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Although the domestication of animals has had a
profound effect on our species, the identification of

the earliest herded animals and domesticates remains
difficult. Identifying human intervention in animal
behaviour prior to the appearance of morphologically iden-

tifiable domesticates is an ongoing challenge. Established
zooarchaeological methodologies, for example morpholog-
ical changes indicative of domestication, involve a time lag
between initial management and the morphometric
changes that signify domesticates (Zeder 2011: S227).
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Abstract
Little is known about the initial appearance of herding in central Anatolia. Although morphologically domestic caprines
are present from the foundation of Çatalhöyük East, ca 7,100 cal. BC, how and when domestic caprines became an integral
part of the central Anatolian economy, and their status and relationship with earlier communities, is unclear. This article
reports the results of a study in which carbon and nitrogen stable isotopes were used to provide signatures of caprine diet
and thus pasturing practices; as an animal’s movements are affected by human intervention, changes in animal diets
should be visible through changes in δ15N and δ13C levels. A sequence of seven sites on the Konya plain, covering the
period ca 9,000–4,500 cal. BC, provided bone samples for carbon and nitrogen analysis. An unaffected local dietary
signature for caprines was created using the fauna from Epipalaeolithic Pınarbaşı and a C3/C4 plant baseline. This dietary
signature, along with dietary information from the domesticated caprines at later sites, allowed changes in diet resulting
from human intervention to be mapped. Changes in diet are found to have occurred at sites where there is no morphometric
or demographic data suggestive of early herding or domesticates. This new dietary data extends our knowledge and under-
standing of how and when caprines and cattle came under human control on the Konya plain, central Anatolia.

Özet
Orta Anadolu’da hayvancılığın ilk ortaya çıkışı hakkında çok az şey bilinmektedir. Morfolojik olarak yerli keçiler, Çatal-
höyük Doğu Höyüğü’nün kuruluşundan, yani yaklaşık M.Ö. 7100 cal. tarihinden beri mevcut olmasına rağmen, yerli keçi-
lerin nasıl ve ne zaman Orta Anadolu ekonomisinin ayrılmaz bir parçası haline geldiği, konumları ve önceki topluluklarla
olan ilişkileri belirsizdir. Bu makalede, karbon ve nitrojen stabil izotoplarının, keçilerin beslenme biçimini ve böylece ot-
latma uygulamalarını göstermek için kullanıldığı bir çalışmanın sonuçları rapor edilmiştir.  Hayvan hareketlerinin insan
müdahalesinden etkilenmesinden dolayı, hayvan yemlerinde meydana gelen değişiklikler δ15N ve δ13C tabakalarındaki
değişiklikler yoluyla gözlenmiştir. Konya ovasında bulunan ve yaklaşık olarak M.Ö. 9000–4500 cal. tarihini kapsayan
yedi tane yerleşimden karbon ve nitrojen analizleri için kemik örnekler ele geçmiştir. Keçiler için doğal (etkiye uğramamış)
yerli beslenme şekli, Epipaleolitik dönem Pınarbaşı’nın faunasından ve C3/C4 bitki tabanından sağlanmıştır. Beslenmeye
dair bu işaret, daha sonraki dönemlere ait yerleşimlerdeki evcilleştirilmiş keçilerden elde edilen bilgilerle birlikte, insan
müdahalesinden kaynaklanan beslenme değişikliklerini saptamaya izin vermektedir. Beslenmedeki değişikliklerin, erken
dönem hayvancılığı veya evcilleştirmeyi gösteren morfometrik veya demografik verilere sahip olmayan yerleşimlerde
meydana geldiği tespit edilmiştir. Beslenmeyle ilgili bu yeni veriler, orta Anadolu’da yer alan Konya ovasındaki keçi ve
sığırların insan kontrolü altına ne zaman ve nasıl girdiği konusundaki bilgi ve anlayışımızı geliştirmektedir.
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Other techniques – such as studying the demographic
structure of herds based on kill-off patterns identified
through age and sex ratios, or changes in species frequency,
or the appearance of species in new habitats – have also
been used when attempting to identify the earliest herding.
These established zooarchaeological techniques, however,
have their limitations and are not necessarily capable of
identifying the very earliest animal manipulation within
the primary habitat zones of these species.

Kill-off patterns and herd demography, a combination
of the sex ratio and frequency of ages at death, are consid-
ered to be two of the most important indicators in relation
to the study of animal management and domestication.
Researchers have long held the belief that changes in kill-
off patterns and herd demography can be indicators of
intentional human management and early herding (Perkins
1964; Bökönyi 1969; Hole et al. 1969; Ducos 1978;
Meadow 1989). It has been observed that herding practices
tend to result in the slaughter of young animals, particu-
larly males; thus assemblages dominated by adult animals,
both male and female, are seen to be representative of
hunting (Zeder 2006 with references; Arbuckle 2008: 223,
with references). Recently it has been argued that clear
evidence for young male kill-off appears in the faunal
record only in the early eighth millennium cal. BC –
considerably later than the origins of caprine management.
If true, this reduces the effectiveness of the assessment of
kill-off patterns as a method for documenting the begin-
nings of animal husbandry (Arbuckle, Atıcı 2013). 

Nevertheless, although kill-off patterns may still be
broadly useful in differentiating between the strategies of
hunters and herders, both types of economic strategy can
produce a wide variety of demographic patterns. Kill-off
patterns from known hunter-gatherer sites can mimic those
from more settled societies (Meadow 1989; Arbuckle
2008), while young male kill-off demography can be the
result of hunter-gatherers targeting bachelor herds, or even
specifically male elements such as the testes. It is clear that
demographics on their own do not provide a clear-cut
distinction between hunters and the earliest herders. In
addition, the method is fraught with taphonomic issues
(Munson 2000).

It is, however, possible that the earliest manipulation
of animals, the very beginnings of herding, might be iden-
tified through changes in diet, as the very earliest manage-
ment by humans affected the movement patterns of animals
and hence their access to particular food/fodder; i.e.
animals were removed from their natural habitats to be fed
and managed by people. These founder flocks do not carry
the morphological and genetic changes that characterise
and identify later domesticates, but they could, potentially,
carry evidence of changes in diet. Carbon and nitrogen
stable isotopes provide signatures of animal diet and thus

pasturing practices. Studies of δ13C and δ15N values of bone
collagen are well-understood indicators of past diets. As
animals’ movements start to be affected by human inter-
vention, changes in their diets should occur (Pearson et al.
2007), and thus such a study should reveal indications of
whether or not human intervention has occurred. 

Where and when did caprine domestication first occur?
Relying solely on morphometrics – a sharp and rapid
reduction in overall body size – the established consensus,
until the 1990s, was that animal domestication (goats
followed by sheep) occurred ca 8,500–8,000 cal. BC,
around 1,000 years after the domestication of plants in the
southern Levant. The focus for goat and sheep domestica-
tion was somewhere to the north and east of plant domes-
tication, with a second independent area of goat
domestication claimed for the southern Levant (Zeder
2008 with references).

Using demographic data rather than morphometrics,
the earliest claims for managed/domesticated caprines now
comes from southeastern Anatolia (fig. 1). M.A. Zeder
(2011) claims managed sheep, using demographic data, as
early as 8,950 cal. BC at Körtik Tepe, but the earliest
evidence, to date, of managed caprines based on a suite of
indicators, including morphological change, comes from
Nevalı Çori: domesticated sheep at 8,550 cal. BC followed
by goat at 8,250 cal. BC (Peters et al. 1999; 2005). At
Çayönü, also in southeastern Anatolia, there is evidence to
suggest caprines lived near or even within the confines of
the site at ca 8,550 cal. BC (Peters et al. 2005).

Goat appears to have been introduced to Cyprus by ca
8,400–8,300 cal. BC, followed by sheep (Vigne 2011;
Vigne et al. 2003). Elsewhere in southwestern Asia there
is evidence to suggest that fully domesticated goats were
present in southern Jordan at ‘Ain Ghazal from ca 8,370
cal. BC (Wasse 2002), while at Abu Hureyra in northern
Syria there are claims for domestic goat at ca 8,200 cal.
BC (Moore et al. 2000: 469–71). Zeder claims the
presence of herded goat by the eighth millennium, ca 7,950
cal. BC, at Ganj Dareh in the highlands of Iran (2005: 137;
2008). The evidence from Ali Kosh, some 500 years later
(ca 7,550 cal. BC), also indicates the presence of managed
goats (Zeder 2005; 2011). Recently, widespread traces of
ruminant dung, dating to both pre- and post-8,000 cal. BC,
have been confirmed as present at both Sheikh-e Abad and
Jani in the Zagros; at Sheikh-e Abad there is evidence to
suggest that animals were almost certainly brought into the
settlement (Matthews et al. 2010; 2013).

The presence of ‘managed’ caprines at Aşıklı Höyük
has been demonstrated at ca 8,200 cal. BC (Stiner et al.
2014). This claim is based on a combination of age
profiles, the presence of perinatal caprines on site and sex-
based culling, as well as on-site evidence for possible
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penning deposits and herbivore dung. Currently there is
no evidence for early herding or domesticates in central
Anatolia between this and the earliest levels at Çatalhöyük
East, ca 7,100 cal. BC (Russell, Martin 2005).

