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Abstract We present and discuss the life of people in transition from Natufian hunting and gathering to Neolithic farming in the southern Levant, as reflected in their
bones and archaeological remains. Data on Natufian and Neolithic populations were
derived from a series of available sites. Demographically, the transition to agriculture affected males and females differently; while females experienced a decrease
in mean age at death in the Neolithic period, males experienced an increase. The
distribution of female ages at death in the Neolithic period indicates that females
may have given birth at an earlier age compared to Natufian females. Natufian
women lived longer than males. Using the NDT model, 15 P5 shows that population
growth was significant during the Late Natufian, the PPNA and the PPNC while it
was much lower in the Final Natufian and the PPNB. No major changes in dental
health between the two populations were observed. This indicates that Natufian and
Neolithic people may have differed in their food procurement strategies, but consumed the same types of food. There is a clear increase in the prevalence of infectious diseases during the later parts of the PPN period. The magnitude (not the
pattern) of physical stress was similar in Natufian and Neolithic populations although the MSM study suggests that certain daily activities in the Neolithic were
more physically demanding than in the preceding Natufian. This may relate to new
Neolithic activities such as making mudbricks, preparing lime-plaster, tree felling
and grinding cereals. Neolithic females took over a greater proportion of the physical activities compared to Natufian females. Violent encounters were more common
in the Natufian.
Keywords Levant · Natufian · neolithic · demography · neolithic revolution ·
diet · pathology · health · physical load · occupational disease · site formation
processes

I. Hershkovitz
Department of Anatomy and Anthropology, Sackler Faculty of Medicine, Tel Aviv University,
The Tassia and Dr. Joseph Meychan Chair of the History and Philosophy of Medicine, Tel Aviv,
Israel
e-mail: anatom2@post.tau.ac.il

J.-P. Bocquet-Appel, O. Bar-Yosef (eds.), The Neolithic Demographic Transition
C Springer Science+Business Media B.V. 2008
and its Consequences, 

441

442

I. Hershkovitz, A. Gopher

Introduction
The transition from hunting and gathering to farming – the Neolithic Revolution –
was one of the most significant cultural processes in human history that forever
changed the face of humanity. Natufian communities (15,100–12,000 Cal BP) (all
dates in this chapter are calibrated before present) planted the seeds of change, and
the Pre-Pottery Neolithic (PPN) (ca. 12,000–ca. 8,350 Cal BP) people, were the first
to establish farming communities. The revolution was not fully realized until quite
late in the PPN and later in the Pottery Neolithic (PN) period.
We would like to ask some questions and comment on a few aspects emphasizing the linkage between biological and cultural developments during the Neolithic
Revolution.
The biological issues addressed in this chapter are as follows:
×
 Is there a demographic change from the Natufian to the Neolithic?
×
 Is there a change in the overall health of the Neolithic populations compared to
the Natufian?
×
 Is there a change in the diet and how is it expressed?
×
 Is there a change in the physical burden/stress people had to bear with?
×
 Is there a change in intra- and inter-community rates of violent encounters?
From the cultural perspective the leading questions will be:
×
 What was the change in the economy and when was it fully realized?
×
 Is there a change in settlement patterns and site nature and organization from
Natufian to Neolithic?
×
 Is there a change in human activities and division of labor?
×
 How did social structure and social organization change?

Materials and Method
The skeletal populations studied: This study was carried out on the remains of 404
Natufian and 246 Pre-Pottery Neolithic individuals housed at Tel Aviv University.
The Natufian is subdivided into three parts following Valla (1984, 1995) and
as presented by Bocquentin (2003) who studied Natufian skeletal remains: Early
(15,100–13,200 Cal BP), Late (13,200–12,550 Cal BP) and Final (12,550–12,000
Cal BP). The PPN was also subdivided into three parts: PPNA (12,000–10,500 Cal
BP), PPNB (10,500–8,900 Cal BP) and PPNC (8,900–8,350 Cal BP). Sample size
was not, however, sufficient for detailed subdivisions and therefore we related to
Natufian individuals from all phases as one biological/cultural entity and to all PPN
phases as a single unit, unless otherwise stated. Grouping skeletons from sites covering a long time span and varied geographies may introduce biases to our results,
especially when dealing with one of the most dynamic periods in human history. We
do, however, assume that had there been general differences between the Natufian
hunters and gatherers and the slowly establishing Neolithic farmers these would
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bear themselves out since the Neolithic sample has quite many skeletons dated to
the Middle PPNB (MPPNB), Late PPNB (LPPNB) and the PPNC.
Representativeness of the populations: It is not clear to what degree the archaeological sites available for study are adequate representatives of their period – they
were not randomly sampled; their excavations were motivated by various reasons,
e.g., salvage excavations following modern development, a tendency to excavate
impressive and large sites and a special attractiveness of cave sites; preservation is
differential vis a vis climate, sediments, etc.; the size of the excavated area varies;
human behavior toward the dead (burial customs) varies; etc.
Age and sex determination: Anthropologists not only vary in their methodology (mainly on age and sex determination), but also the accuracy of their methods
was greatly criticized (Hoppa and Vaupel 2002, Bocquet-Appel and Masset 1996,
1982). To partially overcome this problem, we utilized only data collected either
by the authors or their students and in each section we indicated the sample size
and the sources from which it was derived. Data from other sources were used for
supplementary purposes only.
Sex identification for all individuals over 15 years of age was based on the following methods: morphology of the skull and long bones (Bass, 1987), morphology of the innominate (Bass, 1987; Segebarth-Orban, 1980; Washburn, 1948) and
the vertical diameter of the femoral head (Bass, 1987). For 63 Neolithic individuals (24.0%) and 64 Natufian individuals (29.5%), sex could not be determined.
Age determination was carried out using the following criteria: metamorphosis of
the auricular surface of the ilium (Lovejoy et al., 1985a), metamorphosis of the
pubic symphysis (Brooks and Suchey, 1990), stages of tooth attrition (using standards modified from Hillson, 1986; Lovejoy, 1985), metamorphosis of the sternal end of the ribs (Loth and Iscan, 1989) and the presence of osteophytes and
arthritic lesions on vertebral body (Nathan, 1962). For young adults, i.e., 15–25
years, the following additional criteria were used: closure of epiphyses on the long
bones (Johnston and Zimmer, 1989) and closure of the sternal ends of the clavicles
(Szlivassy, 1980). For the subadult class (under 15 years), we used the following
criteria: the length of long bones without the epiphyses (Bass, 1987), stages of tooth
eruption and development (Ubelaker, 1989) and closure of the epiphyses of long
bones (Johnston and Zimmer, 1989). A final estimated age for each skeleton was
computed by averaging the data obtained from the different aging methods. For 88
Neolithic individuals (33.5%) and 55 Natufian individuals (25.3%), age could not
be determined.
Life-table construction: Calculating life tables is the most useful technique for
dealing with mortality. Life tables were constructed using 5-year age intervals to
age 20 and 10-year age intervals at older ages. Final life tables are presented in
10-year intervals (Ubelaker, 1974). All adult individuals for whom age could not
be determined were divided into adult age categories according to the relative frequency of individuals found in each age group. This was based on the assumption
that the observed percentage of the age groups represents the real mortality pattern
of the population. We also smoothed the life tables using a five-parameter competing
Hazard model developed by Siler (1979), using methods described in Gage (1988).
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This model facilitates life-table construction without imposing a particular age
pattern of mortality on the data. It can be applied to small populations and can
“correct” defective data and smooth random variation in age-specific mortality resulting from small sample sizes (Gage 1988). Using the model by Siler (1979),
we constructed life tables assuming stationary populations and assuming stable
populations with a 0.5–1% growth rate. In general, stationary or very low population growth rates for hunter-gatherers is expected just prior to the advent of
agriculture (Carneiro and Hilse, 1966; Hassan, 1981; Hershkovitz and Gopher,
1990).
The NDT model: Assessing the significance of the demographic data collected
and the question whether a ‘new demography’ was established in the Neolithic
period, we calculated the signal for demographic transition (NDT) as suggested
by Bocquet-Appel (2002). This signal (delineated as 15 P5 ) measures the proportion
of immature skeletons, 5–19 years of age, in the population at each site. Children
under 5 years of age are excluded.1 Considering the biases associated with skeletal representation in Natufian and Neolithic sites (see above), we included in this
procedure only sites where: sample sizes were greater than 15 aged individuals, age
was accurately determined, no evidence of violence was noted, the cultural context
of the skeletons was clear and dating was secure. Additionally, sites where mass
(commingled) burials were found (e.g., Kefar HaHoresh) were cautiously treated.
While processing data for the NDT model we used sites we did not study on our
own (unlike the procedure used for other parts of this study) referring to the original reports (e.g., Rollefson 1985 for Ain Ghazal; Rohrer-Ertl 1978 for Jericho)
or overview studies such as Hershkovitz and Gopher (1990), Belfer-Cohen et al.
(1991) or Bocquentin (2003). In certain publications, ages were not available at
the required age classes for calculating 15 P5 (e.g., PPN Jericho). In these cases we
calculated and presented the maximum and minimum 15 P5 values or the average.
The case of Jericho PPNA where the N shows 63/235 indicates that we could use
only 63 aged individuals out of the much larger sample. In cases with contradicting demography-related data sets in different studies, we either gave up the sample
or presented a range of the results or an average; for Natufian data we preferred
Bocquentin (2003).
Paleopathology: Reconstructing the health status of a prehistoric population is
not an easy task for two main reasons: (a) not all diseases leave marks on the bones,
and when they do, the ‘mark’ may be ambiguous (i.e., found in more than one
disease) rather than pathognomonic or specific. To partially overcome this problem,
we restricted ourselves to disease categories (e.g., inflammatory) rather than specific diseases (e.g., tuberculosis); (b) a high presence of pathological bones does not
necessarily imply a lower health status of the population, sometimes it may even
indicate the opposite (Wood et al., 1992). In the current study, in addition to the
standard criteria (e.g., Ortner and Putchar 1981), two specific osseous changes have
been used to identify the presence of infectious disease: numerous grooving of the
endocranium (phenomenon known as Serpentine Endocrania Symetrica) and bony
plaque on the long bones (known as Hypertrophic Osteo-Arthropathy) (Hershkovitz
et al., 2002).
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Statistics
All statistical analyses were carried out using StatView for Macintosh. P value was
set to 0.05.

