, 
1962, 1968; Oakley, 1964, Bordes and de 
Sonneville-Bordes, 1970; Mellars, 1970 and ci- 
tations therein). Recent microscopic analyses 
of edge wear (Keeley, 1977; Keeley and 
Newcomer, 1977; Cahen et al., 1979) and 
studies on tool combinations (see Binford and 
Binford, 1966; Binford, 1968b) have not been 
applied widely enough to determine whether a 
change occurred in either tool function or tool 
efficiency before the appearance of modern 
humans. 

In the third hypothesis, Binford suggests 
(1968a) that a change in social organization oc- 
curred as the result of a shift toward depen- 
dence on fewer, larger species, and that a sig- 
nificant adaptation to this shift was group 
hunting. One problem with this argument is 
that the evidence for such a change in hunting 
pattern is not very strong for areas outside 
Europe. In the Middle East, for example, pub- 
lished faunal lists suggest long-standing de- 
pendence on varying proportions of three 
ungulate genera: Bos, Dama, and Gazella 
(Garrod and Bate, 1937; Hooijer, 1961; 
Perkins, 1964; Flannery, 1965,1969; Bouchud, 
1969,1974; Davis, 1977). Therefore, it does not 
seem likely that in the Middle East there was a 
change in social organization for the reason 
that she proposes. 

The general explanation of a decrease in 
activity requirements is still reasonable, how- 
ever, and this study tests an alternative hypo- 
thesis. Although, this investigation is re- 
stricted to one area of the world, the Levant, 
results from future studies on other geographi- 
cal areas will allow more general conclusions. 

I t  is proposed that the decrease in robust- 
ness characterizing modern humans in the 
Middle East occurred in response to changes in 
food procurement activities. Changes in these 
activities would have altered the developmen- 
tal environment andlor selective forces affect- 
ing individuals, thereby resulting in an overall 
decrease in skeletal robustness. Food procure- 
ment activities are an obvious focus for study 
because they are so important for survival. 
While the activity of the individual, or group, 
is the actual focus of our interest, such be- 
havior is impossible to observe directly. There- 
fore, other aspects of food procurement must 
be used to gain information about behavior, i.e. 
the food actually obtained or the tools used in 
obtaining and processing the food. For the rea- 
sons mentioned above, information retrieved 
from studies of tools has been inconclusive. In 
this project, the focus is on the food as ev- 
idenced by corresponding bone strontium 
levels. 

Generally, the earliest members of our 
species are considered to have been hunters 
(Howell, 1965; Binford and Binford, 1966; 
Binford, 1968a; Brace, 1979; Brace and Ryan, 
1980; for an extreme view see Geist, 1981). No 
one, however, expects that these people sub- 
sisted totally on animal products. Stones used 
for grinding seeds have been recovered from 
50,000 year old sites and the use of processed 
plant products probably began even earlier 
(Kraybill, 1977). I t  is accepted, however, that 
through the course of human evolution, an 
increase in dependence on plant materials oc- 
curred even though the magnitude and timing 
of this dietary change remain unknown. Since 
it could be argued that a shift toward an em- 
phasis on procuring plant material would 
demand lower activity levels per individual, 
the purpose of this project is to determine if a 
dietary change occurred concomitantly with 
the decrease in human skeletal robustness. 

To obtain information on diet, I employed 
the method of trace element analysis for stron- 
tium levels in bone. Bone strontium levels re- 
flect the amount of dietary strontium (Alex- 
ander et al., 1956; Comar et al., 1957; Comar 
and Wasserman, 1964). Diets containing meat 
provide less strontium than do diets 
containing mostly vegetable materials (see 
references in Schoeninger, 1979a). This 
method has been applied to pre-human and 
human populations with varying degrees of 
success (Brown, 1974; Gilbert, 1975; Szpunar, 
1977; Wessen e t  al., 1977; Boaz and Hmpel,  
1978; Elias, 1980; Schoeninger, 1980). I t  has 
been demonstrated, however, that with the 



DIET AND EVOLUTION 39 

application of certain controls, the method 
provides a means of detecting if and when 
changes occurred in the amount of meat 
included in human diets (Schoeninger, 1979a, 
b, 1980). The controls that were developed for 
this project are discussed briefly in the 
Materials and Methods section. A more 
thorough documentation will appear elsewhere 
(Schoeninger, 1980 and in preparation). 

The method of trace element analysis for 
bone strontium levels is applied in this project 
to bone samples from Levantine sites contain- 
ing humans with non-modern skeletal features 
and sites containing humans of modern form. 
The results are compared between sites in 
order to determine when changes occurred in 
the dependence on vegetable materials. The 
results of this analysis are then considered in 
relation to evidence derived from the archeo- 
logical record. 

THE LEVANT 

Several relatively large series of human skel- 
etons have been discovered in the Levant. The 
advantages of these skeletal series are: (1) that 
they are from a relatively restricted area geo- 
graphically, (2) the directors of the excavations 
saved other animal material as well as the 
human skeletons, and (3) the skeletal material 
was easily accessible since much of it is stored 
in London, Paris, and Cambridge (Massachu- 
setts). The series used in this project included 
three sites that have produced archaic modern 
humans: Mugharet et T a b b  (McCown and 
Keith, 1939), Mugharet es-Skhiil (McCown and 
Keith, 19391, and Jebel Qafzeh (Neuville, 1951; 
Vandermeersch, 1977). 

