COWLD

ARCHAEOZOOLOGY OF THE NEAR EAST
IVB

Proceedings of the fourth international symposium on the
archaeozoology of southwestern Asia and adjacent areas

edited by

M. Mashkour, A.M. Choyke, H. Buitenhuis and F. Poplin

//. \'/ e, ]

ARC - Publicatie 32
Groningen, The Netherlands, 2000



Cover illustration:
Przewalski from Susa (nacre — mother of pearl)
Dated to 2500 — 2000 BC, identified by F. Poplin

copyright:

Centre for Archeological Research and Consultancy
Groningen Institute for Archaeology
Rijksuniversiteit Groningen The Netherlands

Printing: RCG -Groningen
Parts of this publication can be used if source is clearly stated.
Information: Centre for Archeological Research and Consultancy

Poststraat 6, 9712 ER Groningen, The Netherlands

ISBN 90-367-1243 -2
NUGI 644 - 134



Contents

VOLUME B

Chiara Cavallo, Peter M.M.G. Akkermans and Hans Koens
Hunting with bow and arrow at Tell Sabi Abyad

Caroline Grigson
The secondary products revolution? Changes in animal management from the fourth
to the fifth millennium, at Arjoune, Syria

Barbara Wilkens
Faunal remains from Tell Afis (Syria)

Margarethe Uerpmann and Hans-Peter Uerpmann
Faunal remains of Al-Buhais 18: an Aceramic Neolithic site in the Emirate of Sharjah
(SE-Arabia) - excavations1995-1998

Angela von den Driesch and Henriette Manhart
Fish bones from Al Markh, Bahrain

Mark Beech
Preliminary report on the faunal remains from an ‘Ubaid settlement on Dalma Island,
United Arab Emirates

Jean Desse and Nathalie Desse-Berset
Julfar (Ras al Khaimah, Emirats Arabes Unis), ville portuaire du golfe arabo-persique
(VII*-XVII” sigcles): exploitation des mammiferes et des poissons

Chris Mosseri-Marlio
Sea turtle and dolphin remains from Ra’s al-Hadd, Oman

Hervé Bocherens, Daniel Billiou, Vincent Charpentier and Marjan Mashkour
Palaecoenvironmental and archaeological implications of bone and tooth isotopic

biogeochemistry (13C 15N) in southwestern Asia
Sandor Bokonyi T and Laszl6 Bartosiewicz
A review of animal remains from Shahr-i Sokhta (Eastern Iran)
Ann Forsten
A note on the equid from Anau, Turkestan, "Equus caballus pumpellii" Duerst
Alex K. Kasparov
Zoomorphological statuettes from Eneolithic layers at Ilgynly-depe and Altyn depe
in South Turkmeniya
Laszl6 Bartosiewicz
Cattle offering from the temple of Montuhotep, Sankhkara (Thebes, Egypt)
Louis Chaix
A hyksos horse from Tell Heboua (Sinai, Egypt)
Liliane Karali

Evolution actuelle de I’archéozoologie en Grece dans le Néolithique et I’Age du Bronze

Emmanuelle Vila
Bone remains from sacrificial places: the temples of Athena Alea at Tegea and of Asea
on Agios Elias (The Peloponnese, Greece)

Wim Van Neer, Ruud Wildekamp, Marc Waelkens, Allan Arndt and Filip Volckaert

12

29

40

50

68

79

94

104

116

153

156

164

177

187

197

206

Fish as indicators of trade relationships in Roman times: the example of Sagalassos, Turkey

Ingrid Beuls, Bea De Cupere, Paul Van Mele, Marleen Vermoere, Marc Waelkens
Present-day traditional ovicaprine herding as a reconstructional aid for understanding
herding at Roman Sagalassos

Address List ASWA

216



Contents

VOLUME A

Preface A

Deborah Bakken 11
Hunting strategies of Late Pleistocene Zarzian populations from Palegawra Cave, Iraq and
Warwasi rock shelter, Iran

Daniella Zampetti, Lucia Caloi, S. Chilardi and M.R. Palombo 18
Le peuplement de la Sicile pendant le Pléistocéne: L’homme et les faunes

Sarah E. Whitcher, Joel C. Janetski, and Richard H. Meadow 39
Animal bones from Wadi Mataha (Petra Basin, Jordan): The initial analysis

Liora Kolska Horwitz and Eitan Tchernov 49

Climatic change and faunal diversity in Epipalaeolithic and Early Neolithic sites from the
Lower Jordan valley

