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A reconstruction of the ancient subsistence economy and land use strategies is presented here for the
province of Burdur, more specifically the area south and southeast of Lake Burdur, in southwestern
Turkey. This review is based on the results from archaeozoological (including bone collagen carbon and
nitrogen stable isotope analyses) and archaeobotanical analyses available from seven sites, dated to
distinct time periods ranging from the Neolithic to the Middle Byzantine period. The data (both pub-
lished and unpublished) are compiled with information available on settlement development and dy-
namics, in the study area. Results show changing agrarian and animal husbandry practices for a period of
more than 8000 years, ranging between self-sustaining economies to specialised husbandry practices
and an intensive agricultural exploitation of the landscape, in relation to human settlement activities.

© 2015 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

With the onset of the Neolithic, human societies emerged in
which the exploitation of cereals and animal husbandry provided
the staple subsistence resource. This inevitably resulted into a
modification of the natural environment (Goudie, 2013: 11e20).
These early subsistence economies led to the rise of sedentary life,
the ability of producing food surpluses and an increase of popula-
tion densities (Colledge et al., 2005). In the subsequent periods, the
further development of economic subsistence strategies, that were
depending on cultural, biotic and abiotic backgrounds, caused
considerable impact on the landscape (Dearing et al., 2006; Goudie,
2013; Walsh, 2014). Studies of ancient subsistence strategies are
therefore of great importance for understanding the organisation of
agricultural production e including the cultivation of crops and the
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raising of animals e through time and its link to land use intensity,
technological developments and social complexity. Providing direct
evidence on the scale and nature of early plant and animal culti-
vation is not only relevant for archaeological research, but also for
other disciplines like paleoecology, geomorphology and land use
reconstructions and modelling. Also, it can be of great importance
for simulations of pre-industrial land use (Kaplan et al., 2011).

Human impact on the environment, related with the beginnings
and development of agrarian subsistence, took place in Anatolia as
early as the 9th millennium BC (Asouti and Fairbairn, 2010; Düring,
2011: 16e17). Human communities underwent thorough changes
during prehistory, starting from the Neolithic (8500e6100 B C),
continuing through the Chalcolithic (6100e3000 B C) and followed
by the development of urban communities and more complex so-
cieties in the Early Bronze Age (3000e2000 B C) (Sagona and
Zimansky, 2009; Düring, 2011). The Lake District (SW Anatolia) e
including the Burdur region e plays a major role in the discussions
on diffusion and/or migration processes from the Near East into
Europe during Neolithic times (Thissen, 2010; Brami and Heyd,
2011; Düring, 2011). Also in later periods, the Burdur region
continued to play a pivotal role, because of its location along one of
the major north-south routes through this mountainous area as
y and land use strategies in the Burdur province (SWAnatolia) from
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well as being connected to routes leading west, in combination
with the presence of a vast area of fertile land (Mitchell, 1993;
Talloen, in press). During the Roman Imperial period the archaeo-
logical site of Sagalassos became a large urban center that fulfilled a
central role in the wider region (Waelkens, 2011; Waelkens et al.,
2011).

Archaeological research in the Burdur province (SW Anatolia)
documents the rise and continuous change of settlements from the
Neolithic (7th millennium BC onwards) up to the Byzantine times
(11th/13th century AD) (e.g. Vanhaverbeke and Waelkens, 2003;
Kaptijn et al., 2012, 2013; Vandam et al., 2013; Vandam, 2014,
2015; Vandam et al., in prep.). Furthermore, there is an increasing
number of environmental and bioarchaeological studies available
for this region. Archaeobotanical reports from this area (Helbaek,
1970; Nesbitt, 1996; Martinoli and Nesbitt, 2003) provide infor-
mation on the crops grown in the Late Neolithic and Chalcolithic
periods. Studies on faunal assemblages have been published by
Westley (1970), Deniz and Şentuna (1988), De Cupere (2001), De
Cupere and Duru (2003) and De Cupere et al. (2008). Several
palynological and paleoecological studies (Bottema and Woldring,
1984; Eastwood et al., 1998; Vermoere et al., 2002; Vermoere,
2004; Kaniewski et al., 2007; for a more recent review see;
Bakker et al., 2012) focussed on the development of land use and
the human impact on vegetation, as well as on past climatic
changes. Complementary information on the exploitation of ani-
mals within this region was obtained through geochemical evi-
dence (Vanhaverbeke et al., 2011a). Human diet and animal
husbandry practices in the Classical/Hellenistic (400e200 B C),
Roman Imperial (25BCe450 AD) and Byzantine (450e1200 AD)
periods were reconstructed through bulk collagen stable isotope
analyses (Fuller et al., 2012).

The environmental archaeological studies, available for the
Burdur region, can, if combined, be highly informative on past
subsistence practices in the region, but are until now not suffi-
ciently explored. Therefore, the objective of this contribution is to
compile and, as far as possible, to integrate all available information
e both published and unpublished e from archaeozoological and
archaeobotanical research, together with relevant archaeological
evidence, in order to provide a diachronic (and where possible
spatial) reconstruction of subsistence and land use strategies in the
study area from prehistory into the Byzantine period. This article
seeks to elucidate the interaction between human society, subsis-
tence economies and the environmental setting.
2. Physical setting and description of the study area

The area for which the data will be presented in this paper is
located within the province of Burdur (SW Turkey), ~100 km north
of the Turkish Mediterranean coast, and covers a surface of
approximately 1200 km2 (Fig. 1). The study area is part of the Lake
District and characterised by the presence of mountains, inter-
mountain basins and the large saline Lake Burdur within the Bur-
dur basin. The highest peaks in the study area range between
2000 m (Beşparmak) and 2275 m (Akda�g). The intermountain
valleys (like those of A�glasun, Hisark€oy, Çanaklı, and Çeltikçi-
Ba�gsaray) are generally filled with clay sediments (Dusar et al.,
2012). The valley of A�glasun is located at a height of approxi-
mately 1100 m. More to the south, the plain near Bucak is situated
at an altitude of about 750e800 m a.s.l. To the southwest of the
Burdur lake (about 850 m a.s.l.), the Burdur plain can be found,
between the modern villages of Dü�ger and Kuruçay; its altitude
rises in accordance to the distance from the lake up to 950 m a.s.l.
Please cite this article in press as: De Cupere, B., et al., Subsistence econom
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To the east and southeast of Lake Burdur, a large zone of marl de-
posits occurs, the so-called ‘Badlands of Burdur’.

The climate in this region is considered to have an Oro-
Mediterranean character, with typically dry hot summers and
long wet winters (Paulissen et al., 1993). From July until September
the area is submitted to arid conditions, whereas the other months
are quite humid. Temperatures frequently drop below freezing
point during the winter months and most of the precipitation falls
in January and December, primarily in the form of snow.

The natural vegetation in the study area belongs to the Oro-
Mediterranean zone, mainly characterised by forests of Pinus bru-
tia, P. nigra and deciduous trees such as Quercus cerris (Zohary,
1973). However, the vegetation consists nowadays of a mixture of
Mediterranean forests and woodlands, mainly composed of Pinus
nigra, Juniperus excelsa and J. oxycedrus, and to a lesser degree
Quercus coccifera (Bakker, 2012, p. 9). Today the most fertile areas
are virtually all under cultivation, while intensive grazing pressure
has taken place on the lower slopes, around the agricultural fields,
and resulted in maquis or quite open anthropogenic steppe with,
among other species, Q. coccifera, J. oxycedrus, Artemisia herba/alba
and Astragalus (Kaniewski et al., 2007).
3. Material and methods

As alreadymentioned in the introduction, the data of principally
two disciplines will be used to make inferences on the subsistence
and land use strategies within the study area through time. These
are archaeozoology and archaeobotany. The chronological frame
addressed in this paper ranges from the Neolithic to the Byzantine
periods. It was tried to gather as much information as possible from
these two disciplines for the different periods. Data of own research
was used, as well as published data by other researchers. Materials
from the following sites have been considered: Düzen Tepe, Hacılar,
Hacılar Büyük H€oyük (here after called Hacılar BH), H€oyücek,
Kuruçay, Sagalassos and Badema�gacı. The site of Badema�gacı is
located at about 50 km south of our study area; nevertheless its
data were also included, as it is situated within an environment
which is very similar to the one discussed here. By including the
data of this site, it is possible tomake inferences about the Neolithic
in the wider region of Burdur.