Ever since their discovery, there has been a 
great deal of controversy concerning the 
human skeletal remains from these three 
caves. Initially, investigators believed that the 
skeletons from Tabiin and Skhiil were con- 
temporaneous (Garrod and Bate, 1937). Par- 
tially because of this and because of the mor- 
phology of the Tabtin I skeleton, it was con- 
cluded that although the individuals at the two 
caves were similar to modern Homo sapiens, 
they could not be ancestral to them (McCown, 
1936; Keith and McCown, 1937; McCown and 
Keith, 1939). Others decided that some of the 
remains at  Skhi9 were hybrids of modern 
Homo Sapiens and Neandertals (Ashley- 
Montagu, 1940; Dobzhansky, 1944; Hooton, 
1946, Weckler, 1954). Another opinion was 
that “some of the Mt. Carmel inhabitants 
appear to represent a transitional stage 
leading from pre-Mousterian H. sapiens to a 

later differentiation both of the definitive spe- 
cies H. neaderthalensis and of H. sapiens of the 
modern type” (Clark, 1964:73). 

A re-evaluation of the stratigraphy in the 
caves led to general acceptance that the homin- 
id bearing level at  Skhd (level B) was about 
10,000 years younger than the main hominid 
bearing level at Tabiin (level C) (Howell, 1958, 
1959; Higgs and Brothwell, 1961). Garrod 
(1962) in a reversal of her earlier opinion agreed 
that the Skhiil deposits were younger than the 
deposits from T a b b  C although she main- 
tained that the time differential could not have 
been as great as 10,000 years. 

Even after accepting the age difference, 
some authorities still believed that certain of 
the skeletal remains were hybrids (Thoma, 
1965; Ferembach, 1972) or that there had been 
replacement of Neandertals by modern 
humans (Brothwell, 1961). Howell (1951,1958) 
concluded that the individuals at Skhd and 
Qafzeh were more similar to the modern form 
than was the Tabtin skeleton but that there 
was only one taxon represented throughout all 
of the Middle Eastern sites. 

The relative ages of these sites remains con: 
troversial (Haas, 1972; Farrand, 1972, 1979; 
Jelinek, 1975; Bada and Helfman, 1976), but 
the most likely temporal relationship is that 
seen in Figure 1. Evidence for this relation 
comes from: (1) the stratigraphy that was 
studied during the recent re-excation of the 
Tabtin by Jelinek (Jelinek et al., 1973), (2) the 
sedimentology of Tabm and Qafzeh (Jelinek et 
al., 1973; Farrand, 1979), and (3) a study of the 
artifacts from all three sites by Jelinek 
(personal communication). The work of Jelinek 
also indicates that the human adult female 
from Tabiin came from level D rather than 
from level C as first believed (Garrod and Bate, 
1937), making this individual even older 
relative to Skhiil than previously suggested 
(Howell, 1958; Higgs and Brothwell, 1961). 
Some 40,000 years separate the people who 
inhabited T a b k  during the deposition of level 
D from those at Skhiil and Qafzeh. 

Although the Tabm skeleton has been 
regarded as similar to European Neandertals 
(McCown and Keith, 1939), both the Skhd and 
Qafzeh specimens have been reported to be 
modern from the neck down (Brace, 1964; 
Vandermeersch, 1972, 1977; Trinkaus, 1976, 
1980; Trinkaus and Howells, 1979; Wolpoff, 
1980). Recently, however, Lovejoy and Trin- 
kaus (1980) have stated that the Skhd IV tibia 
is Neandertal-like rather than modern in its 
degree of robustness. In addition, it is agreed 
among the authors cited above that the 
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Fig. 1. Relative stratigraphic positions of Mugharet et- 
Tabiin, Mugharet es-Skhd, and Jebel Qafzeh (adapted from 
Farrand. 1979). The hominid-producing layer a t  SkhB is 
shown above the Tabiin stratigraphic column. The dates 
(31-33 X lo’ years BP) are from amino acid racimization 
and are similar to C14 dates on T a b b  B. Based on artifact 
similarity, Jelinek (personal communication) believes that 
Skhid is near in time to the hominid bearing layer a t  Qafzeh 
(layer XVII of Vandermeersch, 1977 and layer L of Neuville, 
1951). Also, the adult female skeleton from T a b b  (Tabtin I) 
probably came from level D rather than C (Jelinek, personal 
communication). Therefore, T a b b  I is 30-40,000 years ear- 
lier than the layer that produced the Skhol and Qafzeh 
hominid sample. 

skeletons from Skhiil and Qafzeh are more 
robust than are present-day humans. There- 
fore, in this project the Skhiil and Qafzeh indi- 
viduals are considered “archaic modern” in the 
sense suggested by Howells (1974) for the 
Skhiil sample. Bone samples were taken from 
all human specimens for which fragments were 
available. Faunal bone samples were taken 
from all levels within each site where bone was 
available even though human bone was not dis- 
covered in all levels. 

