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ABSTRACT

THE LATE BRONZE AGE ANIMAL MOBILITY AND HERDING
STRATEGIES: A GEOMETRIC MORPHOMETRIC
STUDY OF OVIS ARIES AND CAPRA HIRCUS REMAINS FROM HITTITE
PERIOD SAPINUWA (ORTAKOY/TURKEY)

OZGER, Gonca
M.S., The Department of Settlement Archeology
Supervisor: Assoc. Prof. Dr. Evangelia PISKIN

OCTOBER 2021, 110 pages

Throughout the Late Bronze Age period, pastoralism remained crucial for the social
and economic system of the Hittite states (Beckman, 1988; Schachner, 2012; Yakar,
2000). The faunal analysis of different Hittite sites indicates a well-developed animal
husbandry and a good knowledge of breeding practices which is also mentioned in
Hittite archives. In tandem with this information, this thesis aims to explore the animal
husbandry management, animal mobility and breeding practices during the Hittite Late
Bronze Age period. This thesis will apply interdisciplinary research by taking the
faunal remains of Sapinuwa (Ortakoy) as a case study. Sapinuwa, located in the North
Central Anatolia, has long been assigned as the second capital of Hittite Empire in the
14th century BCE. In this thesis, two-dimensional geometric morphometric analysis is
employed to investigate whether a specialized veterinary activity was practiced by the
Hittite Empire and if so, how it affected socio-economic hierarchy during the Late
Bronze Age period. In order to increase the effectiveness of examination beside
geometric morphometric analysis, traditional measurements will be used as a
comparative methodology. This research focuses on the analysis of Ovis aries and
Capra hircus astragalus, metacarpal and metatarsal bones on the basis of a
multidisciplinary approach. For the effectiveness of the technique, other than
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geometric morphometrics, traditional measurements will then be used as a
comparison. This study employs standard and specialized zooarchaeological
techniques to present two aspects of animal husbandry in Hittite; mobility of animals
and selective breeding.

Keywords: Late Bronze Age, Central Anatolia, Sapinuwa, Geometric Morphometrics,
Animal Mobility, Hittite Period



Oz

GEC TUNC CAGI HAYVAN MOBILITESI VE HAYVANCILIK
STRATEJILERI: HITIT DONEMI SAPINUWA (ORTAKOY/TURKIYE) KENTI
KOYUN VE KECI KALINTILARININ GEOMETRIK MORFOMETRIK
CALISMASI

OZGER, Gonca
Yiksek Lisans, Yerlesim Arkeolojisi Bolimu
Tez Yoneticisi: Assoc. Prof. Dr. Evangelia PISKIN

Ekim 2021, 110 sayfa

Geg Tung Cag1 boyunca, pastoralizm Hitit devletlerinin sosyal ve ekonomik sistemi
icinde oldukga onemli bir rol oynamistir (Beckman, 1988; Schachner, 2012; Yakar,
2000). Hitit arsivlerini dogrulayacak bilgiler sunan farkli Hitit yerlesimlerine ait faunal
analizler sonucunda gelismis bir hayvancilik ve yetistirme uygulamasina isaret eden
bir bilgi birikimine sahip oldugumuz sOylenebilir. Bu bilgiler 1s1ginda, bu tez
¢alismasi, Hitit Ge¢ Tung Cag1 doneminde Sapinuwa kenti, modern Ortakdy/Corum
kazisinda bulunan hayvan kemiklerini vaka galismasi olarak ele alarak, hayvancilik,
hayvan mobilitesi ve 1slah ¢aligmalar1 hakkinda disiplinlerarasi bir ¢calisma sunmay1
amacglamaktadir. Milattan dnce 14. Yiizyilda Hitit imparatorlugunun ikinci baskenti
oldugu diisiiniilen Sapinuwa, Kuzey Orta Anadoluda yer almaktadir. Bu galigma, Hitit
donemi hayvanciliginda siirii yOnetimi, hayvan mobilitesi ve 1slah c¢aligmalari
hakkinda geometrik morfometri ve oestrometri metodlar1 kullanilarak ddnemin
hayvancilik ve ekonomik dinamikleri konusundunda arastirmalar1 ortaya koymay1
amaclamaktadir. Koyun ve kegi astragalus, metacarpal ve metatarsal kemiklerinin

