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Abstract

We report here stable carbon and nitrogen isotope results from human and faunal bone collagen from samples taken from sites in
the Egyptian Nile Valley and surrounding region, dating from the Predynastic (c. 5500 BC) through to the Dynastic (c. 343 BC)
periods. Isotopic values for the human population cluster together across this broad time range, with high d15N ratios, and d13C
values indicating a largely C3 based diet. The human data is not easily explained through comparison with our associated faunal
data, and so may be explained by the consumption of protein from an ecosystem we did not adequately sample, such as freshwater
fish or plants and fauna with unusually high d15N values due to the extreme aridity of this region. The faunal isotopic data we did

produce shows a great range in values between and within species, especially in cattle, and reflects the close proximity of three
ecozones across a relatively narrow geographical area; the river, the immediate flood-plain area around the Nile and the desert
surroundings.
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1. Introduction

Egypt is one of the most intensively studied cultures
in the world, but the emphasis on the rich textual
evidence and mortuary contexts of finds has meant that
archaeological sources of evidence relating to everyday
food production may have been overlooked until
relatively recently. The lack of settlement evidence from
Egypt, particularly from earlier periods, is partly due to
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the change in course of the Nile, which has caused the
obliteration of many settlement sites that were situated
to the east of the river [14]. This is a particular problem
when looking at the subsistence economy during the
Predynastic and Protodynastic periods, just before and
after the formation of the Egyptian State, as detailed
written records did not yet exist. Shifts in subsistence
patterns accompanied the major social upheaval asso-
ciated with the period leading up to the formation of
a unified state, with a change from a hunter-gatherer
mode of subsistence to one increasingly dependent
on agriculture [55]. Combined with the limitations
associated with archaeobotanical and archaeozoological
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approaches, the lack of textual and settlement evidence
has led to comparatively little being known of the
development of long-term subsistence patterns in the
region.

Looking directly at dietary patterns using the isotopic
signatures recorded in the protein component of bone is
one way to overcome some of the problems outlined
above. There have been a few studies using isotopic
analysis of human material from the Nile valley (e.g.
[26,33]), mostly on material from oasis contexts (e.g.
[20]) or Nubian material from further to the south in the
Nile valley (e.g. [27,60]). None of these studies has
included a large sample of faunal remains analysed
alongside the human results, which are needed to assist
in interpreting the human isotope values. This is likely
due to the difficulty in obtaining material for analysis
from this region, combined with uncertainties about the
contemporaneity of humans and fauna from the same
sites. This study presents significant new data on fauna
from Egypt, as well as new human isotopic data.

2. Stable carbon and nitrogen isotope ratios

and the foodweb

The use of stable carbon and nitrogen isotopic ratios
in bone collagen is a well-established technique in the
investigation of past dietary patterns and subsistence
strategies (see recent reviews [30,34,49]). The basic
principle of the technique is that characteristic ratios
of stable isotopes can be found between both different
foodwebs and their trophic levels due to fractionation
effects. This theory has been validated by animal feeding
experiments, which have shown that the carbon (d13C)
and nitrogen (d15N) isotope composition of collagen
mostly reflects that of protein in the diet [3]. Tissues with
a slow turnover time such as collagen will therefore
contain a long-term record of the diet of the individual,
estimated to be that for the last 10–30 years of life [53].

This approach has been used on archaeological
human and animal bones in various geographical
locations and has provided valuable information re-
garding not only general diet and subsistence patterns at
a population level, but also status and health differences
between individuals [15,39], animal management prac-
tices [7,43], and palaeoenvironmental data [6,22].

Carbon isotope ratios can give information about the
types of plants in the foodweb, in terms of C3 or C4

plants. C3 plants are typically temperate plants, grasses,
shrubs and trees, including economically important
crops such as wheat and barley, which have average
d13C values around �26&. C4 plants tend to be arid
adapted plants and grasses, such as sorghum and millet,
with values around �12& [46]. Carbon isotope values
can also be used to distinguish marine versus terrestrial
food sources [40,45], but this is not such a relevant
consideration in the inland context of the Nile valley.

Nitrogen isotope values can give information about
the trophic level of dietary protein. Schoeninger and
DeNiro reported a c. 3& increase in d15N value between
food and consumer [44], although diet–tissue enrich-
ment as high as 6.5& in alpaca has been published in
a study highlighting inter-species differences in 15N
enrichment [52]. However, recent research has indicated
that it is more appropriate to use a range of 3–5& for
d15N enrichment than an average value [8]. The longer
length of aquatic food chains compared to terrestrial
ones means that higher d15N values can also indicate
consumption of aquatic resources [18]. An arid envi-
ronment may also produce high d15N values, thought to
be due to the effects of water and heat stress on urinary
nitrogen excretion and/or protein stress causing tissues
to become 15N-enriched, or to an increase in the
evaporation of isotopically light ammonia from the soil
where rainfall is low [2,24,25,47,50]. In an ecological
context with sharp distinctions, such as between the Nile
valley and the surrounding desert, it may therefore be
possible to distinguish valley and desert consumers.

3. Textual and archaeological evidence for

diet in Egypt

There is a wealth of information regarding food
resources in Dynastic Egypt, mostly derived from an
art-historical perspective by examining sources such as
tomb paintings (e.g. [16,23]). Modern excavations where
archaeozoological and archaeobotanical analyses are
routinely undertaken have also provided more direct
evidence of the dietary resources which were available to
people [31]. This evidence only indicates what resources
were available however, and their presence at a site may
be for a number of reasons. Stable isotope analysis can
therefore provide a direct measure of the broad
categories of foods that were actually exploited.