Faunal and macrobotanical assemblages are widely recognised
to be a valuable source of information on past human activities and
they are often used to reconstruct the human diet or, more gener-
ally, subsistence in the past (Jacomet and Kreuz, 1999; Reitz and
Wing, 1999). Plant remains can indeed document the presence of
locally cultivated crops, weeds, imported plants or plants collected
in the wild, and provide information on the agricultural de-
velopments, vegetation and land use (Jacomet and Kreuz, 1999).
Due to the soil conditions in the study area, only charred plant
remains are preserved (with charring being most often the result of
daily settlement activities).

Faunal remains document the importance of hunting versus
herding, the composition of livestock and the exploitation of ani-
mals (Davis, 1987; Reitz and Wing, 1999). The contribution or
importance of each animal species or group is considered to be
reflected by the number of their respective remains (Reitz and
Wing, 1999). In this paper the quantification of the faunal re-
mains is based on the Number of Identified Specimens (NISP),
which represents the total number of identified elements of each
species or taxonomic group. Worked bones or antler fragments are
not included, since artisanal activity implies selection and possible
concentration (e.g. De Cupere, 2001) and could, therefore, lead to
false conclusions about the importance of a certain species in the
y and land use strategies in the Burdur province (SWAnatolia) from
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Fig. 1. Map of the study area, with indication of the present-day localities (dots) and archaeological sites (stars; 1: Sagalassos, 2: Düzen Tepe; 3: H€oyücek; 4: Kuruçay H€oyük; 5:
Hacılar; 6: Hacılar BH) mentioned in the text.

Fig. 2. Archaeobotanical evidence on the Neolithic to Early Bronze Age plant subsistence in the study area.
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subsistence. Similarly, remains of intrusive animals and carcasses
have not been considered.

An overview of the available archaeobotanical and archae-
ozoological data is given in Table 1 and summarises the major traits
of the considered assemblages, in order to evaluate the compara-
bility of the different datasets. Regarding the archaeobotanical data,
we have considered in this paper samples that were obtained
through flotation (i.e. at the sites of Hacılar BH, Düzen Tepe and
Sagalassos), as well as plant remains that were hand-collected in
the excavation trench from visible concentrations, usually from
storage facilities (i.e. at the site of H€oyücek, Hacılar and Kuruçay).
The archaeobotanical assemblages from concentrations evidently
Please cite this article in press as: De Cupere, B., et al., Subsistence econom
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are not as representative for the whole range of plants used at a site
as the flotation samples are, but they can be used to prove the
cultivation or use of certain plants at the sites where they are found
(Jacomet and Kreuz, 1999). As most of the archaeobotanical data
from the prehistoric sites are semi-quantitative, they are repre-
sented on an abundance scale (Fig. 2); the fully-quantified data
from the other sites (Düzen Tepe and Sagalassos) are given as
percentages of themain ecological and economic groups (Fig. 3).

In the case of the archaeozoological assemblages, all sites have
yielded data on hand-collected faunal remains; at Düzen Tepe and
Sagalassos material has in addition also been retrieved through
sieving. In order to guarantee the comparability between data from
y and land use strategies in the Burdur province (SWAnatolia) from
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Table 1
Overview of the sites from which data have been used in this paper (AZ: archaeozoology; AB: archaeobotany).

Site Site description Reference to AZ/AB data Collection
method

Sample size: number of
bones/number of AB samples

Badema�gacı Mound; Neolithic levels which are covered by quite
large Early Bronze Age settlement

AZ De Cupere et al. 2008;
De Cupere et al., in press a

Hand More than 12,000 bones

AB

H€oyücek Small mound; site consisting of 2 rectangular rooms,
separated by some smaller storage areas;
dated to the Neolithic

AZ De Cupere and Duru, 2003 Hand 626 bones
AB Martinoli and Nesbitt, 2003 Hand 11 samples

Kuruçay Impressive fortification wall with a pair of
semi-circular towers, surrounding small village; dated
from the Neolithic to the Early Bronze Age

AZ Deniz and Şentuna, 1988 Hand Approx. 1500 bones; data on
Neolithic material missing;
identification not always reliable

AB Nesbitt, 1996 Hand 25 samples

Hacılar Mound; uninterrupted settlement with 9 phases,
dated from the Neolithic to the end of the Chalcolithic

AZ Westley, 1970 Hand Numbers not always given
AB Helbaek, 1970 Hand 9 samples

Hacılar BH Mound; large-sized settlement, surrounded by
fortification wall; mainly dated to EBA I and EBA II

AZ De Cupere, unpublished data Hand Approx. 3000 bones
AB Marinova, unpublished data Hand/Flotation 12 / 6 samples

Düzen Tepe Large, fortified village site, on hill; dated to
Classical/Hellenistic period (500e200 B C)

AZ De Cupere et al., in press b;
unpublished data

Hand/Sieved About 36,000 bones

AB Fuller et al., 2012; Marinova,
unpublished data

Flotation 36 samples

Sagalassos Urban site, on hill slope, with large territory;
mainly inhabited during Roman-Early Byzantine period

AZ De Cupere, 2001; unpublished
data Fuller et al., 2012

Hand/Sieved Very large collection of
animal bones

AB Fuller et al., 2012; Marinova,
unpublished data

Flotation 96 samples
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the different sites, only hand-collected remains have been consid-
ered and will be discussed in this paper. The publication on the
faunal remains fromHacılar (Westley,1970) is based on a very small
amount of animal remains and exact numbers are not always given;
they should be interpreted with care. The faunal report on Kuruçay
(Deniz and Şentuna, 1988) mentions the identified faunal remains
according to phase, but the list of the Neolithic material is lacking.
In addition, most of the identifications do not go beyond the ‘small/
large ruminant’-level. Therefore, these data are of limited use. The
archaeozoological data of the sites are presented in Figs. 4 and 5.
Bone collagen stable isotope analysis (d13C, d15N) has been carried
out on animal remains from Düzen Tepe and Sagalassos assem-
blages and documents changes in livestock feeding strategies from
the Classical-Hellenistic to the Middle Byzantine periods (Fuller
et al., 2012); results of this study will also be included in this pa-
per. For the moment there are no archaeobotanical or archae-
ozoological data on the study area for the Middle and Late
Chalcolithic, Late Bronze Age and Iron Age.
Fig. 3. Archaeobotanical evidence on the plant subsistence at Düzen
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In addition to the archaeobotanical and archaeozoological data,
results of previously published palaeoecological studies within the
region are considered in this paper. A review on the palynological
and other palaeoecological studies in the region has already been
published by Bakker et al. (2012) and will be used here.