Paul Y. Sondaar and Sandra A.E. van der Geer 67
Mesolithic environment and animal exploitation on Cyprus and Sardinia/Corsica
Pierre Ducos 74

The introduction of animals by man in Cyprus: An alternative to the Noah’s Ark model
Jean-Denis Vigne, Isabelle Carrére, Jean-Francois Saliége, Alain Person,
Hervé Bocherens, Jean Guilaine and Francois Briois 83
Predomestic cattle, sheep, goat and pig during the late 9" and the 8" millennium cal. BC
on Cyprus: Preliminary results of Shillourokambos (Parekklisha, Limassol)

Norbert Benecke 107
Mesolithic hunters of the Crimean Mountains: The fauna from the rock shelter of
Shpan’-koba

Hitomi Hongo and Richard H. Meadow 121

Faunal remains from Prepottery Neolithic levels at Cayonii, Southeastern Turkey:
a preliminary report focusing on pigs (Sus sp.)

Gulcin Ilgezdi 141
Zooarchaeology at Cayonii: a preliminary assessment of the red deer bones

Banu Oksuz 154
Analysis of the cattle bones of the Prepottery Neolithic settlement of Cayonii

Nerissa Russell and Louise Martin 163
Neolithic CatalhOyiik: preliminary zooarchaeological results from the renewed excavations

Alice M. Choyke 170
Bronze Age bone and antler manufacturing at Arslantepe (Anatolia)

Ofer Bar-Yosef 184
The context of animal domestication in Southwestern Asia

Cornelia Becker 195

Bone and species distribution in late PPNB Basta (Jordan) - Rethinking the
anthropogenic factor

Justin Lev-Tov : 207
Late prehistoric faunal remains from new excavations at Tel Ali (Northern Israel)

Daniella E. Bar-Yosef Mayer 217
The economic importance of molluscs in the Levant

Daniel Helmer 227

Les gazelles de la Shamiyya du nord et de la Djézireh, du Natoufien récent au PPNB:
Implications environnementales

Maria Sana Segui 241
Animal resource management and the process of animal domestication at Tell Halula
(Euphrates Valley-Sria) from 8800 bp to 7800 bp



PALAEOENVIRONMENTAL AND ARCHAEOLOGICAL
IMPLICATIONS OF BONE AND TOOTH ISOTOPIC
BIOGEOCHEMISTRY (13C, 15N) IN SOUTHWESTERN ASIA

Hervé Bocherens', Daniel Billiou', Vincent Charpentier” and Marjan Mashkour

Abstract

Preliminary isotopic investigations of modern and archaeological skeletal remains from Southwestern Asia
have been undertaken on sites spread geographically from the Caspian Sea shores in the North to the southern
part of the Arabian Peninsula in the South. The time period considered ranges from Neolithic (sixth millennium
BC) to recent times. Carbon and nitrogen isotopic compositions of modern herbivores demonstrate great vari-
ability according to local environmental conditions. Such high variability emphasizes the need for calibration of
the food webs on a local scale. The preservation of collagen appeared very good in sites from cold and dry areas
(Northern Iran) but very poor at sites in hot and dry regions (Arabian Peninsula). In the latter case, the inorganic
(bioapatite) phase of mineralized vertebrate tissues may be a potential support for carbon isotopic signatures,
especially in enamel which is extremely stable under burial conditions.

Résumé

Des recherches isotopiques préliminaires ont été entreprises sur des éléments squelettiques modernes et
archéologiques du sud-ouest de 1’Asie s’étendant géographiquement du sud de la mer Caspienne & 1’extréme
nord et a I’est de la Péninsule arabique. La période considérée s’échelonne du Néolithique (ca 6000 BC) a la
période actuelle. Les compositions isotopiques en carbone et en nitrogéne d’herbivores modernes montrent une
grande variabilité suivant les conditions environnementales locales. Ces écarts importants soulignent la néces-
sité d’un calibrage des réseaux trophiques a 1’échelle locale. La conservation du collagéne s’est montrée tres
satisfaisante dans les sites appartenant a des environnements froids et secs (nord de I’Iran) mais trés mauvaise
dans les sites de régions chaudes et seches (Péninsule arabique). Dans ce dernier cas, la phase inorganique (bio-
apatite) des tissus minéralisés de vertébrés est un support potentiel pour la signature isotopique du carbone,
spécialement dans I’émail qui demeure extrémement stable dans des conditions d’enfouissement.