Data Processing
The anthropological analysis focused on identifying the demographic profile of each
individual (sex, age), body structure, diseases, physical load, nutritional stress, occupational markers and signs of violent encounters. The archaeological observations
related mainly to settlement patterns and site nature (location, size, density, architecture, etc.), work load and activities, health, specific material culture aspects, economy, subsistence economy and diet, social structure and organization, and burial
practices.

The Biological Perspective
Demography
Demography is not just a statistical expression of various biological characteristics
of a population; it is, in many ways, the key to an understanding of the complex
interaction between past human populations and their natural, economic and sociocultural landscapes. Methodological deficiencies and limitations of both the anthropological and archaeological aspects greatly hamper our ability to deduce significant
information from the demographic data obtained. This part of the study presents
and discusses characteristics associated with various demographic aspects of the
Natufian (hunters-gatherers) and Neolithic (farmers) populations in the southern
Levant.
Sample size and data source: The study of demography is based on 217 Natufian
(15,100–12,000 Cal BP) skeletons and 262 Neolithic (12,000–8,350 Cal BP) skeletons from the southern Levant. Data are from Eshed (2001); Eshed et al. (2004a)
and Hershkovitz and Gopher (1990).
Adult sex ratio: Sex ratio was slightly lower in the Neolithic period (1.89 females
per one male) than in the Natufian (2.2 females per male).
Life expectancy: Assuming stationary populations, life expectancy at birth (e0 x)
was 25.4 years for the Neolithic population and 24.6 years for the Natufian. If the
Natufian population was stationary while the Neolithic population was growing at a
1% rate, life expectancy in the Neolithic would increase to 31.1 years (Fig. 1).
Adult mean age at death: The mean age at death for adults is 32.1 years in the
Neolithic and 31.2 years in the Natufian population. Mean age at death for Neolithic
males is 37.6 years and for females only 30.1 years. In the Natufian, the opposite
was observed, 35.5 years for females and 32.2 years for males.
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Fig. 1 Comparison of
survivorship curve (lx) and
mortality curve (qx) for
Neolithic and Natufian
populations, assuming
stationary Natufian
population and stable
Neolithic population with 1%
growth rate (after Eshed et al.
2004a)

Age at death distribution: The calculations below are based on our previously
published demographic tables (Eshed et al. 2004a). Childhood mortality was highest among infants and young children (0–5 years) in both populations: 16.5% in the
Neolithic and 13.9% in the Natufian. After age 5 years, mortality decreases steadily
until age 15 years: for the age cohort 10–15 years, 4.5% in the Neolithic and 2.5% in
the Natufian. The weight of child mortality, measured as N0–5 /N0–20 was 36.5% in
the Natufian vs. 38.7% in the Neolithic. The rate of deaths between 20 and 50 years
in the Natufian was 58.9 and 48.1% in the Neolithic. In older adults, over 50 years,
the trend reverses, with more deaths in the Neolithic populations (9.7%) than in the
Natufian (3%). Mortality by sex for the three first adult age cohorts (15–20; 20–30;
and 30–40) differs between the Natufian and Neolithic populations. In the Natufian,
until age 40 years, male mortality is higher than female mortality. The trend is
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reversed for adults over age 40 years, where male mortality was 19%, compared
to females at 36%. In the Neolithic population, female mortality is higher than male
mortality in the younger adult age category of 15–40 years (78 vs. 58.3%) and more
males are found over 40 years of age. It is important to note that a considerable
number of Neolithic females (24.4%) found their death at the earlier childbearing
age (15–20 years) whereas in the Natufian only 3.3% of the females died at this age.
This may imply an earlier age for first child delivery in the Neolithic.
The 15 P5 Index
The 15 P5 values for 15 Natufian and PPN populations are presented in Table 1.
To increase resolution we divided the sites into smaller time-range categories. The
Early + Late (Ancien + Recent) Natufian 15 P5 values ranges from 0.22 to 0.42. At
Table 1

15 P5

values for Natufian and Neolithic sites/cemeteries

Time period and site

Dates Cal BP

N∗∗∗∗∗

15 P5

Early+Late Natufian
Hayonim cave*
Eynan/Mallaha
El-Wad
Kebara
Shukba
Hayonim Terrace**

15,100–12,550
Early+Late
Early+Late
Early+Late
Early
Late
Early+Late

48
66
61
30
39
9

0.42
0.33
0.26
0.27–0.33
0.28
0.22

Late+Final Natufian
Nahal Oren***

13,200–12,000
Late+Final

37

0.18

Final Natufian
Eynan

12,550–12,000
25

0.16

PPNA
Netiv Hagdud
Jericho

12,000–10,500
35
63/235

0.52
0.37–0.49

PPNB
Abu Gosh
Kefar HaHoresh
Jericho
All combined****

10,500–8,900
27
40
57
196

0.26
0.20
0.21–0.28
0.23

PPNC
Atlit Yam
Ain Ghazal

8,900–8,350
49
61

0.32
0.40

∗

Hayonim Cave calculated after Belfer-Cohen et al. (1991) shows a lower15 P5 (0.30).
Hayonim Terrace is presented although the sample has only 9 aged individuals to enable a view
of the Hayonim complex as a whole.
∗∗∗
At Nahal Oren, it was not possible to separate Late from Final Natufian and thus it is presented
independently (see Bocquentin 2003).
∗∗∗∗
Including data from additional small Neolithic samples not mentioned in the table.
∗∗∗∗∗
N does not refer to the number of individuals found at the site but the number of individuals
used to calculate the 15 P5 index.
∗∗
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Eynan (Mallaha), a separate calculation of 15 P5 for Early Natufian and Late Natufian
shows an increase from 0.27 in the Early to 0.38 in the Late Natufian, indicating a
relatively rapid population growth. The 15 P5 decreased sharply in the Final Natufian
reaching a low value of 0.16 based on data from Eynan only. The PPNA 15 P5 value
increased sharply ranging from 0.37 to 0.52. Yet, in the following PPNB, 15 P5 values
decline to an average of 0.23 and increase again in the PPNC (0.32–0.40) (Table 1).
Demography: Major Conclusions
The transition to agriculture affected males and females differently; while females
experienced a decrease in mean age at death in the Neolithic period, males experienced an increase. The distribution of female ages at death in the Neolithic
period indicates that females may have given birth at an earlier age compared to
Natufian females. Natufian women lived longer probably because of less frequent
births, while Natufian males were more likely to die earlier, may be due to more
intensive hunting activities and/or higher inter-social conflicts. The NDT model is
discussed below.