Alongside zooarchaeological research, recent genetic
studies are also helping to unravel the origins of caprine
domestication, revealing a diversity of MtDNA haplotypes
(Naderi et al. 2007; 2008). A possible geographic focus for
haplogroup A (the characteristic haplogroup of almost all
present-day domestic goats) may have been eastern
Anatolia, possibly extending to northern and central
Zagros. Haplogroup C, on the other hand, possibly derives
from wild goats domesticated somewhere on the central
Iranian plateau and in central-southern Zagros. Other
research suggests that there could have been at least five
main centres of goat domestication (Luikart et al. 2006:
298, with references). More recently it has been argued
that both wild and domestic goats probably descend from
a single ancestral wild population, and that domestication
occurred through sequential founding events rather than
distinct founding events (Gerbault et al. 2012). 

It appears that Ovis (sheep) too had more than one main
centre of domestication. In 2006, M. Bruford and S.J.
Townsend (2006: 313) suggested the presence of three
centres of domestication, while a year later J.R.S.
Meadows and colleagues (2007) argued for five MtDNA
lineages (A, B, C, D and E) within the Levant and Anatolia.
The existence of five MtDNA lineages is now well docu-

mented (Demirci et al. 2013 with references) and suggests
that sheep, along with goat, were taken from wild popula-
tions on multiple occasions. Thus the genetic evidence
indicates that caprine domestication occurred more than
once and at different locations throughout the Near East. 

Contrary, therefore, to the belief held in the late 20th
century – that the origins of agriculture lay within the
southern Levant from where it quickly spread as a
complete package of plants and animals (Bar-Yosef,
Meadow 1995) – it seems that caprine herding/manage-
ment did not emerge in a single area from where it was
dispersed; rather, it seems to have occurred in several
places at approximately the same time.

Work by B.S. Arbuckle and colleagues (2014), charting
the spread of domesticated animals and husbandry tech-
niques across Neolithic Anatolia, found several different
trajectories, indicating that, within Anatolia, livestock did
not move as part of a standard ‘farming package’. There
is a discernable difference between the areas where
caprines, cattle and pigs are present as domesticates – the
Lakes (Ulucak VI), southwestern Anatolia (Bademağacı)
and southern Anatolia – and central Anatolia, where
domestic pig never formed part of the agricultural
economy. Arbuckle and colleagues (2014) argue that the
data suggest a rapid westward movement of domesticates
across southern Anatolia, possibly via a coastal route,
while the concurrent absence of domestic cattle and pigs
from central Anatolia suggests that this region was not
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Fig. 1. Location map of southwestern Asia showing the sites with evidence for early caprine management.
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directly involved in the earliest spread of domestic
livestock to either the Lakes region or western Turkey,
reaffirming the distinctive nature of the central Anatolian
Neolithic tradition. Evidence from the earliest Neolithic
communities in northwestern Anatolia indicates that
communities utilised domesticated caprines and cattle, but
did not keep domestic pigs, suggesting that the origin of
the Neolithic in the northwest was also a distinctive
process (Conolly et al. 2011; Özdoğan 2011).

Animal exploitation in central Anatolia
On the Konya plain, morphologically domesticated
caprines are present from the foundation of Çatalhöyük
East at ca 7,100 cal. BC (Russell, Martin 2005; Bayliss et
al. 2014). How and when domesticated caprines became an
integral part of the central Anatolian Neolithic economies,
and their status and relationship within earlier communities,
is only now beginning to be researched. There is currently
no evidence for early herding, or domesticates, between the
‘managed’ caprines of Aşıklı Höyük, ca 8,200–7,500 cal.
BC, and the morphologically domesticated caprines of
Çatalhöyük East at ca 7,100 cal. BC. The patterns seen at
Aşıklı Höyük roughly parallel those seen across other
regions of the Near East (Stiner et al. 2014). 

The crucial period for the appearance of herding in
central Anatolia appears to be the ca 900-year gap between
the initial appearance of ‘managed’ caprines at Aşıklı
Höyük and that of the domesticates of Çatalhöyük East:
much of the ninth and the early eighth millennia cal. BC.
Filling this gap will help establish central Anatolia’s role
with regard to the adoption of herding and caprine
management within southwestern Asia.

This article looks at the dietary evidence from caprines
at seven sites, all located on the Konya plain within central
Anatolia and within 100km of each other (fig. 2):

Epipalaeolithic Pınarbaşı: 14,000–11,000 cal. BC;
Ninth-millennium Pınarbaşı: 9,000–7,900 cal. BC;
Boncuklu: 8,400–7,500 cal. BC;
Canhasan III: 7,500–7,000 cal. BC;
Çatalhöyük East: 7,100–6,000 cal. BC;
Seventh-millennium Pınarbaşı: 6,500–6,000 cal. BC;
Çatalhöyük West: 6,000–4,500 cal. BC.

Isotopes, diet and archaeology
Carbon and nitrogen isotopes are routinely used to assess
the palaeodiets of both humans and animals; sourced
directly from the carbon and nitrogen biological cycles,
these isotopes are assimilated into the consumer’s tissue
via food, forming a marker of the dietary average of
protein consumed over a period of months or years. All
food consumed by living organisms contains carbon and
nitrogen, which is synthesised to become body protein;
thus analysis of the carbon and nitrogen in the tissues of a

consumer can provide some idea of its source and thereby
identify the consumer’s diet (DeNiro, Epstein 1978; 1981;
Ambrose, Norr 1993).

Carbon enters the food chain through plants under-
going photosynthesis. It is then incorporated at each
successive stage of the food chain, so that, regardless of
trophic level, the different types of plant that form the
foundation of the food web can be determined. It is
possible, therefore, to undertake dietary analysis using the
13C/12C ratio of carbon found in the bone collagen of
animals, regardless of their position in the food chain
(DeNiro, Epstein 1978). At the base of the food chain there
is an enrichment of approximately 5‰ from plant to
consumer (Ambrose, Norr 1993).

For the purposes of this study there are two classes of
plant: C3 and C4. Typical C3 plants include trees (and
therefore most fruits and nuts), temperate grasses, legumes
and most major food crops, including wheat, barley, rye
and rice. It is estimated that 90% of terrestrial plant species
on the planet follow the C3 pathway. Typical C4 plants
include sugarcane, sorghum and millet. Although it is
generally stated that C4 plants are adapted for warm, high-
light habitats with limited moisture availability, this is an
oversimplification: C4 plants do often dominate hot, dry
sites, but they can also dominate warm, wet habitats, as
well as being absent from certain hot, dry locations (Sage
et al. 1999). C4 species have been identified on the Konya
plain (Fairbairn et al. 2005; 2014; Bogaard et al. 2013;
Baird et al. 2013). The two diverse photosynthetic
pathways followed by C3 and C4 plants result in a distinc-
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Fig. 2. Locations of the case-study sites.
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tive range of carbon isotope ratios for each photosynthetic
method: C3 plants typically have carbon isotope ratios
between -34‰ and -22‰; C4 plants range from -20‰ to
-7‰. C3 plants have a global mean of -27.1 ± 2.0‰; C4

plants have a global mean of -13.1 ± 1.2‰: there is no
overlap between the ranges (O’Leary 1981; 1988).

Nitrogen isotopes both reflect the amount of dietary
protein in a diet and distinguish trophic shifts within the
foodweb: for example, herbivore to carnivore and marine
plants from terrestrial ones. Nitrogen enters the food chain
through plants, as either adsorbed nitrogenous compounds
in the soil or fixed from atmospheric nitrogen (Cheng et
al. 1964). This nitrogen is then incorporated higher up the
food chain. Any single trophic transfer is likely to range
between ca 2‰ and 5‰ (Post 2002; Hedges, Reynard
2007). This is known as the trophic level effect and can be
used to understand the relationship between the various
consumers in the food chain. Although the value for 15N
is relatively constant within the atmosphere, isotope distri-
bution can differ appreciably in other nitrogenous forms,
particularly in biological systems (Delwiche, Steyn 1970).
The relationship between the δ15N values of soil and plants,
and factors such as aridity, salinity, fire and grazing is
complex, involving an intricate interplay between the
quantity of nitrogen flowing through the ecosystem, its
source, utilisation and fractionation (Handley et al. 1999).
So, although nearly all the nitrogen incorporated into the
foodweb emanates from a limited number of sources, local
variations in δ15N values do occur, not only between tropic
levels, but also within them (Ambrose 1993). Table 1
summarises the various factors and their potential effects
on δ15N values.

Given the complexity of plant fractionation and photo-
synthesis, it is no surprise that the δ13C values of plants are
potentially sensitive to environmental factors affecting the
flow of CO2 (table 2). Although in general the differences
in δ13C values are small, only a few per mille (‰), they
are significant, potentially reflecting differences in diet or,
possibly, differences in the climate/environment (Heaton
1999). It is important therefore, when using isotopes as
indicators of palaeodiet, animal or human, to appreciate
these potential sources of variation and their possible
effects. The general premise is that C3 plant δ13C values
are lower in closed and humid environments, and higher
in hot, dry ones, and that this phenomenon is reflected
throughout the foodweb (Ambrose 1993: 90, table 2). 