Agriculture appeared in Egypt on a large scale at
about 5000 BC, with the earliest evidence coming from
the Fayum region. Initially a wholesale adoption ap-
pears not to have taken place, rather an incorporation
into an efficient wider strategy of gathering and hunting
in the relatively wetter, milder savannah-like conditions
prevailing at the time [54]. A major climate shift causing
wider desertification in the region seems to have forced
people into the Nile valley at about 3500 BC [14]. This
narrowed the dietary resources available as big game
animals, previously widely available in the region,
dwindled until they eventually disappeared. Agriculture
became the main mode of subsistence in the Nile valley
around the same time as the process of state formation
was just beginning.
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The broad picture of diet in Egypt produced from
traditional sources indicates a base of C3 plant re-
sources, largely in the form of the staple foods of bread
and beer produced from emmer wheat and barley grown
in the Nile valley. Archaeological evidence for this
comes from the discoveries of closely associated bakeries
and breweries, which had brewing vats and pottery
bread baking moulds [14]. Textual evidence also attests
to the ubiquitous consumption of these goods and their
underpinning of the economic system, with taxation and
wages for those working for the state being paid in bread
and beer rations [37]. A wide range of vegetables were
also available, which could be easily grown on the fertile
floodplains of the Nile, renewed annually by the
inundation, the key event in the Egyptian year which
made agriculture in the Nile Valley so productive
[37,62].

The Nile was also a key resource in providing wild
sources of protein available to most inhabitants in the
form of fish and other riverine species such as soft-
shelled turtle. Wild animal resources from the desert
margin in Dynastic Egypt were scarce due to the arid
environment making the support of large animals
impossible [14]. Animals kept for consumption com-
monly included goats, sheep and pigs, whilst dairy
products were supplied by ovicaprids and cattle [28].
Cattle were not generally eaten by the majority of the
population, being kept as dairy and draught animals
and also having a certain status attached to them as part
of religious cults such as the Apis bull cult and that of
the cow-headed goddess Hathor.

4. Stable isotope evidence for diet in Egypt

Previous studies undertaken on human material from
the Nile Valley and desert oases have generally indicated
a diet mainly based upon C3 plant resources in Egypt,
with heavier dependence on C4 plants in Nubia (see
Table 1). Bone material, hair and skin have all been
analysed and although these values from different tissues
are not directly comparable, they do give valuable
information on long- and short-term diet.

Results from four isotopic studies on material from
Egyptian oases have been published, three from the
Dakhleh Oasis [19,20,47] and one from the Kharga
Oasis [61]. Both of the Dakhleh Oasis studies concen-
trated on later periods in Egyptian history, namely the
Late Ptolemaic period (c. 50 BC) [47] and the Roman
period [19,20]. All studies report humans with both
elevated d15N values and d13C values indicative of a C3-
based diet. The study by Dupras et al. [20] also provided
some faunal isotopic values, showing a range of d13C
values that indicated a diet of mixed C3 and C4

components. d13C values of the mummified human
remains from Kharga Oasis, ranging in date from the
25th Dynasty to the Coptic period, also indicated a diet
based upon C3 plant sources [61].

Human material from a Nile Valley context has been
analysed in three studies, the first used bone collagen
[26] and the other two used hair [33,61]. Iacumin et al.
[26] studied material dating from the Predynastic period
and the First Intermediate Period, and found generally
lower d15N values than seen in the oasis studies, together
with a dependence upon a C3 dietary base and
freshwater fish resources. This study found little change
in isotopic values through time. The other two studies
analysed hair from Late Middle Kingdom mummies and
Roman-Byzantine individuals from Wadi Halfa indicat-
ed a very similar dietary pattern.

More work has been carried out on material from
Nubia examining carbon and nitrogen isotopic ratios in
bone collagen, skin and hair [27,48,57,58,60] as well as
oxygen isotope ratios [56]. The results indicate a large C4

input to the diet in Nubia during a period contempo-
raneous with the Egyptian Middle Kingdom. However,
the increasingly negative d13C values through time
suggested a progressive increase in C3 input [27].
Seasonality in the exploitation of C3 plants during the
wet season after the innundation and C4 plants during
drier spells was also reported [48,57]. Elevated d15N
values were found, and interpreted as being due to
environmental influences and/or a dependence on Nile
fish resources.

5. Materials and methods

5.1. Human samples

The human samples (n=55) were obtained from
a variety of sites (see Table 2, Fig. 1) and time periods,
and all are from mortuary contexts. They were mostly
excavated in the nineteenth century, ranging in date
from the Predynastic period (c. 5500–3100 BC) to the
26–30th Dynasties (664–343 BC). The material is
currently held in the Duckworth Collection, University
of Cambridge.

Material from the Predynastic period sites, dating to
c. 5500–3100 BC, of Naqada (excavated by Petrie and
Quibell in the 1890s), Hierakonpolis (excavated by
Brunton and De Morgan in the 1880s) and el-Badari
(excavated by Brunton and Caton-Thompson in the
1920s onwards) was sampled. All of the graves were
dated using the pottery seriation system devised by
Petrie, which has formed the basis of Predynastic period
Egyptian chronologies. Material from 1st Dynasty (c.
3100–2890 BC) and 12th Dynasty (c. 1991–1786 BC)
Abydos (excavated by Petrie in the 1890s to early 1900s)
was also included. Later remains originate from further
north, from cemeteries of 18th Dynasty Saqqara (c.
1567–1320 BC), 21st Dynasty Qurneh (c. 1089–945 BC)
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Table 1