multidisipliner yaklagim temelinde analizine odaklanmaktadir ve teknigin etkinligi
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icin geometrik morfometrik disinda, geleneksel Olgtimlerle (osteometri) yapilacak

analizler bir karsilastirma olarak kullanilacaktir.

Anahtar Kelimeler: Ge¢ Tung Cag1, Orta Anadolu, Sapinuwa, Geometrik
Morfometriks, Hayvan Mobilitesi, Hayvan Islah1
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CHAPTER 1

INTRODUCTION

Pastoralism has played a highly important role both in the economic and social system
of Hittite states in the Late Bronze Age period (Beckman, 1988; Schachner, 2012;
Yakar, 2000), but it is not certain what kind and how far specialized techniques were
employed for animal exploitation so far. Animals were used for meat as well as for
their secondary products such as wool and leather throughout the prehistoric ages to
the present time in Anatolia. The development of animal management strategies such
as animal mobility and good knowledge of breeding practices are mentioned in Hittite

archives uncovered from different Hittite sites.

Animal mobility as a strategy related to animal management is thought to have existed
in Anatolia since prehistoric times (Yakar, 2006: 46). Furthermore, the mobility of
animals as taxes, booty, and offers for sacrifices between the states was also mentioned
in Hittite archives. It is also mentioned that centralized animal management strategies
as well as qualified/specialized staff just for animal husbandry existed in the Late
Bronze Age Hittite states. Although we have some evidence that indicates mobile
pastoralism in southern and northern Anatolia, central Anatolian mobile pastoralism
has not yet been examined in a more detailed way. Additionally, the assumption of
animal mobility and exchange of animals, both of which need interdisciplinary and
scientific approaches to test within the framework of archaeology, have been presented
recently (Balasse et al., 2002; Colominas et al., 2019; Howell-Meurs, 2001; Irvine &
Erdal, 2020; C. A. Makarewicz, 2015; Cheryl A. Makarewicz et al., 2017; Ventresca
Miller & Makarewicz, 2017).



As Willeke Wendrich and Hans Barnard mentioned that the archaeology in Old World
is more related with sciences, languages and history, however, archaeologists, who
have more affinity with social science (e.g. anthroology), in the New World should
build bridges between different disciplines as well as different arcchaeological fileds
of research (Barnard & Wendrich, 2008, p. 7). Picking relatively specific subjects from
its temporal context and examine the results of a multidisciplinary research paved the
way for discussing results as well as the methodologies in a way of broaden
interpretative framework (Barnard & Wendrich, 2008, p. 7).

The aim of this thesis is to explore the animal husbandry, mobility and selective
breeding of animals at Sapinuwa (Ortakdy) in the Late Bronze Age period through
interdisciplinary research in combination with osteometry and geometric
morphometric analyses. Since the excavation has taken place at two different areas of
the Hittite city and there were different spatial divisions within these two main
locations where those locations were used by people that are from different social
classes (such as priests, artisans, administrative officiers and probably even rulers), |
am able to select samples coming from Palatial (common space where administrative
officiers and artisans used the place), Sacrificial, and Temple spaces. This means that
the possibly different classes of people who used these areas may had consumed
animals coming from flocks with different animal management strategies. In my
thesis, | will conduct a research about the differences of animal bone morphology and
the data will be analyzed from three areas of the Hittite city; Tepelerarasi, Sacrificial
and Agilonii areas in order to compare the animal husbandry practices as well as

detecting social hierarchical access to different breed managements.