Environmental setting
The geographic position of central Anatolia means that it
sits on the interface of climatic systems that affect the
northern hemisphere and inter-tropical Africa (Roberts et
al. 2001). An increasing number of isotope records, lake
isotope palaeohydrology and non-lacustrine evidence (for
example speleothems and marine sapropel layers) support
the theory that there was a relatively wet period at the start
of the Holocene, which was probably the result of high
winter precipitation rather than a year-round increase in
moisture (Roberts et al. 2001; Wick et al. 2003; Jones et
al. 2007; Jones, Roberts 2008). Research results also
indicate that the Early Holocene was the wettest period
between the present and 25,000 years ago, with a rapid
increase in moisture at the onset of the Holocene, followed
by a period of wetness until ca 4,550 cal. BC, after which
a much drier climate ensued (Jones et al. 2007). L. Wick
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Manuring Less negative d15N values +3.1 to +8‰ enrichment Choi et al. 2002; Bol et al.
2005; Bogaard et al. 2007;
Senbayram et al. 2008

Saline conditions Less negative d15N values +5 to +17‰ enrichment Heaton 1987; Mizutani, Wada
1988; van Groenigen, van
Kessel 2002

Aridity (low rainfall) Less negative d15N values +1.5 to +2‰ enrichment Shearer et al. 1978; Heaton
1987; Handley et al. 1999;
Brenner et al. 2001; Amundson
et al. 2003; Martinelli et al.
2003; Nardoto et al. 2008;
Wang et al. 2010

Mean d15N value

Altitude More negative d15N values Andreeva et al. 2013

Cool damp forest floor
environment

More negative d15N values Heaton 1987; Ambrose 1993;
Nardoto et al. 2008

Table 1. Summary of factors and their effect on plant δ15N values.
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and colleagues (2003) suggest that there could have been
warm, dry weather during the growing season, while M.D.
Jones and colleagues (2005; 2007) have calculated that
precipitation was some 25–40% lower than at present
during the Late Pleistocene and some 20–40% higher than
at present during the Early Holocene.

The following section summarises climate change in
the Konya basin from the Late Glacial into the Early
Holocene. The wetter, warmer conditions of the Greenland
Interstadial 1 appear to have lasted until ca 10,800 cal. BC
when colder year-round conditions, with relatively frigid
winters and mild summers, took over in Greenland Stadial
1 (Younger Dryas). In the Early Holocene, ca 9,700 cal.
BC, warm winters and hot summers became the norm. It
is thus clear that there were changes within the palaeo-
environment of the Konya plain over the period covered
by this research. Epipalaeolithic Pınarbaşı is dated to the
Greenland Interstadial 1 (GI-1) (ca 14,000–11,000 cal.
BC), with Pleistocene conditions closest to those of the
Early Holocene, while ninth-millennium Pınarbaşı lies
within the wetter part of the Early Holocene. The Konya
plain could have experienced increasing aridity from the
seventh millennium cal. BC, especially around the 6,200
cal. BC event, but conditions would still have been wetter
and cooler than today. Jones and colleagues (2007) provide
a very useful summary of average temperature over this
period in central Anatolia.

Glacial 4˚C
Late Glacial Interstade 8˚C
Late Glacial Stade 5˚C
Early Holocene 9˚C
Late Holocene 10˚C

These temperatures are based on lake isotope palaeo-
hydrological research undertaken at Lake Eski Acıgöl and
are, therefore, of particular relevance to the Konya plain.
They show a substantial increase in temperature during the
Early Holocene (Jones et al. 2007). In the briefest of
summaries: the evidence suggests that the onset of the
Holocene (9,700 cal. BC) was marked by rapid (ca 50
years) increases in humidity and temperature, decreases in
salinity and fluctuating seasonal rainfall (Roberts et al.
2001; Wick et al. 2003). 

The factors most likely to affect the flora of the study
area are saline conditions and/or increased aridity due to
low rainfall and/or the seasonal drying out of wetlands. All
the sites considered in this study lie within a relatively
small area and within one ecozone; therefore, spatial
variation is unlikely to produce variability between sample
sets from different sites. It is, however, possible that the
results might relate, at least in part, to these documented
climatic/environmental changes. Therefore, in order to
control for environmental change over time and to
ascertain whether dietary changes were independent of
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Temperature (changes
not irrefutably due to
temperature)

Less negative d13C values Less than +0.5‰ 
enrichment

Lipp et al. 1991; van Klinken et
al. 1994; Hemming et al. 1998;
Heaton 1999

Altitude (changes not
irrefutably due to 
altitude)

Less negative d13C values +3‰ enrichment Tieszen et al. 1974; Körner et
al. 1988; 1991

Aridity (low rainfall) Less negative/higher d13C
values

+2 to +4‰ enrichment Ehleringer, Cooper 1988; John-
son et al. 1989; Tieszen 1991;
Heaton 1999

Saline conditions 
(C3 plants)

Less negative d13C values +1 to +2‰ enrichment Neales et al. 1983; Downton et
al. 1985; van Groenigen, van
Kessel 2002

Mean d13C value

Saline conditions 
(C4 plants)

More negative d13C values -0.25 to +4‰ enrichment Bowman et al. 1989; Sandquist,
Ehleringer 1995; Maricle, Lee
2006

Canopy effect More negative d13C values -2 to -5‰ enrichment Medina, Minchin 1980; van der
Merwe, Medina 1989; Broad-
meadow et al. 1992; Cerling et
al. 2004; Koch et al. 2004

Table 2. Summary of factors and their effect on plant δ13C values.
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climatic/environmental change, control species were
included in the study. The control species – hare and deer
– were chosen because management by humans is consid-
ered highly unlikely at this period; samples were taken
from all sites. The dietary isotopic values of the control
species suggest consistency of plant carbon and nitrogen
isotope values throughout the timeframe of the study, indi-
cating that the plant baseline is as valid for the Epipalaeo-
lithic as it is for the sixth millennium cal. BC. 

Methodology
Samples were taken from a comprehensive range of
contexts from each case-study site. Preservation of bone
at all sites was good, although collagen yield was better at
some than at others. It should be noted that the highly frag-
mented nature of the faunal assemblages at the earlier sites,
particularly Epipalaeolithic Pınarbaşı, ninth-millennium
Pınarbaşı and Boncuklu, inevitably meant that fewer bones
could be identified to species and hence were available for
isotope sampling. Samples were selected from adult
specimens identified to species; when necessary,
Boessneck 1969 alongside the modern reference collec-
tions held at Çatalhöyük East and the University of
Liverpool were used to separate Ovis from Capra.
Samples, weighing ca 2g, were cut as chunks from fused,
compact, long-bone shafts (avoiding articulations, cut
marks and pathology). Wherever possible, the same
element, for example the right humerus, was used within
a single context, thereby reducing the likelihood of unwit-
tingly duplicating samples from the same individual. Only
material from secure contexts was used. Care was taken
not to use young/suckling individuals. No burnt bone was
sampled.

Samples were taken using a diamond-tipped drill bit
(table 3). Diamond is unlikely to contaminate bones with
an external source of carbon or nitrogen.

The plant baseline
Sixty-two charred archaeological plants from Çatalhöyük
East were used by Jessica Pearson (University of Liverpool)
to create a local floral baseline for the Konya plain (Pearson
2004: 134). The charred plant assemblage was studied by
Andrew Fairbairn (University of Queensland) using
detailed reference collections of Anatolian botanical
specimens held at University College London (Hillman
Collection) and the British Institute at Ankara (Nesbitt
Collection) and by Amy Bogaard (University of Oxford).

The aim of this part of the study was two-fold: firstly,
to confirm, by direct measurement, that the δ13C values of
the C3 and C4 plants from sites on the Konya plain fall
within the range expected for their photosynthetic physi-
ology; and, secondly, to compare the results from the
Konya plain with the universal distribution of C3 and C4

plants published by M.H. O’Leary (1988). Given
worldwide variability it was important to establish a local
mean for C3 and C4 plants. Figure 3 shows the universal
distribution of these plants as published by O’Leary (1988)
compared to the charred archaeological plants from Çatal-
höyük. Using values from Çatalhöyük East, rather than the
universal results, a consumer with an exclusively C3 diet
would have carbon isotope values of around -18‰, while
an exclusively C4 feeder would have carbon isotope values
of around -7‰. The variation between the global means
and those from the Konya plain confirms the importance
of using local plants to create a baseline (Pearson 2004;
Pearson et al. 2007; Middleton 2014).

7

1. Sampling. Compact bone chunks, weighing 0.3–0.6g, were taken using a diamond-tipped cutting wheel. The starting
weight of the bone chunk was noted.

2. De-mineralisation. Bone chunks were immersed whole in a test tube of 0.5M HCl(aq). Poorly preserved samples
were refrigerated at 4°C during de-mineralisation to slow the reaction rate. Well-preserved samples were usually de-
mineralised at room temperature. Acid was changed as required. Once the bone was fully de-mineralised it was washed
three times with ultrapure water (produced by using a Purite Neptune purifier) to neutral pH. Where necessary, EZee
filters were used to prevent loss of collagen.

3. Gelatinisation. pH3 H2O (HCl) was added to the sample, a gelatinising cap was put on the test tube and the sample
was heated at ~70°C for 48 hours in a hot block. The gelatinous solution was then filtered through an 8µm EZee
filter, transferred to a plastic test tube and sealed with Parafilm.

4. Lyophilisation. The Parafilm lid was perforated and samples were frozen at ~-25˚C overnight before being placed
in a freeze drier until dry (~48 hours).