Three sample sets were also taken from two 
sites that have produced skeletons of unques- 
tionably modern humans; for these the adjec- 
tive “archaic” can be dropped. The earliest 
samples come from level C at  Mugharet el- 
Kebara (Turville-Petre, 1932). The tool in- 
dustry found within the level suggests that 
these skeletons are probably around 15.000 
years old (Henry and Servello, 1974). They 
may be somewhat older (Bar-Yosef, 1970). The 
humans from this level constitute the earliest 
sample of fully modern humans that has been 
recovered in Israel (Arensburg, 1977). A 
second set of skeletons used in this project 
came from a more recent level (level B) in the 
Kebara cave (Turville-Petre, 1932) and a third 
came from level B at Mugharet el-Wad (Garrod 
and Bate, 1937). Both level B at Kebara and 
level B at el-Wad have been dated to about 
10,000 years before present (Henry and 
Servello, 1974). These sites precede the devel- 
opment of agriculture (Neolithic period) and 
post-date the Upper Paleolithic period in 
Israel. They have been called Epipaleolithic 
(Bar-Yosef, 1970), which is similar but not 
strictly equivalent to the Mesolithic period in 
Europe (Braidwood and Willey, 1962). As was 
true for the earlier sites, bone samples were 
taken from all human specimens and from fau- 
nal specimens in all levels. The human skele- 
tons were very fragmentary; therefore, sexing 
and aging (beyond the general category ‘adult’) 
were impossible. Only adults were sampled for 
trace element analysis. 

MATERIALS AND METHODS 

The empirical and technical aspects of the 
estimation of diet using strontium levels in 
bone have been discussed elsewhere (Schoenin- 
ger 1979a,b). In sum the method depends on 
the fractionation of strontium through the 
tropic system (Odum, 1951; Bowen and Dy- 
mond, 1955; Vose and Koontz, 1955; Comar et 
al., 1957; Ophel, 1963) and partitioning of 
strontium within the tissues of individual ani- 
mals (Comar et al., 1957; Likins et al., 1960, 
1961; Neuman et al., 1963; Comar and Wasser- 
man, 1964; Schroeder. et al., 1972). Due to dif-  
ferential strontium uptake by plants versus 
animals (Vose and Koontz, 1952; Bowen and 
Dymond, 1955; Comar et  al., 1957; Schroeder 
et al., 1972), complete herbivores should ingest 
relatively large amounts of strontium. Because 
less than 1% of the body’s strontium is stored 
in soft tissues (Comar and Wasserman, 1964), 
complete carnivores should ingest much lower 
amounts of strontium than do herbivores. 
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Since 90% of the body’s strontium is stored in 
bone, measurable amounts of strontium 
should be found in bone of both carnivores and 
herbivores. I t  follows that herbivore bone con- 
tains a higher concentration of strontium than 
is found in carnivore bone. The analyis of a Pli- 
ocene vertebrate fauna from a single quarry in 
Knox County, Nebraska by Toots and Voor- 
hies (1965) produced results that supported 
this expectation. My own analysis of indivi- 
duals of a modern fauna from one geographic- 
ally restricted area in Iran produced similar re- 
sults (see Table. 1). 

Table 2 presents the human and other mam- 
mal bone samples that were taken for trace 
element analysis in this project. For the human 
skeletons, bone samples were taken from bone 
fragments associated with the skeleton. 
Because the analytical techniques used in this 

TABLE 1. Bone strontium levels in modern Iranian 
animals‘ 

Fauna (ppm) N 
Bone strontium 

Ovis aries 1508 1 
&pus capensis 

(UMMZ 122382)* 652 1 
Sus scrofa 326 1 

(UMMZ 122373)* 435 1 

(UMMZ 122370)* 181 1 

Canis aureus 

Felis chaus 

‘Analysis by neutron activation. 
*University of Michigan Museum of Zoology number. 

project are destructive, human skeletons were 
not sampled if they were represented by 
complete bones or skulls alone. For the other 
mammalian skeletons, bone samples were 
taken from all levels within each site without 
regard for bone type. 

The use of different bones in this analysis 
should not affect the final results. Several re- 
ports have concluded that the distribution of 
strontium within and between bones of a single 
individual varies within the limits of measure- 
ment error (Hodges et d., 1950; Turekian and 
Kulp, 1956; Thurber et al., 1958; Yablonskii, 
1971, 1973; Bang and Baud, 1972). My own 
analysis on samples taken from the skeleton of 
one rabbit supports the earlier reports (Mean 
= 233 ppm strontium; SD = 21, V = 9, N = 
14). These results are presented in Figure 2. 

In addition to the prehistoric samples, tibiae 
from nineteen modern mink skeletons were 
analyzed. All of these animals were raised at  
the Michigan State University mink farm and 
were fed the same diet throughout life. This 
analysis was performed in order to estimate 
the amount of variation in bone strontium 
levels that could be expected to occur in the 
absence of dietary differences. The results are 
presented in Figure 2. 

Sample Preparation and Analysis 
Samples were prepared for analysis as de- 

scribed in Schoeninger (1980). First, all 
samples were cleaned. The samples from 

TABLE 2. Samples analyzed in this project 

Date of hominid bearing No. of humans No. of faunal 
Site layer (years B. P.) sampled samples References 
Mugharet el-Wad 

Mugharet el-Wad 

Mugharet el-Kebara 

Mugharet el-Kebara 

Mugharet el-Kebara 

Jebel Qafzeh Neuviile, 1951 

Jebel Qafzeh Neuville, 1951 

Mugharet es-Skhd 30,000-35.000 5 2 McCown in Garrod 

Mugharet et-Tabiin 

Mugharet et-Tabih 

Level B 10,000 21 4 Garrod and Bate, 1937 

Levels B-G 21 18 Garrod and Bate. 1937 

Level B 10,000 6 2 Turville-Petre, 1932 

Level C 15,000 9 2 Turville-Petre. 1932 

- 

Total - 15 10 Turville-Petre, 1932 

Level XVII=L 30,000-35.000 5 1 Vandermeersch. 1977 

Total - 5 8 Vandermeersch, 1977 

and Bate, 1937 

Level D 70,000 1 2 Garrod and Bate, 1937 

Levels B-Eb - 1 10 Garrod and Bate, 1937 
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I VAR I AT ION €3 ET W E E N INDIVIDUALS 