Key Words: Bioapatit, Carbon-13, Collagen, Nitrogen-15, Palacoenvironment

Mots Clés: Bioapatite, Carbon-13, Collagene, Nitrogen-15, Paléoenvironnement

Introduction

Isotope biogeochemistry of bone and tooth has become a widespread approach in archaeozoology
and palaeoanthropology, increasing greatly the amount of information that can be retrieved from oste-
ological remains. Such studies were first carried in tropical areas, i.e. Africa and America (e.g. Vogel
and van der Merwe 1977; Burleigh and Brothwell 1978; van der Merwe and Vogel 1983; Ambrose
and DeNiro 1986) and later spread to other places, such as Europe (e.g. Tauber 1981, 1986; Noe-
Nyggard 1988; Bocherens et al. 1991), Asia (Roksandic et al. 1988) and Australia (Hobson and Col-
lier 1984). However, Southwestern Asia remains rather neglected as far as this approach is concerned.
Applications of carbon and nitrogen isotope biogeochemistry in archaeological bone and tooth is
linked to the isotopic heterogeneity of the environment and to the preservation of biogenic isotopic
signatures in vertebrate mineralized tissues, namely in their organic (collagen) and mineral (carbonate

! Lab. Biogéochimie Isotopique, CNRS-INRA-UPMC UMR 7618, Université Paris 6, France.

2 UMR 70 — CNRS, Maison de I’ Archéologie et de 1’Ethnologie R. Ginouves, 21 allée de 1’Université, 92023
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hydroxylapatite) fractions. Isotopic heterogeneity is best in tropical environments, especially between
grassland and forested areas, where plants clearly exhibit different carbon isotopic signatures, and
between coastal and terrestrial environments, where carbon and nitrogen isotopic signatures are dif-
ferent. Several decades of radiocarbon dating have exemplified the fact that the preservation of colla-
gen is much better in archaeological skeletal fragments from cold compared to warm environments.
When collagen is not sufficiently well preserved, carbon isotopic signatures can potentially be re-
trieved from the carbonate fraction of these fragments.

In this paper, we will focus on the potentialities of carbon and nitrogen isotopic geochemistry of
archaeozoological remains from the Southwestern Asian area, with emphasis on ecological particu-
larities as compared to more thoroughly investigated regions. The state of preservation of collagen
will also be investigated through case studies. Most results are new but already published values have
been added when necessary. Finally some applications carried out in this region and perspectives will
be briefly presented.

Principles of isotopic geochemistry of archaeozoological remains with emphasis on south-
western Asian ecosystems

Carbon-13

Carbon isotopic compositions (expressed as 8'°C* values) in ecosystems primarily reflect the pho-
tosynthetic pathways and environmental parameters of the plants forming the basis of the food webs.
In terrestrial plants, the two major photosynthetic pathways, i.e. the so-called "C5" and "C," pathways,
lead to clearly different isotopic discriminations. Both types of plants are 13C—depleted relative to their
source of inorganic carbon, atmospheric CO, with a §"C value around -8 %o, but C4-plants are much
less depleted than Cs-plants (8"C = -27.1 2.0 %o and §°C = -13.1 + 1.2 %o for C; and Cy-plants
respectively; O' Leary 1981). On a worldwide scale, most Cy-plants are grasses from warm areas,
distributed in regions where the growing season is the warm one (monsoon system), on the other
hand, Cs-plants are represented by all the trees as well as herbaceous plants, under any climatic condi-
tion, from temperate and cold areas, where the growing season is cool. In Southwestern Asia and ad-
jacent areas, the zone of monsoon rainfall is represented by the Saharo-Arabian and the Sudanian
regions (Fig. 1). The boundary of this zone is not so sharp and progressive changes in the relative
abundance of C, versus Cs-grasses is observed, for instance along the Nile valley in Egypt
(Batanouny et al. 1988). Less important in biomass but locally significant are some C,4 species which
are halophytes adapted to saline environments in the Irano-Turanian region (Fig. 1: Winter 1981; Frey
and Kiirschner 1983). In the Euro-Siberian and Mediterranean regions, the last phytogeographical
areas represented in Southwestern Asia, Cy-plants are extremely scarce (Mateu Andres 1993). Thus,
Southwestern Asia can be roughly divided into three zones as far as the proportion and ecological role
of Cy-plants is concerned (Fig. 1): the Euro-Siberian and Mediterranean regions, where Cy4-plants are
negligable; the Irano-Turanian region, where C4-plants can locally be ecologically important in saline
environments, mainly as Chenopodiaceae; and the Saharo-Arabian and Sudanian regions, where Cy-
plants are very widespread as grass. Among Cs-plants, some environmental conditions lead to differ-
ent carbon isotopic compositions. In closed forested environments, where the CO, available to under-
storey plants is "*C-depleted relative to the general atmosphere due to the contribution of CO, gener-
ated by respiration and organic matter decomposition and where light intensity is lower, plants exhibit
813C values as low as or lower than -30 %e. On the other hand, water and saline stress environments
lead to less isotopic fractionation of carbon in Cs-plants, which thus have §"°C values as high as -20
%o (Guy et al. 1980). It is noteworthy that the carbon I sotopic composition of atmospheric CO, has