The subsistence data will be discussed in view of the settlement
pattern in the region through time; a summary of this is presented
in Fig. 6. The knowledge on the settlement patterns in the study
area is based on two types of survey, i.e. intensive and non-
intensive or extensive survey. During the early years of the Saga-
lassos Project, the entire territory was investigated by non-
intensive survey (Waelkens et al., 1997, 2000; Vanhaverbeke and
Waelkens, 2003), followed by a series of intensive surveys, first in
the direct vicinity of the city (1999e2006) (Vanhaverbeke et al.,
2007), later in more remote valleys of the territory, i.e. around
Bereket (2008) and Ba�gsaray (2009) (Vanhaverbeke et al., 2011b;
Kaptijn et al., 2013) and in the Burdur Plain (2010e2012) (Kaptijn
et al., 2012; Vandam et al., 2013; Vandam, 2014).
Tepe and Sagalassos (Classical/Hellenistic to Middle Byzantine).

y and land use strategies in the Burdur province (SWAnatolia) from
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Fig. 4. Composition of the livestock in the prehistoric faunal assemblages (Neolithic to Early Bronze Age). Numbers (n) indicate NISP's.

Fig. 5. Composition of the livestock in the faunal assemblages of Düzen Tepe and Sagalassos (Classical/Hellenistic to Middle Byzantine). Numbers (n) indicate NISP's.
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4. Diachronic synthesis of data

4.1. Neolithic and Early Chalcolithic period (7000e5500 B C)

Indications of human activity preceding 6500 B C in the Burdur
province are scant. The possibly aceramic phase excavated at
Hacılar (Mellaart, 1970, pp. 3e7) remains controversial (Duru,
1989). The earliest levels of Badema�gacı (EN I levels) could indi-
cate that the Neolithic way of life had probably already been
established before 6500 B C, as seen most clearly at Ulucak H€oyük
(Level VI; Çilingiroglu et al., 2012, p. 141). However, the limited
amount of finds and absolute dates of these levels make it difficult
to assess their possible pre-6500 B C date. The first conclusive ev-
idence of human occupation derives from the Late Neolithic
(6500e6100 B C). The known Late Neolithic settlements appear to
be similar in character, consisting of small/medium-sized villages
(1e2ha), with no evidence for smaller, contemporarily, dispersed
farms or hamlets yet identified (Vandam, 2014; Vandam, accepted).
These Neolithic villages were spread throughout different inter-
mountain plain areas of the Burdur region (French, 2012, maps
11.16e11.17) and located in favorable places in close proximity to
water sources and fertile land (Vandam, accepted). A similar set-
tlement pattern can be reconstructed for the Early Chalcolithic
(6100e5500 B C) but now, in addition, smaller isolated nuclei of
habitation, probably farmsteads or hamlets, seem to have been
present in the landscape (Kaptijn et al., 2012; Vandam, accepted).

The emergence of Neolithic cultures involved the introduction
and establishment of domestic flocks (comprised of sheep/goat,
cattle and pigs) with the first settlers (De Cupere et al., 2008). For
the early levels at Badema�gacı, a great reliance on sheep and goat is
Please cite this article in press as: De Cupere, B., et al., Subsistence econom
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observed, while pig and cattle are much less important. Given the
slaughter data, it has been argued that the small livestock e with
sheep outnumbering goats e at this site were (at least partially)
exploited for their milk; the presence of dairy fat was also attested
through residue analysis carried out on ceramic sherds (De Cupere
et al., 2008; De Cupere et al., in press a). The evidence for milk
production, together with their predominance in faunal assem-
blages, underlines the importance of sheep/goats, and especially of
sheep (De Cupere et al., in press a). Data on slaughter ages suggest
that herding strategies for cattle were directed towards meat pro-
duction (De Cupere et al., 2008). During the Late Neolithic-Early
Chalcolithic, both at Badema�gacı and H€oyücek there is a strong
increased importance of cattle, which can be linked to an intensi-
fication of beef production or, as indicated by the kill-off pattern, a
preference towards milk exploitation (De Cupere et al., 2008). In
addition to the domesticates, remains of wild animals were also
found in the faunal assemblages. Their share represents the
importance of hunting versus herding and breeding through time.
Among the hunted species are mainly deer, including all three
species native to this region, namely red deer (Cervus elaphus),
fallow deer (Dama dama) and roe deer (Capreolus capreolus). Oc-
casionally, other large mammals such as wild boar (Sus scrofa),
bezoar goat (Capra aegagrus), mouflon (Ovis orientalis) and brown
bear (Ursus arctos) were counted. Remains of small wild mammals
that contributed to the subsistence, including hare (Lepus euro-
paeus), and birds, are scant in the hand-collected faunal assem-
blages. Altogether, the Neolithic assemblages of Badema�gacı show
quite small numbers of wild remains (up to 5%).

No stable isotope data are available for this period in the
geographical area considered. However, the faunal assemblages of
y and land use strategies in the Burdur province (SWAnatolia) from
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Enhanced erosion (deforestation) and sedimentation. 
By 300 BC valleys filled with sediments: suitable for extensive crop 
cultivation, but limiting the possibilities of livestock grazing on hillslopes. 

Predominance of sheep/goat (more sheep than goats), 
but increase in reliance on caƩle (milk and/or labour).

Cereals and pulses important. Both drought 
resistent + drought intolerant crops: risk reducƟon 
through diversificaƟon or evidence for irrigaƟon? 

High proportion sheep/goat (milk, wool, meat), less cattle
and pig. Stable isotopes: all animals grazed in same area
or fed more or less the same.

Free threshing wheat, pulses and some barley, viniculture.
Winter cereal culƟvaƟon in rotaƟon with several pulses.

Genetic data show a great reduction in population
End of Sagalassos (and most sites in countryside).

6500 BC

Husbandry of sheep/goat (milk), more sheep than goats; 
to a lesser extent caƩle and pig (meat).

Similar settlement pattern but now with small farms
in between the villages.

6000 BC

5500 BC

early 13th C.
Abrupt end of anthropogenic acƟvity in palynological data.mid 12th C.

1000/1200 BC
Hardly any information available 

Palynology: start of Beyşehir OccupaƟon-phase in Ağlasun valley.
DeforestaƟon in valleys of Bereket and Gravgaz.

800/1000 BC

700-800 BC

300 BC

Emergence of large well-defended hilltop settlements.
Burdur plain densely occupied by small villages. 

Hardly any information available 

4000 BC

Rise settlement density, both small-scale (and short-lived?)
hamlets as well as larger villages and first large 
settlement (3.5-4ha): emergence of settlement hierarchy? 

2000 BC

200 BC

Settlements move from hilltops to valley edges.
Increase in number of settlements.
Sagalassos becomes central settlement in region.

25 BC

Large scale building activities at Sagalassos.
Sagalassos becomes 'first city of Pisidia'.
Large scale activity in the countryside.

BO-phase also visible in valleys of Bereket and Gravgaz.

AD 450

AD 650

AD 300
BO-phase ends at Bereket (paludificaƟon?), reducƟon in 
agriculture at Gravgaz: areas now primarily used for grazing.

Sagalassos: reduction in habitation + monumental character. 
Functional change of buildings (incl. agricultural activities).

Sagalassos looses urban character. Great decrease in 
activity in countryside.

AD 1000 Small scale resurgence of agriculture visible in pollen cores.
(re-)appearance of fortified hilltop settlements: insecurity?

12th C.Construction of fort on hilltop in front of Sagalassos: 
violently destroyed (mid 12th/early 13th).

c. AD 900

First farmers: network of villages (1-2ha).
CulƟvaƟon and storage of cereals 
(esp. free threshing wheat) and pulses. 

Intensive agriculture, horƟculture and arboriculture.
Greater diversity taxa and hence culƟvated areas.
Staple crops: free threshing wheat and barley, pulses less 
important, appearance of several fruit and nut species.

Decrease in caƩle importance in favour of sheep/goat. 
Pig, sheep and goat similar C3 plant-based diet, caƩle
seems to be managed differently (grazing in marshy areas?). 

Cereals remain staple crop, but barley more important. 
IntroducƟon of millet/rye.