PPM Stront ium in  Bone Ash 

Fig. 2. Variation in bcne strontium levels within one in- 
dividual (rabbit N = 14, X= 233 ppm Sr; SD = 21; V = 9) 
compared with the variation among 19 in_dividuals all of 
whom were fed the same diet (mink. N = 19. X= 337 ppm Sr; 
SD = 72; V = 22). These results indicate that the choice of 

Tabm, Skhiil, and Qafzeh were freed of matrix 
using an air-abrasive tool. Following this, all 
samples were cleaned ultrasonically with de- 
ionized water. This step removed any soil still 
adhering to the sample and also removed the 
powder used in the air-abrasive unit. 

All samples were analyzed by atomic absorp- 
tion spectrometry (AAS) and a subset was also 
analyzed by neutron activation analysis 
(NAA) as a check for random error in the 
atomic absorption results (Morrison, 1976). 
The samples were ground and ashed as 
described in Schoeninger (1979a, 1980) and 
then were prepared for AAS following the 
dissolution procedure suggested by Szpunar 
(1977; Szpunar et al., 1978). A check for 
complete dissolution was performed on a 
subset of the samples. The filter papers used in 
the final transfer of the sample were ashed and 
then analyzed by neutron activation in order to 
ascertain whether any bone was retained on 
the paper. Only silica and other soil elements 
remained on the filter paper; therefore, it is 
assumed that the bone was completely 
dissolved and passed through the filter paper. 

In the sample preparation for AAS both lan- 
thanum and potassium were added in excess in 
order to offset ionization and interference from 
phosphate (Perkin-Elmer, 1971). The analysis 
for strontium was performed using the method 
of standard addition. Three subsamples were 

2 4 6 8 I '0 12 
S i ron t i um/Ca lc iu rn  ( x 1 0 - 3 )  

bone for analysis should not affect the final results. In addi- 
tion, a coefficient of variation of approximately 20% and a 
range of 250 ppm strontium is expected in a human popula- 
tion if all individuals ingested roughly the same diet. 

taken from each dissolved bone sample. No 
strontium was added to the first subsample (+ 
0 ppm Sr). Enough strontium was added to the 
second subsample to raise its concentration 
one additional part strontium per million parts 
liquid (+ 1 ppm Sr). Enough strontium was 
added to the third subsample to raise its con- 
centration two additional parts strontium (+ 2 
ppm Sr.). The use of standard addition was 
necessary because the addition of lanthanum 
cannot completely offset interference from the 
extremely high level of phosphate in bone 
(Helsby, 1974). Also, since in the method of 
standard addition, the bone of the unknown 
sample acts as its own standard, the problem 
of strontium contamination in commercially 
prepared reagents is avoided (see Szpunar, 
1977). The samples were analyzed on a Perkin 
Elmer 460 atomic absorption spectrometer 
using wavelength = 460.7 nm, fuel (acetylene) 
at 32 psi, support (nitrous oxide) at 35 psi, 
lamp current at 15 mA, and the burner head 
centered horizontally and at position #7 in the 
vertical plane. The final sample dilution was 
1:lOO. The results of the three subsamples of 
each original bone sample (the first contained + 0 ppm Sr; the second contained + 1 ppm Sr; 
the third contained + 2 ppm Sr) were plotted in 
order to calculate the concentration in the ori- 
ginal bone sample. Only samples in which the 
three subsample values were very close to a 
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straight line were accepted (coefficient of 
determination = 0.98-1.00). This restriction 
assured that error in prediction of the bone 
strontium level from a regression line was 
minimal (Sokal and Rohlf, 1969; Mueller et al., 
1970). The value of the x-intercept was multi- 
plied by the final dilution value (100) and 
divided by the sample weight (around 0.5 gm). 
The result of this calculation is the concentra- 
tion of strontium in the original ashed bone 
sample. A set of internal standards of cleaned, 
homogenized cow bone (analyzed twice within 
each run) had a level of precision of _+ 6% of the 
mean. Fourteen rabbit samples, from one 
individual, produced a range of f 1570 of the 
mean. Based on these two estimates, only 
samples of prehistoric bone that were analyzed 
two or more times and that had results within 
f 10% of their own mean were accepted as 
reliable. 

The analysis for calcium was performed 
without standard additions since a much 
greater dilution (1:62,500) could be used in or- 
der to avoid problems of phosphate interfer- 
ence. The AAS parameters for calcium analy- 
sis were: wavelength = 422.7 nm, fuel (acety- 
lene) at 32 psi, support (nitrous oxide) at  35 psi, 
lamp at  10 mA, and the burner centered in the 
horizontal plane and at  position #7 in the ver- 
tical plane. 