Isotopic data from previous Nile Valley and Oasis studies

Sample Site Age d13C SD d13C d15N SD d15N

Egyptian humans

Bone Gebelein (n=3)4 Predynastic (6950–4950 BP) �19.4 0.2 12.2 1

Bone Gebelein (n=6)4 1st Intermediate period (4120–3990 BP) �19.4 0.3 12.9 0.9

Bone Asyut (n=8)4 1st Intermediate period (4120–3990 BP) �19.8 0.4 13 1

Hair Unknown (n=9)5 Late Middle Kingdom mummies �21.5 1.1 14 1.1

Skin Kharga Oasis (n=4)3 25th Dynasty - Coptic period �20.43 0.55 / /

Hair Kharga Oasis (n=22)3 25th Dynasty - Coptic period �19.6 0.5 / /

Bone Dakhleh Oasis (n=25)1 Late Ptolemaic - Christian period / / 17.6 1.5

Bone Dakhleh Oasis (n=32)2 Romano–Christian period / / 17.9 1.1

Nubian humans

Bone Kerma Necropolis, Nubia (n=5)6 Ancient Kerma (2450–2000 BC) �16.3 1.3 12.2 0.8

Bone Kerma Necropolis, Nubia (n=4)6 Middle Kerma (2000–1700 BC) �19.7 1 13 1

Bone Kerma Necropolis, Nubia (n=2)6 Classic Kerma (1700–1450 BC) �20.3 3.8 12 2.2

Bone Wadi Haifa (n=31)7 Meriotic period (350 BC – AD 350) �18.1 1 12.3 1.1

Bone Unknown8 X-Group period (AD 350 – AD 550) �16.9 0.7 11.1 1.2

Bone Wadi Haifa (n=35)7 X-Group period (AD 350 – AD 550) �17 0.8 11.1 1.1

Bone Wadi Haifa (n=24)7 Christian period (AD 500 – AD 1400) �18.7 1.6 10.6 1.2

Faunal

Pig bone Dakhlek Oasis2 Romano–Christian period �17.4 / 13.3 /

Chicken bone Dakhlek Oasis2 Romano–Christian period �18.4 / 16.2 /

Gazelle bone Dakhlek Oasis2 Romano–Christian period �17.9 / 13.2 /

Cow bone Dakhlek Oasis2 Romano–Christian period �15.1 / 13.1 /

Goat bone Dakhlek Oasis2 Romano–Christian period �15.7 / 13.4 /

Ox bone Unknown provenance (n=1)4 18th Dynasty �23.2 / 9.4 /

Goat bone Kerma Necropolis (n=1)6 Middle Kerma (4000–3700 BP) �22.7 / 6.7 /

Goat bone Kerma Necropolis (n=1)6 Classic Kerma (3700–3450 BP) �11 / 11.2 /

(1) Schwarcz et al. [47:633]; (2) Dupras et al. [20:210, Table 2]; (3) White et al. [59:7–8]; (4) Iacumin et al. [26:118, Table 2; 120, Table 4]; (5) Macko

et al. [33:72, Fig. 8]; (6) Iacumin et al. [27:295, Table 1; 296, Table 2]; (7) White and Schwarcz [58:Table 7]; (8) White and Armelagos [60:Table 1].
and 26–30th Dynasty Gizeh (c. 662–343 BC). Although
some individuals have been sexed, nothing is known of
the grave goods found in the burials, so unfortunately it
is not possible to use that information to infer the status
of individuals.

5.2. Faunal samples

The faunal samples (n=65) mostly originate from the
sites of el-Badari and Mostagedda, although some are
unprovenanced samples from Petrie’s collections (see
Table 3). Despite the unknown origin of some of this
material within Egypt, it was decided to include it, as
there are very few faunal samples available from Egypt
for isotopic analysis. The material from el-Badari comes
from the excavations of Caton-Thompson in the 1920s
and dates to the Late Old Kingdom [12] and that from
Mostagedda from Brunton’s excavations also in the
1920s. The cattle remains from el-Badari and Mosta-
gedda are documented in excavation reports as having
been donated to the Natural History Museum’s
collection [13,12]). The el-Badari oxen burials were
stratigraphically dated to the Late Old Kingdom (c.
2000 BC) and those from Mostagedda to the Badarian
period (c. 4000 BC), found during the excavation of
debris pits from the village. Some of the samples
originate from Qau, close to el-Badari, and Lahun,
although unfortunately it was not possible to identify
them in the excavation reports and date them. The
hartebeest samples are from further north at Hawara in
the Fayum and four other bos samples are from Kharga
Oasis.

In total, bone samples were obtained from 55
humans, 40 cattle (13 domestic Bos taurus and 27 only
identified as Bos), 1 unidentified bovid, 8 ovicaprids (4
sheep, 4 sheep/goat), 4 pigs, 2 hyena, 2 buffalo, 2
hartebeest, 2 equids, 2 dogs, 1 camel and 1 Nile Perch.
Approximately 1 g of whole bone was sampled and then
the outer surface of each sample was removed using an
air-abrasion machine. Approximately 500 mg of bone
was then weighed and demineralised in a 0.5 M HCl
solution at 4 �C. Samples were then rinsed in deionised
water three times and gelatinised at 70 �C in a pH 3
solution for 48 h. The gelatin portion of the resulting
solution was isolated by filtration through an 8 mm filter
and then through a 30 kDa filter, to remove molecular
contaminants [11]. The resultant residue was freeze-
dried for 48 h and then 0.3–0.5 mg aliquots were
weighed out into tin capsules for subsequent isotopic
measurement. Duplicates of each sample were prepared
for analysis, except in cases of exceptionally low yield.
Isotopic values were determined at the Stable Isotope
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Table 2