Health
We assume that the transition to food production changed the type and intensity
of elements that could induce health hazards. This refers to diet, physical burden,
housing standards and settlement organization, presence of domesticated animals,
intra- and inter-community violence, division of labor, social ranking, etc. Was the
change significant enough to affect population health and if so, in what way?
Dental Health
In humans, the interrelationship between host and associated resident microbiota
plays a critical role in health and disease (Fig. 2). Oral bacteria are involved in two
of the most prevalent current diseases of mankind, i.e., dental caries and periodontal
disease. As these two diseases became widespread only in post-Pleistocene populations (Hershkovitz, 1998), it is natural to ask whether the Neolithic Revolution
triggered the change, or in other words, was the food in the Neolithic period more
cariogenic?
Sample size and data source: The study of dental pathology was carried out on
1,160 Natufian and 804 Neolithic teeth (Eshed et al., 2006; Solell-Sharon, 1992;
Hershkovitz, 1998). Other relevant data were derived from Smith (1970, 1972,
1989), Smith et al. (1984), El-Din Al-Abbasi and Sarie (1997), Lipschultz (1997)
and Mahoney (2006).
Caries: Either analyzed as a group or by individual teeth, no significant differences in rate of caries between Natufian and Neolithic populations are evident. The
prevalence of caries (all teeth combined) in the Natufian was 6.4% and in the Neolithic 6.7%. Noteworthy, Turner (1979) based on a worldwide population study,
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Fig. 2 Chips of supragingival calculi removed from Natufian and Neolithic teeth for microbiota study by Scanning Electron Microscopy showed no differences in bacterial composition.
Eynan/Mallaha (A, B), Abu Gosh (C), Atlit Yam (D)

shows a 4.8% rate of caries in mixed economies (agriculture and foraging) and 8.6%
in agricultural economies. When only the molars are considered, the prevalence
of caries rises to 13.6% in the Natufian and 14.7% in the Neolithic populations.
Smith (1991) reported on 16.5% of teeth with caries in the Natufian and 12% in the
Neolithic.
Antemortem tooth loss (AMTL): Rate of AMTL in Natufian and Neolithic populations were similar, 3.7% and 4.5% respectively. The Natufians lost significantly
more anterior teeth (incisors and canines) and the Neolithic population lost more
mandibular molars. This is not surprising as dental avulsion of the incisors is a
unique Natufian phenomenon observed at Eynan/Mallaha, El Wad and Nahal Oren.
On the other hand, artificial striation on mandibular molars of a coastal PPNC population (Atlit-Yam) indicates that teeth were used to hold staves, possibly while
making baskets or fishing nets.
Periodontal disease (PD): Rates of PD were significantly higher in the Natufian
population (36.4%) compared to the Neolithic population (19%). This finding is
not in accordance with the general notion that periodontal diseases increased in the
Neolithic period (Clarke et al., 1986). Noteworthy is the higher rate of calculus
(sub-gingival calculus is a principal cause of PD) in the Neolithic (Eshed et al.,
2006). The two contradictory findings imply that neither difference in diet nor in
oral hygiene is responsible for the observed differences in PD between the Natufian and Neolithic populations. It seems that in the southern Levant scenario, the
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extensive occlusal forces, generated by the highly developed masticatory system of
the Natufians (Hershkovitz et al., 1995) to cope with their abrasive fibrous-like foods
is a possible explanation.
Dental wear: In general, attrition is more pronounced in the Natufians (Eshed
et al., 2006). This is in accordance with reports from other populations that experienced agricultural intensification (e.g., Kennedy, 1984; Lubell et al., 1994). The
differences are more pronounced in the anterior (I1, I2, C) and first molar mandibular teeth (Figs. 3 and 4). Nevertheless, a large variability was observed among communities between and within periods, i.e., the coastal PPNC people of Atlit-Yam
(8900–8350 Cal BP) manifested extremely worn upper and lower central incisors
and first molars compared to other PPN populations. The Hatoula PPNA population
manifested heavily attrited upper and lower premolars and molars. Factors promoting attrition in one community such as sand and dried fish at Atlit-Yam may be
absent in another. The attrition severity in anterior teeth compared to posterior teeth
observed in the Natufian population may be attributed to anterior teeth functioning
as tools (may be for processing some kind of a material; animal skins?). This was
likely in the Eynan/Mallaha population, where wear grooves were noted on the anterior teeth of several jaws. It is of note that the differences between Natufian and
Neolithic populations relates not just to the intensity of attrition but also to the macro
and micro wear pattern (Eshed et al., 2006; Mahoney, 2006).
Oral Health: Conclusions
A. No major changes in dental health were observed. This generally indicates that
even if Natufian and Neolithic people of the southern Levant differed in their
food procurement strategies (e.g., gathering wild plants vs. farming domesticated plants) they still basically consumed the same types of food.
8
7
6

Natufian

Score

5
Neolithic

4
3
2
1
0
I1

I2

C

Pm1

Pm2

M1

Fig. 3 Attrition rate in Natufian and Neolithic populations, mandibular teeth
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Fig. 4 Attrition rate in Natufian and Neolithic populations, maxillary teeth

B. Changes in food-preparation techniques and non-dietary usage of teeth explain
much of the variation in tooth condition in Natufian and Neolithic populations
in the southern Levant.
Environmental Disease
Anemia: For whatever reason (acquired or genetic) this disease is often expressed
as a cluster of holes on the orbital bony roof known as cribra orbitalia (CO). It
is sometimes accompanied by a phenomenon known as ‘porotic hyperostosis’ that
relates to a radial growth of bony plates perpendicular to the internal plate of the
skull (‘Hair-On-End’ phenomenon).
Sample size and data source: Unfortunately sample size is relatively small, with a
total of 73 cases (17 sub-adults and 56 adults) for both the Natufian and the Neolithic.
The prevalence of CO was similar in Natufian and Neolithic samples (data controlled for age), 76.5 and 78.8%, respectively. When only moderate-to-severe cases
are considered, the prevalence of CO in the adult populations decreased to 21.4% in
the Natufian population and 28.5% in the Neolithic. CO remains very high (47%)
in the young populations of both Natufian and Neolithic. The prevalence of porotic
hyperostosis (mainly slight cases) was also similar in both populations (38.3%).
Environmental Diseases: Conclusions
Anemia is non-specific and can result from diverse causes such as climatic and
environmental conditions, diet and inflammatory diseases (due to high population
density, low sanitary conditions, proximity to domestic animals, etc.). All these or a
combination of them can promote the development of pathogens (viruses, bacteria,
parasites, etc.), associated with anemia. The lower rate of CO in Natufian–Neolithic
compared to later Chalcolithic populations indicates that no significant new health
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Fig. 5 Prevalence of infectious diseases in Natufian and Neolithic populations

hazard agent was introduced to Natufian and Neolithic populations. Furthermore,
the lower prevalence of CO among the Natufian–Neolithic populations compared
to later populations (i.e., Chalcolithic, Roman-Byzantine) of the region (Sameora
2006) may suggest less reliance on cereals (low nutritional value) and goat milk
(preventing iron absorption in the intestine) in the earlier populations.
35