4 Isotopic abundances are expressed as & (delta) values as follows: 85X = (Reampie/Rstandara - 1)X1000 (%0), where
X stands for C or N, E stands for 13 or 15 respectively, and R stands for the isotopic ratios *C/*2C and ""N/**N
respectively. The internationally defined standard is a marine carbonate (PDB) for carbon and atmospheric ni-
trogen (AIR) for nitrogen
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Plain; 3 = Ras Al-Junayz area; 4 = Mleiha). The phytogeographical areas have been separated according to the
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: Ja = Medio-European sub-region; Ib: Pontic sub-region; II: Irano-Turanian region : Ila = Irano-Anatolian sub-
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sub-region; IIIb = Arabic sub-region; IIIc = Nubo-Sindian sub-region; IV: Mediteranean region



changed since the Industrial Revolution, about 150 years ago. The addition of CO, resulting from
fossil fuel combustion and deforestation with low 8"°C values led the 8"°C values of atmospheric CO,
to decrease from around -6.5 %o in 1850 to -8 %0 nowadays (Marino and McElroy 1991). This isotopic
shift will have to be considered when attemps are made to compare 8"°C values measured in archaeo-
logical versus modern specimens.

The carbon isotopic compositions of plants are reflected in the tissues of their consumers, with an
isotopic shift which is mainly linked to the analysed tissue (DeNiro and Epstein 1978). The average
8"°C value in an organism’s body is similar to that of its average diet, but its different biochemical
fractions consistently present different carbon isotopic compositions due to fractionation during the
metabolic pathways (Deines 1980). For instance, carbohydrates globally present a similar 8"°C value
compared to the body as a whole, whereas lipids are depleted (around 4 %o) and proteins are enriched
(around 2 %o) relative to the whole body (DeNiro and Epstein 1978). The tissues of interest for the
archaeozoologist are collagen in bone and dentine, the carbonate fraction of bioapatite present in
bone, as well as dentine and enamel, due to their potentials for long-term preservation. Soft tissues
may also be exceptionally preserved in very dry environments, for instance in mummies. However,
such occurences are very limited and will not be considered in the present work. The actual value of
the isotopic shift between the carbon isotopic composition of diet and that of the analysed tissue, col-
lagen or carbonate, is crucial for interpreting the measured values. It has been investigated through
laboratory experiments (e.g. DeNiro and Epstein 1978; Hare et al. 1991; Ambrose and Norr 1993;

Table 1. List of modern specimens considered in the present study with their isotopic composition. Abbrevia-
tion: av = average; sd = standarddeviation; [1] = Bocherens (1992)

Number  Species Body part yield C N C/N §3C 8“N ref
mglg % % %o Yoo

IDehistan Plain (Southwestern Turkmenistan)
GD100 sheep Ovis aries mandible 1827 44.1 154 33 -195 112
GD200 sheep Ovis aries mandible 1745 44.1 153 33 -199 125
GD900 cattle Bos taurus phalanx I 2428 428 155 32 -188 126
GD70000 donkey Equus asinus mandible  182.1 43.8 158 32 -17.2 120
GD1400  camel Camelus dromaderius  mandible  165.0 43.9 155 33 -142 120

av. -17.9 120

sd 2.1 05
Qavzin Plain (Northern Iran)
[R300 caprine  Ovis/Capra skull 2424 426 153 32 -19.5 8.7
TR400 goat Capra radius/ulna 2325 426 161 3.1 -19.1 9.6
TR500 caprine  Ovis/Capra mandible  171.9 427 155 32 -17.1 11.6
TR600 donkey  Equus asinus radius/ulna 2009 433 159 32 -17.2 1038
IR700 donkey  Equus asinus mandible 2364 432 162 3.1 -159 103

av. -17.7 102

sd 1.3 1.0
Oman
OM100 equid Equus mandible 1183 40.8 149 32 -105 6.3
OM200 donkey  Equus asinus metapodium 217.0 423 155 32 95 79
OM300 bovid Bos vertebra 173.3 408 151 32 -108 6.7