Isotopic measurements on collagen extracted from human bone samples

Site Sample number Period d13C d15N C:N % Collagen %C %N

el-Badari E54 Predynastic �18.9 12.5 4.4 3.0 15.8 4.2

el-Badari E53 Predynastic / / 3.3 0.5 1.7 0.6

el-Badari E52 Predynastic / / 5.2 0.1 1.0 0.2

el-Badari E51 Predynastic �17.5 12.7 5.9 0.2 3.6 0.7

el-Badari E50 Predynastic / / 12.3 0.4 9.7 0.9

el-Badari E49 Predynastic �18.9 12.7 3.5 1.9 30.3 10.3

el-Badari E28 Predynastic �19.0 13.0 3.4 3.1 40.4 14.1

el-Badari E42 Predynastic �19.7 12.2 3.3 1.9 36.4 12.9

Naqada E48 Predynastic / / / 0.0 / /

Naqada E46 Predynastic / / / 0.0 / /

Naqada E47 Predynastic / / 4.0 0.2 2.2 0.7

Naqada E32* Predynastic �18.5 12.5 3.3 2.6 39.6 13.8

Naqada E30 Predynastic / / / 0.0 / /

Naqada E34* Predynastic �18.6 10.7 3.4 1.6 37.8 13.0

Naqada E31* Predynastic �18.7 13.3 3.3 2.9 43.6 15.3

Naqada E44 Predynastic �19.0 13.5 3.5 0.6 9.1 3.0

Hierakonpolis E1 Predynastic / / / 0.0 / /

Hierakonpolis E3 Predynastic / / / 0.1 / /

Hierakonpolis E45 Predynastic �19.5 14.0 4.1 0.6 3.9 1.1

Hierakonpolis E41 Predynastic �18.9 13.1 4.1 0.5 4.2 1.2

Hierakonpolis E42 Predynastic / / / 0.0 / /

Hierakonpolis E43 Predynastic �20.8 13.4 3.4 0.2 38.5 13.5

Hierakonpolis E40 Predynastic / / / 0.0 / /

Abydos E38 1st Dynasty / / / 0.0 / /

Abydos E39 1st Dynasty / / / 0.0 / /

Abydos E6 1st Dynasty / / / 0.0 / /

Abydos E5 1st Dynasty �21.5 12.1 6.9 0.2 4.7 0.8

Abydos E2 1st Dynasty / / / 0.0 / /

Abydos E17 1st Dynasty / / / 0.0 / /

Abydos E16 1st Dynasty �20.2 12.0 6.9 0.4 5.3 0.9

Abydos E11 1st Dynasty �25.0 12.0 9.2 0.3 19.0 2.4

Abydos E37 1st Dynasty / / / 0.0 / /

Abydos E10 1st Dynasty / / / 0.0 / /

Qau E12 6th Dynasty / / / 0.0 / /

Qau E26 6th Dynasty / / / 0.1 / /

Qau E27 6th Dynasty �20.9 12.7 3.9 0.4 71.6 21.5

Qau E28 6th Dynasty / / / / / /

Qau E25 6th Dynasty / / / 0.0 / /

Abydos E4 12th Dynasty �18.5 13.6 3.4 4.7 41.7 14.5

Abydos E36 12th Dynasty �18.4 12.4 3.4 0.2 28.9 10.1

Abydos E29 12th Dynasty �19.9 13.0 4.4 0.2 16.4 4.4

Abydos E35 12th Dynasty �19.4 13.4 3.7 3.9 34.3 10.7

Saqqara E24 18th Dynasty / / / 0.0 / /

Saqqara E13 18th Dynasty �20.9 12.7 5.8 2.9 40.1 8.1

Qurneh E7 21st Dynasty �21.1 13.8 6.8 6.6 49.7 8.5

Qurneh E8 21st Dynasty / / / 0.0 / /

Qurneh E9 21st Dynasty / / / 0.0 / /

Gizeh E23 26–30th Dynasty �19.0 13.5 3.5 0.7 51.3 17.1

Gizeh E22 26–30th Dynasty / / / 0.0 / /

Gizeh E21 26–30th Dynasty �19.1 14.8 3.3 3.6 46.3 16.6

Gizeh E20 26–30th Dynasty / / / 0.0 / /

Gizeh E18 26–30th Dynasty �19.3 13.1 3.5 0.1 36.7 12.2

Gizeh E15 26–30th Dynasty �18.8 14.6 3.4 9.6 48.5 16.7

Gizeh E19 26–30th Dynasty �19.9 13.3 3.3 5.2 17.5 6.2

Gizeh E14 26–30th Dynasty �20.1 14.2 3.2 2.7 30.1 11.0

Acceptable samples based on C:N ratio and %C, %N in bold. *Denotes samples treated with PVA.
Laboratory, Department of Archaeological Science,
University of Bradford, UK. Isotope values were
determined by continuous flow isotope ratio mass
spectrometry, using either a Europa Roboprep elemen-
tal analyser coupled to a Europa 20/20 isotope ratio
mass spectrometer, or a Carlo-Erba elemental analyser
coupled to a Thermo Finnigan Delta Plus XL isotope
ratio mass spectrometer. The analytical error for d13C
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and d15N is G0.2& for both machines, based upon
reproducibility of internal and international standards.

Some of the faunal samples had been treated with
PVA (polyvinyl acetate), a consolidant used during
conservation. This was removed before demineralisation
by soaking in acetone for 2 h at 50 �C in a heater block
[35]. The acetone was then changed and the samples left
at room temperature overnight, after which the acetone
was removed and the samples were washed 3 times with
deionised water. The ultrafiltration step also helps
remove PVA.