30

Male
Female

% Pathology

25

20

15

10

5

0
Natufian

Neolithic

Fig. 6 Percentages of individuals with bone lesions (of any type) in Natufian and Neolithic populations, by gender
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Infectious Diseases
It is generally accepted that many infectious diseases in humans have appeared with
the advent of agriculture due to increased population size and density (allowing
the maintenance of virulent pathogens) and the presence of domestic animals. This
fundamental idea is deeply rooted in the Neolithic Revolution concept in spite of
recent criticism (Pearce-Duvet, 2006; Caldwell and Caldwell, 2003).
Sample size and data source: The data presented below are based on 864
Neolithic upper limb bone fragments and 665 lower limb bones fragments and 1027
and 738 (respectively) Natufian bones (Eshed, 2001).
Prevalence: Infectious diseases were found to be more common in the Neolithic
period (Fig. 5). This is mainly due to the impact of the sample from PPNC AtlitYam. When all lesions are combined (Fig. 6), the relative number of affected individuals is higher in the Neolithic populations (28.5%) than in the Natufian with
21%. Noteworthy is the different proportion of the various types of lesions: while
in the Neolithic, lesions of inflammatory source are by far more common than the
other types, in the Natufian it is trauma which is the most common, followed closely
by arthritis (Figs. 7 and 8).
Various dis
Trauma
Arthritis
Inflammatory

13
26
22
39

Neolithic
Various diseases
13%
Inflammatory
39%
Trauma
26%

Arthritis
22%

Fig. 7 Disease distribution (relative proportion) in the Neolithic population, gender and age
combined
Natufian
Inflammatory
10%

Various diseases
25%

Arthritis
30%

Various dis
Trauma
Arthritis
Inflammatory

25
35
30
10

Trauma
35%

Fig. 8 Disease distribution (relative proportion) in the Natufian population, gender and age
combined
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Nutrition-Diet
Archaeological, botanical and zoological evidence indicate a shift in economic
strategies and subsistence economy, from intensive hunting and gathering in the
Natufian to farming in the Neolithic period. The domestication of plants such as
wheat, barley, pea, lentil and chickpea and later of animals like sheep, goat, pig and
cattle could be of major cultural significance and at the same time affect human
biology. We reiterate that fully accomplished farming societies based mainly on
domesticated plants and animals did not appear in the early part of the Neolithic
period in the southern Levant.

Enamel Hypoplasia (EH)
Sample size and data source: Seventy-four central incisors (27 maxillary and 47
mandibular) of the Neolithic population and 87 (34 maxillary and 53 mandibular)
of the Natufian population were studied.
Illness among children can be studied not only via the disease encountered in
the child, but also in relation to timing, i.e., at what age were children more prone
to the various stresses? Location of arrest lines on the tooth crown (EH) can serve
as a clue to the onset of the disturbance due to factors such as a malady or the
rigors of weaning. Based on the study of the central upper incisors, an increase in
the prevalence of EH from Natufian (25%) to PPN (29%) was observed. The peak
of hypoplastic activity was found in 2.5–5-year-old children for the I1, I2, C, Pm1,
M1 and 5–7 years for Pm2, M2. Little of the defects observed occurred between
0 and 2.5 years. In most cases the hypoplastic lesions were located on the cervical
third of the crown, with the exception of upper central incisors. Comparison of EH
data between populations is in many ways hampered since researchers use different
definitions for EH and apply different measurements.

Enamel Hypoplasia: Conclusion
The increase, albeit minor, in the prevalence of EH in Neolithic populations may
suggest that a larger portion of Neolithic infants and children witnessed episodes
of health and/or food stresses. Compared to later, post-Neolithic populations of
the southern Levant, judging from EH alone, the child populations of the Natufian
and Neolithic periods experienced a similar or even better health and nutritional
conditions.

Physical Load
Deducing the diverse activities and the physical load people in the past were exposed
to from their skeletal remains is rather complicated. We concentrated on physical
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load levels for which we used mainly muscle markings and mid-shaft cross-sectional
geometry.
Sample size and data source: The study of the mechanical properties of the femur
cross-sectional geometry (72 Natufian and 24 Neolithic; left and right combined)
and in the humerus (66 and 23, respectively) was carried out by Knopp-Steinberg
(2000). The study of the muscles marking of the upper limb bones was carried out
by Eshed et al. (2004a) and of the lower limb bones (20 Natufian femora and 15
Neolithic) by Knopp-Steinberg (2000) and Russeva et al. (2006).

Stature
Reconstructed stature based on femur and humerus length appears in Fig. 9. While
Natufian and Neolithic males are of similar height, Natufian females are significantly taller than Neolithic females. Noteworthy is the Belfer-Cohen et al. (1991)
report on Natufian stature where in some Natufian site (Eynan, Kebara) males were
174 cm and females 162 cm, while in others (Hayonim cave, Nahal Oren, El-Wad),
males were less than 170 cm and females less than 160 cm.

Mid-Shaft Cross-Sectional Geometrical Properties
Femoral cortical area: Cortical area is significantly larger in Natufian males compared to Neolithic males, while among females no significant difference was found
(Fig. 10). When bone density is included, no difference was observed between the
two populations (Knopp-Steinberg 2000).
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Fig. 9 Reconstructed body height for Natufian and Neolithic populations, by sex
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Fig. 10 Cortical area at femoral midshaft in Natufian and Neolithic populations, by sex
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Fig. 11 Femoral second moment of area in Natufian and Neolithic populations, by sex

Femoral second moment of area: Although greater in the Natufian population
(Fig. 11), differences were not significant between the two populations.
Femoral Midshaft ratio: While Natufian and Neolithic males manifest similar
midshaft ratio (ca. 0.85), Natufian females manifest a lower AP/ML ratio compared
to Neolithic females, indicating a shift from a triangular cross-sectional shape to a
more rounded one (Fig. 12).
Humerus cortical area: Cortical areas in Natufian males and females are similar
to those in Neolithic males and females (Fig. 13). In both populations cortical areas
are significantly greater in males compared with females.
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Fig. 12 Femoral midshaft ratio (anteroposterior/mediolateral) in Natufian and Neolithic populations, by sex
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Fig. 13 Humeral midshaft cortical area in Natufian and Neolithic populations, by sex

Humerus second moment of area: No statistical difference was found in this
parameter between Natufian and Neolithic populations. Nevertheless, both populations manifest a significantly greater value for the males compared to the females
(Fig. 14).

458

I. Hershkovitz, A. Gopher
4

Second moment of area

3.5

male
female

3
2.5
2
1.5
1
0.5
0
Natufian

Neolithic

Fig. 14 Humerus second moment of area in Natufian and Neolithic populations, by sex

Muscles’ Markings
Muscles’ markings can be a diagnostic parameter for evaluating the level (and sometimes the type) of physical stress. A muscles marking analysis of the upper limb
bones (Eshed et al. 2004b) suggested a higher physical load in Neolithic populations compared to the Natufian (Figs. 15 and 16), and that people in the Neolithic
period were engaged in different activities and occupations compared to the Natufian. A detailed analysis of the MSM by sex led to the conclusion that the pattern
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Fig. 15 Humeral MSM score for Natufian and Neolithic populations, females only
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Fig. 16 Humeral MSM score for Natufian and Neolithic populations, males only

of the musculoskeletal stress markers (MSM) indicates a gender-based division of
labor in both the Natufian and the Neolithic (Eshed et al. 2004b). Comparisons
between Natufian and Neolithic lower limb bones MSM scoring distribution did
not reveal any significant change in muscles’ marking intensity, except for femoral
gluteal tuberosity (Figs. 17 and 18). Epicondylar groove is an interesting trait that
can provide information regarding strenuous activities of the quadriceps muscle, the
major knee extensor muscle. The trait was present in 60% of the Neolithic femora
population studied and in 84.6% of the Natufians. Nonetheless, due to the small
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Fig. 17 Femoral and tibial MSM scores for Natufian and Neolithic populations, females only
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Fig. 18 Femoral and tibial MSM scores for Natufian and Neolithic populations, males only

sample size this difference in prevalence was not statistically significant. Extreme
cases of this trait were found only in the Natufian. The trait is more common among
males in both populations. Natufian females show the trait more often than Neolithic
females (Fig. 19a).

Fig. 19a Type of strenuous activity among Natufian females that could promote MSM developments associated with the Deltoid and Latissimus dorsi muscles
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Fig. 19b Type of strenuous activity among Neolithic males and females that could promote over
expression of the third trochanter, gluteal tuberosity and attachment area for the Quadratus femoris
muscle

Fig. 19c Type of strenuous activity among Neolithic males and females that could promote MSM
developments associated with the Teres major, Pectoralis major and Extensor muscles
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Occupational Diseases
Physical load and fitness may also express themselves in various pathologies, mainly
arthritis. The rate of arthritis was relatively low and similar in both populations;
5.2% in the Natufian and 4.7% in the Neolithic.