av. -10.3 7.0

sd 0.6 0.7
Turkey
40601 horse Equus caballus skull 212.0 -20.1 4.7 [1]
2201 camel Camelus dromedarius  rib 156.0 -20.6 7.7 [1]
Northern Greece '
34701 sheep Ovis aries skull 219.6 -20.7 64 [1]
34501 horse Equus caballus mandible  170.6 -18.8 44 [1]

av. -20.1 5.8

sd 0.8 13




Tiezsen and Fagre 1993) as well as in the field (e.g. Vogel 1978; Van der Merwe 1982; Lee-Thorp et
al. 1989; Bocherens and Mariotti 1992). Recently some very well controlled dietary experiments on
rodents have yielded key results regarding the relationship between dietary and measured carbon iso-
topic compositions (Ambrose and Norr 1993; Tieszen and Frage 1993). Both studies have clearly
demonstrated that collagen presents 8"°C values directly linked to those of the protein fraction of the
diet, whereas carbonate presents 8'°C values directly linked to those of the whole diet. In cases where
all the biochemical fractions, i.e. lipids, carbohydrates and proteins, come from an isotopically homo-
geneous source, collagen is enriched around 5 %o relative to the average diet whereas carbonate apa-
tite is enriched around 9 %o relative to the average diet. There seems to be a special case for large
herbivores, such as ruminants and equids, using digestion assisted by microbial fermentation where
the shift between dietary and carbonate §'°C values is larger (around 12-14 %o: Lee-Thorp et al. 1989;
Bocherens and Mariotti 1992). This effect has been interpreted as a consequence of methane produc-
tion during such digestive processes (Hedges and van Klinken, in press). Another special case occurs
when the protein fraction of the diet presents a different §'>C value than that of the carbohydrates and
lipids. This might occur in the case of omnivorous species, such as humans, where the protein rich
dietary fraction, such as fish meat, may be isotopically distinct from the rest of the diet (plants). In
such a case, a large range of values can be obtained (Ambrose 1998).

Nitrogen-15

As opposed to carbon, a significant enrichment occurs between an organism's diet and its body,
leading to 8"N values around 3 to 4 %o higher in the body than in the average diet (Minagawa and
Wada 1984). This trophic isotopic effect leads to higher 8'°N values in carnivore collagen relative to
that of their prey. Independantly from dietary factors, a relationship has been found between herbivore
8N values and annual rainfall: collagen 8"°N values increase with aridity (Heaton et al. 1986; Sealy
et al. 1987; Grocke et al. 1997). Thus, collagen 8"°N cannot be used as an absolute proxy for diet.
However, knowledge of individual diet allows §'"°N variations to be interpreted in terms of aridity
level (Gricke et al. 1997). Local conditions such as soil acidity or salinity can also change plant §"°N
values (Mariotti et al. 1980; Page 1995), thus shifting the whole food web isotopically (Rodiere et al.
1996).

Material
Modern samples

Skeletal fragments from modern domestic herbivores found during archaeological excavations
have been collected from Iran, Turkmenistan and Oman (Table 1). The samples come from the fol-

lowing species: cattle (Bos taurus), sheep (Ovis aries), goat (Capra hircus), camel (Camelus dro-
maderius), horse (Equus caballus) and donkey (Equus asinus). The collection area in Iran is the

Table 2. Amount of nitrogen in archaeological bones from Iran and the Arabian Peninsula. Values for Iranian
samples are from Bocherens et al. (in press) while values for Mleiha are from Bocherens and Mashkour (1999)

Site [Age % N bone

min. max. av. sd n
Zagheh (Iran) ~4,700 cal BC 0.5 34 2.0 1.0 14
Qabrestan (Iran) ~3,500 cal BC 0.2 3.5 2.2 0.9 18
Sagzabad (Iran) ~1,000 cal BC 1.0 34 25 0.9 12
Mleiha (Trucidal States) AD 225 -325 0.2 0.6 04 0.1 18
Ra's Al-Jins 2,000 BC 0.1 0.6 0.3 0.2 9




Qavzin Plain, located in Zanjan Province 140 km north-west of Tehran, approximately 1200 m above
sea level. It is delimited by the two most important mountains in Iran: Elburz on the east and north-
east which also separates the plain from the Caspian shores, and the eastern slopes of the Zagros
Mountains on its western part (Mashkour, in preparation). Samples from Turkmenistan have been
collected from the Dehistan plain, located on the eastern shores of the Caspian Sea (Mashkour 1998).
Samples from Oman come from the Ras Al-Junayz region, a desert area close to the sea on the eastern
coast of Oman, where annual rainfall is extremely low (Biittiker and Krupp 1989; Bokonyi 1998).
Only equids and cattle samples have been investigated since goat, sheep and camels are frequently fed
with dried fish in this area (Munton 1988; Charpentier 1996), which means that their collagen isotopic
compositions do not reflect the local vegetation cover.