Human indicators in pollen cores reduced. End of BO-phase at Gravgaz.

YNATOBOEAHCRAYGOLOOZOEAHCRAYGOLOEAHCRA PALYNOLOGY
GEOMORPHOLOGY

Increase of caƩle (meat).

Fig. 6. Synthesis of the bioarchaeological and archaeological data, presented through time (Time scale is not linear).
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several sites from southcentral (Çatalh€oyük: 7500e6000 cal BC)
and south-eastern (Çay€onü Tepesi, 9the7th mil. cal BC) Anatolia
and northern Syria (Tell Sabi Abyad, 6800e5800 cal BC) have been
subjected to bone collagen carbon and nitrogen stable isotope
analysis (Pearson et al., 2007, 2013, 2015; van Der Plicht et al.,
2012). Most data concern sheep/goat, while cattle and pig are less
documented. Depending on the site and period considered, the
proportion of C4 plants varies greatly in the diet of domestic ani-
mals: from absent or anecdotic (as is generally the case for pigs) to a
likely steady amount (e.g. for sheep/goats from Çatalh€oyük and the
earliest level of Tell Sabi Abyad). Changes in the management of
sheep/goats through time are observed, including a shift in the
environments exploited. A specific management strategy is sug-
gested for cattle at Çay€onü Tepesi (where cattle stand out with very
high d15N values compared to pigs, sheep/goats and humans), while
a diversity in cattle management is proposed for Çatalh€oyük. A
diachronic shift in the environments exploited as grazing areas is
also noticed at the latter site. Pig values testify to a rather herbiv-
orous diet, indicating extensive herding rather than a permanent
presence within the villages. In short, it appears that already during
the Neolithic, different herdmanagement strategies had developed
according to the site and/or the period considered. This may
reflect different processes: specialisation, adaptation to available
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resources and/or to a changing environment. Similar processes
might have taken place in our study area.

The prehistoric plant economy was based on a variety of cereal
crops (barley, free threshing and hulled wheat) and pulses (pea,
lentil, bitter vetch, grass pea, chick pea). The importance of pulses
correspondswith the observationsmade for crop assemblages from
the Aegean and Central Anatolia, dated from the Neolithic up to the
Early Bronze Age (Asouti and Fairbairn, 2002; Riehl, 2014). How-
ever, the assemblages presented here were, with the exception of
some samples from Early Bronze Age Hacılar BH, collected from
accidentally burnt storages. Therefore, they are not representative
for the whole range of plants used and the abundance of each plant
group (i.e. cereals, pulses, oil crops, etc.) does not necessarily reflect
its relative importance. Nevertheless, the presence of storage fa-
cilities with the remains of pulse crops show that theywere already
available (Fig. 2). Free threshing wheat also played a significant role
in the subsistence, again similar to tendencies that have been
observed at Neolithic sites in central and eastern Anatolia (Riehl,
2014). Free threshing wheat is less drought stress tolerant than
barley and hulled wheat, and requires more care (Nesbitt and
Samuel, 1996). It is usually grown separate from hulled wheat,
implying different cultivation plots and reliance on a diversity of
crops.
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4.2. Middle and Late Chalcolithic and Early Bronze Age
(5500e2000 B C)

For the Middle Chalcolithic and the beginning of the Late
Chalcolithic (i.e. the period between 5500 and 3500 BC) no remains
of human activity have yet been found in the study region (Kaptijn
et al., 2012; Vandam et al., 2013; Vandam, 2015). Palynological and
sedimentological data also point towards a low anthropogenic
impact and pronounced dry conditions (Bakker et al., 2012). From
3500 BC onwards a rise in site numbers in the Burdur region and
SW Turkey in general can be noticed (French, 2012, maps
11.16e11.17). The Burdur plain is characterized by a high number of
sites, which were mainly small-scale, flat and probably short-lived,
and co-existed with larger villages, like Kuruçay H€oyük (Vandam,
2014; Vandam et al., in prep). The appearance of Hacılar BH
(Umurtak and Duru, 2012, 2013) in the Early Bronze Age I
(3000e2600 BC) is the first indication for the emergence of a more
complex society. This settlement, which is currently being exca-
vated and seems to be radial in shape like Badema�gacı, is particu-
larly large and may even, for the first time in the settlement
history of the Burdur Plain, have surpassed the size of a village.
To what extent its presence in the landscape implied site hierarchy
is currently unknown. During the Early Bronze Age II
(2600e2400 BC), a further rise in number of sites can be noticed,
alongside the appearance of cemeteries and formal burials in the
landscape (Vandam et al., 2013). In contrast with other regions in
Western Anatolia, there is currently no evidence to assume that
large complex sites with lower and upper settlements such as
Liman Tepe or Troy occurred in the study region (Vandam, 2014).
Only very few sites, dating to the following Early Bronze Age III
(2400e2000 BC), have been identified and this might illustrate a
shift towards settlement nucleation.

Sheep/goats are the most abundant at the site of Hacılar BH, but
from EBA I to EBA II an increasing reliance on cattle is noted; cattle is
predominant in the EBA II-levels of the site of Badema�gacı (Fig. 4).
Both sheep/goats and cattle were kept well into maturity during the
Early BronzeAge at both sites; this change in slaughter age, especially
of cattle, suggests a herd management adjusted to a different econ-
omycompared to the LateNeolithic/Early Chalcolithic,most probably
a multi-purpose use (principally including milk, fleece, labour and
meat) of these domesticates (De Cupere, unpublished data). In gen-
eral, the composition of livestock is depends on environmental and
political/social conditions. Cattle were important in economic, sym-
bolic and ritual practices during the Bronze Age and a general corre-
lationbetweencattle and site statushas beenobserved: economically
they were highly valued for their secondary products, including po-
wer. They were used as beasts as burden, as shown in depictions and
Late Bronze Age texts (Arbuckle, 2014). The high proportion of cattle
in the subsistence at Hacılar BH can most probably be linked to the
sizeof the site. Although thepresenceofmainlyold/senile individuals
points towards the possible use of cattle as draught animals, no
pathological deformations that can be related to hard labour have
beenobservedbyus in the faunal assemblagesofHacılar BH, nor from
the EBA-level at Badema�gacı. The intensity of their use as beasts of
burden was either too low to induce pathologies on their bones or
cattle were mainly kept for their other secondary products in this
region. No isotope data pertaining to animal husbandry are available
for the Chalcolithic/Early Bronze Age in the geographical area
considered, and in the wider geographical frame of Anatolia, faunal
stable isotope analyses are too scarce to be usable. Compared to the
Neolithic period, larger numbers (between 5 and 10%) of wild
mammal remains are observed for the Early Bronze Age. Considering
the possible meat yield of these wild mammals (which exceed in
almost all cases these of sheep and goat), they represent a non-
negligible component of the subsistence economy.
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The diversity of cereal crops known from the Neolithic period
continues during the Chalcolithic and Early Bronze Age period;
pulses also continue to be an important element of the diet. But, in
contrast to the Neolithic period, they now mostly represent
drought resistant species, such as bitter vetch (Vicia ervilia) and
grass pea (Lathyrus sativus/cicera). Further, oil/fibre crops (Linum
usitatissimum) are found for the first time within the region, in
storage facilities at Kuruçay (Late Chalcolithic) and Hacılar BH
(Early Bronze Age). The presence of this plant species is also an
indication for fields with drought intolerant crops. These two ele-
ments point towards the existence of an agricultural system with
disparate cultivated areas. This may be considered an attempt to
spread the risk of crop failure. Another possibility would be that
certain plots were irrigated. Such practices have been suggested for
the Late Chalcolithic and Early Bronze Age (3000e2000 BC) pas-
toral community village of Arslantepe (south-eastern Turkey) (Masi
et al., 2014). The growth conditions of barley and emmer have been
investigated at this site through isotope analysis and their D13C (the
carbon isotope discrimination; see e.g. Araus et al., 1999) variation
patterns indicated that the barley fields were most likely not irri-
gated (Riehl, 2008;Masi et al., 2014). Emmer, on the contrary, might
have benefited from anthropogenic water input or its cultivation
was relocated to water-rich areas (from which barley would have
been excluded) during the period 3000e2750 BC (Masi et al., 2014).

