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Human dietary change

STANLEY J. ULIJASZEK
Department of Biological Anthropology, University of Cambridge, Downing Street, Cambridge CB2 3DZ, U .K.

SUMMARY

The transition from hunting and gathering to agriculture and animal husbandry in the Near East and
Mediterranean Region began some 12000 years ago. The ecological changes associated with this change
are known to have been related to higher levels of stress from undernutrition and infectious disease.
Certain pathologies found in human skeletal remains from this time are indicative of anaemia and
osteoporosis, although it is not clear whether they had clear nutritional aetiologies. In this paper, dietary
changes associated with changes in subsistence practices in this region are described. In addition,
quantitative modelling of possible patterns of dietary and nutrient intakes of adult males before, and soon
after, the establishment of agrarian economies is used to examine the proposition that the skeletal
pathologies porotic hyperostosis, cribra orbitalia and porotic hyperostosis may have been due to
nutritional deficiencies. The results suggest that protein deficiency was only likely if subjects were suffering
from chronic energy deficiency (cEp) and their diet contained no meat. Dietary calcium deficiency was
possible after the transition to cultivation and animal husbandry, in the presence of moderate or severe
cED. Anaemias, although present after the transition, were unlikely to have had dietary aetiologies,
regardless of the severity of CED.
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1. INTRODUCTION

The transition from hunting and gathering to agri-
culture and animal husbandry began in the Near East
and Mediterranean Region some 12000 years before
present (BP), with the deliberate growing of wild cereal
crops and the taming of small mammals as means of
expanding the food supply in response to population
increase (Hillman ef al. 1989). The Neolithic (10500-
5750 years BP) was the period in prehistory in which a
pattern of village settlement based on subsistence
farming and stockbreeding became the basis of exist-
ence for communities throughout the Near East
(Moore 1985), and was associated with greater
physiological stress due to undernutrition and in-
fectious disease (Cohen 1989).

Although there is a vast potential corpus of data
about prehistoric human nutritional pathology, there
are problems of interpretation (Armelagos 1987). The
modelling of possible dietary and nutrient intakes
under a variety of conditions provides an alternative
way of examining and augmenting our knowledge of
the nutritional ecology of past populations. In this
paper, such a scheme is used to examine the proposition
that the aetiologies of the skeletal pathologies, porotic
hyperostosis, cribra orbitalia and osteoporosis found in
human remains from the Near East and Mediterranean
regions before and during the Neolithic, were due to
nutritional deficiencies.

2. CHANGES IN SUBSISTENCE PRACTICES
IN THE NEAR EAST AND THE
MEDITERRANEAN

Locations in the Near East and Mediterranean at
which diet and subsistence before and during the
Neolithic have been studied include sites in the Jordan
Rift Valley, Western Turkey, Israel, Iran, Syria and
Iraq. Evidence for dietary usage comes from study of
assemblages of animal bones, plant food and faecal
remains at, or close to, sites of human habitation
(Harris & Hillman 1989; Clutton-Brock 1989).

Between about 20000 and 12000 years Bp the region
provided a mosaic of so-called ‘optimal’ habitats in
which semi-nomadic groups practised hunting and
gathering (Bar-Yosef 1987). These ‘optimal’ habitats
were separated by less favourable habitats that had
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Figure 1. Ungulate faunal spectra in pre-Neolithic times
(solid bars) and in the Neolithic (shaded bars). From Smith
et al. (1984).
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I'igure 2. Tentative scheme of major subsistence activities in
the Southern Levant. Regions: 1, Galilee, Mount Carmel,
Judean Hills, Coastal Plain; 2, Jordan Valley; 3, Western
Negev, Northern Sinai; 4, Southern Sinai; 5, Negev High-
lands. After Smith et al. (1984).

lower carrying capacities and population densities of
hunter—gatherers (Flannery 1969). Hunting of hoofed
mammals including gazelle, antelope and deer was
widespread (Flannery 1965; Jacobsen 1969), although
the hunting or gathering of fish, crabs, molluscs and
snails, partridges and migratory waterfowl increased
with time (Flannery 1969). Gathered vegetable sources
of food included root plants, wild pulses, almonds,
pistachio and hazel nuts and fruits such as apples
(Angel 1984). Wild cereal grains were also gathered,
and these included wild strains of wheat and barley
(Reed 1977).