Physical Load: Conclusions
A. Based on the assumption that the quantity and distribution of cortical tissues of
long bone cross-sections (as measured by cross-sectional areas, second moment
of area and polar moment of area) are functionally associated with the level
and pattern of habitual mechanical loading (e.g., Ruff, 2000), we can postulate
based on the above data that the magnitude (not the pattern) of physical stress
was similar in Natufian and Neolithic populations. The MSM study, however,
suggests that daily life in the Neolithic period was more physically demanding
than in the preceding Natufian. Both parameters suggest a change in the sexual
division of labor, whereby Neolithic females took over a greater proportion of
the activities compared to Natufian females.
B. The MSM study of the lower limb bones suggests that the Neolithic population
could have been engaged in more strenuous static activities compared to the
Natufian (Fig. 19b,c). These activities must have been carried out with the body
in a flexed forward position most of the time. This position posed considerable
stress on the gluteus maximus and the hamstring muscles (for a different case
related to specific activities, see Molleson, 1994, 2000).
C. Physical load in the Natufian seems to have derived from more mobile-related
activities as reflected through the high prevalence of epicondylar groove.
D. Only a small decline in stature was noted among Neolithic males compared to
Natufian males. Neolithic females, however, are significantly shorter compared
to Natufian females.

Health and Welfare
Welfare was rarely discussed in relation to prehistoric populations, perhaps because
we perceive welfare as a modern phenomenon. Yet, it is an important aspect and it
may tell us about group solidarity, social organization level and the economic level
of a community. Skeletal remains can provide indirect evidence in this respect and
raise some questions. For example, to what extent did a fracture of a given leg bone
disabled an individual rendering it difficult or impossible for him/her to engage in
normal activities? What do the healed fractures tell us about the attitude toward
members of the group with temporary physical impairment? Welfare may also be
expressed indirectly, through the reaction of a population to congenital defects. One
way to gauge this aspect is via differential burial and age at death of these individuals
(did they survive to adulthood?).
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Sample size and data source: Neolithic: 396 fragmented upper limb bones and
392 fragmented lower limb bones; Natufian: 487 bones of the upper limb and 469
of the lower limbs. The results presented here are based mainly on a study by Eshed
(2001).
Bone fractures – prevalence: In the Neolithic population, only three bones (0.8%)
of the upper limb (a humerus, an ulna and a clavicle) and two (0.5%) of the lower
limb (a femur and a calcaneous) manifested a healed fracture. A similar rate (0.2%)
of fractured bones was found among the Natufians upper limb bones (one ulna). The
rate of lower limb bones fracture was significantly higher (1.3%) in the Natufians but
is still low (4 femora, 1 tibia and 1 fibula). Among femoral bones, 3.6% manifested
a healed fracture in the Natufians and only 0.7% in the Neolithic.
Bone fractures – medical intervention: Pathological bones provide information
not just about the diseases encountered in the populations, but also on medical
know-how and the attitude toward sick people in general. It appears that the art
of medical intervention reducing a fracture and immobilizing the affected bone was
well known to both Natufian and Neolithic people. The few fractured bones available for study had healed without marked angulations or significant reduction in
length.
Bone fractures – behavioral aspects: Fracture rate may also be studied in relation
to settlement patterns, subsistence economy and mobility patterns. For example,
decreased fracture frequency (number of fractures/number of individuals) is to be
expected due to a change from a mobile mode of life to a more sedentary mode.
This may be the case but the data are limited.
Dental mutilation – medical and social aspects: Dental avulsion is evident only
in the Natufian sample (at El Wad, Nahal Oren and Shukba). Its presence may
reflect the Natufian manner of curing diarrhea and fever in children, or tetanus (by
creating an aperture through which food could be passed in the event of ‘lockjaw’),
as demonstrated by present-day tribal societies (Nanji, 1998).

Welfare: Conclusions
Prevalence of fractures is similar and low in both Natufian and Neolithic populations. While in the Neolithic upper limb bone fractures are more common than
lower limb bone fractures, the reverse was observed for the Natufian. The Natufian
custom to extract the maxillary central incisors disappeared in the Neolithic. This
may imply a change in treating health hazards (had it have to do with such hazards).