; . ) Archaeological samples
Table 3. Amount of nitrogen in archaeological

b fi Ra's Al Jins (2,200 BC . .
SRR ins ( ) Bone material from two sets of sites have

been investigated for collagen preservation (Ta-

Species Number %N bone .
ble 2), one set from northern Iran where arid,
equid (Equus sp.) OM900 0.1 cold climatic conditions prevail and one set
equid (Equus sp.) OM1000 0.2 from the southeastern Arabian Peninsula where
goat (Capra ibex) OM1100 0.1 the climate is arid and warm.
goat (Cal”:a {be*‘:) 8%388 0.2 Three Iranian sites located in the Qazvin
£94ECaprd isen) ) 0i6 plain and ranging in age from around 5000 to
goat (Capra ibex) OM1400 0.2 1000 cal BC h b dicd. ‘Fashak il
dog (Canis familiaris) OM1500 0.2 cdl BC Tave beel SHIGict. Zaghell daics
wolf (Canis lupus) OM1600 0.6 back to the sixth millennium BC (Neolithic),
human (Homo sapiens) OM1700 0.2 Qabrestan to the fourth millenium BC (Bronze

Age) and Sagdabad to end of the second mille-
nium BC (Mashkour et al. in press).

Two sites from Oman (Ra’s Al-Jins) and the Trucid States (Mleiha) have been investigated. Ra’s
Al-Jins dates back to the third millenium (Chalcolithic). The bone material comes from domestic her-
bivores, i.e. equids and goats, as well as dog, wolf and humans (Table 3). Mleiha is located south of
the modern city of Dhayd, in the western Piedmont of the Oman Mountains. The occupation period of
the site extends from the 3™ century BC to the 19-2™ centuries AD (Mouton 1992). The studied mate-
rial comes from the CW harbour area and dates from AD 225 to AD 325. The bones come from her-
bivorous herbivores (ovicaprines, camelids), wild herbivores (gazella) and fish (Bocherens and
Mashkour 1999).

Methods
Measurement of nitrogen amounts in whole bone

In order to estimate the amount of collagen potentially preserved in archaeological bone, whole
bone nitrogen was measured using an EA-IRMS elemental analyser calibrated with standard products
(Bocherens et al. 1997).

Collagen purification and isotopic analysis

Collagen was extracted according to the protocole published in Bocherens et al. (1991). Briefly,
about 200 to 500 mg of powdered bone or dentine were decalcified in 1 M HCI for 20 minutes at
about 20°C. After filtering, the insoluble residue containing collagen, was treated at room temperature
with 0.125 N NaOH for 20 hours. The collagen was then filtered again, rinsed with distilled water
and solubilised in 0.01 M HCI (pH=2) in closed tubes at 100°C for 17 hours. After centrifugation, the
supernatant containing solubilised collagen was freeze dried. Extraction yield (mg/g) is expressed as
the ratio of the freeze dried organic matter to the dry weight of the bone or tooth sample. Collagen



was analyzed for the isotopic composition of nitrogen and carbon by means of an EA-IRMS elemen-
tal analyser connected to an VG Optima isotopic ratio mass spectrometer which also allowed the cal-
culation of the %C, %N and C/N ratios (Iacumin et al. 1996). Isotopic results are calibrated against a
well-known product analysed in the same way as the samples, used as an internal reference. Isotopic
abundances measured in this way are relative abundances: enrichment or depletion of heavy isotopic
varieties (°C, "’N) are expressed versus international standards. The isotope ratios are expressed for
carbon as 8"°C versus PDB-1 (a marine carbonate) and for nitrogen as 8"°N versus AIR (atmospheric
Ny): 8X = (Reampte/Rstandard - 1)x1000, where X stands for BC or PN and R stands for ®C/"’C or
PN/MN, respectively. The precision is 0.1 %o for 8'*C and 0.2 %o for 8"°N.