Osteometry is a traditional measurement technique for evaluating size and shape by
using calipers in the zooarchaeological research for many years. In 1976,
standardization of measurement techniques were introduced by Von Den Driesch
(1976). In the late 1980’s and early 1990’s, the development of measurement and the
data analyses techniques brought out new ways for morphological studies (Adams et
al., 2004). Capturing the morphological structure of geometry with landmarks were

introduced and the new approach was called as geometric morphometrics. Geometric
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morphometric is a technique to explore shape variation (Adams et al., 2004; Bookstein,
1996; Rohlf & Marcus, 1993; Slice, 2005; Zelditch et al., 2004). The use of landmark-
based geometric morphometrics has been practised in various disciplines such as
biology, anthropology, medicine, palaeontology (Lawing & Polly, 2010) and the
method has been applied by many zooarchaeologists for studying morphological
differences between and within groups. The importance of geometric morphometrics
compared to the traditional measurements is that the smallest changes in shape that
can be missed by traditional measurements, could be detected by this method.

The thesis consists of 6 parts: the first chapter is introduction and the last chapter is
conclusion. Brief information about Hittites, detailed discussion of the case study site
Sapinuwa and animal husbandry of Hittite states are introduced in Chapter 2.
Furthermore, theoretical and methodological framework of the Late Bronze Age
animal husbandry in Hittite states in the past and present archaeological and

zooarchaeological researches are summarized.

In Chapter 3, the methodological and theoretical overview of the thesis will be
introduced. As geometric morphometrics and osteometrical analyses are used in the
research, work flows of the two methodologies will be presented and explained at each
steps in a detailed way. Beside these, zooarchaeological data collected for the thesis,
statistical approaches and evaluation of zooarchaeological data in general framework

will be discussed.

4™ Chapter is organized in two main sections as the result of osteometry and geometric
morphometrics analyses. The results of both analyses which were retrieved via
computer aided statistical methods (PAST and MorphoJ) will be given based on graphs
and ANOVA results will be present in this chapter.

The discussion, comparison and contrast of analyses’ results and animal mobility
based on morphological differences in Sapinuwa will be approached in Chapter 5.
Additionally, the evidence provided from the Hittite archives will be compared with

zooarchaeological results.



The last chapter includes the research conclusions and limitations of the research.

Moreover, further overview of the research will be approached in Chapter 6.



CHAPTER 2

LITERATURE REVIEW

2.1 Archaeological background of Hittite

The socio-political and cultural uniformity in Anatolia was realized by Hittites (ca.
1650-1200 BCE) in the seventieth century BC (Schachner, 2010 ; Van den Hout,
2013). Although the presence of Indo-Europeans in Anatolia has chronological
problems (Bryce, 2005, pp. 11-15; Collins, 2007, pp. 23-25; Unal, 2002, pp. 11-29),
the origin of Hittites considered to be Indio-European but it is still ambiguous where
the Hittites exactly came from. The formation of this community was first seen around
the Kizilirmak basin which was called ‘the land of Hatti’ but the geographical
boundaries of the Hittite state, which had a feudal structure, had been varied in time.
The core of the Hittite state was in Central Anatolia but the state boundary extended

to Northern Syria and the west of Mesopotamia.

Linguistically, the presence of Indo-European speaking peoples in Anatolia has been
attested during the second half of the third millennium BCE (Beckman, 2011, p. 522;
Bryce, 2005, p. 11; Gorny, 1989, p. 82) but the archaeological evidence of Indo-
European speaking groups in Central Anatolia was provided with the Old Assyrian
texts written by merchants who were bringing tin and textile in Anatolia and taking
metal resources to their lands. These were unearthed in Level II at Kiiltepe (Kanes)
and dated in ninetieth century BCE (Bryce, 2005, p. 16; Klengel, 2011, p. 31). The
texts discovered from Kiltepe, comprising of over 23,500 cuneiform tablets,
(Kulakoglu, 2011, p. 1028) are generally commercial including some other topics
related with contracts and a few historical texts (Cecile Michel, 2003, pp. 135-141;
Cécile Michel, 2011, p. 319). These tablets help us to understand the relationship
between Assyrian and Anatolian rulers with the long-distance trades, history, political
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and administrative situations of Anatolian kingdoms as well as sheding light to the

chronology.