Wild plant resources also continuously played a role in the
subsistence within the study area. At Hacılar BH, the presence of
concentrations of Brassicaceae (cf. Descurainia), almonds (Amyg-
dalus/Prunus), terebinths (Pistacia sp.) and other wild food plants
shows a continuity of Neolithic traditions (as for example observed
at Çatalh€oyuk, see Filipovich, 2014; Fairbairn et al., 2006). The
numerous grape finds, found in all flotation samples of Hacılar BH,
may reflect the increasing importance of this fruit in the plant
economy of the region. Parallels are known from nearly contem-
porary sites in East Anatolia and West Asia (Miller, 2008).

4.3. Archaic, Classical and Hellenistic times (750e25 B C)

In both the research area and the wider region only few settle-
ment remains have been identified from the Middle and Late Bronze
Age (2000e1650/1650e1200 BC) and the Early Iron Age
(1200e750 BC). This scarcity of remains makes it impossible to
develop a reliable reconstruction of human subsistence during these
periods. In the Archaic period (750e500 BC) sites appear that are
located on top of mountains and display elaborate fortificationwalls.
Additionally, several, apparently agricultural, villages were recently
discovered in the Burdur plain, located at close intervals (i.e. ~1 km)
on river banks (Kaptijn et al., 2012). Contemporaneous with the
reappearance of visible human presence around c. 1000e800 BC,
pollen cores in the A�glasun valley show an increase in human in-
dicators. This is considered to be the start of the so-called Beyşehir
Occupation Phase in this area (Vermoere, 2004). In another valley, at
Gravgaz, a distinct period of human induced deforestation occurred
starting atmore or less the same time, i.e. c. 800 B C (Vermoere et al.,
2002). Geomorphological research has identified a peak in slope
erosion and corresponding valley sedimentationwith a starting date
around 800/700 B C (Dusar et al., 2012). Furthermore, geo-
morphologic modelling at Gravgaz has shown that climate played
only a negligible role in this erosion, and that human impact, i.e.
deforestation, was the dominant factor (Dusar, 2011). The reap-
pearance of significant e visible in the archaeological record e hu-
man presence in the region during the Archaic period had clearly a
large impact on the natural environment.

In the Classical period the settlement pattern remained more or
less the same with most sites continuing or new ones being foun-
ded on similar locations. One of the newly founded sites is Düzen
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Tepe. This site fits all the characteristics typical for Archaic/Classical
sites; it is located on a steep mountain, has a substantial fortifica-
tionwall and is of considerable size. Excavations have shown that it
was a large densely settled village, occupied between the 5th and
the 2nd century BC, that incorporated craft production (Braekmans,
2010; Vanhaverbeke et al., 2010; Vyncke, 2013). At the site of
Sagalassos, located on a neighbouring slope, activity also appears
during this period. Although the character of Classical Sagalassos is
not entirely clear yet, it was at this timemost probably smaller than
Düzen Tepe (Waelkens et al., 2011; Poblome et al., 2014).

The Hellenistic period (333e25 B C) marks a change in the settle-
ment pattern. Instead of large fortified hilltop settlements, new sites
are now located in or on the edge of valleys. This location can be
(partially) explained by the slope erosion that had been ongoing since
c. 800/700 B C. It is estimated that by c. 300 B C limestone slopes had
lost most of their sediment and were almost completely bare (Dusar,
2011). This not only made crop cultivation impossible, but also
severely limited grazing in the higher areas. However, the valleys,
where the eroded sediment had been deposited, now contained large
areas of fertile soil highly suited for crop cultivation. The Hellenistic
villagers in thevalleywere intensively farming thevalleyplains.At two
other pollen core locations the Beyşehir Occupation Phase is now also
visible, i.e. Gravgaz from 400 to 260 B C onwards and Bereket from
280 B C onwards (Bakker et al., 2012). During the Hellenistic period
Sagalassos had outgrownDüzen Tepe that ceased to exist towards the
endof thisperiod. Instead,Sagalassosbecamethepolitical centerof the
region and part of the study area turned into the territory of this town.

The faunal assemblage of Düzen Tepe (500e200 B C) shows a low
proportion of cattle and pigs, and a high proportion of sheep/goat
(Fig. 5), goatsbeingasnumerous as sheep (DeCupereet al., inpress b).
According to their slaughtering pattern, sheep and goatsweremainly
raised for their milk and wool, and ultimately meat (De Cupere et al.,
in press b). Stable isotope analysis of cattle, sheep, goat and pig bone
collagen provided mean d13C and d15N values close to each other,
which indicates that all these species were allowed to graze in the
same area or were fed a nearly identical diet (Fuller et al., 2012).
Altogether it is suggested that, regarding animal management, the
inhabitants of Düzen Tepe had developed a small-scale rural self-
sustaining economy, with a herd management based on sheep and
goats. In addition, the share of wild mammals at Düzen Tepe is very
low and does not even exceed 1% (De Cupere et al. in press b), indi-
cating that hunting played a minor role in the food economy.

The archaeobotanical evidence from Düzen Tepe indicates that
the main cereal crops are free threshing wheat and to a lesser
extent barley, accompanied by a quite high variety of pulses,
including lentil, bitter vetch and chick pea (Fig. 3). Pulses are nearly
as important as they were in the prehistoric period and comprise,
based on the number of identified remains in the flotation samples,
approximately 20e25% of the crop plants. Considering the
numerous finds of grape (including pips, skins and stalks), vini-
culture was part of the agricultural economy in the region. Almost
no further evidence for the cultivation of fruits/nuts was found at
the site. Hulled wheat (einkorn and emmer), typical for the Aegean
(Riehl and Nesbitt, 2003), is completely absent. The composition of
the main crops corresponds well to what is generally observed in
the eastern Mediterranean. The identified weeds point towards
winter cereal cultivation. Considering the high proportion and di-
versity of the pulse crops, these were probably grown in rotation
with the cereals in order to increase soil fertility.

4.4. EarlyeMiddle Roman Imperial and Late Roman period (25 B C
e AD 450)

The growth of Sagalassos continued in the Early and Middle
Roman Imperial (25 BCeAD 100/AD 100e300) and Late Roman
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periods (AD 300e450). By the end of the 2nd century AD Sagalassos
could boast of a theatre, a huge bath complex, several monumental
fountains and it was allowed to call itself ‘the first city of Pisidia’
(Waelkens et al., 2011). The prosperity of Sagalassos is mirrored in
the countryside where the number of villages, hamlets and villas
has grown exponentially.