A subset of the samples were prepared for 
analysis of strontium by neutron activation 
following Schoeninger (1979a). The radioiso- 
tope used to calculate the strontium concentra- 
tion in the samples was strontium-85 (T = 62.5 
days), which emits gamma rays with an energy 
of 514 keV. I t  had been determined previously 
that the shorter lived isotope Sr-87m produced 
unreliable results (Schoeninger and Peebles, in 
preparation). The data reduction was per- 
formed using a Gaussian fit program (compare 
Schoeninger, 1979a) used by the Phoenix 
Memorial Laboratories at  the University of 
Michigan. 

1 ’le two analytical techniques produced very 
similar results (see Fig. 3). Even so, two out- 
liers (open circles in Fig. 3) are immediately ap- 
parent. In both cases in the AAS sample prepa- 
ration, there was a great deal of soil remaining 
on the filter paper following the final sample 
transfer (0.02 gm and 0.09 gm in samples that 
weighed 0.5 gm originally). In all other 
samples the weight of soil remaining on the 
filter paper was less than 0.005 gm. The soil 
was not removed during sample preparation 
for NAA, therefore, the most likely 
explanation for the high NAA result in these 

two samples is that certain elements in soil 
(especially zinc and iron) expanded the signal 
at 511 keV to the point where the Guassian fit 
program could not separate the 511/514 
couplet effectively. Instead, an incorrectly 
high level of strontium (at 514 keV) was cal- 
culated. If these two samples are eliminated, 
the rank-order correlation coefficients between 
the two sets are very high. Spearman’s Rho has 
a value of 0.96, which indicates that the overall 
pattern of ranks is very similar. Kendall Tau- 
B, which is based on the relative ordering of 
pairs of samples, is equal to 0.85, which s u g  
gests that the position of one sample relative 
to other samples is also stable. Based on this 
confirmation, the set of results produced by 
AAS was accepted as internally valid. Since 
the results are accepted as reflecting bone 
strontium levels rather than measurement 
error, they can be assumed to reflect dietary in- 
take levels of strontium as long as any diage- 
netic effect can be controlled. 

Diagenesis 
In addition to the trace element analysis, 

x-ray diffraction patterns were made on 
samples of unashed, ground bone, both human 
and faunal, from each site. These patterns were 
used as a check for diagenesis (postmortem 
chemical change in bone). 

Because strontium is a 2+ cation situated 
well within the crystal lattice in mature bone 
mineral, it is not subject to facile exchange 
with ions in solutions surrounding bone 
(Neuman et al., 1963). Even so, given certain 
conditions of groundwater and temperature, 
the dissolution of part of the original bone 
mineral might be possible. If the remaining 
bone mineral is intact, the amount of stron- 
tium per unit of bone mineral should be unaf- 
fected and the strontiumlcalcium ratio should 
remain the same. 

If, however, this dissolution were accom- 
panied by a precipitation of nonbiological (geo- 
logical) apatite or of carbonate, the strontium/ 
calcium ratio would not necessarily remain the 
same. In vitro studies of apatite synthesis 
support the idea that the slower the rate of 
crystal growth and the larger the final crystal 
size, the lower the concentration of strontium 
in the final product (Likins et al., 1960, 1961; 
Neuman et al., 1963). Geological apatite, a slow 
growing, large crystal, is reported to have very 
low concentrations of strontium (Noll, 1934). 

The difference between these two forms of 
apatite is readily apparent in x-ray diffraction 
patterns. Patterns produced by geological 
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Fig. 3. Comparison of results of 58 bone samples ana- 
lyzed by both neutron activation analysis and atomic 
absorption spectrometry. The two outliers (open circles) 
were heavily contaminated with soil, which disallowed 
proper separation of energy levels in neutron activation ana- 
lysis and resulted in incorrect calculation of strontium 
levels. With these samples eliminated, Spearman's Rho 
equals 0.96; Kendall Tau-B equals 0.85. This indicates that 

the overall pattern and the relative ordering of pairs is very 
similar. Therefore, random error can be considered minimal 
in the total sample set analyzed by atomic absorption spec- 
trometry. For this reason, the set of results produced by 
atomic absorption spectrometry was accepted as internally 
reliable and reflect bone strontium levels rather than mea- 
surement error. 

apatite have very high sharp peaks, especially 
in the area of 32"-34" 2 e (see Fig. 4, synthetic 
hydroxyapatite at bottom of the same figure). 
Biological apatite, on the other hand, produces 

the results of the atomic absorption spectro- 
metry are considered both in relation to the 
diagenetic alteration and to diet. 

a more amorphous pattern, one that is similar 
to synthetic hydroxyapatite of small crystal 
size (see Posner, 1969 and Fig. 4, modern Bos.) 

Since alteration of bone was considered to be 
a possible result of postmortem contact with 
groundwater, x-ray diffraction patterns were 
made on human and other animal bone from 
each of the sites. 

RESULTS 

The results of both the x-ray diffraction and 
the atomic absorption spectrometry are pre- 
sented below. The x-ray diffraction patterns 
and their significance concerning diagenetic 
alteration of the bone are discussed first. Then, 

X-ray diffraction patterns 

As discussed above, x-ray diffraction pat- 
terns made on powdered bone samples should 
provide information about post-mortem chem- 
ical changes in bone mineral. Bone that has 
been altered may have a carbonate peak at 29" 
2 e and peaks between 32"-34" 2 e that are 
sharper than those produced by fresh bone. 