5. Bulk yield. The bulk yield of collagen extracted was weighed.

6. Weighing. Samples were weighed in triplicate into tin capsules ready for combustion.

Table 3. Methodology for collagen extraction from whole archaeological bone (after Richards, Hedges 1999; Pearson 2004).
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Sample preparation
For details of the methodology used for collagen extraction
from whole archaeological bone, see table 3. All chemicals
used were of analytical (AR) grade or above and all water
used was ultrapure (produced by using a Purite Neptune
purifier), typically 18.2MΩ.cm resistivity at 25°C with a
total organic carbon (TOC) content of <1ppb.

The bone collagen extraction protocol used followed a
modified Longin 1971 method (Brown et al. 1988). This
method uses dilute aqueous hydrochloric acid (dil. HCl(aq))
which increases the likelihood of recovering collagen from
poorly preserved samples. It is known that the use of more
concentrated hydrochloric acid can cause collagen destruc-
tion; indeed, some extraction methods have proved so
severe that, although they have successfully eliminated
contaminants, they have also destroyed most of the
original collagen (Longin 1971). Hydrochloric acid elim-
inates soil-derived carbonates, phosphates and fulvic acids,
while solubilisation, followed by filtration, ensures the
removal of any acid-insoluble particulate matter (Ambrose
1990). 

The weighed samples were measured at the Isotope
Geoscience Laboratory of the Natural Environment
Research Council (UK) using continuous flow-elemental
analysis-isotope ratio mass spectrometry (CF-EA-IRMS).

Using data from Epipalaeolithic Pınarbaşı – where
caprines are deemed to be morphologically wild and the
hunter-gatherer lifestyle suggests less likelihood of dietary
manipulation – a local unaffected caprine dietary signature

was created. Data from Çatalhöyük East provided an
affected dietary signature for early morphologically
domesticated caprines, while deer (Cervid) and hare
(Lepus) were used to establish the degree of environmental
change over time and its impact on diet. Appendix A
details the isotope data from each site. Using these two
dietary signatures it should be possible to chart changes at
sites where no morphometric or demographic data sugges-
tive of early herding or domesticates exist, thereby
extending our knowledge and understanding of how and
when caprines came under human control in central
Anatolia.

Results and discussion
Note that the C3/C4 boundary established above (fig. 3) is
marked on each graph. In the graph legends the sites are
referred to by code: Epipalaeolithic Pınarbaşı: EPb; ninth-
millennium Pınarbaşı: 9thPb; Boncuklu: Bon; Canhasan
III: CanIII; Çatalhöyük East: ChE; seventh-millennium
Pınarbaşı: 7thPb; Çatalhöyük West: ChW.

In order to confirm that changes in diet were due to
human intervention rather than environmental change,
two wild species – deer and hare – were sampled. As there
is no linear trend through time in either carbon or
nitrogen, nor are there any changes that are broadly coin-
cident with major climatic changes, the results, although
few in number, suggest that environmental/climatic
change over time did not affect the diet of wild animals
living on the Konya plain (fig. 4). It is probable, therefore,
that any changes witnessed in the dietary signatures of
the caprines are the result of human impact. It is notable
that none of the results for deer and hare sit above 11‰
on the δ15N scale: this appears to be a general rule for
samples taken from sites on the Konya plain where the
animals are considered to be morphologically wild
(Middleton 2014).

The unaffected dietary signature
Although there is very little morphological or demographic
data from Epipalaeolithic Pınarbaşı, due to the fragmented
nature of the assemblage, the dating of the site (14,000–
11,000 cal. BC) strongly suggests that the caprines were
wild and consuming diets unaffected by humans. The
carbon and nitrogen isotope results from this site (fig. 5)
should, therefore, form a good faunal baseline from which
to analyse chronologically subsequent sites.

What is notable is the consistency of δ15N and δ13C
levels within the caprines. All but one lie within the exclu-
sively C3 sector of the graph and have consistent levels of
δ15N, with more than 80% having a difference of less than
2‰. Given that the -18‰ is not a clean cut-off, the animals
lying on or very close to the right-hand side of the
boundary are unlikely to have consumed significant

8

Fig. 3. Histogram showing the δ13C distribution and mean
values of C3 and C4 plants from Çatalhöyük East plotted
against the universal values as given in O’Leary 1988. The
cut-off for C4 plants for Çatalhöyük East is also shown.
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amounts of C4. Work done at Çatalhöyük, Pınarbaşı and
Boncuklu (Fairbairn et al. 2005; 2014; Baird et al. 2012;
2013; Bogaard et al. 2013) has confirmed the presence of
wild C4 plants on the Konya plain, and within central
Anatolia graze appears to be a mixture of C3 and C4 grasses
and sedges (Pearson 2013). The presence of C4 plants in
the dietary signature of one out of 22 samples (4.5%) is
not, therefore, unexpected. The overall picture suggests
that although C4 and wild saline marsh plants were present
on the Konya plain they were not a regular food of choice
for the local sheep and goat or, alternatively, they were
uncommon within their local natural habitats.

To this embryonic framework can be added the results
from ninth-millennium Pınarbaşı (fig. 6), where, based on
morphometrics, the caprines are believed to be wild. In
terms of collagen extraction and usable results, this was
the least successful site. Of 59 bone samples taken, only
22% produced ‘good’ collagen (see Appendix A). Modern
bone has an atomic C:N ratio of 3.21 (Ambrose 1993). In
order to retain in vivo isotope ratios, archaeological bone
needs to fall within the range 2.9–3.6 (DeNiro 1985;
Ambrose 1990; 1993); therefore, all samples with atomic
C:N ratios outside the 2.9–3.6 range were discarded. G.J.

van Klinken (1999) argues for a range of 3.1–3.5 and that
anything outside this range should be viewed with caution.
Accordingly, any samples falling outside the 3.1–3.5 range
were viewed with caution.

The consistency and clustering of results from
Epipalaeolithic Pınarbaşı and ninth-millennium cal. BC
Pınarbaşı is notable and suggests an impressive degree of
consistency vis-à-vis habitat and grazing – despite changes
in the environment and climate over the 5,000 years from
the GI-1 into the beginning of the Holocene. Such consis-
tency could also indicate the continued use, over time, of
particular hunting grounds by the people using the
Pınarbaşı site. The clustering of results suggests that there
is little or no discernable distinction between sheep and
goat; hence, for the purposes of this research, sheep and
goat can be considered under the single label ‘caprine’.

Although the morphological data suggest that the
caprines from ninth-millennium Pınarbaşı were wild, the
fact that early herding has been argued for sites of the same
period in Cappadocia, southeastern Anatolia, the southern
Levant and Syria means that the possibility that humans
were beginning to have an impact on the natural rhythms
and diets of caprines at ninth-millennium Pınarbaşı must

9

Fig. 4. Carbon and nitrogen results for deer and hare from sites spanning 13,000–5,400 cal. BC. Note that none of the
results sit above 11‰ on the δ15N scale. EPb = Epipalaeolithic Pınarbaşı; Bon = Boncuklu; CanIII = Canhasan III;
ChE = Çatalhöyük East; ChW = Çatalhöyük West.
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Fig. 5. The unaffected range of sheep and goat based on the results from Epipalaeolithic Pınarbaşı, where caprines are
considered to be wild: all but one fall below 8.2‰ on the δ15N scale. EPb = Epipalaeolithic Pınarbaşı.

Fig. 6. Caprines from Epipalaeolithic Pınarbaşı and ninth-millennium Pınarbaşı: all but one fall below 8.2‰ on the
δ15N scale. EPb = Epipalaeolithic Pınarbaşı; 9thPb = ninth-millennium Pınarbaşı.

https://doi.org/10.1017/S0066154618000017 Published online by Cambridge University Press

https://doi.org/10.1017/S0066154618000017


Middleton | The early development of caprine herding on the Konya plain, central Anatolia

be considered. However, given the similarities between the
isotopic data from Epipalaeolithic Pınarbaşı and ninth-
millennium Pınarbaşı, it seems that no such ‘impact’ was
underway and that the carbon and nitrogen isotope results
confirm the unaffected status of caprines at ninth-millen-
nium Pınarbaşı.

The local plant baseline combined with the dietary
signatures of the ‘wild’ caprines from Epipalaeolithic
Pınarbaşı and ninth-millennium Pınarbaşı provide an unaf-
fected dietary signature for caprines living on the Konya
plain (fig. 7): 100% of the samples cluster below 11‰ on
the δ15N scale and within a 3‰ range on the δ13C scale; all
but one cluster below 8.2‰ on the δ15N scale. The one
caprine that sits above 8.2‰ but below 11‰ on the δ15N
scale comes from Epipalaeolithic Pınarbaşı and its dietary
signature matches that of a Bos primigenius (aurochs) from
the same site. It is probable that these two animals came
from the same environment, and that this caprine was
killed in an area away from the usual caprine hunting
grounds.

The affected dietary signature
Within the study, Çatalhöyük West is the most recent site
chronologically. It should, therefore, provide a suitable
dietary signature for fully domesticated caprines living on
the Konya plain in the sixth millennium cal. BC. Morpho-
logically and demographically, the caprines found at Çatal-
höyük West appear to have been domesticated.

Figure 8 shows caprines from Çatalhöyük West plotted
against the unaffected signature; there are clear differences
between the caprines from the early sites and those from
Çatalhöyük West. The increasing spread and move towards
heavier carbon and enriched nitrogen of the Çatalhöyük
West samples suggests dietary differences between
affected and unaffected caprines, with the domesticates
(affected) having more C4 in their diet and increasing
levels of δ15N. 