At Sagalassos, the Roman Imperial period is characterised by a
dominance of sheep/goat (Fig. 5) e goats are now more important
than sheep e which were slaughtered at an old age, showing again
that they were primarily raised for their milk and wool (De Cupere,
2001, p. 87, p. 140: Fig. 100). However, the proportion of cattle in-
creases during the Early and Middle Roman Imperial and Late Ro-
man periods (Fig. 5). Almost exclusively old cattle were slaughtered
at this site (De Cupere, 2001, pp. 93e94) and pathological de-
formations that could be related to the use of these animals for
heavy work, such as ploughing arable land and transport, were
observed (De Cupere et al., 2000; De Cupere, 2001, pp. 105e116).
The increase of cattle remains, together with their old slaughter age
and pathological deformations, can also be interpreted as a possible
reflection of the intensification of agriculture in the territory of the
site e as more cattle were needed to work on the land (see also De
Cupere, 2001). Possibly these strong animals were also brought into
action for other purposes, e.g. transport of goods (Corremans et al.,
2012). So, cattle were not only exploited for their meat, but also for
their power. This stands largely in contrast with the prehistoric
sites, and evenwith Düzen Tepe (De Cupere et al., in press b), where
no or very few labour-related pathologies were found. Further, from
the Early and Middle Roman Imperial periods onwards, stable
isotope analysis also clearly indicates that species differ from each
other both by their d13C and d15N values e in sharp contrast to the
Classical/Hellenistic period. Cattle and sheep show a slight increase
in their d13C mean values (though not statistically significant),
which suggests an increased contribution of C4 plants to their diet
and change in the feeding strategy of these species, potentially kept
in the same areas or fed a similar diet (Fuller et al., 2012). Pigs had a
mainly C3 terrestrial signature and a 15N-enriched diet that likely
included human food refuse. Goats stand out by their low d13C and
d15N mean values, which indicate a rather different management
compared to the other species, likely including keeping, herding or
grazing in other areas (possibly along the mountainsides; Fuller
et al., 2012). Hunting continues to play a minor role in the subsis-
tence: as a whole, the share of wild mammals in the faunal as-
semblages of Sagalassos is very low and hardly ever exceeds 1% (De
Cupere, 2001; De Cupere, unpublished data).

The archaeobotanical assemblages from the cultural layers of
Sagalasssos show that the staple crops are free threshing wheat and
barley (Fig. 3). Pulses become less important but a variety of fruit/
nut species have now appeared on the species list. Indeed, pollen
cores and counter-weights from olive or wine presses (found in
several valleys throughout the countryside) also suggest that the
inhabitants were practicing intensive agriculture including arbor-
iculture (Vermoere et al., 2003; Vermoere, 2004; Kaniewski et al.,
2007). Based on the wild weeds that are found together with the
cereals e (such as Agrostemma githago, Anthemis cotula, A. pseu-
docotula, Bupleurum cf. rotundifolium, Bromus cf. arvensis, Galium cf.
spurium, Lolium cf. temulentum, Ranunculus arvensis, Sherardia
arvensis, Vaccaria cf. pyramidata, Vicia hirsuta/tetrasperma) e it is
assumed that the cereals were intensively cultivated as winter
crops. Most of these weeds point towards good soil quality and
moisture availability. Among the fruits and nuts, it appeared that
most of these were grown locally (i.e. Amygdalus sp., Ficus carica,
Juglans regia, Malus/Pyrus, Punica granatum, Prunus sp., Vitis
vinifera); some species (including Corylus sp., Pinus pinea), however,
could e considering their ecological requirements e not be culti-
vated locally but were imported. There is also diverse evidence of
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vegetables, aromatic herbs and spices (like Anethum graveolens,
Apium graveolens, Coriandrum sativum, Cucumis melo, Cuminum
cyminum, Satureja hortensis, Trigonella phoenum-graecum), most of
which, although already present in earlier periods in the Eastern
Mediterranean, became a typical element of the diet and agricul-
ture during the Roman period. The introduction and establishment
of extensive arboriculture and horticulture, each with their species
and specific requirements, indicate that there also must have been
an increasing diversity of cultivated areas.

4.5. Early Byzantine times (450e700 AD), Byzantine Dark Ages
(700e850 AD) and the Middle Byzantine period (850e1200 AD)

Habitation intensity was still high during the second half of the
Late Roman (AD 300e450) and the Early Byzantine periods (AD
450e700). In certain valleys intensive crop cultivation and arbori-
culture disappeared or greatly decreased and grazing grew in
importance during this period (Bakker et al., 2013). However, the
settlement pattern continued seemingly unchanged (Kaptijn et al.,
2013), indicating that this change of landscape use is likely the
reflection of new economic choices rather than a decrease in human
control/pressure. At Sagalassos, a reduction in the monumental
character of habitation becomes visible in the late 6th century
(Jacobs, 2015). The archaeobotanical assemblages show that cereals
remain the staple crop in the Early Byzantine period, although barley
is now more important than wheat (Fig. 3). Rye and millet are
introduced into the area and, considering the ecological re-
quirements of certain weeds and wild growing plants and their
presence in the archaeobotanical record, there is increasing evidence
of the use of nitrogen rich, disturbed habitats (Fuller et al., 2012). In
addition, remains of crop processing by-products are found at the
site, which were nearly absent during Roman Imperial/Late Roman
times. This could be considered as an indicator for the incorporation
of agricultural practices in the urban center of Sagalassos in the Early
Byzantine times. It is also during the course of the Early Byzantine
period that the public latrine of the Imperial Baths was repurposed
as a production site of ruminant dung-based manure (Baeten et al.,
2012). Flocks of sheep and goats became more important again
during the Early Byzantine period (Fig. 5) and continued to be
slaughtered at an old age. Just as in Roman Imperial and Late Roman
times, goats were more common than sheep (De Cupere, 2001, p.
140: Fig. 100). As for the collagen stable isotope analysis, pigs, sheep
and goats display similar lower d13C values in accordance with a
mainly C3 terrestrial signature, while cattle stand out with a slightly,
but statistically significant, higher d13Cmean value, indicating that at
least some of them had access to C4 plants. Both pigs and cattle are
characterized by d15N mean values significantly higher than those of
sheep and goats. The 15N-enriched collagen of pigs can be explained
by their omnivorous diet. Cattle most likely benefited from a
different management, implying a greater contribution of C4 plants
to their diet and their feeding on 15N-enriched pastures or food re-
sources (Fuller et al., 2012).

A likely possibility for the greater contribution of C4 plants to the
diet of cattle could be mixed grasslands, particularly as trampling
and increased grazing pressure further the development of C4
plants (�Carni and Mucina, 1998; Wang, 2002). Plant remains char-
acteristic of such disturbed vegetation (e.g. Setaria spp. and Portu-
laca oleracea for C4 plants, Polygonum aviculare, Lolium perenne and
Plantago spp. for C3 plants; �Carni and Mucina, 1998) have been
identified within the Early Byzantine botanical assemblages (Mar-
inova, unpublished data). This could perhaps be related to the
change from intensive crop cultivation to grazing, observed in some
valleys. Alternatively, the marshy areas of the territory could have
been exploited, as already proposed by Fuller et al. (2012). The
gathering of fodder in wetlands has been attested in Central
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Anatolia (Ertu�g-Yaraş, 1997). Remains of C4 plants that are typical of
wet habitats (such as Carex sp., Eleocharis sp. or Salsola sp.) have
been identified in the botanical assemblages (Marinova, unpub-
lished data) and palynological data show increased moisture
availability during the Early Byzantine period with marshes and
wetlands potentially expanding in certain valleys (Bakker et al.,
2013). Both alternatives could have resulted in higher d15N
collagen values; in the first case as a result of adjunction of cattle
manure to the prairie e increasing the d15N of the plants (e.g. Bol
et al., 2005); in the second case linked to the fact that moisture
can locally increases d15N plant values (Handley et al., 1999).