Violence
Opinions as to whether hunters-gatherers or farmers produce more hostile encounters (violent activity) are divided among anthropologists (Lambert, 1997; Martin,
1997; Walker, 1989, 1997). In the case of the southern Levant populations, the
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questions should be phrased as follows: were Natufian hunters-gatherers hostile in
protecting hunting territories? Has Neolithic social cohesion and solidarity (collective identity endorsed through ritual practices) acted to mitigate intra-group violence? Did the new economy promote inter- and intra-social competitions thus
promoting aggression? Has social inequality emerged and had power and authority
been differently practiced in PPN communities (Kuijt and Goring-Morris, 2002)
triggering intra-group violence? Was population growth involved in inter- and intragroup conflicts in both the Natufian and the Neolithic? We have no answers yet to
these questions, partially because many believe that violence was rare among both
Natufian and Neolithic populations (e.g., Kuijt and Goring-Morris, 2002). Yet, no
extensive study was carried out to elucidate this issue. War-like inflicted injuries are
not always easy to differentiate from accidental trauma, interpersonal violence or
inter-group conflict. Despite the methodological problems, there are certain clues
that might help determine the nature of a visible trauma, namely, differences in type
and frequency of trauma among the sexes, age distribution of the afflicted individuals, location of the trauma (right or left side of the skull), etc.
Following Eshed (2001), the rate of trauma was similar in both Natufian and
Neolithic populations (Figs. 20 and 21). Nevertheless, when skulls alone are studied,
the rate of trauma is significantly higher among the Natufians. This may suggest that
the Natufian population was exposed to a higher rate of violence compared to the
Neolithic.
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The Cultural Perspective
Nature of Sites and Settlement Patterns
The density of sites (per km2 ) in the landscape and their characteristics (size, density
of architectural features, duration, etc.) have often been used to assess demographic
patterns.
Natufian sites are spread mainly in the Mediterranean zones of the southern
Levant with minor presence in arid areas (Fig. 22). Natufian settlement viewed
within a ‘logistic mobility’ model include ‘base camps’ – sedentary or semisedentary relatively large sites and ‘temporary’, ‘task specific’, short-lived small
sites. Within such a framework and being hunters-gatherers, one could estimate
that their activities would ‘produce’ relatively many archaeological sites (by a relatively small population), mostly task-specific sites and fewer base camps. However, while base camps are major in our Natufian data base, only a few sites of
the temporary type are known. Natufian base camps vary in size from hundreds
of square meters up to 1000–2000 m2 and in a few cases occupy caves and terraces in front of caves (which may in itself cause a bias induced by the tendency
to excavate prehistoric caves). These sites can be densely packed with architecture like in the case of Eynan (Mallaha) or Hayonim Cave and Terrace (in some
cases representing a palimpsest of a long and phased sequence); they can have
sparse architecture (e.g., Hamma 27); or they can include only single architectural
units if at all, like for example in the case of the caves and terraces of Kebara
and El Wad. Special sites such as Hilazon Cave (Grossman, 2003) should also be
considered.
In general, Natufian sites are sparsely dispersed over the geography of the southern Levant and must, in general represent a low-density population considering the
time span they cover (some 3000 years). A general decline toward the end of the
Natufian described in some summaries (e.g., Belfer-Cohen, 1991; Bar-Yosef, 2001;
Valla, 1995) may indicate an even lower population density for the later parts of the
Natufian.
The beginning of the Neolithic, considering the Khiamian as the earliest PPNA
entity, provides a vague picture with very few sites and no adequate archaeological
data for the characterization of sites’ nature or an assessment of settlement patterns.
The Khiamian being the entity directly following the Natufian, this may provide yet
another hint in favor of a sparse population in the very end of the Natufian and the
very beginning of the Neolithic period.
The Sultanian (PPNA) of the southern Levant is better known with some sites
showing a major leap in size compared to the Natufian, reaching 20–30, 000 m2 like
Jericho and Netiv Hagdud. Other sites may spread over a few thousands (e.g., D’hra,
Gilgal I, WF 16, ZAD 2) or a few hundreds m2 (e.g., Nahal Oren, Gesher, Iraq
ed-Dubb, Ain Darat) (Fig. 22, and see Kuijt, 1995; Bar-Yosef, 2001). It is of note
that the large and some of the medium-sized sites are in the Jordan rift valley area
while PPNA Sultanian is practically unknown in the Transjordanian plateau, in the
mountainous ridge west of the Jordan, in the coastal plain of Israel and in the arid
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Fig. 22 Sites mentioned in Table 1 and in text. Natufian, Full black circle: 1. Eynan/Mallaha,
2. Hayonim Cave and Terrace, 3. El Wad, Kebara, Nahal Oren, 4. Shukba, 5. Hamma 27, 6. Hilazon
Cave; PPNA, Full triangle: 7. Netiv Hagdud, Jericho, Gilgal I, 8. WF 16, 9. Dhra’, ZAD 2, 10.
Iraq ed-Dubb, 11. Ain Darat; PPNB, Empty square: 12. Abu Gosh, 13. Kefar HaHoresh; PPNC,
Star: 14. Atlit-Yam, 15. Ain Ghazal, 16. Hagosherim, 17. Ashkelon
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areas of southern Israel – a Mediterranean zone entity. The Neolithic is usually
viewed as a food producing, sedentary village system. Within such a framework
one would expect it to produce a small number of archaeological sites by a relatively
large population compared to a hunter-gatherer system (like the Natufian). In fact,
PPNA Sultanian site density (number of sites per km2 ) in the southern Levant shows
no major difference from the Natufian although it might be somewhat higher. The
size of small (and some medium) Sultanian sites may find parallels in the Natufian
site size range while the two large sites – Jericho and Netiv Hagdud are exceptional.
There may be more of these large sites, buried under the accumulating alluvial sediments of the Jordan valley or the outlets of wadi systems where Sultanian sites
tend to have been located, but for now, this is the evidence at hand. Had these
large-size sites, been fully occupied at one moment in time (which still has to be
shown), they represent a qualitative change in community size compared to any
Natufian site. The architecture in these sites is abundant and dense. It is hard to
assess whether a ‘theoretical representative’ population of a ‘theoretical representative’ dunam (1000 m2 ) in a Sultanian site was significantly or at all different than
in a Natufian base camp (with architecture) but, assuming the difference was minor,
Sultanian large sites must have hosted larger populations than any Natufian site.
They also contain some features of a scale unknown before, such as the tower, wall
and ditch of Jericho, indirectly indicating larger communities. This reconstruction is
not easy to assess in terms of population size. Nevertheless, the archaeological data
at hand suggest, at least in a general way, that there is a potential for a larger PPNA
Sultanian population compared to the Natufian.
The data available for the beginning of the PPNB (EPPNB) in the southern
Levant are meager and allow no valuable comparative comments (see Gopher,
1996a; and for a different view Kuijt and Goring-Morris, 2002).
In the MPPNB, especially in its later parts, and most conspicuously in the
LPPNB, large settlements (Mega sites, Neolithic towns) appear reaching an area of
100,000 or even 150, 000 m2 (Fig. 22). Some of these Mega sites (e.g., Ain Ghazal,
Basta) show dense architecture (probably including two storey houses), possibly
representing large communities. However, one should not automatically translate
site area to population size since there are sites of large size that show a sparse
spatial distribution of built households (like PPNB Beisamoun). At such sites, a
representative theoretical dunam (1000 m2 ) would host less people than in a dense
site (like Jericho or Ain Ghazal). It is of note that Mega sites only appear east of
the Jordan – either on the eastern slopes of the rift valley or on the Transjordanian
plateau. They might represent an aggregation of smaller sites related to changes in
socio-economic patterns. Considering the fact that the PPNB (mainly Middle) has
also witnessed a major spread of small settlements into desert areas, both in the
southern and eastern parts of the southern Levant (either task-specific sites or independent hunter-gatherer communities) may also relate to the above line of thinking.
Generally, the number of sites known, the new territories occupied and the scale of
some of the sites indicate a population growth.
In the PPNC, the picture has changed but the information available is limited and confusing. On the one hand, the Mega site phenomenon continues in the
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Transjordanian plateau and, on the other hand, only very few PPNC sites are known
in the southern Levant (Fig. 22). A few newly established PPNC sites include large–
medium-sized settlements such as the specialized fishermen village of Atlit-Yam
(Galili et al., 1993, 2002; Galili, 2005), the site of Hagosherim (Getzov, 1999) or
the small size site of Ashkelon Marina (Garfinkel et al., 2005). Some of these sites
contain dense architecture and are organized as in the PPNB. The PPNC settlement
pattern is, however, far from being clear and so is the estimation of population size.
For example, a suggestion was made by Rollefson to view the large PPNC site of
Ain Gahzal as a ‘fluctuating population center’ meaning that a part of the inhabitants
has been away from the site for long parts of the year. Yet they kept their ‘citizen
rights’, their houses and their belongings while away. This reconstruction is based
on the fact that domesticated animals are major in the economy of the PPNC and
if accepted could significantly have a bearing on population estimates based on site
size and architecture density.

Work Load and Activities
The Neolithic period has seen a few innovations that may have significant influence
on the work load people had to bear with. Naturally, the obvious one would be
working the land (tillage, the harvest, the transport and the processing of crops)
which we conceptualize as a major component in the newly developing Neolithic
culture. We know very little about the agro-technology of Neolithic farmers and
have no evidence for soil tillage or any of the procedures mentioned above. The
idea that bifacial stone (usually flint) tools including the polished ones were used
for tilling the soil is not supported by use-wear studies of these tools, all showing
signs of wood working and wood working only (e.g., Yerkes et al., 2003; Yerkes
and Barkai, 2004; Barkai, 2005). Even if agriculture could have imposed heavier
work loads on Neolithic farmers, this is not relevant for PPNA or EPPNB (and
possibly much of the MPPNB) populations in the southern Levant that were still
heavily relying on hunting and gathering. However, there are additional innovative
technologies and activities that could have imposed a heavy work load on Neolithic
people that were not relevant in the Natufian.

r

Making and using mudbricks: Mudbrick material is a major component in the
sediments creating some of the large, tell-like Neolithic sites. Making mudbricks
would need soil and water and some vegetal material or small stones as temper.
A general simulation of the Jericho PPNA (tower area) as a test case would show
the following: 7 m of sediment accumulation multiplied by the specific gravity
(for soil estimated at 2; for stone it is higher) would result in 14 tones of sediment
per 1 m2 ; or 14,000 tones per 1000 m2 (one dunam); for an estimated population
of 25 people per dunam this would mean 560 tones per person; if the PPNA
sequence represents (with gaps, etc.) some 500 years, this means over one tone
of sediment per person per year. Considering those unable to take part (babies,
young children, and pregnant women, old and sick people) and a possibility that
not all able people were engaged, this activity could be a significant work load
for some people (not mentioning the construction itself).
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Making lime plaster on a large scale: This would imply collecting the limestone
needed, collecting wood for fire – both in very high quantities per one tone of
lime plaster (e.g., Garfinkel, 1987; see also Kuijt and Goring-Morris, 2002);
transportation and the application of lime plaster – again, implying strenuous
activities. While the use of lime plaster was sparse in the PPNA, it became a
much larger scale industry in the PPNB.
Tree felling: For land clearing, for construction, for fire wood, for pyrotechnological industries like lime plaster production, etc. was another heavy load activity.
It is now quiet clear that tree felling is a Neolithic phenomenon that was not
practiced in the Natufian as an everyday activity. The PPNA small, light and
unpolished flint tranchet axes were only suitable for delicate wood working and
not large scale tree felling (Barkai, 2005). This implies that tree felling became
a dominant activity only in the PPNB.
Quarrying for flints: Although this was an old ‘profession’, with deep roots in
the Paleolithic (e.g., Barkai et al., 2006), it was in the Neolithic that the need
for high-quality bifacial tools for tree felling and wood working necessitated
quarried, high-quality, homogeneous flint.
Grinding seeds: In the Natufian, pounding was the major activity in preparing
vegetal material, while during the PPNA, B and C grinding became dominant.
Grinding cereals is a time-consuming heavy load activity performed in a way
that imposes stress on the body, especially the joints (Molleson, 1994, 2000).