By 11000 years P wild sheep and goats were being
domesticated (Butzer 1971; Reed 1977), and the
domestication of cattle and pigs followed soon after
(Angel 1984). The planting of wheat and barley was
well underway before 9000 Bp (Hopf 1969; Van Zeist &
Bakker-Heeres 1979) as was that of pulses. The
exploitation of fruits and nuts also shifted into
systematic cultivation. Associated with this was a shift
in the extent to which different species of animal were
used as food (figure 1), and in an enormous reduction
in the extent of meat consumption (Angel 1984).

The shift from hunting and gathering to cultivation
and domestication was not an immediate and direct
one; during the transition human groups probably
varied in the extent to which they practised each
strategy. In addition, the time at which farming and
herding took precedence over hunting and gathering
varied from site to site (figure 2), although by 7000
years BP the transition from one mode of subsistence to
another was more or less complete.

3. PALAEOPATHOLOGIES AT THE ORIGINS
OF AGRICULTURE

Evidence in support of the view that the transition
from hunting and gathering to cultivation and animal
husbandry in the Near East and Mediterranean was
associated with an increase in disease and nutritional
stress comes from various analyses of skeletal remains
(Angel 1984; Smith e al. 1984). Estimates of the
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stature of adult males from femoral size by using the
equations of Trotter & Gleser (1952) indicate a decline
from an average of about 180 cm to about 170 cm
between 32000-11000 years Bp and 11000-9000 years
BP (Angel 1984). This decline has been attributed to
generalized undernutrition (Angel 1984), although
other factors, such as increased stress from infectious
disease in the more densely populated settlements at
this time, or inbreeding in isolated communites might
be equally important.

Specific bone pathologies which are related to
nutritional or disease stress and have been identified in
skeletal material from the region include porotic
hyperostosis and cribra orbitalia. Porotic hyperostosis
can be recognized by a thickened, porous, sievelike
appearance of certain parts of the skeleton. Cribra
orbitalia is porotic hyperostosis of the orbital surfaces of
the skull. Both pathologies are diagnostic of anaemia,
although it is not possible to give a specific actiology on
this basis alone (Huss-Ashmore e/ al. 1982).

Porotic hyperostosis has been reported to be present
in skeletal remains from the Neolithic onward
(Rathbun 1984). Although a primary dietary aetiology
has been proposed (Moseley 1965), Stuart-Macadam
(1991) has recently suggested that porotic hyperostosis
in prehistoric populations is more likely to have been
due to continuous or heavy pathogen loads than to iron
deficiency. Cribra orbitalia may be due to dietary
deficiency of iron or ascorbic acid, or to any infection
which leads to chronic anaemia (Wing & Brown 1979).
Its presence in the Neolithic Near East has been
attributed to the effects of infectious disease on the
bioavailability and utilization of iron rather than to
dietary deficiency per se (Smith et al. 1984).

Osteoporosis  specifically due to dietary calcium
deficiency is rare in the modern world, but the
possibility that it may have been more common in
prehistoric populations cannot be discounted. In
contemporary populations, osteoporosis is a condition
where the bone density of an individual is lower than
might be expected for their age, and may occur in the
elderly population, as well as adults who are extremely
inactive, or in women who are amenorrheic due to very
high levels of physical activity (British Nutrition
Foundation Task Force on Calcium 1989). Osteo-
porosis in skeletal material from past populations has
often been ascribed to calcium deficiency by palaeo-
anthropologists, even though there is only a poor
physiological basis on which to base this conclusion.
Indeed, Kurth & Rohrer-Ertl (1981) found that long
bones of 28 individuals from the Neolithic period in the
Near East showed signs of osteoporosis, which they
attributed to calcium deficiency. However, there is
scant evidence of osteoporosis in skeletal material from
earlier times (Smith e/ al. 1984).