As most of the caprines found at Çatalhöyük East are
domesticates (Russell, Martin 2005: 950), it makes sense
to add the results from Çatalhöyük East and contemporary
seventh-millennium Pınarbaşı to confirm, or query, the
affected dietary signature obtained from the Çatalhöyük
West caprines and to understand the diet of the earliest
unequivocally domestic caprines on the plain. Figure 9
incorporates the caprine results from Çatalhöyük East and
seventh-millennium Pınarbaşı sampled specifically for this
study and seems to confirm the existence of a distinctive
dietary signature relating to managed caprines. 

Work by E. Henton (2013), looking at oxygen isotopes,
indicates that throughout the lifetime of Çatalhöyük East
the majority of sheep lived their lives, in terms of altitude
and water sources, in a broadly similar area. Given that
they seem to have experienced arid summers, Henton
suggests that they lived within the relatively exposed
conditions of the Konya plain. Only a small percentage
appear to have been moved uphill into areas with cooler

11

Fig. 7. The unaffected dietary signature of caprines on the Konya plain.
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Fig. 8. Caprines from Çatalhöyük West, where the caprines are morphologically and demographically domestic (affected
signature), plotted against the unaffected caprine signature. ChW = Çatalhöyük West.

Fig. 9. Caprines from Çatalhöyük West, Çatalhöyük East and seventh-millennium Pınarbaşı, where caprines are consid-
ered to be morphologically and demographically domestic, plotted against the unaffected signature for caprines. ChE
= Çatalhöyük East; 7thPb = seventh-millennium Pınarbaşı; ChW = Çatalhöyük West.
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summer temperatures or onto grazing areas with pastures
fed by groundwater from various sources. Changes seem
to have occurred over time. Initially, as well as pasturing
sheep year round on the Konya plain, some were herded
year round in sheltered valley locations, perhaps in the
foothills or hollows on the fan. Over time, more sheep
were pastured year round on the Konya plain, though the
data from later archaeological levels demonstrate a return
to some being herded in more sheltered locations as
witnessed in the earliest archaeological levels. A small, but
constant number were, throughout the lifetime of the site,
herded either around karstic springs or taken on summer
transhumance.

The extent to which caprines were moved through the
landscape can be tracked via the plant material found in
their dung. At Çatalhöyük the evidence from dung-fuel
remains suggests that crop by-products were used as
animal fodder or as a dung additive to improve dung-fuel
quality, or both (Fairbairn et al. 2005: 173). Analysis of
the plant remains in the dung suggests that caprines were
pastured in relatively wet areas throughout late spring to
late summer; grazing is assumed because some of the
plants represented are relatively small and impractical to
collect in bulk. Several taxa (Aeluropus, Sporobolus and
Crypsis), all of which are saline-loving C4 plants, have
been identified in the dung; their presence could help
explain the increased levels of C4 and nitrogen in the
affected caprine signature seen at Çatalhöyük (Bogaard et
al. 2013). Spring or early summer grazing is also
supported by phytolith analysis. Phytoliths found in dung
imply off-site grazing on wild grasses and woody herba-
ceous plants, probably, according to A.M. Rosen (2005),
grazing on autumn and winter vegetation, either before or
after the grasses had flowered. It is possible that these
caprines were being pastured away from the site, perhaps
at a satellite-herding site such as seventh-millennium
Pınarbaşı. 

Dental microwear analysis suggests that the majority
of sheep at Çatalhöyük ate graze that probably included
dry, mature grasses, hay fodder, cereal stubble or cereal
fodder. Some most likely grazed on winter pastures or
wetland edge grasses, reeds or sedges (Henton 2013). It is
worth noting that the dental microwear analysis indicates
a dominance of C3 fibre-rich elements, with C4 fibre-rich
elements contributing only a small component of the diet.
The inclusion of C4 plants, as indicated by the carbon
isotopes, could be the result of foddering. It could also be
the result of moving caprines away from their natural
habitat and onto the steppe/wetland mosaic and riverine
areas of the plain and marshy areas with C4 marsh plants.
These areas would be closer to human habitation than the
hill zones, and therefore easier to access and control. The
change in nitrogen is interesting and could be the result of

changes in diet: salinity, aridity and manuring can all
increase δ15N levels in plants, increases that would then be
passed onto the consumer. But it is also possible that these
increases are the result of direct action on the animal. In
other words, something the animal experienced induced
raised δ15N levels. Possibilities include some sort of stress,
perhaps due to reduced access to water, impoverished
conditions, lack of food or overcrowding. However, until
more work is done on changes in nitrogen ratios and
animal physiology it is not possible to identify the precise
reasons for the increase. Furthermore, it is likely that the
increased δ15N levels are the result of several contributing
factors rather than a single cause.

Sites with early herding?
Having established the existence of a distinguishable
difference between the dietary signature for wild caprines
and that of known domestic caprines, it should now be
possible to start interpreting results from sites where the
early herding of caprines is suspected and/or the ‘domes-
ticated’ status is questionable.

Chronologically, the first of these is Boncuklu, where
caprines comprise 4.9% of the identified species (Baird et
al. 2012: 229). Of these, only six samples were suitable for
isotope analysis: three of these fall within the unaffected
range, one lies just outside this range and two have remark-
ably high δ15N levels (fig. 10). If, for a moment, the
outliers are ignored, the consistency between the caprines
at Epipalaeolithic and ninth-millennium Pınarbaşı can be
seen to continue through to Boncuklu, suggesting that
some of the Boncuklu caprines consumed the same diet as
the unaffected caprines of the Epipalaeolithic and ninth
millennium cal. BC. It seems reasonable to conclude,
therefore, that the diet of these animals was not affected
by human intervention.

The Boncuklu outliers with enriched nitrogen tell a
different story. The results from the caprines at Epipalae-
olithic Pınarbaşı threw up one anomaly: a sample with
higher levels of δ15N than any of the other caprines, but
still below 11‰ – a level of δ15N held to be significant
with regard to unaffected fauna on the Konya plain (see
above). Knowledge of the local flora and environment
suggests that the high levels of δ15N seen in the Epipalae-
olithic anomaly could be explained by the consumption of
saline marsh plants that grow on the plain. However, while
this could help explain the Boncuklu sample with a δ15N
level of 8.6‰, it cannot, necessarily, be used for the two
anomalies with δ15N levels of over 13‰; no wild/unaf-
fected individual from the Konya plain has δ15N levels of
more than 11‰. It is, therefore, highly unlikely that the
two caprines with δ15N levels of over 13‰ consumed a
totally natural or unaffected diet as found on the Konya
plain.

13
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The Canhasan III sequence apparently commences
approximately 100–200 years after the end of the
Boncuklu sequence (as represented by preserved in situ
material at Boncuklu – we cannot exclude the possibility
of an overlap between the latest occupation at Boncuklu
and the earliest occupation at Canhasan III). Although full

understanding of the Canhasan III site is hampered by a
lack of published data and analysis, the preliminary assess-
ment of the animal bones suggests that caprines were
‘fairly common’ (Payne in French et al. 1972: 188). Prior
to this, caprines do not appear to have been of much
economic importance on the Konya plain.

14

Fig. 10. Caprines from Boncuklu plotted against the unaffected signature (Epipalaeolithic Pınarbaşı and ninth-millen-
nium Pınarbaşı). Bon = Boncuklu.

Fig. 11. The caprines and deer from Canhasan III. CanIII = Canhasan III.
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The first thing to notice, as shown in figure 11, is that
the spread of results is far greater than at any of the earlier
sites. The second is that a significant proportion of the
caprines falls outside the unaffected diet range. The differ-
ences in caprine δ15N levels are, probably, the result of
human intervention, with some of the caprines being wild,
while others were manipulated/managed. Since this
extensive range of nitrogen values comes from one site
and from within a relatively restricted chronological
period, the differences are unlikely to reflect climatic or
environmental change between earlier and later parts of
the overall sequence.

Figure 12 shows the unaffected caprine diet plotted
against caprines from Canhasan III. This seems to confirm
the initial impression that both affected and unaffected
caprines were part of the economy at Canhasan III.

Where did the affected caprines found at Canhasan III
come from? Were they introduced to the Konya plain as
herded animals or were they brought under human control
in the locality? As noted above, the presence of ‘managed’
sheep has been argued for the site of Aşıklı Höyük by level
4, ca 8,200 cal. BC (Stiner et al. 2014). Work undertaken
by H. Buitenhuis (1997) suggests, based on demographics
and the presence of perinatal animals, that managed
caprines were present at the site by level 2, ca 7,800–7,600
cal. BC. Given that Canhasan III closely postdates Aşıklı
Höyük, it is possible that herded caprines were introduced
onto the Konya plain from Cappadocia, either immediately
preceding or early in the occupation of Canhasan III.