An activity that has continued from the very deep past of humankind to the Neolithic
is hunting. Yet, even in this case there is an interesting and somewhat confusing story
in the context of Natufian–Neolithic dynamics. Natufian people hunted using composite tools with inserted microliths; they had no arrows and bows. Neolithic people
had arrowheads from the very beginning and probably used bows too. However, a
quick look at the percentage of arrowheads in the various assemblages would show a
clear pattern of change through time: while the percentages of microliths in Natufian
assemblages are rather high, in the PPNA the percentage of arrowheads is very low
(usually in the order of 1–5% of the tools). In the PPNB, arrowheads constitute
between 10 and 30% of the tool assemblage, and in some southern sites even more.
PPNB arrowheads are of better quality (made on straight blades), typologically more
diverse in shape and larger in size (and heavier) than the PPNA arrowheads. Did
the PPNB people hunt more intensively than PPNA people? Did they hunt larger
animals? The record does not confirm such suggestions, on the contrary, toward the
end of the PPN it seems that hunting is on the decline and the diversity of hunted
species is decreasing. What then are the large amounts of arrowheads for? Had
arrowheads become social items? Or, had they become weapons used in intra- or
inter-community violent encounters?

Health
People in the Neolithic lived in densely built landscapes, sometimes in large village
sites. They also came into close contact with plant and animal species that were
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previously wild and could influence their health. We shall comment on the animals
only. Previous studies attribute the ‘declining’ health in the Neolithic, amongst other
factors, to close contact with domesticated animals (due to zoonoses diseases as
measles, pertussis, smallpox, tuberculosis, etc.). We would like to point out the fact
that such contacts have already started in the Natufian, with commensal animals approaching the newly founded human niche (Tchernov, 1991). Commensal animals
(rats, mice, birds) and wild animals may pose a significant health risk to human
populations (e.g., plague, brucellosis, yellow fever, etc.). Animal domestication has
gained momentum in the Neolithic starting with goats and sheep, then cattle and
lastly pigs. Yet, the faunal record indicates that in the MPPNB, early indications of
domestication hardly appear in the southern Levant. Domestication was established
only in the LPPNB and the PPNC. Close contact with domesticated animals (being
exposed to parasites they carry), eating their meat and probably using their milk,
increase the potential danger to be infected with a disease.

Diet
Cereals, legumes and fruit were consumed by men in the southern Levant long before the Natufian or the Neolithic (e.g., Lev et al., 2005; Nadel, 2002). What was the
difference between the Natufian and PPNA Sultanian vegetal food (assuming that
there were no domesticated species) is too early to tell, it was probably, however, not
significant. We should note that even if the idea of cultivation in the PPNA Sultanian
(or for that matter much of the PPNB too) is accepted (wild plants displaced and
grown by man) – it is still the same species eaten. The decreased spectrum of plants
in the diet as a result of farming is only relevant for the later parts of the PPN. As
for meat, the story is much the same. PPN people in the southern Levant continued
hunting, mainly gazelle, as did the Natufians before them. Hunted animals continued to appear in the archaeological record throughout the PPN but their diversity
decreased in the later parts of the period. This trend continues into the PN period
and hunted animals diminish to an actual disappearance in the later PN. Thus, it was
not until very late in the PPN sequence (and in the PN) that domesticates provided
significant portions of the consumed diet. The tempo of dietary changes was slow
as domesticated species (plants and animals) replaced the wild ones gradually.

Social Structure and Symbolic Behavior
Hunters-gatherers are considered egalitarian societies with no structured ranking.
However, the Natufian, especially the Early Natufian was a relatively large, wellorganized society possibly with some sort of ranking. This is expressed, for example, in the fact that only some 6% (including children) of the hundreds of burials
had grave goods or rather body ornaments and small ‘gifts’ (Arensburg et al., n.d.;
and see Gopher, 1996b). In the PPNA and later in the PPNB there are claims for an
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attempt to integrate an ethos of equality by intensive ritual activities (Kuijt, 1996;
Kuijt and Goring-Morris, 2002). If accepted, this would, in our opinion indicate a
rising tendency to inequality – some kind of a pressure from the community for
ranking and realizing the economical (surplus) and political power accumulating in
the hands of successful individuals or households. The separation of adults’ skulls
as opposed to those of children in PPNB burials and the later treatment of selected
adults’ skulls could indicate a tradition of ancestral ritual that may, again, be related
to some sort of social ranking. The new data on grave goods in PPNB burials and the
differential treatment of the graves (e.g., Kfar Hahoresh, Goring-Morris, 2000) can
also be taken as a possible hint for differentiation or ranking in PPNB communities.
The suggestions to see some architectural features in the PPNB as temples and some
sites as specific burial sites further indicate a well-organized society and potential
ranking.
In his seminal study of the origins of religion and the Neolithic Revolution,
Cauvin (2000a, b) suggested a change in symbolic expressions from the Natufian,
mainly animal images to the Neolithic human images (mainly women). Cauvin suggested the establishment of a religious ideology in the PPN that found expression
not only in art but also in social and economic structure. Accepting this scenario
would bear out yet another indication for an institutionalized system that may be
relevant for ranked societies.