Neolithic Near Eastern populations are known to
have had high prevalences of anaemia and osteo-
porosis, but it is not clear whether these pathologies
had specific dietary aetiologies, or were related to other
factors. One way of evaluating the relative importance
of dietary factors in the aetiology of these pathologies is
to model dietary and nutrient intakes before, and
during, the Neolithic, and to relate the latter to current
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Table 1. Physical activily levels for adull males engaged in a variely of subsistence practices

physical
activity
group or level
district country subsistence type (TEE/BMR) reference
Ache Paraguay hunter—gatherer 2.08* Hill et al. (1985)
Machiguenga Peru hunter— 2.09" Montgomery & Johnson (1974)
horticulturalist
Wopkaimin Papua New hunter— 1.65%¢ S. J. Ulijaszek & T. Brown
Guinea horticulturalist (unpublished results)
Pari Papua New hunter— 1.42 Hipsley & Kirk (1962)
Guinea horticulturalist
Guatamala maize cultivation 2.32 Viteri et al. (1971)
Philippines rice cultivation 2.25 de Guzman et al. (1974)
Varanin Iran wheat cultivation 2.10¢ Brun et al. (1979)
Burma rice cultivation 2.02° Tin-May-Than & Ba-Aye
(1985)
Gambia rice and peanut 2.02° Fox (1953)
cultivation
Tamil Nadu India rice cultivation 2.00¢ McNeill et al. (1987)
Sundanese Indonesia rice cultivation 1.96* Suzuki (1988)
Burkina millet cultivation 1.89° Brun ef al. {1981)
Faso
Ivory Coast mixed cultivation 1.68* Dasgupta (1977)
Lufa Papua New sweet potato 1.64% Norgan et al. (1974)
Guinea cultivation
Uganda maize and plantain 1.63% Cleave (1970)
cultivation
Cameroun millet cultivation 1.54* Guet (1960)
Kaul Papua New taro and plantain 1.52% Norgan et al. (1974)
Guinea cultivation

& From estimates of BMR from body mass, and total energy expenditure from activity diaries.

Average of two seasons.
¢ Estimate of total energy expenditure from activity diaries.
Average of four seasons.

estimates of nutritional requirements (FAO/WHO
1974, FAO/WHO/UNU 1985).

4. MODELLING CHANGES IN NUTRIENT
INTAKE

In this paper, model pre-Neolithic and Neolithic
men are created, based on knowledge of stature at
those times, and on current understanding of energy
expenditures of contemporary hunter-gatherers and
hunter—horticulturalists, and simple cultivators. As-
suming that these men are in energy balance, intakes of
protein, iron and calcium are calculated from dietary
reconstructions based on evidence from the literature.
Intakes of these nutrients are then estimated for the
model Neolithic man, assuming that he is suffering
from chronic energy deficiency (CED) at various levels
of severity.

Dietary energy requirements are related to energy
expenditure, which in turn is related to activity level
and to basal metabolic rate (BMr) (FAO/WHO/UNU
1985). It is possible to express total daily energy
expenditure (TEE) as a multiple of BMR (Waterlow
1986). In this way, differences in TEE due to differences
in body size can be controlled for, giving a general
measure of activity called the physical activity level
(paL) (James el al. 1988). Table 1 gives paLs obtained

Phil. Trans. R. Soc. Lond. B (1991)

[

by a variety of means, for contemporary populations
practising a number of subsistence strategies.

Hunter—gatherers and hunter—horticulturalists have
pALs that range from 1.42 to 2.09 whereas the paL of
cultivators ranges from 1.52 to 2.32. On average, the
difference in energy expenditure due to physical
activity between groups practising these different types
of subsistence is small, and it can be postulated that the
switch from hunting and gathering to cultivation and
animal husbandry involved little change in pAL. In the
model to be elaborated, the pre-Neolithic man is
assigned a parL of 1.9, and the Neolithic man, 2.0.

Seasonal variation in activity levels, energy ex-
penditure and therefore energy requirement almost
certainly became exaggerated with the onset of
agriculture. However, the pathologies with which this
paper is concerned are due to chronic rather than
acute stress, and seasonal variation in those stresses is
unlikely to be of greater significance than the overall
stress levels across the entire year.

Body mass index (BmI) is a crude index of body
physique which has been recommended for use in the
estimation of nutritional status in adults (James e! al.
1988). BMm1 is body mass divided by height squared, and
a scheme whereby this measure is used in association
with PaL is given in table 2.