6. Results and discussion

6.1. Sample preservation

The C:N ratios for the ‘‘collagen’’ produced were
used to ascertain its state of preservation, with accept-

Fig. 1. Map of Egypt, showing the locations of the sites from which

isotope data are presented.
able samples having values between 2.9 and 3.6, the
range of values seen in modern bone [17]. Samples with
values outside this range are rejected on the basis that
the collagen has undergone postmortem diagenesis
which has either introduced or removed carbon and/or
nitrogen. The percentage of carbon and nitrogen present
in the samples can also be used as criteria to assess
preservation, with ‘‘well-preserved bone’’ being expected
to have concentrations of above 13.0% and 4.8%
respectively [1]. We found relatively low yields of
collagen, often less than 1%, as we might expect in
samples from a hot and arid environment. Our low yield
is also due to the use of ultrafiltration to remove any
fragments less than 30 kDa. This ultrafiltration step
helps purify the collagen, and therefore we believe that
the samples with low yields but acceptable C:N and %C
and %N yields are still intact collagen, and the isotopic
values produced from them are valid.

The faunal material generally appears to have better
collagen preservation than the human samples. A
possible explanation for this is the possibility that the
animal bones may have been deposited in a disarticu-
lated and/or defleshed state (i.e. as offerings), whilst
humans were interred intact and their gut flora and
fauna could have contributed to the decomposition of
proteins in the human bones. As discussed above for the
faunal samples, the hot, arid environment from which
the samples originate is the primary cause of the low
collagen yields, as this will have broken down biological
molecules such as collagen causing a high ‘‘thermal
aging’’ effect [51]. The overall success rate for successful
collagen extraction for human samples was approxi-
mately 25%, and was approximately 50% for faunal
samples.

6.2. Faunal samples (Table 3, figures 2 & 4)

The isotopic values of the faunal samples are re-
markably varied, indicating the consumption of both C3

(i.e. plant resources from the Nile Valley) and C4 plants
(i.e. desert margin plants and grasses) (Table 3, Figs. 2–
4). When the isotopic measurements are plotted, it can
be seen that many individuals show elevated d15N values
compared to typical values from a temperate environ-
ment, where, for example, cattle have d15N values of
approximately 4–6& [5,41]. This is a commonly ob-
served phenomenon in desert environments, and as
discussed above is due to either enriched soil and
therefore plant values due to evaporation of ‘‘light’’
nitrogen isotopes from the soil [47], or a physiological
phenomenon where lack of water in a hot environment
causes metabolic changes to urea excretion, leading to
15N enrichment of body tissues. The latter explanation is
less likely, especially as recent research reported that
there were no significant physiological or metabolic
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Table 3

Isotopic data from collagen extracted from faunal samples (acceptable samples in bold based on C:N and %C %N, *denotes samples treated with

PVA)

Site Species d13C d15N C:N % Collagen %C %N

Mostagedda Sheep (Ovis aries) �15.9 9.3 3.2 7.7 42.7 15.9

Mostagedda Sheep (Ovis aries)* / / / 0.0 / /

Mostagedda Goat (Capra hircus) �17.5 10.7 3.6 9.4 43.3 14.0

Mostagedda Cow (Bos taurus) �12.7 9.1 3.1 5.1 32.1 12.1

Mostagedda Cow (Bos spp.) �13.7 9.3 3.2 4.2 24.9 9.1

Mostagedda Cow (Bos spp.) / / / 0.0 / /

Mostagedda Sheep (Ovis aries)* �18.9 6.6 3.2 2.4 35.2 11.6

Mostagedda Cow (Bos taurus) �19.0 9.4 3.1 9.7 31.3 11.7

Mostagedda Cow (Bos spp.)* �15.7 10.7 3.6 0.2 18.2 6.0

Mostagedda Pig (Sus scrofa) �20.9 7.8 3.1 11.5 32.8 12.2

Mostagedda Equid (Equus spp.) �20.5 4.3 3.1 8.5 30.9 11.7

Mostagedda Striped Hyena (Hyaena hyaena) �14.1 12.9 3.1 9.5 42.9 16.2

Mostagedda Bovid (Bovidae spp.) �19.9 7.9 3.1 0.7 / /

Mostagedda Camel (Camelus dromedaries) �12.3 11.7 3.1 6.9 42.7 16.0

el-Badari Sheep/Goat (Ovis aries/Capra hircus) �18.9 6.8 3.2 0.3 46.6 17.2

el-Badari Sheep/Goat (Ovis aries/Capra hircus) / / / 0.1 / /

el-Badari Sheep/Goat (Ovis aries/Capra hircus) / / / 0.1 / /

el-Badari Sheep/Goat (Ovis aries/Capra hircus) / / / 1.4 / /

el-Badari Cow (Bos taurus) �15.8 9.5 3.5 12.4 / /

el-Badari Cow (Bos taurus) �17.1 10.0 3.9 10.6 / /

el-Badari Cow (Bos taurus) �18.9 6.8 3.2 0.8 33.1 12.2

el-Badari Cow (Bos taurus) / / / 0.1 / /

el-Badari Cow (Bos taurus) �13.1 12.0 3.2 6.6 29.9 10.8

el-Badari Cow (Bos taurus) �17.2 11.5 3.2 4.1 31.3 11.3

el-Badari Cow (Bos taurus) �16.3 11.5 3.2 2.8 32.2 11.7

el-Badari Cow (Bos taurus) �12.5 12.9 3.2 8.2 23.6 8.6

el-Badari Cow (Bos taurus) �13.1 11.6 3.2 2.2 30.5 11.2

el-Badari Cow (Bos taurus) �15.9 11.1 3.2 1.8 28.6 10.4

el-Badari Ass (Equus anisus) / / / 0.2 / /

el-Badari Pig (Sus scrofa) / / / 0.1 / /

el-Badari Pig (Sus scrofa) �17.6 9.7 3.2 5.4 18.1 6.6

Unknown (Petrie Collection) Cow (Bos spp.) �11.2 11.6 3.3 2.1 39.7 14.2

Unknown (Petrie Collection) Ass (Equus asinus) �16.8 12.9 3.1 0.2 59.6 22.7

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.)* / / / 0.6 / /

Unknown (Petrie Collection) Cow (Bos spp.)* / / / 0.8 / /

Unknown (Petrie Collection) Cow (Bos spp.)* / / / 0.0 / /

Unknown (Petrie Collection) East African Buffalo (Syncerus caffer)* �19.9 7.7 3.3 0.2 46.7 16.5