In the first half of the 7th century, an earthquake destroyed large
parts of the city. Habitation in the city continued, but on a reduced
scale (Poblome, 2014). From themiddle of the 7th century onwards,
a reduction in the intensity of habitation is also visible in the rest of
the territory. Only a small portion of the settlements continued into
the Byzantine Dark Ages (AD 650e850/900), mostly the larger
Roman villages, suggesting a certain level of continuity. The exact
reason for this change in social organization is unknown, but fol-
lows wider contemporary trends and patterns in Asia Minor.
Palynologically, all intensive crop cultivation seems to have ended
and an even increased importance of animal husbandry is sug-
gested (Bakker et al., 2013). The end of the so-called Beyşehir
Occupation Phase, signalled by a sharp decrease in anthropogenic
indicator species, is recorded at several places in the territory of
Sagalassos, though the timing differs from location to location
(Gravgaz: between AD 600 and 700; A�glasun: ca. AD 1000 AD;
Bereket: around ca. AD 300 AD; Bakker et al., 2012).

Most of the Byzantine Dark Age sites continued into the Middle
Byzantine period (ca. AD 850/900e1200), but now several fortified
sites, located on steep mountain tops have also been identified.
Most, but not all, are reoccupied sites from the Archaic/Classical
period. These locations suggest a concern for security, i.e. these
locations are often poorly accessible and far removed from both
potential agricultural fields and perennial water sources. During
this period, palynology shows a limited resurgence of crop culti-
vation (Bakker et al., 2013) and at Sagalassos evidence of occupa-
tion has been attested at several locations in the ancient city
(Waelkens, 2005, 2006, 2009). Only small archaeozoological as-
semblages are available for the Middle Byzantine period and these
data should therefore be interpreted with care. Nevertheless, from
the bone collagen stable isotope analysis (Fuller et al., 2012), only
slight differences in domestic animals' diet compared to the earlier
phase can be inferred. The most noticeable one is that sheep seem
characterized by isotope values that are closer to cattle than to goat
values (more alike Roman Imperial and Late Roman than Early
Byzantine periods), suggesting they were kept with cattle rather
thanwith goat, although this observation is based on a few remains
of specimens only. In the valley below Sagalassos, a large village is
now present, located close to the agricultural fields (Vionis, 2009).
During the 12th century AD, a fort was constructed at Alexander's
Hill, a steep hill in front of Sagalassos, but this was violently
destroyed somewhere between the middle of the 12th and early
13th century AD (Vionis et al., 2010). All habitation at Sagalassos
ended at this time or shortly after. The village in the valley below
continued, however, and Selçuk influence has been found in the
nearby village of A�glasun (Vanhaverbeke et al., 2005). Like other
sites in the region, Sagalassos and its territory was part of the
Selçuk empire in the early 13th century AD.

5. Discussion

Wild fauna included mainly the remains of cervids. When going
more into detail and analysing the proportions of the various deer
species at the prehistoric sites, it appears that roe deer has only
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been identified at the sites of Badema�gacı and H€oyücek. Pre-
liminary research shows that it is absent at the site of Hacılar BH. In
addition, at the latter site red deer is much more prominent than
fallow deer, this in contrast with the situation at Badema�gacı and
H€oyücek, where fallow deer is more common than red deer. Roe
deer is mentioned only once at Hacılar (involving an antler frag-
ment with pedicle) within level IX (Late Neolithic) (Westley, 1970).
At Kuruçay, all antler fragments have been labelled as roe deer and
this identification might be questioned since no other deer species
have been listed, not among the antler remains, nor among the
post-cranial elements (Deniz and Şentuna, 1988). Remains of roe
deer are also completely missing and fallow deer is underrepre-
sented at Classical/Hellenistic Düzen Tepe (De Cupere et al., in press
b). At Roman e Early Byzantine Sagalassos, remains of roe and
fallow deer are occasionally found, while red deer occurs a little
more frequently in the faunal assemblages.

The total absence of roe deer and the dominance of red deer, in
the Burdur plain (at Hacılar BH) during the Early Bronze Age (and
most probably also during the Neolithic) is very striking, especially
when compared to the situation in the southern part of our study
area where roe deer is well represented and fallow deer is more
abundant than red deer. Ecological requirements of the three cervid
species are overlapping, since all three preferably live in landscapes
where forests alternate with open areas (Broekhuizen et al., 1992).
Red deer and roe deer occur both in low- and highlands (Van Den
Brink, 1978). Before its introduction and distribution into Europe,
the main population of fallow deer lived in western and southern
Anatolia, where they must have been common on the coastal
wooded plains and in the lower elevations of the mountains
(Kumerloeve, 1975; Uerpmann, 1987, p. 57; Masseti and Vernesi,
2015, Fig. 2.1). At Çatalh€oyük, a predominance of red deer over
fallow deer is reported and also roe deer is only occasionally
recorded (Russell and Martin, 2005, p. 43: Table 2.5), which is very
similar to the situation at Hacılar BH, Düzen Tepe and Sagalassos.
One can assume that people targeted the available wild fauna.
Therefore, it is very likely that the sites in the northern part of our
study region fall outside the natural distribution range of fallow
deer (and also roe deer) and that people had access to different
game depending on the zone within the study area.

Sheep and goats are among the major components of the faunal
assemblages throughout all periods considered in this contribution.
It is interesting to note that the ratio sheep:goat varies through
time: from the Neolithic to the Early Bronze period sheep
outnumber goats; both species are present in about equal numbers
during the Classical/Hellenistic period, and from Roman Imperial
times onwards goat becomes the most abundant. This might be
related to the different areas preferentially inhabited and the
exploitation of the land during the various periods, combined with
the feeding habits of sheep and goats. Sheep are preferentially
grazers while goats are more likely to be herded and browse on
mountain slopes. The prehistoric sites were located in the valleys;
accordingly, people were more likely to keep sheep considering the
vicinity of the pastures. At the hilltop settlement of Düzen Tepe
(Classical/Hellenistic), stable isotope analysis show that all do-
mesticates (sheep, goat, cattle and pig) had access to similar fodder
(Fuller et al., 2012). Under such conditions both sheep and goats can
be kept, which might explain the increase of goat compared to the
Early Bronze Age. Following the evolution of soil erosion, which
started in the Archaic period and culminated in Hellenistic times,
villages were built on the edge of the valleys (Dusar, 2011). The
intensification of land exploitation e from the Roman Imperial
period onwards e put as much as possible of the landscape into
cultivation, including the lower slopes (Vanhaverbeke and
Waelkens, 2003, 306). Due to the expansion of arable land and
the increase of cattle herds, there was less place for sheep herds in
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the valleys and people were more inclined to keep goats on the
mountain slopes: even though the upper slopes were severely
eroded, they remained suitable for goat herding.

Archaeozoological data are used to indicate the exploitation of
domestic animals. Next to meat, milk, wool and power, another by-
product of these animals to be considered is manure. Although
archaeozoological datadonotallowtoestablishtheuseofmanure, the
collection of human and animal manure has been attested at Early
Byzantine Sagalassos through faecal biomarker analysis (Baeten et al.,
2012). In archaeological survey manuring of fields with animal and
habitation refusehasoftenbeenattested in theeasternMediterranean
andNear East through thepresence of largehaloes or ‘carpets’ofworn
pottery sherds (Wilkinson,1982; Bintliff et al., 2007; Kaptijn, 2009). In
the intensively surveyed Burdur Plain such ceramic evidence was
absent.On thecontrary, the sites, fromallperiods, stoodoutbecauseof
their sharp boundaries between site and off-site (also corroborated by
geophysical evidence). Away from sites, the off-site scatterwas almost
non-existent (Vandam, 2014, p. 82). However, it is very unlikely that
the inhabitantsof Sagalassosdidnotusethecollectedmanure. Instead,
manure of Sagalassos was most probably applied as a fertiliser on
fields more in the immediate vicinity of the town.