All bone (both human and faunal) from one 
level within one site produced similar x-ray dif- 
fraction patterns. Yet, there are some major 
differences in the patterns from the different 
sites. In the sites of Skhiil, Qafzeh, and 
especially Tabm, the bone appears to include 
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Fig. 4. X-ray diffraction patterns of unashed, ground 
bone from modem cow bone and from representative 
samples taken at  each site studied in this project. The syn- 
thetic hydroxyapatite of large crystal size a t  the bottom is 
similar to geological apatite (from Posner, 1969). The pat- 
terns indicate that bone from the older sites of Qafzeh. Skha  
and especially T a b b  has been altered following burial. The 
sharpness and separation of four peaks in the area of 32" to 
34' 2 e indicate that precipitation of geological apatite has 
occurred. The peak at  29" 2 e indicates that some precipita- 

an amount of geological apatite. The peaks 
around 32" 2 8  are sharper than the more 
rounded curve that can be seen in the modern 
cow bone at the top of the figure. The bone 
from Kebara and el-Wad, on the other hand, 
produces x-ray diffraction patterns that are 
much closer to that of modern cow bone. I t  
appears that little dissolution of the biological 

tion of carbonate has also occurred. Due to space limita- 
tions, only one pattern from each site is displayed, but, both 
human and faunal bone from the same level a t  each site 
produced the same pattern. For this reason, it can be as- 
sumed that both human and faunal bone have been altered 
equally. Therefore, even though the absolute amount of 
strontium may have changed, the relative position of human 
bone strontium to faunal bone strontium should be an 
indication of human diet. 

apatite has occurred in the bone from Kebara 
and el-Wad or, perhaps more correctly, little 
precipitation of geological apatite has taken 
place. 

In addition, the large carbonate peak around 
29" 2 8 ,  not present in modem cow bone, 
suggests that there has been some inclusion of 
carbonate during fossilization of bone at  
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Tabfin, Skhnl, and Qafzeh. Large amounts of 
carbonate are present in the soil at  Tabtin and 
Qafzeh (Jelinek et al., 1973). Its  presence at  
Skhid is unknown because all the sediments 
were removed during the original excavation 
and no modem sedimentology could be done. 
From the accounts of the excavation of the site 
and the preparation of the skeletal material 
(McCown, 19371, however, one could guess 
that a substantial amount must have been 
present. This addition of carbonate in the bone 
samples, whether it is adhering to the apatite 
surface or is part of the crystal lattice, is an- 
other way that the bone has been altered chem- 
ically following burial. The more recent bone 
from Kebara and el-Wad does not include the 
carbonate peak. 

These two kinds of post-mortem chemical 
changes, addition of carbonate and geological 
apatite, would be expected to alter both the ab- 
solute amount of strontium in bone mineral 
and the strontiumlcalcium ratio and there is 
evidence that this has occurred. The results of 
the trace element analysis of the fauna from 
different levels at Tabiin indicate that the 
more recent bone (level B) has higher amounts 
of strontium than the bone from the earlier 
levels (see Table 3). The same is true for the 
earlier levels at  el-Wad (C through G)  (see 
Table 4). It  is possible that the environmental 
levels of strontium have increased through 
time. Diagenesis, however, appears to be a 
more probable explanation, since the direction 
of change is what would be expected if diagen- 
esis were the cause. Precipitation of geological 
apatite should result in an overall decrease in 
the absolute amount of strontium in the stron- 
tium/calcium ratio. Other reports on fossil and 
modern bone indicate that diagenesis does not 
necessarily occur (Jaffe and Sherwood, 1951; 
Kochenov and Zonov’ev, 1960; Wyckoff and 
Doberenz, 1968; Parker and Toots, 1980) and, 
in fact, no trend is obvious in the fauna from 
Kebara (see Table 5). 

The results discussed above do not mean 
that the bone strontium levels in these samples 
cannot be used to estimate diet, only that some 
correction factor must be applied. As noted 
previously in this project, the human and other 
animal bone from any particular level within 
one site produced the same kind of pattern. 
This similarity strongly suggests that all bone 
has undergone the same digenetic processes. 
Since the human and animal bone have under- 
gone the same changes, the bone strontium 
levels in humans relative to fauna should 
remain the same even though the absolute 

TABLE 3. Bone strontium levels in the fauna 
from Tabiin Cave 

Fauna 
Layer Gazella Duma Bos 
B 530 
C - 
D 380 
Ea 330 
Eb 260 

370 - 

- 390 
- 330 

330 - 
260 260 

TABLE 4. Bone strontium levels in the fauna 
from El- Wad Cave 

Fauna 
Layer Gazella Duma Bos Cervus 

B 447 400 402 - 
C 552 - 518 418 
D 529 273 382 - 
E 360 203 - 295 

- - 229 - F 
G 305 218 253 281 

505 

TABLE 5. Bone strontium levels in the fauna 
from Kebam Cave 

Fauna 
Layer Garella Duma Bos Cervus 
B 542 - 394 - 
~ 

- - C 549 32 1 
D 565 434 272 242 
E 667 490 - - 

amount of strontium may have changed. 
Therefore ,  t h e  r a t io  of s t ront ium:  
calcium in human to strontium:calcium in 
other animal bone can be compared between 
sites in order to determine differences in diet. 
As the ratio approaches 1.0, an increase in the 
amount of vegetable products in the diet is 
indicated. 

In order to compute this ratio, an average 
was taken of the bone strontium levels of all 
the herbivores from the same level that 
produced the human sample within each site. 
An average of all herbivores was used because 
no single genus was represented at all sites. 
The average was assumed to be more 
representative of the trophic level than would 
the choice of a different genus at  each site. 