Unknown (Petrie Collection) East African Buffalo (Syncerus caffer)* / / / 0.0 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.0 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.4 / /

Lahun Cow (Bos spp.) / / / 0.3 / /

Lahun Cow (Bos spp.) / / / 0.6 / /

Unknown (Petrie Collection) Cow (Bos spp.) �26.5 / 4.8 0.2 86.4 21.2

Unknown (Petrie Collection) Cow (Bos spp.) �19.0 5.3 5.0 1.8 6.8 1.6

Unknown (Petrie Collection) Turtle (Testudinidae) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos taurus) �14.0 4.4 3.1 0.1 55.7 20.7

Unknown (Petrie Collection) Hartebeest (Alceleophus bucelaphus)* �16.2 15.6 3.2 5.6 43.7 16.2

Unknown (Petrie Collection) Hartebeest (Alceleophus bucelaphus)* �17.0 12.3 3.1 8.0 42.6 15.9

Unknown (Petrie Collection) Nile Perch (Lates niloticus) �14.9 5.0 3.5 3.0 42.0 13.9

Kharga Oasis Pig (Sus spp.) / / / 0.2 / /

Kharga Oasis Cow (Bos spp.) / / / 0.1 / /

Kharga Oasis Cow (Bos spp.) �8.9 10.7 3.2 1.0 41.7 15.4

Kharga Oasis Cow (Bos spp.) / / / 0.0 / /

Mostagedda Sheep (Ovis aries) �15.9 9.3 3.2 7.7 42.7 15.9

Mostagedda Sheep (Ovis aries)* / / / 0.0 / /

Mostagedda Cow (Bos taurus) �12.7 9.1 3.1 5.1 32.1 12.1

(continued on next page)
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Table 3 (continued)

Site Species d13C d15N C:N % Collagen %C %N

Mostagedda Cow (Bos spp.) �13.7 9.3 3.2 4.2 24.9 9.1

Mostagedda Cow (Bos spp.) / / / 0.0 / /

Mostagedda Sheep (Ovis aries)* �18.9 6.6 3.2 2.4 35.2 11.6

Mostagedda Cow (Bos taurus) �19.0 9.4 3.1 9.7 31.3 11.7

Mostagedda Cow (Bos spp.)* �15.7 10.7 3.6 0.2 18.2 6.0

Mostagedda Pig (Sus scrofa) �20.9 7.8 3.1 11.5 32.8 12.2

Mostagedda Equid (Equus spp.) �20.5 4.3 3.1 8.5 30.9 11.7

Mostagedda Striped Hyena (Hyaena hyaena) �14.1 12.9 3.1 9.5 42.9 16.2

Mostagedda Bovid (Bovidae spp.) �19.9 7.9 3.1 0.7 / /

Mostagedda Camel (Camelus dromedarius) �12.3 11.7 3.1 6.9 42.7 16.0

el-Badari Sheep/Goat (Ovis aries/Capra hircus) �18.9 6.8 3.2 0.3 46.6 17.2

el-Badari Sheep/Goat (Ovis aries/Capra hircus) / / / 0.1 / /

el-Badari Sheep/Goat (Ovis aries/Capra hircus) / / / 0.1 / /

el-Badari Sheep/Goat (Ovis aries/Capra hircus) / / / 1.4 / /

el-Badari Cow (Bos taurus) �15.8 9.5 3.5 12.4 / /

el-Badari Cow (Bos taurus) �17.1 10.0 3.9 10.6 / /

el-Badari Cow (Bos taurus) �18.9 6.8 3.2 0.8 33.1 12.2

el-Badari Cow (Bos taurus) / / / 0.1 / /

el-Badari Cow (Bos taurus) �13.1 12.0 3.2 6.6 29.9 10.8

el-Badari Cow (Bos taurus) �17.2 11.5 3.2 4.1 31.3 11.3

el-Badari Cow (Bos taurus) �16.3 11.5 3.2 2.8 32.2 11.7

el-Badari Cow (Bos taurus) �12.5 12.9 3.2 8.2 23.6 8.6

el-Badari Cow (Bos taurus) �13.1 11.6 3.2 2.2 30.5 11.2

el-Badari Cow (Bos taurus) �15.9 11.1 3.2 1.8 28.6 10.4

el-Badari Ass (Equus asinus) / / / 0.2 / /

el-Badari Pig (Sus scrofa) / / / 0.1 / /

el-Badari Pig (Sus scrofa) �17.6 9.7 3.2 5.4 18.1 6.6

Unknown (Petrie Collection) Cow (Bos spp.) �11.2 11.6 3.3 2.1 39.7 14.2

Unknown (Petrie Collection) Ass (Equus asinus) �16.8 12.9 3.1 0.2 59.6 22.7

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.)* / / / 0.6 / /

Unknown (Petrie Collection) Cow (Bos spp.)* / / / 0.8 / /

Unknown (Petrie Collection) Cow (Bos spp.)* / / / 0.0 / /

Unknown (Petrie Collection) East African Buffalo (Syncerus caffer)* �19.9 7.7 3.3 0.2 46.7 16.5

Unknown (Petrie Collection) East African Buffalo (Syncerus caffer)* / / / 0.0 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.0 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos spp.) / / / 0.4 / /