It is possible to model energy requirements of adult
males in pre-Neolithic and Neolithic times at different

113 |
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Table 2. Body mass index and physical activity level (PAL) as
markers for chronic energy deficiency (CED) in adulls

(I'rom James et al. (1988).)

presumptive
BMI PAL® diagnosis
> 18.5 — normal
17.0-18.5 > 1.4 normal
<1l4 ceD grade I
16.0-17.0 > 1.4 cep grade I
<14 ceD grade II
< 16.0 — cep grade I1I

* paL = physical activity level (TEE/BMR).

Table 3. Estimated mass, basal metabolic rate and total energy
expenditure of adult males in pre- Neolithic times and the
Neolithic

pre-Neolithic Neolithic
height/cm 180 170
sm1/ (kg m™2) 20.5 20.5
mass/kg 66.4 59.2
BMr/(M]J d7) 7.08 6.63
TEE/(M] d7Y) 13.45 13.26

levels of energy nutritional status, assuming that
subjects are in energy balance at different levels of BM1
and parL. Data from a variety of contemporary
populations show that for hunter—gatherers and
hunter—horticulturalists, BmIs of adult males range
from 19.0 to 20.7kgm™®, whereas for simple
cultivators, they range from 18.3 to 21.3 kgm™,
respectively. In this analysis, both pre-Neolithic and

Neolithic model men are assigned a Bum1 of 20.5 kg m™>.

Body masses of the model men were calculated from
their estimated heights and their assumed Bmis, and
used to calculate BMR (Schofield 1985). The TEE of both
men was then calculated from their respective BMR and
paL; daily energy requirement was assumed to be
equal to energy expenditure. Estimates of BMR and TEE
of adult males, based on assumed stature of 180 cm
pre-Neolithic and 170 cm in the Neolithic, and on Bm1
of 20.5 kg m™? at both times, are given in table 3.

TEE and daily energy requirements of both men are
very similar, although their diets are likely to have
been quite different. Qualitative descriptions of dietary
change across the transition from hunting and gath-
ering to agriculture and animal husbandry are nu-
merous (Flannery 1965, 1969; Jacobsen 1969; Reed
1977; Angel 1984), but quantification is rather
difficult. Estimates of the relative contribution of
different animal species to the diet are far more
accurate than those of different plant species, as
existing methods in archaeology are more able to
quantify the consumption of animal foods than plant
foods. Angel (1971) has suggested that meat eating in
the Neolithic may have been only 10-209, of the
Palaeolithic norm. This may well have resulted in a
decline in the contribution of animal foods to the diet
from a level greater than 20 9, of the total daily energy
intake, to below 10 %,.

There is little evidence of the relative contribution of
different plant types to the diet of pre-Neolithic human
groups. Despite this difficulty, an attempt has been
made to estimate the proportion of dietary energy
supplied by different plant and animal types, based on
the descriptions of Flannery (1969), Jacobsen (1969),
Reed (1977) and Angel (1984) (figure 3). Itis assumed
that wild grasses contributed half of the daily energy
intake from plant sources in pre-Neolithic times, and

animal foods

molluscs fish

pig2
cattle 4
goats & sheep 3
gazelle
deer 17 31
deer . .
1 goats & sheep
28
plant foods
wild grasses fruits
fruits

///

16

seeds & pulses

domesticated grasses

66

Figure 3. Proportion of total energy intake from different plant and animal sources.

Phil. Trans. R. Soc. Lond. B (1991)
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Table 4. Nutrient composition of animal and vegetable foods
used in pre- Neolithic times and the Neolithic

nutrient composition
(per 100 grams edible portion)

energy/ protein/ iron/ calcium/
kJ g mg  mg
animal foods
pre-Neolithic 530 16.7 2.8 10
Neolithic 570 16.4 1.6 "7
plant foods
pre-Neolithic 310 2.8 0.7 9
Neolithic 400 3.2 0.4 7

that domesticated grasses (wheat and barley) supplied
two thirds of plant food energy intake in the Neolithic.
Although recent evidence suggests that the contri-

Human dietary change S. J. Ulijaszek 275
butions of such grasses may have been considerably
lower than this (G. C. Hillman, personal communi-
cation), adjusting the figures does not appreciably
affect the analysis.