There were several small city states around a few local centres that they were
sometimes in alliance and sometimes had wars between them during the Karum II
period in Anatolia. These wars and even peace were mentioned in some letters because
those actions could affect the trade between Assyrians and Anatolia. However, the
archives created by Assyrian merchants never mentioned local ruler names, except for
Labarsa (Cécile Michel, 2011, p. 322) until Karum Ib period when Anatolians had
started to document their history. However, some scholars argue that Labarsa is a
regular Central Anatolian personel name and there is no relation between Labarsa and
Labarna (Blasweiler, 2019, p. 6; Soysal, 2005, p. 203). The trade between Anatolians
and Assyrians depended on the metallurgical resources. The economy of Anatolia was
mainly based on animal husbandry and agriculture but metal resources, which is the
main reason of the Assyrian attraction, were also richly present in Anatolia at that time.
Assyrian merchants were bringing tin and textile products to Anatolia and taking silver
(western Anatolia) and gold (west and southwest Anatolia) to their homeland (De
Jesus, 1980; Cécile Michel, 2011, p. 325). The copper, which was another payment
currency other than grain, was mainly found around Kizilirmak and/or near Ergani but
tin was brought from northwest Iran and Uzbekistan by Assyrian merchants and
Anatolian metalworkers combined the two metals and worked their own bronze to get
tools, objects and weapons (Ozgli¢, 1986). Gorny (1989) proposes that the Assyrian
presence in Anatolia could be the inspiration of developing a centralized economy by
Hittites, furthermore, the already developing regional unification of Anatolia could
have been affected by Old Assyrian traders in terms of providing a central focus and
sense of common identity to the people living in Anatolia at that time (Gorny, 1989,
pp. 82-85).

The chronology and terminology of Hittite is controversial. In earlier times, before the
linguistically defined Middle Hittite script which was in use during the fifteenth and
fourteenth centuries B.C.E. (Seeher, 2011), the division of the Hittite period was as

Old Kingdom and New Kingdom or Empire period (Burney, 2004; Collins, 2007).
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Nowadays, although the division is postulated as Old Kingdom, Middle Kingdom and
Empire periods (MacQueen, 2015, p. 48; McMahon, 1989, p. 64), the two-stage

scheme is still supported by some scholars.

In the Late Bronze Age, the Hittite Empire was one of the great powers among Egypt,
Babylon, Assyrian and Mitanni in Near East and it was in a struggle with them for
similar interests. Although having a more egalitarian policy for relationships with the
other empires during the Empire period (Alp, 2001, p. 145; De Martino, 2006, p. 81;
Gavaz Sir, 2008), the written sources mentioned the conflict between the people of
Kaska (see page 10 for further discussion of Kaska relations), who were known as
pastoral tribes in the northern Anatolia, and Hittite state from its establishment until
its collapse (Glatz & Matthews, 2005; Matthews & Glatz, 2009; Yakar, 2008).

The geography and especially the topography of a place had affected the decisions of
Hittites as to where to establish a settlement. These two influenced administrative and
religious concepts and had affected the urban structure and specific urban elements as
well. Besides giving importance to the landscape of the Hatti land, palaces, public
squares and temples also reflected the importance of architectural structures.The
location of some Hittite settlements such as Hattusa (Bogazkale), Sapinuwa (Ortakoy)
and Sarissa (Kusakl1 hoyiik) was choosen in line with their political and religious needs
(Bahar et al., 2018, p. 408). Moreover, some sanctuaries were purposely built outside
of the settlement, sometimes near water resources, or on a mountain or even between
rocky places. Especially, mountains played major role for the Hittite religion. In fact,
it is thought that when gods are summoned, they first come to the mountain near the
temple where they summoned and then entered the temple (Bryce, 2002, p. 154).
According to Beckman (1989), mountains were also mentioned as treaty witnesses of

some political treaties.