Lahun Cow (Bos spp.) / / / 0.3 / /

Lahun Cow (Bos spp.) / / / 0.6 / /

Unknown (Petrie Collection) Cow (Bos spp.) �26.5 / 4.8 0.2 86.4 21.2

Unknown (Petrie Collection) Cow (Bos spp.) �19.0 5.3 5.0 1.8 6.8 1.6

Unknown (Petrie Collection) Turtle (Testudinidae) / / / 0.1 / /

Unknown (Petrie Collection) Cow (Bos taurus) �14.0 4.4 3.1 0.1 55.7 20.7

Unknown (Petrie Collection) Hartebeest (Alceleophus bucelaphus)* �16.2 15.6 3.2 5.6 43.7 16.2

Unknown (Petrie Collection) Hartebeest (Alceleophus bucelaphus)* �17.0 12.3 3.1 8.0 42.6 15.9

Unknown (Petrie Collection) Nile Perch (Lates niloticus) �14.9 5.0 3.5 3.0 42.0 13.9

Unknown Pig (Sus spp.) / / / 0.2 / /

Unknown Cow (Bos spp.) / / / 0.1 / /

Kharga Oasis Cow (Bos spp.) �8.9 10.7 3.2 1.0 41.7 15.4

Kharga Oasis Cow (Bos spp.) / / / 0.0 / /

Kharga Oasis Cow (Bos spp.) / / / 0.0 / /

Kharga Oasis Cow (Bos spp.) / / / 0.0 / /

Unknown Sheep (Ovis aries)* �19.5 6.7 3.2 4.9 42.5 17.4

Unknown Hyena (Hyaenidae spp.) �15.7 12.8 3.2 6.7 44.2 14.9

Lahun Cow (Bos spp.) / / / 0.0 / /

Lahun Cow (Bos spp.) / / / 0.3 / /

Qau Cow (Bos spp.) �19.8 9.3 3.3 0.1 28.5 10.2

Qau Dog (Canis spp.) �18.3 9.0 3.4 4.5 27.7 8.7

Qau Dog (Canis spp.) �17.7 5.9 3.4 7.3 38.8 12.2

Qau Cow (Bos spp.) �17.6 6.0 3.3 5.6 17.7 6.4
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effects causing 15N enrichment observed in rats under
protein, water and heat stress [4].

6.3. Domesticated animals

Isotopic measurements of cattle collagen samples
indicate the consumption of resources with the broadest
isotopic range of any of the species analysed, both for
those identified specifically as domestic cattle and those
only identified generally as Bos. The cattle population as
a whole has d13C values that are quite distinct from the
human population (see Fig. 2), indicating that the
humans analysed in this study did not generally
consume these cattle or products derived from them
(e.g. milk or blood) in any significant quantity. It is
worth noting the oxen-burial context of some of these
samples, perhaps indicating that these specially interred
animals were primarily used for purposes other than for
food.

The cattle samples from the Nile Valley sites of
Mostagedda, el-Badari and Qau have a very broad
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range of d13C values both across the whole population,
ranging from �19& to �12.5& and within the site
populations, ranging from �18.9 to �12.5 for the
el-Badari cattle and �19& to �12.7& for the Mosta-
gedda population (Fig. 4). The range in d15N values is
also considerable, from 6.0& to 12.9&. It is clear then
that these cattle came from, or at least consumed their
food, in very different ecological contexts. Therefore,
these differences could be explained by a variety of
herding strategies being employed at the two sites,
giving access to differing proportions of C3 and C4 plant
foods depending on the area where they were grazed.
This is supported by the observation that there is
a general trend for the cattle with the highest d15N
values to have the most enriched d13C values, potentially
indicating grazing further out towards the desert margin
by these individuals.

Another possible explanation is not all of the cattle
having originated at the sites from which they were
excavated. The marshy Nile delta region was known as
a region where animal herds were sent to graze from the
south [10], which could account for the differences in
isotopic values within the samples we measured. Similar
isotopic variations have been observed at other Near
Eastern sites when cattle and sheep were compared, and
were interpreted as being due to differing herding
strategies between species [7,43].

The cattle sample from the Kharga Oasis indicates
different feeding habits to those from the Nile Valley,
with a very enriched d13C value of �8.9&, possibly due
to the consumption of sorghum or millet by this
individual. A value of approximately �6.5& would be
expected in the Nile Valley for an individual consuming
a pure C4-based diet [58], so �8.9& indicates a signif-
icant intake of C4 plants.

Ovicaprids are commonly found on excavations and
were kept for meat, milk and hair [10]. The ovicaprids
analysed here have more of a C3-based diet than the
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cattle and have less elevated d15N values, suggesting that
they were not as likely to have regularly consumed
plants from arid 15N enriched soil at the edge of the
desert. Single individuals analysed from el-Badari,
Mostagedda and an unprovenanced individual lie
together on the plot, with one sheep from Mostaggedda
showing more C4 input (d13C=�15.9&) and a more
elevated d15N value (9.3&) than the others.

The two Sus samples analysed have quite different
d13C values, with one individual consuming an almost
exclusively C3 diet; the d13C value of �20.9& close to
the �21& expected for a pure C3 diet (based on a value
of �26& for C3 plants assuming a 5& enrichment). The
d13C value of the other Sus (�17.6&) indicates some C4

input to the diet and the higher d15N value possibly
indicates consumption of food from a different trophic
level or environment.

One of the equids analysed was identified as an ass,
and has differing isotopic values to the other, which was
only identified to species. This latter individual shows
a very negative d13C value and a low d15N value whilst
the ass shows a less negative d13C value and a much
higher d15N value. Isotopically these animals look as if
they may have lived in contrasting environments; the
first individual resembling a temperate equid, whilst the
second has a d13C value indicating some C4 input into
the diet and a high d15N value suggesting an effect of the
global 15N enrichment seen in arid regions such as the
Nile valley environs [47]. As with many of the species
examined here, a larger study of equids from the region
would be interesting to establish where a ‘‘typical’’ equid
might be expected to lay on the plot.