It is also assumed that milk does not contribute to
the diet, since it is believed that domesticated animals
were not widely used to produce milk for human
consumption before the end of the Neolithic period
(Bokonyi 1969).

The nutrient composition of edible portions of the
animal and vegetable components of the diets at these
two times, as estimated from food composition tables
(FAO 1982; Paul & Southgate 1978) are given in
table 4.

Although there is no direct evidence of the relative
contributions of animal and plant sources of food to
total energy intake at the periods in question, con-
temporary hunter—gatherers obtain between 12 and
86 9, of their dietary energy from animal sources (Hill

Table 5. Estimates of daily nutrient intakes at varying levels of animal food intake

daily intake of nutrients

proportion of

dietary energy energy

from animal density (g/M]J™') energy/M]J  protein/g PER* (%) iron/mg calcium/mg
sources (%)
pre-Neolithic
80 206 13.45 384.6 47.9 64.7 271
35 258 13.45 267.0 33.3 49.7 325
20 282 13.45 196.0 24.4 42.6 350
15 291 13.45 172.5 21.5 40.4 359
Neolithic
15 235 13.26 160.7 20.3 20.1 217
10 240 13.26 143.7 18.1 17.2 223
5 245 13.26 125.5 15.8 14.9 228
0 250 13.26 106.7 13.4 13.3 232

* Protein energy ratio is the proportion of dietary energy from protein.

Table 6. Estimates of daily nutrient intakes in adult males in the Neolithic period, assuming different levels of chronic energy

deficiency
physical activity level
2.0 X BMR 1.35 X BMR
body mass
index (kg m™®) protein/g iron/mg calcium/mg protein/g iron/mg calcium/mg
proportion of dietary energy from animal sources = 09,
18.0 98.8 12.4 216 66.6 8.3 146
16.5 94.4 11.8 197 63.8 8.0 139
15.0 90.1 11.2 191 60.8 7.6 133
proportion of dietary energy from animal sources = 59,
18.0 116.7 13.9 211 78.7 9.4 143
16.5 1115 13.2 202 75.3 9.0 137
15.0 106.4 12.7 193 71.8 8.6 130
proportion of dietary energy from animal sources = 109,
18.0 133.8 15.4 208 90.3 10.4 140
16.5 127.9 14.7 198 86.4 10.1 136
15.0 122.0 14.0 189 82.4 9.5 128
proportion of dietary energy from animal sources = 159
18.0 149.6 18.7 202 100.9 12.6 136
16.5 143.0 17.9 193 96.5 12.1 130
15.0 136.3 17.1 184 92.1 11.5 124

Phil. Trans. R. Soc. Lond. B (1991)
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1982). For contemporary agriculturalists, the range is
between 1 (Rosetta 1988) and 279, (De Garine &
Koppert 1988). Estimates of intakes of protein, iron
and calcium based on diets in which animal foods
supply different proportions of the energy intake in the
two periods are given in table 5.

When the diet is adequate to sustain energy balance
at a Bm1 of 20.5 kg m™2, intakes of protein are high, for
both model men. If the proportion of dietary energy
from animal sources was 809, in pre-Neolithic times,
the proportion of dietary energy from protein would
have been very close to 509, a level at which toxicity
from excessive ingestion of nitrogenous compounds
could ensue (Speth, this symposium). Lower levels of
meat consumption would have resulted in considerably
lower protein:energy ratios than this ceiling value.

An iron-rich intestinal environment may predispose
human hosts to infection (Stockman 1981), and it is
possible that human populations in the pre-Neolithic
Near East and Mediterranean may have suffered from
high levels of infection and intestinal infestation partly
as a result of high intakes of iron. This could have been
a contributing factor to certain disease pathologies
observed in skeletal material from this region, and
one which has not been considered by palaeo-
anthropologists. Iron intakes in the Neolithic model
man are above the 5-9 mg per day recommended by
FAO/WHO (1974) as the minimum to prevent
anaemia in a population. The only possible way in
which the anaemias reported by Angel (1984) could
have been due directly to nutritional deficiencies of
iron would have been if the intake of animal foods was
nil, or very low indeed. Under such conditions, the
intake of dietary iron, although superficially adequate,
is overwhelmingly non-haem, and thus poorly ab-
sorbed. It is more likely that the pathologies described
by various authors were due to anaemias which arose
out of intestinal parasitism and other infectious agents
and not nutritional shortfall, at least under conditions
where subjects were not chronically energy deficient.