However, as shown in figure 13, when plotted against the
caprines from Canhasan III the two caprine outliers with
high δ15N levels from Boncuklu no longer appear as
outliers. Given the claims for Aşıklı Höyük, it is not incon-
ceivable that some sort of ‘management’ was also taking
place at Boncuklu – a site contemporary with Aşıklı
Höyük. Given the presence of small amounts of herbivore
dung at Boncuklu (Wendy Matthews, personal communi-
cation August 2013) and the elevated δ15N levels, it is
possible that the two outliers from Boncuklu could be early
herded caprines. Furthermore, since Canhasan III
postdates Boncuklu, it is possible that caprine herding on
the Konya plain expanded during the interim and what we
see at Canhasan III is a continuation of practices begun at
Boncuklu. The archaeobotancial evidence from Boncuklu
suggests that the community was beginning to practice
small-scale cultivation (Baird et al. 2012). It is possible
that what we are seeing is the beginning of caprine
herding. 

The very high δ15N levels seen at Boncuklu and
Canhasan III do not occur at the later sites: Çatalhöyük
East, seventh-millennium Pınarbaşı and Çatalhöyük West
(see figure 14). It is possible that the high δ15N levels are
the result of unknown factors relating to stress, perhaps
brought on through unintentional mismanagement. If the
high δ15N levels relate to stress, we might expect this to be
a more common phenomenon among the earliest affected
caprines and that, with experience, the slightly later sites
had alleviated such conditions. 

15

Fig. 12. Caprines from Canhasan III plotted against the unaffected signature and the domestic/affected caprines from
Çatalhöyük West. Can III = Canhasan III.
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Fig. 13. Caprine dietary signatures from Boncuklu plotted against those from Canhasan III. Bon = Boncuklu; CanIII =
Canhasan III.

Fig. 14. The caprines from Canhasan III plotted against those from the later sites of Çatalhöyük West, Çatalhöyük East
and seventh-millennium Pınarbaşı. It is noticeable that caprines from Canhasan III have higher δ15N levels than those
of the later sites. CanIII = Canhasan III; ChE = Çatalhöyük East; 7thPb = seventh-millennium Pınarbaşı; ChW =
Çatalhöyük West.
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Conclusions
The aim of this research was to try to document, through
changes in caprine diet, the very earliest caprine manage-
ment strategies in central Anatolia: the seven case-study
sites provide a unique opportunity to consider diet over a
ca 8,500-year period – covering the appearance of
domestic caprines on the Konya plain – within a restricted
geographic and environmental location.

The carbon and nitrogen isotope results from the
caprines, combined with the C3/C4 baseline provided by
the carbonised plants from Çatalhöyük East, offer a dietary
signature for wild caprines unaffected by human interven-
tion living on the Konya plain. Using the same technique,
a dietary signature for caprines significantly affected by
human management has also been established. 

Working with established zooarchaeological method-
ologies, the earliest evidence for morphologically domes-
ticated caprines on the Konya plain comes from
Çatalhöyük East and is dated to ca 7,100 cal. BC. When
working with dietary signatures, the results indicate the
presence, in significant numbers, of both caprines
consuming ‘unaffected’ diets and caprines consuming
‘affected’ diets at Canhasan III; it seems that there are
significant quantities of both ‘wild’ and ‘managed’
caprines at the site or, possibly, just managed caprines,
some of whom consumed a largely wild-type diet. At
Boncuklu, while very few caprines have been found, of
the six sampled, three (50%) fall outside the ‘unaffected’
signature range, suggesting the possibility of ‘managed’
caprines as early as ca 8,300 cal. BC on the Konya plain.

The similarity between the affected caprines from
Boncuklu and Canhasan III is striking and raises the possi-
bility that these animals came from the same or very
similar locales, or were managed in a similar manner. What
is particularly intriguing about Boncuklu is the potential
presence of ‘managed’ caprines at a site where caprines
appear to have been of little economic importance. 

Given that there is evidence to support the adoption and
adaption of modest-scale cultivation on the Konya plain
wetland/steppe area by the Boncuklu community (Baird et
al. 2012), the earliest farming evidenced on the plain, the
data from Boncuklu seem to suggest that small-scale culti-
vation and herding may have appeared simultaneously on
the Konya plain. The likely absence of wild cultivars within
central Anatolia argues for the introduction of domesticated
plants (Baird et al. 2012; 2013). With regard to herding,
however, there are two possible scenarios: that the practice
of herding was transferred to the Konya plain via the well-
established, long-distance networks that existed between the
Levant and Anatolia (Baird et al. 2012), where the presence
of wild caprines allowed in situ experimentation with local
animals, or that small numbers of herded caprines were
physically transported to the Konya plain, thereby providing

the Boncuklu community with the necessary elements to
start small-scale mixed farming. In either case, it is important
to appreciate that mixed farming could begin within the
context of low-level food production, with farming making
a very limited dietary contribution for several centuries, and
that herding is not necessarily only associated with large-
scale cultivation. In this context, experimentation with plant
and animal management might be seen as going hand in
hand: a rather different scenario from that proposed for the
Levant, where significant levels of cultivation preceded
animal management (Asouti, Fuller 2012).

Over the years there have been many attempts to try to
explain why humans decided to domesticate plants and
animals. Traditionally there has been a tendency to try to
fit explanations into one of three categories: environmental
change, population pressure or cultural change. In actuality
many of the theories put forward span two, if not all three
of these categories. From early on researchers have looked
for a reason that would ‘persuade a hunter-gatherer to
modify his subsistence pattern significantly’ and adopt
agriculture (Flannery 1969: 75). 

Advocates of environmental change include V. Gordon
Childe (1928; 1936; 1942), who argues that the increasing
warmth and dryness of the Pleistocene would have brought
plants, animals and humans together in constrained zones
near water, and, in order to compete successfully for the
reduced resources, humans would have been compelled to
domesticate and control both animals and plants. The
cooling nature of the Younger Dryas has also been inter-
preted as pivotal to the adoption of domesticates, as it
could have forced some human societies to diversify into
new modes of subsistence (Moore, Hillman 1992; Baruch,
Bottema 1999; Grossman, Belfer-Cohen 2002; Henry
2002; Harris 2003; Bettinger et al. 2007). 

Although there is little doubt that the increase in
rainfall and temperature that followed the Late Glacial
Maximum played a part in the emergence of the less
mobile and more territorially focused Early Natufian
subsistence strategies, it is worth noting that, when faced
with the abrupt climate changes of the Younger Dryas (ca
10,750–9,650 cal. BC) – a worldwide phenomenon that
saw a global return to near glacial conditions – the increas-
ingly sedentary hunting and gathering communities of the
Early Natufian did not domesticate plants and animals.
Instead, responses to the changing climate varied from
region to region. In the southern Levant, communities
returned to a more mobile way of life, continuing to exploit
a similar range of wild resources as they had hitherto
(Munro 2004), while in the Middle and Upper Euphrates
valley and the Zagros, societies maintained relatively
sedentary settlements and stable resource catchment zones
(Boyd 2005). There is no compelling evidence for the
adoption of agriculture and herding during this climatically
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adverse time, which would suggest that these conditions
were not the driving factor behind agriculture and herding.

P.J. Richerson and colleagues (2001) argue that it was
the climatic amelioration of the Early Holocene, coupled
with an accompanying rise in CO2 that made agriculture
and domestication ‘complusory’ during the Holocene.
They do not see climate as the single driving force, but
rather as the ‘external’ factor that made the adoption of
agriculture and herding possible; prior to the Holocene,
because of intemperate climatic conditions, including low
CO2 concentrations, agriculture per se was not possible
(Bettinger et al. 2009). This is an interesting theory that
argues for the importance of climate change, but as a
positive factor that enables agriculture rather than as a
negative one that forces its adoption. 

It has also been suggested that population pressure was
a driving force, though not necessarily the sole reason,
behind domestication, and that the adoption of agriculture
and domestication was the result of a ‘demand’ or a ‘push’
– an imbalance between populations and resources that
forced people to consider radical solutions to solve their
nutritional imbalance (Cohen 1977; 2009; Bellwood 2009).
P.M. Lambert (2009), however, argues that an increasing
population could have been a ‘pull’ factor rather than a
‘push’ factor: agriculture might have emerged and spread
as a behavourial strategy that enhanced reproduction, as
opposed to agriculture being the result of burgeoning popu-
lations fuelling a need for increased productivity. Given
the difficulty of assessing population increase and decrease
in prehistory (Price, Bar-Yosef 2011), the precise impact
of population pressure as a driving force behind the
adoption of agriculture remains a moot point. Presumably
populations had fluctuated prior to the Younger Dryas and
had adjusted and adapted without the need to embrace
cultivation and herding, despite the presence in some areas
of suitable species to domesticate.

Although not as popular as population pressure or envi-
ronmental change, social and cultural changes have also
been mooted as possible drivers behind domestication.
Thus J. Cauvin (2000) argues that the most important
changes allied to the emergence of agriculture and domes-
tication are cultural rather than economic: the transition to
farming involved concepts and ideas as much as, or more
than, the production of food. 

Some researchers, attempting to distinguish between
social and biological domestication, have argued that
animals are, in essence, ‘domesticated’ when they become
property (Ducos 1978; Ingold 1980). Under this definition
the key change in animal domestication lies, as noted by
Nerissa Russell (2012: 213), not in animals’ bodies, but in
the social definition of animals as a resource: wild animals
are shared, whereas domestic animals are husbanded by their
owners. Others have picked up on a ritual theme; for

example, J. Peters and colleagues (1999) suggest that
animals, particularly cattle and sheep, were initially domes-
ticated for use as sacrifices. B. Bender (1978), however, sees
the beginnings of herding as a social adjunct whereby
hunter-gatherers domesticated a few prized specimens that
were then used to fund social exchange, feasting, etc. The
idea that feasting provided the impetus for both plant and
animal domestication has been developed by B. Hayden
(1990; 1992; 1995; 1996; 2001; 2003; 2009), who argues
that people chose to develop agriculture in areas of plenty,
in order to satisfy the desire of the few for ‘competitive
feasting’. It is worth noting, however, that at Çatalhöyük
East, although domestic caprines are present in significant
numbers, it is wild aurochsen that are found in feasting
contexts.