Discussion
This chapter presents a series of questions that we consider relevant to demographic
developments following the Neolithic Revolution in the southern Levant. A plethora
of methodological difficulties and hesitations as to whether the skeletal samples used
are representative were discussed relating both to our potential resolution as well as
to the statistical viability of the results. We finally referred to Natufian and Neolithic
populations, each as one population. Clearly, this procedure may mask some of the
demographic, biological and cultural trends and we are aware of it. On the other
hand, the analyses should enable a glance into the basic processes.
No major shift in population structure and demography was noticed between
the Natufian and the Pre-Pottery Neolithic. It seems that a similar fertility–mortality
balance was maintained in Natufian and Neolithic populations. There is only indirect
evidence to suggest that some of the factors that could promote population growth
(i.e., young age at first birth giving and shorter birth intervals) changed slightly from
the Natufian to the Neolithic period. We did not succeed in tracing clear evidence
for a PPN major rise of mortality – it seems to show similar rates for Natufian
and Neolithic, yet the factors causing mortality may have changed. An increase in
health risk factors during the Neolithic, mainly of infectious diseases, could partially
neutralize population growth. In our view, the establishment and full realization of
the Neolithic Revolution were long-term cultural and biological processes; hence
population growth in the southern Levant Neolithic had taken a ‘bumpy’ road (see
Hershkovitz and Gopher, 1990; Eshed et al., 2004a).
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Based on the 15 P5 values calculated for different Natufian and Neolithic site populations, the following conclusions can be reached:
a. There are marked fluctuations in the demographic structure of the populations
along the Natufian and the Pre-Pottery Neolithic periods.
b. A clear population growth (a demographic peak) was observed in the Early
+Late Natufian (15,100–ca. 13,000 Cal BP);
c. Population growth declined considerably toward the end (Final) of the Natufian
period.
d. The PPNA period witnessed a rapid population growth. Yet, our data are based
on the analysis of only two large nearby PPNA sites.
e. During the PPNB period, when prominent economic changes related to the
Neolithic Revolution have already started to establish themselves, population
growth is unexpectedly quite low (much lower than in the PPNA). Sites attributed to the Middle and Late PPNB period do not show the expected Neolith
Demographic Transition (NDT).
f. A clear demographic change to a growing population is seen only in the PPNC,
following the full establishment of plant agriculture and animal husbandry. This,
however, is based on two sites only and is not in accordance with the ‘accepted’
view of the known archaeological record as a whole.
The lack of data from the Pottery Neolithic period is critical and blocks any
attempt to properly establish the zero (dt) point for the NDT process in the southern
Levant.
In general thus, there is no consistency in the correlation between the archaeological record and the demographic data as presented in Table 1. While the PPNA
archaeological record shows growth compared to its predecessors as well as demographic growth, the case with the PPNC is different showing a ‘poor’ archaeological
record but a clear demographic growth. The case with the PPNB is yet another
pattern showing a rich and varied archaeological record representing growth and
expansion but following the data we have, a demographic low.
The skeletal and dental analyses offer no indication of a major shift in dietary
components in the transition from the Natufian to the Neolithic. The differences
observed suggest that the Natufians and PPN people of the southern Levant may
have differed in their ecosystem management but in general consumed similar types
of food. Changes in food-preparation techniques and non-dietary usage of teeth
explain much of the variation in tooth conditions in populations before and after
the Neolithic Revolution in the southern Levant. Furthermore, the increase, albeit
slight in enamel hypoplasia in the Neolithic may suggest more frequent episodes of
malnutrition or deficiency in vitamins A or D.
There is a clear reduction in health status from the Natufian to the Neolithic
period. Nevertheless, there is no clear evidence to suggest that the increasing presence of inflammatory diseases in the Neolithic period reflects animal husbandry
(domestic-origin hypothesis). The increase in inflammatory diseases may rather take
place due to anthropogenic modification of the environment.
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Physical load (stress) was similar for both Natufian and Neolithic populations.
Nevertheless, the pattern was different, suggesting different occupational stress.
Much of our data are in support of Armelagos et al., 1991 claiming that the increase in population following the development of agriculture is not due to improvement in health and nutrition (in fact they claimed the contrary: increase in infectious
disease and nutritional deficiencies, as we have shown here too), but rather due to
reduced birth spacing which not only compensated for the increased mortality, but
also supported (a modest?) population growth (see also Hershkovitz and Gopher
1990: 33–35).
Major changes in site nature and settlement patterns can be detected in the
late Pleistocene and early Holocene in the southern Levant. From small, semisedentary or sedentary Natufian base camps, to Neolithic Mega sites or towns in
the LPPNB and PPNC culminating in complex societies and urban centers after
the Neolithic period. This was accompanied by a change in the local food producing economy to an agricultural system fully based on domesticated plants and
animals. This, however, was a long process. Each component of the above process
necessitated accompanying changes in technologies, materials, social and labor organization, etc. The Neolithic Revolution and especially the change in economy
should thus better be seen as a multi-facetted socio-cultural process involving a
variety of agents and possibly significant political struggle. New activities, unknown in the Natufian were introduced following the changes in economy and in
settlement nature during the Neolithic. The Neolithic era, as reflected in material
culture indicates heavy load activities – massive construction projects, extraction
of heavy loads of raw materials, possibly clearing land for farming, etc. This may
in turn bring about a new division of labor that can be assessed by biological and
archaeological data or ethnographic parallels. Some of the new activities related
to the Neolithic period, like the daily grinding of cereals to flower or spinning
and weaving are considered monotonous women’s work performed on-site (Brown,
1970). The present study as well as few previous ones (e.g., Molleson, 1994; 2000;
Eshed et al., 2004b; Peterson 1994) lend support to such a scenario. On the other
hand, it is not clear whether women, men or both performed farming chores in the
field.
In a general perspective, declarative in nature, one could argue a continuous demographic growth from Paleolithic to Neolithic and later Chalcolithic and Early
Bronze Age. This population growth and expansion may be viewed as ‘the’ major success of Homo sapiens, coming out of Africa and filling up the old and new
worlds in a relatively short time. Borrowing Braudel’s historical ‘long duree’ logic
for prehistoric large-scale processes, we may say that population growth was the
undercurrent, i.e., the basic condition of modern human existence.
The NDT model, discussed in this volume, was tested against data sets worldwide and produced a valuable general pattern of demographic growth relating to the
domestication of plants. Our study has focused on the southern Levant as a specific
case. Considering the demography-related factors we presented above, as far as we
could take them, no major demographic shift from the Natufian to the Neolithic
is seen.
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The southern Levant case of the late Pleistocene and Early Holocene does, however, raise a few questions related to various aspects of the NDT model: was there a
significant increase in birthrate following the Neolithic Revolution and consequently
a rise in population size? The answer is a reserved yes. If we choose to look at a few
of the PPNB populations, and especially at the PPNC Atlit Yam, we can trace an
increase in birthrate. One should remember that even a small rise in birthrate (an access of half a child per woman), if long enough (thousands of years), is sufficient in
promoting significant population growth over time. The basic structure of Natufian
and Pre-Pottery Neolithic skeletal populations did not change much. It is interesting
to note that even in the Chalcolithic and later Early Bronze Age periods, populations
in the southern Levant continue to grow more or less in the same tempo. The case of
the Chalcolithic cemetery at Peqi’in (Gal et al., 1997), with a sample of almost 500
individuals yielded crucial information in this respect (Nagar, Pers. Comm. 2006).
When do we start the counting for the years of the NDT, or where do we set the 0
point? And, is the process in the southern Levant similar in time scale to other parts
of the world? Neolithization processes in primary domestication centers were multifaceted, revolutionizing human life, behavior and perceptions. It is true that these
centers are located in regions with suitable conditions and where high-potential
species for domestication are available (Diamond, 1997). However, the process of
making the right choices of plant (and animal) species for domestication; making the
right step to manipulate them; investing the time, effort and knowledge to perform
the genetic selection of the most successful and efficient varieties; developing the
knowledge and agro-technologies for dealing with these species in their new state;
learning how to harvest the new crops; how to process them so that they can be
stored; inventing the storage facilities needed; learning how to prepare these for
consumption, etc. are not merely technical issues. They are in many ways, a milieu
of new technologies and patterns of behavior, organization and perception that had
to be introduced, fought for and assimilated into the existing system. The transition
from hunting and gathering to farming when looked at as a cultural process would
mean a major ideological change relating both to how one perceives the world and
life in it. It also means giving up deeply rooted traditions such as meat sharing that
was a major social institution. Thus, once the economical change toward a food
producing economy had been accomplished, successful hunters were replaced by
successful farmers.
Unlike primary centers of domestication, secondary centers that have adopted
farming confronted a full, already cohesive package of selected species that went
through all stages of trial and error and needed only readjustments to the new context. The struggle over the assimilation of such a package to the new context might
have been faster (and may be fiercer).
In the southern Levant the shift toward a diet based mainly on domesticated
plants and animals was not established, based on the archaeological record, prior
to the very end of the PPN or the Pottery Neolithic period (around 8,000 years Cal
BP), and most probably post 7,500 Cal BP (Gopher and Gophna 1993; Gopher,
1995). This means that farming was only in its initial phase in the PPNA and most
of the PPNB period if at all. Thus comparing Natufian to early Neolithic (PPN)
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populations as a potential reflection of the impact of the Neolithic Revolution on
mankind is not fully justifiable. The “Revolution” then, if one seeks for a point
of a fully accomplished new economy, diet, activities and all that comes with this
package, took place some 4,000 years after the beginning of the Neolithic period
and was fully realized only in later urban societies.
Population growth may take one of few possible courses, following models like
the NDT (Bocquet-Appel, 2002) or the “Logistic” model of Ammerman and Cavali
Sforza (1984). The general concept, however, assumes a short and fast population
growth at the beginning of the Neolithization process. The “Fluctuating” model
suggested by us in the past for the southern Levant (Hershkovitz and Gopher, 1990)
also assumed an increase in population size, yet this growth was not linear. Various
factors, such as food shortage, pestilence and inter-social conflicts arrested and even
decreased growth rate, causing changes in population size through the Neolithic.
Although we are still far from possessing an explanation for these fluctuations, they
seem to be well reflected in the data presented in this chapter and in the 15 P5 values calculated. Population growth in the southern Levant Neolithic was a complex
process, revealing its nature only when looked at in a long-term historical perspective. The Natufian and Neolithic cultures, together spanning over 8000 years do
represent a ‘laboratory’ time in which crucial social, economic and demographic
developments took place.

Note
1. The exclusion of the 0–5-year-old individuals from the calculation can bias the demographic
picture considerably. It is an over simplification to just generally say that it is a matter of preservation of the archaeological record.
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