Only herbivores were used for this 
comparison since their bone should contain a 
maximum amount of strontium. Also, they 
should be somewhat more stable as a standard 
than should carnivores since the latter seem to 
include an unpredictable amount of other di- 
etary items. Lions have been observed eating 
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the stomach contents of their prey in addition 
to feeding on the muscle tissue (Schaller, 1972; 
Walker, 1975). Hyaenas chew, swallow, and di- 
gest bones (Sutcliffe, 1970; Kruuk, 1972) and, 
thereby raise their dietary levels of strontium. 
In addition, they consume quantities of fruit in 
the dry season (Owens and Owens, 1978). Some 
foxes “consume a very large quantity of fruit 
and other vegetation” (Burrows, 1968:114). 
Perhaps more important, however, carnivores 
are relatively rare as archeological remains. 
Those that are present are usually the smaller 
canids (foxes and dogs), which were probably 
scavengers of human rubbish and, therefore, 
their bone strontium levels would be suspect. 

The results of the bone strontium levels ana- 
lyzed by atomic absorption spectrometry are 
presented in Figure 5. Plots of strontium con- 
tent in bone ash (left) and strontium:calcium 
ratios (right) are shown. Comparing each of 
these distributions with the range of variation 
in the modern mink sample (indicated by the. 
bar at  the top of the figure), it is obvious that 
the range of values within each sample of 
humans from the three earliest sites (Tabh,  
Skhiil, and Qafzeh), is no larger than that of the 
mink results. In fact, the combined sample of 
human and fauna at  these three sites displays 
a range no larger than the mink sample alone. 
This does not imply that the humans and fauna 
were eating the same diet, only that the 
humans and fauna cannot be separated on the 
basis of range of variation alone. 

The argument for dietary difference between 
the human and faunal samples at each site 
must be made on the basis of pattern. In the 
distributions from these three sites, the bone 
strontium levels and the strontium:calcium 
levels of the humans are separate from those of 
the fauna. In addition, humans always have 
lower bone strontium levels and lower stron- 
tium:calcium ratios than those of the faunal 
samples. The direction of the difference is as 
expected for humans who included meat in 
their diet. Even though the sample sizes are 
small, it is unlikely that sampling error can 
account for this pattern at  three separate sites. 

The distribution of results from the sample 
taken from Level C at Kebara is shown in the 
same figure. The ranges of these two distribu- 
tions are much larger than those for the sample 
of mink. In addition, the values for the hriman 
and fauna overlap for the first time. This is a 
different pattern from that produced in the 
samples from Tabm, Skhiil, and Qafzeh. The 
overlap indicates that by 15,000 years ago 
some of the humans had diets containing levels 

of strontium that were higher than had been 
ingested in the earlier time periods. Even 
though the ranges overlap, however, the mean 
for the human sample (ppm strontium mean = 
208; strontium:calcium ratio mean = 0.74 X 

is much lower than that of the faunal 
sample (ppm strontium mean = 435; stron- 
tium:calcium ratio mean = 1.13 X In 
fact, the position of the human mean relative 
to the faunal mean in the Kebara C sample is 
similar to that in the samples from Tabm, 
Skhnl, and Qafzeh. 

A very different pattern, however, is appar- 
ent in the samples from the two latest sites. 
There is complete overlap of the human and 
faunal bone strontium levels in the samples 
from Kebara B and el-Wad (10,000 years ago). 
This overlap might be due to dietary emphasis 
on grass heads (seeds) that contain higher 
amounts of strontium than do grass stems and 
leaves (Schroeder et  al., 1972). In addition, the 
means for the human samples are much closer 
to the means of the faunal samples than was 
true in the samples from the earlier time 
period. This can be seen clearly in Figure 6. 

DISCUSSION AND CONCLUSIONS 

The results of the trace element analysis 
suggest that a change in diet did not occur 
through the time period in which archaic 
modern individuals lived in Israel. The pat- 
terns of the bone strontium levels for human 
versus fauna from Tabijn, Skhiil, and Qafzeh 
are identical. There is a separation between the 
human and herbivorous mammal samples in 
both the bone strontium levels and strontium: 
calcium ratios. The strontium:calcium ratio of 
the human samples is about 60% of the stron- 
tium:calcium ratio of the herbivorous mammal 
samples at the three sites (see Fig. 6). Based on 
the results of this analysis, nothing other than 
a constant proportion of meat versus vege- 
table material can be shown in the diets of 
humans throughout the time represented by 
these sites (70,000-35,000 years BP). I t  is 
possible that different foods were being 
collected even though there was no net change 
in the meat:vegetable proportions. The compo- 
sition of the fauna, recovered from the three 
sites, however, suggests that there was no 
change in the kinds of fauna being exploited 
other than changing from one genus of large 
bodied herbivore to another (Garrod and Bate, 
1937, Bouchud, 1974). 

I t  now seems that if changes occurred in the 
food procurement activities during this time, 
those changes were unrelated to the kind of 
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Fig. 5. Results of atomic absorption spectrometry on hu- 
man and other mammal bone from six prehistoric levels in 
the Levant. B = Bos; G = Gazella; D = Dama. The pattern 
at  the sites containing archaic modern humans (Tabh,  
Skhiil, and Qafzeh) is different than the one at  the levels con- 
taining fully modem humans (Kebara C and B, and el-Wad). 
In the former, the fauna are separate from the humans; the 
direction indicates the inclusion of meat in the human diet. 