Figure 1: The relief of the Great King Tudhaliya IV in Chamber A at Yazilikaya
(image adapted from Zangger and Gautschy 2019, 20, Fig. 10).

The Hittite state had a theocratic and feudal structure, and a centralized management
approach was adopted in administrative, economic and organizational aspects (Alp,
2001, p. 147; Unal, 2005, pp. 100-101). The social structure included royals and/or
elites, people who were responsible for religious activities (depended on temples), the
common people and slaves. Gods had the ownership of the lands and organization and
management of the lands were under the authority of the kings who were taking their
power from gods themselves (De Martino, 2006, p. 77; Unal, 2005, p. 144). In fact,
kings were generally depicted as high priests wearing a skull cap and long, ankle-
length robe (Fig. 1) which represents the king as gods’ agent or ‘shepherd of the god’
(Bryce, 2002, p. 20). The king also was mentioned as commander and judge of the
Hittite state (Bryce, 2002, p. 21). The queen also played important role in
administrative, social and religious aspects. In fact, they had an important position in
the Hittite Kingdom; Tawananna, the official title for the queen, was chosen from a
woman member of the royal family and had own right in political and religious
activities (Bin-Nun, 1975; Bryce, 2005, p. 92).



The Hittite kingdom’s lands outside of the central state were governed with the
centralist approach. High officials, son of the kings/princes, and even sometimes elite
members who were close to the king were appointed to larger states, whilst local rulers
were choosen to rule smaller states (Alp, 2001, p. 147; Yigit, 2004, p. 220). The
smaller units defined as houses are also mentioned in the Hittite archives and these
smaller units generally were depended on larger houses (Bryce, 2002, p. 75; Karauguz,
2019, pp. 119-122; Seving-Erbasi, 2014). The people who were living in the smaller
units contributed to production by working both in their fields and in the palace as well
as temple fields. The surplus products collected by centralist authority were stored and

distributed in a hierarchical order to the society (Reyhan, 2009).

2.2 Animal Husbandry of Hittite and Possibility of Breeding Practises

According to the previous researches, it is no doubted that pastoralism is a crucial
component for Hittite economy but it is not certain what kind and how far specialized
techniques were employed for animal exploitation in the Hittite Anatolial. In the
Hittite social structure, all fields/lands belonged to gods and people were actually
serving the gods in a hierarchical order (Demirel, 2014, p. 2; MacQueen, 2015, p. 115).
Land/field regulations, distribution of livestock-related field usage and even animals
belonging to the soldiers were taken care by the state (Beal, 1992, pp. 135, 401).
Additionally, it is mentioned in the Hittite archives that temples had their own large
fields, herds (Beckman, 1988, p. 35; Reyhan, 2009, p. 161) as well as specialized
official personnel who were responsible for especially these activities related with
agriculture and husbandry. The rules that officials must obey and the fields specially
provided for the temple were clearly stated in the Hittite instructions (Sir Gavaz, 2012;
A. Siel, 1985).

Animal mobility is thought to have been practised in Anatolia since prehistoric times
as a subsistence strategy (Schachner, 2012, p. 30; Yakar, 2006, p. 46). Although we