Results and Discussion
Notes on the isotopic ecology of Southwestern Asia

It appears that the isotopic compositions of the modern herbivore collagen analysed in this study
vary greatly according to their places of origin (Table 1). The Turkmenistan specimens yielded colla-
gen with §"C values ranging from -19.9 to -14.2 %o (average = -17.9 % 2.1 %0) and "N values rang-
ing from 11.2 to 12.6 %o (average = 12.0 + 0.5 %o). The range of §'"°C values is quite similar for Ira-
nian specimens (-19.5 to -15.9; average = -17.7 £ 1.3 %), but their §°N values are lower, ranging
from 8.7 to 11.6 %o (average = 10.2 + 1.0 %o), the ranges barely overlapping. The Omanian specimens
exhibit much higher §"C values, ranging from -10.8 to -9.5 %o, whereas their 8'°N values are much
lower than those of Iranian and Turkmenistan specimens, ranging from 6.3 to 7.9 %o. Isotopic compo-

sitions from Turkish and Greek specimens
examined by Bocherens (1992) have been

W Dehistan Plain (Turkmenistar) referred to here for comparison and their §"*C
€ o, Elaiy () values are the lowest, ranging from -20.7 to -
©  Ras Al-Junayz (Oman) 18.8 %o, whereas their 8"°N values are low and

& dcgean area range from 4.4 to 7.7 %o (Table 1 and Fig. 2).
ii_ As expected from the botanical composi-
13 - tion of their respective areas of origin, the
- . g " 8"C values of the studied herbivores tend to
104 o ° increase when the proportion of C,-plants
9 ° increases. Almost no evidence of C,-plant
j: A ° consumption is seen in herbivores from the
_— . @ % Aegean area, as deduced from the comparison
% i: A, with the average composition of herbivores
5 @ from France (Fig. 2). Slightly less negative
2+ 8°C values from the Aegean specimen, rela-
(‘): tive to the French specimens, might reflect a
14 @ more open environment in the former area.
27 The samples from Oman present 8"°C values
2 26 a4 2 0 8 a6 a4 2 0o s .  indicating an almost pure C4 diet (Fig. 2). In
this area, herbaceous plants are predominantly
8¢ C,. Indeed, grasses such as Cenchrus ciliaris,

Fig. 2. Carbon and nitrogen isotopic compositions of  pypicym turgidum and Pennisetum divisum,
modern herblvo_rous mammals bone collageq from dif- which are the dominant species in the area
ferent geographical areas. Keys for abbreviations are as :
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deviations of 8"°C and 8N values. D stands for Dour- ~ Significant contribution of C,-plants in the
dan forest roe-deers (Rodiere ef al., 1996), F stands for ~ diet, although Cs-plants seem to be predomi-
France (Bocherens er al., 1994) and K stands for Kerma  nant. In these areas, Cy-plants are mainly
(TIacumin et al., 1998).



halophyte species adapted to saline environments rather than grasses (Winter 1981).

The nitrogen isotopic compositions taken altogether present a wide range of variation, from 4.4 to
12.5 %o. The 8N values appear to be clustered relative to the geographical origin of the studied
specimens. The average 8N value is highest for herbivores from Turkmenistan (§"°N = 12.0 + 0.5
%o), lower for herbivores from Iran (§'°N = 10.2 + 1.0 %o), still lower for specimens from Oman (§"°N
= 7.0 £ 0.7 %0) and lowest for specimens from the Aegean area (8"°N = 5.8 + 1.3 %o). These results
clearly illustrate the variability of herbivore §"°N values, independently from their diet. Herbivores
can present clearly different §°N values even when they lived in rather nearby geographical zones,
such as the Qavzin and Dehistan Plains, both on the edges of the Caspian Sea. Although these results
are still few and preliminary, it is noteworthy that the highest "N values are measured for herbivores
from dry areas (the Dehistan and Qavzin Plains), and in such cases, there seems to be a correlation
between high 8"°N and high §'"°C values (Fig. 2). This is not surprising since in the study area Cj-
plants (with high 8"°C values: Guy ez al. 1980) are related to saline environments, where plants pre-
sent high 8"°N values (Page 1995). When compared to §"°N values measured on herbivores from ad-
jacent regions, the range of values for herbivores around the Caspian Sea seem rather high (Fig. 2).
Such high §"N values are similar to those usually measured in freshwater ecosystems (Dufour et al.,
in press) and thus confusion may occur if a palacodietary study involving such terrestrial herbivores
and freshwater food resources is carried out. These results demonstrate the necessity of calibrating the
isotopic values of food resources on a local basis, as within any other region in the world, but the
heterogeneity of Southwestern Asia in this matter makes this calibration all the more crucial. More-
over, due to environmental changes through time, the calibration of the isotopic values of local food
resources must be performed on samples collected from the same time horizon as the studied popula-
tion.
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Fig. 3. Percentage (%) N in whole bones from archaeological sites in Iran (above) and in the Arabian
Peninsula (below). The grey area stands for the range of % N measured in fresh bones