The pattern is different a t  Kebara C (15,000 years BP) but it 
is not until Kebara B and el-Wad (10,000 years BPI that a 
significant difference is obvious. In the latter two sample 
sets there is complete overlap of the faunal range of bone 
strontium levels by the human bone strontium levels. Inch- 
sion of much higher amounts of plant material a t  this time 
relative to earlier periods is indicated. 

food actually obtained. Rather, there may have 
been acceptance of alternative means of pro- 
curing or preparing the same kinds of food that 
had been used previously. As mentioned 
above, the artifact studies that might provide 
information on this possibility have not yet 
been completed, but we know that there were 
changes in artifact morphology (Garrod and 
Bate, 1937) and technology (Jelinek, 1977) dur- 
ing this time period. What these changes mean 
in terms of tool function and in human b e  
havior may be uncertain at present (Jelinek, 
19751, but future work will probably help clar- 
ify this enigma. 

In addition, it appears that no major dietary 
change occurred concomitantly with the de- 
crease in skeletal robustness. Between the 
time represented a t  Skhd and Qafzeh 
(30,000-35,000 years BP) and the time repre- 
sented at Kebara C (around 15,000 BP) there 
was a decrease in robustness but no change can 
be demonstrated in the average human diet. In 
Kebara C the strontium:calcium ratio of the 
mean of the human sample is around 60% of 
the strontium:calcium ratio of the mean of the 
herbivorous fauna (see Fig. 6), just as it is at 
Tabun, Skhnl, and Qafzeh. The pattern of the 
distributions from Kebara C, however, is 
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Fig. 6. Plot of the mean of human bone 8trontium:cal- 
cium divided by the mean of bone str0ntium:calcium levels 
of herbivorous fauna at each site. The sites which have pro- 
duced archaic modern humans included far more meat in 
their diets (indicated by the low strontium level in human 
versus fauna) than did the fully modern humans from the 
most recent sites (Kebara B and el-Wad). Yet Kebara C, 
which was also inhabited by fully modern humans, is more 
similar to Tabiin. Skhd and Qafzeh than to Kebara B and el- 
Wad. This indicates that the dietary change occurred some 
15,000-20.000 years after the advent of modern Homo 
sapiens. 

different from those at the earlier sites and 
there is, therefore, some indication that a 
change, though slight, had taken place. 

The distributions of strontium and stron- 
tium:calcium ratios from the two late phase 
Epipaleolithic sites (Kebara B and el-Wad 
which date to around 10,000 years BP), 
compared with all the earlier sites, however, 
suggest that a major dietary change occurred 
between early and late phases of the Epipaleo- 
lithic. The strontium:calcium ratios of the 
human samples are over 90% that of the stron- 
tium:calcium ratios in their respective faunal 
samples (Fig. 6). The large increase in this ratio 
between the early Epipaleolithic level site 

(Kebara C) and the two late Epipaleolithic level 
sites (Kebara B and el-Wad) suggests that the 
major dietary shift occurred some 15,000 years 
after the major morphological shift had been 
completed. 

Archeological evidence supports this inter- 
pretation. Although the first semi-permanent 
circular houses (Lechevallier, 1977) and some 
stone blades with grass sheen (Bar Yosef, 
1970) have been found at  Epipaleolithic period 
sites equivalent to Kebara C ,  neither of these 
are common. Major changes, however, appear 
to have occurred by the later Epipaleolithic 
period, when sites contain large numbers of 
mortars and pestles, in addition to sickle 
hafts and sickle blades with grass sheen along 
their edges (Henry, 1973). From the abundance 
of these remains relative to their numbers in 
earlier levels, it seems that there was a greater 
emphasis on the processingof plant material in 
the later versus the earlier portion of the pe- 
riod. In addition, the evidence for permanent 
houses and the possibility of at least one per- 
manent settlement (Ein Mallaha, Perrot, 1966) 
in the later Epipaleolithic period indicate that 
people were living a more sedentary life later in 
the period. 

Both the results of the trace element analy- 
sis and the archeological record, therefore, 
indicate that the change in subsistence activi- 
ties related to dietary components occurred 
long after the change in skeletal robustness 
from archaic to modern Homo sapiens. In fact, 
the shift toward greater dependence on plant 
products, occurred some 15,000 years after the 
first appearance of fully modern Homo 
sapiens. 

I t  seems, therefore, that if the reduction in 
human robustness was related to alterations in 
food procurement activities, these activity 
changes were unrelated to modifications in the 
food base. Rather, the alterations may have 
been in the means of procuring or preparing 
the same kinds of food that had been utilized 
earlier in time. For example, it is possible that 
more efficient means of organizing people to do 
tasks might have been developed and accepted 
(see Klein, 1979 for a similar suggestion 
applied to South Africa). Hunting large 
bodied, gregarious herbivores (e.g. Gazella or 
Bos) with numerous hunters should require 
less activity per individual than would be 
necessary for a solitary hunter or for a few indi- 
viduals stalking the same animals. Based on 
the results of this study, it seems that investi- 
gation of tool function and efficiency plus 
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increased attention to indicators of social or- 
ganization must be initiated before the reasons 
for the reduction in human skeletal robustness 
between Neandertals and ourselves can be 
understood. 
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