The dogs analysed here are both from the site of Qau
and have lower d15N values than we might predict for
a largely carnivorous species. The dog d15N values are
comparable to two cattle samples from the same
context, and indeed the dog with the lowest d15N is
virtually isotopically indistinguishable from some of the
cattle. This is explained by either the dogs having
a largely plant-based diet, which is probably unlikely, or
due to the dogs sampling a different ecosystem than the
cattle, possibly as they were from different temporal or
spatial contexts.

The camel we sampled is most likely domesticated, as
domestic camels were introduced into Egypt relatively
late [29] and this individual was radiocarbon dated to
730G160 BC (OXA-964). This animal had a large C4

plant component in its diet and also has a raised d15N
value, indicating that the plants consumed were likely
from a very arid area, as expected.

6.4. Wild fauna

Hartebeest are no longer present in North Africa and
so the data from these samples is of particular interest
[38]. They are included here as wild animals even though
it is thought that there were attempts to domesticate
them by Dynastic Egyptian populations [38]. The
isotopic values suggest that these individuals were
consuming a significant proportion of C4 plant foods
in their diet, mixed in with some C3 input. One of these
individuals shows the highest d15N values of any sample
analysed, higher even than the hyenas discussed below.
This could indicate that these animals were grazing
plants from the extremely water deprived areas in the
desert and affected by the elevated 15N content of the
soil. However, hartebeest are also noted as being
extremely tolerant of poor-quality fodder [36], and so
may be 15N-enriched due to protein stress [50]. Data
from the buffalo, another grazing species no longer seen
as far north as Egypt [21], contrast with the hartebeest
values, with much less enriched d15N and d13C values,
likely reflecting the consumption of plants from closer to
the Nile.

Hyena isotopic values were measured to provide
isotopic values for top-level carnivores in this region,
as despite being scavengers, hyenas will generally only
consume animal products [38]. It can be seen from
Fig. 2, the hyenas had very high d15N values, reflecting
their trophic position, and the d13C values indicate that
they were feeding on animals which themselves had
a significant C4 input into their diet.

The Nile perch d15N value is surprising for a piscivore,
being only 5&, which is much lower than the value
expected [9], and different from the isotopic values
reported for modern freshwater fish from Lake Nassar
[27]. The recovery of large quantities of fish bone from
archaeological sites along the Nile valley and textual
evidence of fish consumption indicate that fish was a
major natural resource in antiquity [32]. However, it is
not possible that fish with these isotopic values made
any significant protein contribution to the diet of the
humans we measured, as the d15N value is far too low,
and the d13C value at �14.9& is much more positive
than the humans. Of course, isotopic evidence from
a single bone, the ecological and geographical context of
which is not known, is not adequate and a larger sample
is being sought.

6.5. Diet of the human population (Table 2)

The isotopic values from the humans are tightly
clustered, with mean d13C values of �19.1G0.7& and
mean d15N values of 13.2G1.0&, values which are
broadly similar to Egyptian human isotope values pre-
sented elsewhere [20,26,33,47]. The human average d13C
values can best be interpreted as indicating a diet with
protein sources from C3 plants, and perhaps fauna that
consumed C3 plants. There does not seem to be any
significant input of C4 protein, either plant or animal
derived.
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A significant problem with any comprehensive in-
terpretation of the human data is that the fauna we
measured do not necessarily come from the same sites
and time periods as the humans, which is an unavoidable
problem with material from this region. The human
d15N values are high, especially compared to the faunal
isotopic values we present here. As discussed earlier this
is likely due to the consumption of protein from animals
that consumed plants from arid contexts which have
elevated d15N values. However, pinpointing the main
dietary protein source is particularly difficult in this
context, as there are no obvious candidates from the
associated fauna we measured. We believe the best
possible explanation for the human values is the
consumption of animal protein from species and
ecosystems that we did not sample here. A likely
candidate for this may be freshwater fish, although our
single perch sample did not have isotopic values that
could explain the human values. Isotopic values of three
modern perch from Egypt, as reported in Iacumin et al.
[27] are possible candidates for explaining the human
values, with average isotopic values of d13C=�17.9&
and d15N=11.9&. Based upon the cattle isotopic data
presented here, which was very scattered, we could
conclude that the humans did not consume any
significant amounts of protein from beef and/or cattle
milk derived products. However, we must emphasise
that these are preliminary interpretation of our data and
further comparisons of directly comparable samples,
both temporally and geographically, are needed.

7. Summary and conclusions

The results indicate a complex picture of human and
animal diet in the Egyptian Nile Valley and the
surrounding area, which contains multiple ecological
niches and ecosystems. The human population appears
to have been consuming a largely C3-based diet, with
elevated d15N values, which are not easily explained
through comparison to the faunal data we measured,
but may possibly be due to the consumption of
freshwater fish from the Nile. No clear patterns are
present to suggest dietary differences through time, and
the overall homogeneity of the group is striking.

Future work on a larger human population sample
and possibly the use of a third source of isotopic
information such as sulphur (e.g. [42]) may provide
a fuller picture of dietary changes through time,
enabling a clearer distinction between dietary and
environmental information to be made.

This paper was intended to contribute a significant
amount of new faunal and human isotopic data from
Egypt. The complexity of the isotopic data is fascinat-
ing, and clearly further research, especially on directly
comparable human and fauna, needs to be undertaken
to better understand the isotope ecology of Ancient
Egypt.
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