Louise Martin (1999: 101) suggests that the first domes-
ticated caprines brought into eastern Jordan may have had
a role beyond that of subsistence: use as status objects.
Being novel and desirable, they could have been utilised as
exchange goods or gifts, playing a part in the forging and
maintenance of alliances and other social relationships. It
is also possible, as mooted by J.-D. Vigne and D. Helmer
(2007), that the desire for milk was a prime reason behind
the initial domestication of ungulates, particularly caprines.
However, the evidence for this is relatively insubstantial
and, although it is possible that milking occurred very
rapidly following domestication, especially of caprines, it
is unlikely to have been the main driving force. Common
to many of the social/ritual explanations regarding the
origins of domestication is the presumption that a certain
level of human social organisation must be reached before
animal domestication becomes feasible (Hole 1996: 263;
Tchernov in Horwitz et al. 1999: 65; Peters et al 1999).

Recently, evolutionary ecologists have proposed
theories designed to explain the adoption of agriculture
and herding. Evolutionary ecology developed out of an
earlier perspective known as cultural ecology. Using
culture as the primary mechanism of adaption, cultural
ecology focuses on the dynamic relationship between
human society and its environment (Price, Bar-Yosef 2011:
S167). Considerable emphasis is placed on the ability of
humans to reason and optimise their behaviour; natural
selection is seen to operate in relation to the behaviour of
individuals. The assumption is that natural selection means
organisms adapt to local conditions in fitness-enhancing
or optimising ways (Gremillion, Piperno 2009; Winter-
halder, Kennett 2009). Out of this perspective comes a
concept called the optimal foraging theory (OFT). The
OFT argues that the most efficient foraging strategies
produce the greatest return in energy relative to the time
and effort expended. Optimal foraging assumes that
humans make rational decisions based on economic effi-
ciency (Price, Bar-Yosef 2011: S167–68). 
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To conclude, it seems that initially the tendency of
scholars was to see the move from hunter-gatherer to
farmer as something radical, sudden, relatively uniform
(the farming package) and very definitely desirable: a
change motivated by external forces that pushed hunter-
gatherers towards agriculture and herding. It appears,
however, that the process was far more fluid and gradual
than this; the change from hunter-gatherer to farmer
occurred in different places at different times, in different
ways and potentially for different reasons.

For a long time domestication has been seen as the
inevitable conclusion of a linear pathway that passed through
stages of ever-increasing complexity: from ‘sedentism’ to
‘sedentism plus agriculture’ to ‘sedentism plus agriculture
plus herding’ (Redding 2005: 45; also Wasse 2001). Irre-
spective of the catalyst, the tendency until quite recently has
been to see the process of domestication as a sequential
development or ‘next step’. The results of this research,
however, support the argument that the beginnings of
domestication were prompted by ‘rapidity of change, fluc-
tuating environmental conditions and random forces’ (Wasse
2001: 22–23). Herding should not be seen as an inevitable
progression; it appears instead to be the result of coinciding
circumstances or needs. It is likely that not only was the
domestication process different for each species, but also
that it varied within species, depending upon the needs and
characteristics of the individuals and communities involved.

Looking at the evidence from the Konya plain, the
community at Boncuklu began to embrace both cultivation
and herding – albeit on a small scale – while that at ninth-
millennium Pınarbaşı, which overlaps chronologically
with Boncuklu, maintained a broad-spectrum diet and
hunter-gatherer lifestyle. This, along with the fact that it
potentially took several hundred years for caprine herding
to become established on the Konya plain, suggests that
the adoption of cultivation and herding was a slow process,
and that for several centuries the early herding of caprines
took place alongside more traditional economic practices.
Given that wild species appear to remain abundant at both
Boncuklu and Canhasan III, it is unlikely that over-hunting
led to the adoption of herding/farming on the Konya plain.

In addition, there are interesting implications regarding
the time taken to switch from the very small-scale herding
seen at Boncuklu to the evidence from Canhasan III where
caprines form a significant part of the faunal assemblage,
with over 50% of them displaying an affected diet. The gap
between the main bodies of evidence from Boncuklu and
Canhasan III, which suggests a gradual uptake, runs counter
to the theory that cultivation and herding, once introduced,
were rapidly adopted by communities. Such a time delay
also makes it seem less likely that ‘push’ factors, such as
population pressure or deteriorating environment and
climate change, forced the adoption of agriculture. If, as

argued by M.N. Cohen (2009) and P. Bellwood (2009),
population increase and pressure ‘pushed’ communities
towards agriculture, it might be expected that the adoption
of herding would have occurred somewhat quicker than the
several centuries potentially witnessed on the Konya plain,
and, moreover, that it would have been more uniformly
adopted across a landscape. The evidence from the Konya
plain clearly shows an ad hoc, pick-and-mix approach to
the adoption of cultivation and herding; communities
appear to have chosen to adopt agriculture, as opposed to
being pressured into it. The same arguments can be used
with regard to climate change and changing environments;
it is unlikely that the adoption of domesticates would have
been so extended, or so variable between neighbouring sites
(compare Boncuklu and ninth-millennium Pınarbaşı), had
deteriorating environmental conditions ‘pushed’ communi-
ties towards alternative lifestyles.

The Neolithisation of Anatolia has often been presented
as an offshoot of that of the Fertile Crescent: the result of
colonisation by groups from other regions. However, the
evidence of early caprine herding at Boncuklu adds
credence to the premise that the early farming communities
living in Anatolia were in fact indigenous populations that
adopted cultivation and herding, rather than in-coming agri-
culturalists who established themselves in the region. It is,
of course, possible that the indigenous populations of
central Anatolia who first engaged in the manipulation of
caprines, as seen in the dietary evidence, were, as Doug
Baird and colleagues (2012) suggest, influenced by contact
with agriculturalists from the Fertile Crescent. It seems that
on the Konya plain the adoption of farming was a slow,
organic process, which responded to local conditions and
factors, and developed and adapted to the needs and
requirements of the local community.

In summary, when used with care, carbon and nitrogen
dietary signatures can help to identify the very earliest
human management of animals. By applying this method-
ology to seven sites located within a restricted geograph-
ical area and covering a significant chronological time
frame it has been possible to identify and chart very early
changes in human/animal relationships, changes that
would not have been possible to identify using the more
traditional techniques associated with zooarchaeology. 
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Appendix A
The following tables detail the isotope data from each site.

Epipalaeolithic Pınarbaşı

Lab no. d13C d15N C:N Species Element

PB5002 -19.14 7.28 3.2 Ovis/Capra Scapula

PB5007 -19.01 6.17 3.5 Capra? Radius

PB5010 -18.64 6.73 3.2 Ovis Metacarpal

PB5017 -18.71 6.45 3.3 Ovis 1st phalanx

PB5018 -19.22 6.09 3.3 Ovis/Capra 1st phalanx

PB5019 -19.24 6.36 3.4 Ovis/Capra Metatarsal

PB5020 -18.08 7.47 3.5 Ovis/Capra Metapodial

PB5022 -17.99 10.57 3.3 Ovis/Capra Pelvis

PB5024 -17.37 8.01 3.5 Ovis/Capra Radius

PB5025 -18.93 7.77 3.3 Capra Ulna

PB5026 -18.29 8.11 3.5 Ovis/Capra Femur

PB5027 -18.84 6.29 3.4 Capra 2nd phalanx

PB5028 -18.49 7.46 3.3 Capra Metatarsal

PB5034 -18.82 6.26 3.3 Ovis/Capra 1st phalanx

PB5035 -19.09 6.51 3.5 Ovis/Capra Tibia

PB5036 -19.77 8.24 3.3 Ovis/Capra Phalanx

PB5041 -18.69 7.66 3.3 Ovis 2nd phalanx

PB5044 -19.16 6.58 3.4 Ovis/Capra Carpal/tarsal

PB5061 -19.09 6.89 3.4 Ovis/Capra Phalanx

PB5080 -17.87 8.30 3.3 Lepus Metapodial

PB5081 -18.86 6.69 3.2 Capra 3rd phalanx

PB5099 -18.82 7.23 3.1 Ovis/Capra Carpal

PB5100 -19.00 6.20 3.1 Ovis/Capra Metapodial

Ninth-millennium Pınarbaşı

Lab no. d13C d15N C:N Species Element

PB5005 -19.22 5.26 3.5 Ovis/Capra 4th tarsal

PB5011 -17.99 7.88 3.5 Capra Scapula

PB5043 -19.32 7.57 3.3 Ovis/Capra Metatarsal

PB5070 -19.38 6.09 3.2 Ovis/Capra 1st phalanx

PB5074 -18.86 6.55 3.5 Ovis/Capra 1st phalanx

PB5084 -19.06 7.81 3.3 Ovis/Capra Axis

PB5088 -18.9 7.67 3.3 Ovis Astragulus

PB5103 -18.47 7.93 3.2 Ovis/Capra Tibia

PB5104 -19.73 7.00 3.1 Ovis/Capra Astragulus

PB29 -19.25 6.31 3.3 Ovis n/a
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Boncuklu