Notes on collagen preservation

The amount of nitrogen ranges from 0.2 to 3.5 % in samples from three archaeological sites from
Iran (Table 2 and Fig. 3). The average and standard-deviation values are very similar at the different
sites (Table 2), between 2.0 and 2.5 %, independently of their respective ages. On the contrary, sam-
ples from the Arabian Peninsula present nitrogen amounts ranging from 0.1 to 0.6 %, with very low
average values (0.4 and 0.3 % for Mleiha and Ra's al-Jins: Table 2). It thus appears clearly that skele-
tal material from the northern sites yielded much more collagen than those from the southern warm
sites, although many of the latter samples are younger in age than the former ones. Other studies had
evidenced the negative impact of warm and dry climates on collagen preservation. For instance, bones
dated around 700 BC to 400 AD from Egypt showed very poor collagen preservation (Grupe 1995),
and bones from Kerma (Sudan, around 2,000 years BC) also presented bad collagen preservation (Ia-
cumin et al. 1998). On the other hand, numerous sites, many thousand years old, from temperate
Europe have yielded well preserved collagen (e.g. Bocherens et al. 1991; 1997; Ambrose 1998).
Some obvious implications for archaeozoology in southwestern Asia are that sites located in cold
environments will be more promising for studies in isotopic biogeochemistry of ancient collagen,
whereas bones from sites located in arid and warm areas will have little chance to contain sufficiently
well-preserved collagen. In such cases, even when whole bone nitrogen amounts are high enough and
when insoluble residues can be extracted from the bones, the chemical quality of such residues is fre-
quently altered. Their C/N ratios fall outside the 2.9 - 3.6 range which characterizes unaltered colla-
gen (DeNiro 1985), such as for the samples from Ra's Al Jins and Kerma (Fig. 4). Such samples are
thus useless for palacobiological applications of isotopic biogeochemistry. In such cases, an alterna-
tive is to use isotopic biogeochemistry in the mineral phase of fossil samples, i.e. the carbonate hy-
droxylapatite, which isotopic signature is usu-
ally preserved in enamel, but may be altered in

60

5 bone or dentine even a few thousand years old
e
7 (Koch et al. 1997).
50 S
A0 s o
2 Archaeological implications
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® and nitrogen isotopic signatures to investigate
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. isotopic variations in ancient collagen is the
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salinity around the Caspian Sea (Bocherens et
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®  modembone ern Asian archaeology (e.g. Grupe and Schut-
A Sagzabad (Iran, ~1,000 BC) kowski 1989; Littleton and Frohlich 1989;
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Fig. 4. %N and %C of collagen extracted from modern
and archaeological bones from different sites. Kerma
values are from lacumin et al. (1998) and Sagzabad
values are from Bocherens ef al. (in press)

In the cases where collagen is not preserved,
which may be the rule in dry and warm sites,
carbon isotopic compositions from tooth enamel
will provide valuable information on the ancient



plant cover, and thus, indirectly, on palacoenvironmental conditions. This is especially appropriate in
areas where C; and Cy-plants coexist (Fig. 1). The possible shifts in the boundaries between phyto-
geographical zones through time may be investigated, as well as the occurrence of individuals coming
from foreign phytogeographical zones (one example has been presented in Iacumin et al. 1996). High
amounts of "°C in archaeological ovicaprine enamel from Mleiha indicate a heavy consumption of Cy-
plants, not found close to the site, and suggest that the herds were kept at some distance from the town
(Bocherens and Mashkour 1999). A promising perspective is the use of intra-tooth carbon isotopic
variations, which may allow dietary changes to be identified during a given individual's lifetime
(Wiedemann et al. 1999).

Conclusions

The results presented here are still preliminary and further isotopic studies will probably reveal
more interesting cases where biogeochemistry will prove useful in Southwestern Asia. However,
some tendencies can already be seen. First, collagen preservation is likely to be poor in hot and dry
sites, even when their age is rather young. Except when preservation conditions are exceptional (such
as mummification and sealed burial conditions), only bioapatite will be available and the information
will thus be limited, but nonetheless useful.
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