Calcium intakes of both model men are lower than
the FAO/WHO (1974) recommended minimum
values of 400-500 mg d™* at all levels of meat con-
sumption. Calcium balance can be maintained at a
variety of levels of calcium intake, however. The
highest figure recorded in the literature is 975 mg d ™"
(Heaney et al. 1978), whereas the lowest is 200 mg d ™/,
in a sample of 10 Peruvian men (Hegsted e al. 1952).
Although there is enormous variation in absorptive
efficiency of calcium, the smallest amount that needs to
be absorbed by an adult male to stay in calcium
homeostasis is about 100 mg d™! (Stini 1990). This is
approximately the amount that is lost daily in urine.

It is possible that the values for calcium intake
reported here could be adequate to maintain calcium
balance in both periods, if populations were extremely
efficient in their absorption of this mineral. There are
two reasons why this may not be the case, however.
The first is that bioavailability of calcium is lower on
high protein diets than on lower protein diets (Yuen et
al. 1984, Kersetter & Lindsay 1990). This condition
could have prevailed in pre-Neolithic times, if levels of
meat consumption were high. The second is that the

Phil. Trans. R. Soc. Lond. B (1991)

calcium in plant foods is not particularly well absorbed,
due to the presence of phytate and oxalate, among
other substances (McCance & Widdowson 1942;
Cummings et al. 1979; Fincke & Sherman 1935). This
condition is likely to have prevailed in the Neolithic, if
the intake of animal foods was particularly low.

It is possible that the osteoporosis observed in the
skeletal record from the Neolithic period could have
been due to vitamin D deficiency or phosphorus excess,
as well as primary calcium deficiency. Dietary intakes
of vitamin D were probably low in both pre-Neolithic
and Neolithic periods, as dairy foods played no part in
the diet. Phosphorus intakes were more likely to be
higher in pre-Neolithic times, if large amounts of meat
were eaten. Therefore it might be expected that pre-
Neolithic man would have suffered from osteoporosis
in equal or greater measure than Neolithic man, if the
condition was due primarily to dietary factors. The
palaeopathological record does not support this as-
sertion.

5. THE EFFECTS OF ENERGY
UNDERNUTRITION ON THE
AVAILABILITY OF DIETARY IRON AND
CALCIUM

To examine the possible effects of cEp on the
availability of iron and calcium in the diet of subjects
living in the Neolithic, the model was re-run under
modified conditions. The following assumptions were
made: (1) that the model man suffers from cEp which
is manifested in low BMI and possibly low paL; (i) that
the types and relative proportions of foods eaten are the
same as those in the previous run, at all levels of Bumr;
(ii1) that in the estimation of parL, there is no down-
regulation of BMR due to cEp; and (iv) that subjects are
in energy balance at the lower levels of intake, where
energy intake is equal to TEE. Results are given in
table 6.

At the higher pa1 (2.0 X BMR), levels of protein and
iron intake are adequate to high, regardless of BmI or
the proportion of the diet coming from animal foods.
At low paL (1.35 x BMR), protein intakes are lower but
still adequate, whereas iron intakes are within the
range of values recommended by FAO/WHO (1974)
in the 0 and 59, animal foods categories, and above
this range for the 109, animal foods group. It is
possible, however, that at very low levels of animal
food intake, the iron in the diet would have been
poorly absorbed. Calcium intakes are consistently
low, with values falling below 200 mg d™" at paL of
1.35 x BMR. This may be a level below which calcium
balance cannot be sustained; if so, the osteoporosis
observed in the Neolithic skeletal record can only be
attributed to primary calcium deficiency under con-
ditions of moderate or severe CED.

6. DISCUSSION

The transition from hunting and gathering to
cultivation and animal domestication in the Near East
and Mediterranean involved greater utilization of
energy-rich plant foods to the detrement of energy-poor
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ones, and an enormous reduction in the consumption
of animal foods. This dietary change has been
associated with overall dietary deficiency, and specific
deficiencies of protein (Angel 1984), calcium (Smith
et al. 1984), and possibly iron (Rathbun 1984) by
inference from the examination of skeletal material
from pre-Neolithic and Neolithic times.