Lab no. d13C d15N C:N Species Element

BK015 -20.02 7.49 3.3 Capra? 1st phalanx

BK016 -20.13 6.80 3.5 Ovis/Capra 1st phalanx

BK018 -19.45 7.32 3.3 Cervid Metapodial

BK020 -18.69 7.08 3.3 Ovis Calcaneum

BK045 -18.64 13.49 3.3 Ovis/Capra Metapodial

BK051 -19.72 8.79 3.4 Ovis? 2nd phalanx

BK064 -18.17 13.68 3.2 Capra Metatarsal

Canhasan III

Lab no. d13C d15N C:N Species Element

chn002 -17.84 9.81 3.3 Ovis 1st phalanx

chn006 -17.44 12.39 3.4 Ovis 1st phalanx

chn008 -18.22 13.21 3.3 Ovis/Capra Metatarsal

chn010 -19.72 6.52 3.3 Ovis/Capra Metapodial

chn011 -18.83 10.01 3.4 Ovis/Capra Metapodial

chn014 -17.55 10.81 3.3 Ovis/Capra Metapodial

chn015 -19.59 7.81 3 Ovis/Capra 1st phalanx

chn016 -18.09 10.87 3.3 Ovis/Capra 3rd phalanx

chn017 -19.80 6.49 3.6 Ovis/Capra Metapodial

chn018 -17.67 5.69 3.3 Ovis/Capra Metatarsal

chn020 -18.65 14.63 3.3 Ovis 1st phalanx

chn021 -19.95 5.93 3.3 Ovis/Capra Metapodial

chn024 -18.93 6.03 3.3 Ovis/Capra 1st phalanx

chn025 -17.65 11.71 3.3 Ovis/Capra Metatarsal

chn028 -18.86 5.91 3.3 Ovis 1st phalanx

chn029 -19.87 6.52 3.3 Ovis/Capra Metacarpal

chn032 -18.39 5.63 3.3 Capra 3rd phalanx

chn033 -18.35 10.76 3.2 Ovis/Capra 1st phalanx

chn035 -18.74 7.48 3.4 Ovis/Capra Metatarsal

chn036 -17.82 11.14 3.4 Ovis 1st phalanx

chn040 -18.94 8.26 3.3 Ovis/Capra Metapodial

chn045 -17.83 13.76 3.4 Ovis/Capra Metapodial

chn046 -19.94 6.14 3.3 Ovis/Capra 2nd phalanx

chn047 -18.32 12.94 3.6 Ovis/Capra Metatarsal

chn048 -17.01 13.31 3.3 Ovis/Capra Radius

chn052 -19.03 8.82 3.4 Ovis/Capra Metapodial

chn053 -17.48 14.00 3.3 Ovis/Capra Metapodial
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Canhasan III (continued)

Lab no. d13C d15N C:N Species Element

chn054 -17.42 10.43 3.3 Ovis/Capra Metapodial

chn058 -18.66 11.57 3.3 Ovis/Capra Pelvis

chn061 -17.96 11.91 3.5 Ovis/Capra Metapodial

chn062 -18.26 8.45 3.6 Ovis/Capra 1st phalanx

chn063 -17.02 13.35 3.3 Ovis/Capra Metacarpal

chn064 -17.83 10.17 3.3 Ovis/Capra 1st phalanx

chn068 -18.91 13.30 3.3 Ovis/Capra Femur

chn069 -18.89 9.71 3.3 Ovis/Capra Metapodial

chn071 -18.97 10.50 3.3 Ovis/Capra Metapodial

chn077 -18.86 7.74 3.4 Ovis/Capra Humerus

chn078 -18.46 11.54 3.4 Ovis 1st phalanx

chn079 -18.16 11.18 3.4 Ovis/Capra Metapodial

chn080 -18.95 8.18 3.3 Capra? Metacarpal

chn081 -18.84 11.32 3.3 Ovis/Capra Metapodial

chn082 -20.70 4.94 3.3 Ovis/Capra 1st phalanx

chn085 -17.13 11.37 3.3 Capra? 2nd phalanx

chn089 -18.66 8.06 3.3 Ovis/Capra 3rd phalanx

chn091 -18.11 9.98 3.3 Ovis 1st phalanx

ch104 -17.15 12.29 3.3 Ovis 1st phalanx

chn105 -17.74 11.68 3.4 Ovis 1st phalanx

chn107 -19.52 5.80 3.3 Ovis/Capra Metapodial

chn108 -18.29 10.35 3.3 Ovis Ulna

chn113 -19.85 8.22 3.3 Red deer Radius

chn114 -18.72 11.67 3.1 Ovis/Capra 1st phalanx

chn115 -18.60 11.29 3.4 Ovis/Capra Metatarsal

chn117 -18.77 9.90 3.3 Ovis/Capra 1st phalanx

chn120 -18.02 11.15 3.4 Capra? 3rd phalanx

chn126 -18.83 8.78 3.3 Ovis/Capra 2nd phalanx

chn130 -20.18 5.97 3.3 Ovis Malleolare

chn131 -19.96 6.01 3.3 Red deer Humerus

chn132 -18.29 10.35 3.3 Ovis/Capra 1st phalanx

chn134 -18.19 13.28 3.4 Ovis/Capra 2nd phalanx

chn135 -20.10 5.79 3.5 Ovis 1st phalanx
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Çatalhöyük East

Lab no. δ13C δ15N C:N Species Element

CH6007 -16.96 11.20 3.3 Ovis Humerus

CH6010 -17.25 12.31 3.2 Ovis Humerus

CH6015 -17.67 11.58 3.3 Capra 1st phalanx

CH6017 -19.25 4.42 3.3 Lepus Radius

CH6019 -17.32 10.69 3.3 Ovis Radius

CH6020 -18.76 6.44 3.3 Lepus Radius

CH6021 -16.36 10.50 3.3 Ovis Radius

CH6028 -18.44 7.99 3.3 Capra 1st phalanx

CH6031 -19.17 7.72 3.3 Ovis Metapodial

CH6036 -18.36 8.77 3.2 Ovis Humerus

CH6046 -19.21 8.02 3.3 Cervid Humerus

CH6049 -18.23 9.82 3.4 Ovis Femur

CH6052 -19.88 7.01 3.3 Cervid Calcaneum

Seventh-millennium Pınarbaşı

Lab no. d13C d15N C:N Species Element

PB6 -19.11 5.99 3.3 Ovis n/a

PB7 -19.70 8.35 3.3 Ovis n/a

PB8 -17.68 11.06 3.3 Ovis n/a

PB9 -18.43 10.99 3.4 Ovis n/a

PB10 -18.33 10.45 3.25 Ovis n/a

PB11 -19.45 9.81 3.3 Ovis n/a

PB12 -18.93 8.70 3.25 Ovis n/a

PB13 -17.47 12.46 3.45 Ovis n/a

PB14 -18.63 10.05 3.34 Ovis n/a

PB15 -18.77 9.83 3.25 Ovis n/a

PB16 -17.89 10.20 3.2 Ovis n/a

PB17 -17.98 11.14 3.25 Ovis n/a

PB18 -18.45 10.05 3.2 Ovis n/a

PB19 -18.07 9.41 3.25 Ovis n/a

PB20 -18.89 8.52 3.25 Ovis n/a

PB21 -16.61 11.97 3.4 Ovis n/a

PB22 -16.69 10.78 3.25 Ovis/Capra n/a
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Çatalhöyük West

Lab no. d13C d15N C:N Species Element

CW003 -20.5 10.2 3.3 Lepus Ulna

CW004 -17.6 10.4 3.3 Ovis/Capra Humerus

CW005 -18.3 12.0 3.3 Ovis/Capra Humerus

CW007 -17.3 10.2 3.3 Capra Humerus

CW008 -18.6 9.3 3.3 Ovis Humerus

CW009 -17.9 10.5 3.3 Ovis Humerus

CW010 -19.1 9.3 3.3 Ovis Humerus

CW011 -19.1 8.7 3.3 Ovis Humerus

CW012 -16.2 11.0 3.4 Ovis Humerus

CW014 -17.3 11.1 3.3 Ovis Humerus

CW015 -18.3 8.7 3.3 Ovis/Capra Radius

CW018 -19.3 9.3 3.3 Cervid 2nd phalanx

CW020 -18.8 9.3 3.0 Ovis Humerus

CW021 -18.6 9.7 3.3 Ovis Humerus

CW024 -18.2 8.6 3.3 Ovis/Capra Metatarsal

CW026 -18.1 9.3 3.3 Ovis Humerus

CW027 -18.3 9.7 3.3 Capra Humerus

CW028 -17.6 10.6 3.3 Ovis Humerus

CW029 -19.8 8.6 3.2 Capra Metacarpal

CW030 -17.8 10.1 3.3 Ovis/Capra Radius

CW035 -17.8 10.8 3.2 Lepus Sacrum

CW037 -19.9 7.8 3.3 Capra Humerus

CW038 -17.1 9.8 3.3 Capra Metatarsal

CW039 -19.3 10.9 3.3 Capra Humerus

CW040 -17.4 9.8 3.4 Ovis/Capra Metacarpal
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