Geochemical analyses of trace elements (Pb and Cu) in archae-
ological bone from goat, cattle and pig of Sagalassos have been used
to reconstruct land use changes in the vicinity of the town, a heavily
polluted zone (Vanhaverbeke et al., 2011a). It was shown that the
distance from where animals were obtained, stands in relation to
the urban-rural integration of the town and its territory. When the
relation between Sagalassos and the countryside was at its closest,
during the Late Roman period, the animals consumed in town
originated from beyond the immediate vicinity. During the Ear-
lyeMiddle Roman Imperial and Early Byzantine periods the city
was primarily exploiting the area close-by, as shown by the higher
levels of trace elements in the animal bone.

Increasing social complexity through time is also reflected by
the archaeobotanical remains. Although no quantative data from
the Neolithic/Early Chalcolithic period could be used, the numerous
grape finds at Hacılar BH can be an indication for grape cultivation
during the Early Bronze Age, a crop which requires long term in-
vestment of labour and certainly more than annual corps. In its
turn, this can be interpreted as a sign for specialisation in subsis-
tence strategies. At Classical/Hellenistic Düzen Tepe, viniculture
certainly took place, while pulses and cereal crops were probably
grown in rotation. Clear archaeobotanical indications for a more
complex society come from the city of Sagalassos where the records
point to a plant subsistence system involving not only specialisa-
tion (including annual crops, arboriculture, vegetables and spices),
but also consumption of imported food (such as date palm and
stone pine), which therefore could have had a luxury character.

Botanical records show that during the Neolithic up to the Early
Bronze Age the main strategy to reduce risk included the diversifi-
cation of crops grown: the population relied on three to four
different cereal crops and on up to four pulse crops. Some of these
crops, such as emmer, were more productive, while others, such as
barley, einkorn, bitter vetch, were more resistant to drought or
unfavourable conditions. During the Hellenistic and Romanperiods,
the staple cereal crops included only two species: free threshing
wheat and barley. But, considering at the same time the presence of
plant taxawhichwere interpreted asweeds (cf. supra), thismight be
an indication for the intensification of growing these staple crops.
The overall crop diversity increases significantly during the Roman
and Byzantine periods and is related to a more sophisticated agri-
cultural system including not only annual staple crops, but also fruit
trees and vegetables. Millet, a summer crop that was introduced in
the area during the Byzantine period (Fig. 3), provided another back-
up in case of failure of the other cereals grown.
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Until now, the prehistoric sites fromwithin the study area have
yielded mainly botanical remains from concentrations, flotation
samples being available only for Hacılar BH. The absence of flota-
tion samples makes it difficult to estimate the presence and pro-
portion of both the cultivated and the wild plant resources in the
archaeobotanical record. As a consequence, the ratio wild/culti-
vated in the plant material cannot be established. Therefore, more
archaeobotanical studies including material obtained through
flotation are necessary. It would allow achieving a better quantifi-
cation of the archaeobotanical record and, as a result, to get a more
detailed and correct insight on the agricultural production and
importance of the different crops, weeds and used wild vegetation.
In addition to the archaeobotanical remains, data from wood-
charcoal analyses could complement the reconstruction of land
use and wood land use directly from the sites and period of occu-
pation (Martinoli, 2009). Similarly, faunal remains from sieved
samples are missing from the prehistoric sites. It is well possible
that small mammals, such as hare, and wild birds played a more
pronounced role in subsistence than has been estimated from the
hand-collected material. Also, for now, archaeozoological and
archaeobotanical data are available from only 1e2 sites for each
period. Increasing the number of sites, distributed over the study
area, would result in more reliable conclusions.

In this paper results from the carbon and nitrogen stable isotope
analysis of bulk bone collagen are presented. This type of analysis
provides d13C and d15N values which are linked to the animal's diet
stable isotope composition (Peterson and Fry, 1987), averaged over
several years of its life (Klepinger, 1984; Hedges et al., 2007).
Ongoing research on the combined interpretation of d18O and d13C
variation sequences measured in tooth enamel may allow to
investigate diet at the seasonal scale (see e.g. Balasse et al., 2013;
Chase et al., 2014; Dufour et al., 2014), and over the lifespan cor-
responding to the time period necessary for the sampled enamel
layer to be fully mineralized (from a few months to several years
depending on the tooth and the species considered (e.g. Balasse,
2002; Hoppe et al., 2004; Zazzo et al., 2005, 2010). Such a meth-
odological approach is being undertaken on domestic animals from
Early Byzantine Sagalassos (Fr�emondeau et al., in prep. a, in prep. b)
and could document more in detail the breeding and herding of the
domesticates.

6. Conclusion

This contribution has brought together data from archae-
ozoological and archaeobotanical research from sites in the Burdur
province (SW Turkey), dated from the Neolithic to the Middle
Byzantine periods. The combination of these data with evidence on
palynology, paleoecology and settlement dynamics in the study
area allows to better understand the development of the subsis-
tence economy and land use strategies for a period of more than
8000 years.

During the Neolithic and Early Chalcolithic period, inhabitants
of small/medium sized villages, located in the more favourable
fertile areas, were relying on a subsistence economy, mainly based
on hulled and free threshing wheat, barley and pulses, and, to a
lesser extent, wild plants, complemented with the products of
caprine herds. In the subsequent periods (Late Chalcolithic and
Early Bronze Age), the increase in number of sites (including Kur-
uçay) and the emergence of a more complex society (Hacılar BH)
induced a shift in livestock composition. Cattle became more
important; the increase of cattle remains at the site of Hacılar BH
can most probably be linked to the size of the site. The plant
economy relied largely on hulled wheat and barley, as well as
mainly drought resistant pulses and some wild food plants;
archaeobotanical finds show the increasing importance of grape. In
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addition, there is also evidence suggesting the existence of dispa-
rate cultivated areas, with drought resistant and drought intolerant
crops, or irrigation. Meat was partially provided through hunting in
the prehistoric periods, with the available game being different
depending on the zone within the study area.

No archaeological or bioarchaeological data are available for the
Middle and Late Bronze Age and the (Early) Iron Age. Human
presence is archaeologically documented again between 1000 and
800 BC and at that time, pollen cores and geomorphological
research also showan increase in the effects of human activity. Sites
were founded on hill tops, a tradition that continued into the
Classical period. At Classical/Hellenistic Düzen Tepe, all livestock
had access to similar food resources and animal management was
focussed on sheep/goat. Staple crops included free threshing
wheat, barley and pulses; the latter continued to play a significant
role in the diet since prehistoric times. In addition, there is
archaeobotanical evidence for the development of viniculture in
the study area. Altogether, bioarchaeological data point towards a
rural self-sustaining economy. Due to human induced soil erosion,
good grazing and crop cultivation areas became increasingly
limited to the valleys.

Sagalassos, which was probably founded by the end of the fifth
century BC, continued to grow and became a large prosperous town
during the Early and Middle Roman Imperial period. The in-
habitants were relying on intensive agriculture (winter cereal
crops), using an increasing diversity of cultivated areas, including
fertile and moist soils. The diet was diversified with a variety of
fruits and nuts; vegetables and spices were added. Cattle became
more important, probably as a result of their role as beasts of
burden for agrarian and other purposes. Collagen stable isotope
analysis shows a specialisation in herd management strategies,
with the various species having (mostly) different food resources.
During the Early Byzantine period, intensive crop cultivation and
arboriculture disappeared in certain valleys and was completely
abandoned at the end of this period. Archaeobotanical evidence
points towards the increasing ruralisation of Sagalassos. This is also
reflected in the regained importance of herds of sheep and goats.
Collagen stable isotope analysis shows the access of cattle to C4
plants, implying a different management than that of goats and
sheep.

Several questions on the diachronic development and spatial
variation of the subsistence strategies applied in the study area still
remain. Ongoing and future bioarchaeological research will help to
gain an even more detailed and comprehensive picture of past
human economy and land use in the Burdur region and their
dependence on cultural and environmental change.
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