The modelling of dietary and nutritional intakes of
an adult male in pre-Neolithic times and in the
Neolithic has allowed the postulated association be-
tween dietary change and nutrient deficiencies in the
Neolithic to be tested. The results suggest that protein
deficiency was unlikely if cED was not being ex-
perienced ; that is, if mass in relation to height was not
low, even if adult males were short statured. If adult
males suffered from cep, then dietary protein
deficiency was only likely if the diet contained no meat.
Deficiency of dietary calcium was possible in the
Neolithic, if populations were experiencing moderate
or severe CGED. In the absence of cEp, it is unlikely that
dietary iron deficiency was a problem. Even if adult
males in the Neolithic were suffering cEbp, it is unlikely
that the anaemias identified by palaeoanthropologists
had a specific dietary actiology, although a more
complex dietary aetiology is possible.

I thank Dr J. Boldsen, Dr C.]J. K. Henry, Professor M.
Jones, Ms M. Lahr and Dr S. S. Strickland for their helpful

comments and criticisms of an earlier draft of this paper.
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Discussion

G. HiLLman  (Department of Human Environment, Institute of
Archaeology, Unwersity College London, U.K.). At the start of his
paper, Dr Ulijaszek made reference to the possible role of
phytates in limiting the uptake of calcium and thereby
contributing to osteoporosis and other pathologies. However,
he eventually concluded that dietary factors are unlikely to
have contributed to these pathologies.

I am not a nutritionist and cannot comment on any links
between calcium malabsorbtion and osteoporosis. However,
I am familiar with the existing evidence for changes in the
plant-based components of diet which seem to have ac-
companied the shift from foraging to farming in Dr
Ulijaszek’s study area (Southwest Asia). My present reading
of this evidence strongly suggests that the shift to cultivation
would have involved a dramatic increase in the consumption
of phytate-rich foods (probably as year-round staples), and
presumably, therefore, a correspondingly increased risk of
chronic calcium malabsorption.

S.J. ULijaszek. Phytate intakes were not incorporated into
the model, because the phytate content of only a limited
range of foods has been thus far estimated. Certainly, higher
intakes of phytate in the Neolithic, in association with
marginal intakes of calcium, may have played an important
part in the aetiology of osteoporosis at this time.

J. L. BoLpsEN (Department of Community Health, University of
Odense, Denmark). 1 think that the height of the Neolithic
people has been overestimated by using mainstream re-
gression formulae (Trotter & Gleser 1952). Would Professor
Uljjaszek comment on the effect on calcium and iron balance
of the human height of the neolithic populations being
165 cm instead of 170 cm?

S. J. Uryjaszek. At a smaller body size, the Neolithic model
man would maintain energy balance at lower levels of food
intake, and this would result in lower levels of intake of both
iron and calcium. It is unlikely that iron intakes would be low
enough to cause iron deficiency anaemia, unless the model
man were suffering chronic energy deficiency. However, the
possibility of primary calcium deficiency would be greater
than that suggested in the presentation.

C.J. HENrY (School of Biology, Oxford Polytechnic, U.K.).
Much of Dr. Ulijaszek’s discussion has centred around
calcium intake in early man. What relevance does the lack
of vitamin D have on calcium metabolism in the Neolithic
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man? Could vitamin D have also been a limiting micro-
nutrient thus influencing calcium metabolism in this popu-
lation?

S.J. Urgjaszek. Certainly, dietary intakes of vitamin D
would have been low in the Neolithic, because dairy products
played little or no part in the diet. However, this vitamin can
be synthesized in the skin from 7-dehydrocholesterol by the
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action of ultraviolet light. Climatological evidence indicates
that overall rainfall in the Near East and Mediterranean
region was lower in the Neolithic than in present times,
suggesting a drier, sunnier clime. It is probable that on
average, human groups received plentiful exposure to
sunlight in the course of work, making the possibility that
vitamin D deficiency was a major contributing factor to
osteoporosis unlikely.
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