have some evidence that indicate mobile pastoralism in the southern and northern

! For further discussion, see Gergek’s (2017: 257-278) chapter 12 “A Capra hircusherd Shall Not
Enter!” Observations on Pastoralism and Mobility in Hittite Anatolia”.
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Anatolia, Central Anatolian mobile pastoralism has not yet been examined in more
detailed way. The strong evidence comes from the treaties mentioned Kizzuwatna?and
Tarhuntassa® indicating that mobile pastoralism was practiced in this region during the
LBA (Gergek, 2017, p. 269). In the Black Sea region, we have evidence about a group
of people who were known as “KaSka men” and E. van Schuler first mentioned about
them as a semi-nomadic pastoralist groups in the central Black Sea region (Von
Schuler, 1965, pp. 75-78). As it is indicated in the written records in Hittite language,
we know that Kaska people and Hittite were mostly fighting with each other and some
of those fights ended with agreements about peace.* The evidence indicate that
pastoralism is thought to have been practiced in conjuction with Kaska during the
peaceful interaction between the Kaska and Hittite. Based on the written records of
Hittite, one might suggested that Kaska men seem to have been employed by Hittites
as herdsmen (Gercek, 2017, p. 266).

“Because you are allies, the cattle [and sheep] of Hatti [and your cattle] and sheep
are mixed together, and the cowherds and shepherds [pasture] together. But if an
enemy attacks, we shall hold you alone responsible. [...] you indeed drive (the
animals) here. The cowherds and shepherds [...] If they kill anyone, either one man,
or one [ox, or one sheep], you shall replace them (i.e. the men) and [you shall replace
the] cattle [and sheep] of Hatti as well. You shall give three men for one man, you
shall also give [three oxen for one ox] and you shall give three [she]ep for one sheep.”
® (Gergek, 2017, pp. 266-267).

Scholars indicate that Kaska people, as both pastoralist and to some extend
agriculturalist, practiced vertical transhumance (seasonal) moving during the summer
from their winter settlement to the campsite like summer settlement close to the
highlands’ pastures (Glatz & Matthews, 2005, p. 59; Yakar, 2000, pp. 283-302;
Zimansky, 2007, p. 168). According to the ethnographic evidence, central Anatolia

2 Padatigdu Treaty, paragraphs 5°-8’, CTH 26.
3 Ulmi-TesSup Treaty, KBo 4.10+, i 33°-35" translated by Beckman (1999: 114-124).
4 See the Middle Hittite Kaska agreements, the corpus of letters from Masat Hoyiik.
> See passage from agreement CTH 138.3.A (ii 21°-28”), KUB 26.19 ii 21°-28".
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also was only suitable for short distance mobile pastoralism of transhumance practice
(Yakar, 2000, p. 220). Written records of Hittite also mentioned different kind of
pastures and mostly it is common to see pasture for cattle (U.SAL (-LUM) was often
used to refer this kind of pasture) located close to the rivers or canals (Ruster &
Wilhelm, 2012, pp. 231-244). Moreover, in Riister and Wilhelm’s research, summer
and winter pasturages for different species of animals (weSiya- “pasture” and wellu-
“grassland, meadow”)® are also mentioned and this might indicate that the Hittite
Kingdom tried to enforce specialized animal management activities controlled by
palaces and temples.

From Hittite sources we know that there are various names used for animals;
“UDU=sheep", GU4=cattle", "MAS, UZ6=goat", SAH=pig", "ANSE=donkey",
"ANSE.GiR.NUN.NA= mule", "ANSE.KUR.RA=horse", "UR, UR.GI7=dog.” It is
also known that the Hittite state interfered with animal husbandry and allocated
animals to the palace, and to the temples. The preferential mentioning of animals for
the “Gods” at Hittite texts (the biggest and best animals are the Gods’ animals) also
implies the same. The Hittite state, being theocratic, regulates and executes a large
number of festivals to which the sacrifice of animals is central. These animals could
be offers from the animals of the temples or the palace or/and might be offers from the
people. At the same time, the Hittite state also receives large numbers of animals as

taxes from various parts of the Empire and booty from wars.

“In one instance the god Telipinu of Kasha receives a delivery of 50 cattle and 100
sheep from the chief shepherd of the town of Ankuwa, and Queen Puduhepa issues 287
female sheep, 100 male sheep, and 11 goats from the property of the palace to the
goddess Lelwani.” (Beckman, 1988, p. 34). 8

The most general booty animal of Hittite were sheep and cattle. As Goetze indicated

that sheep was a general levy which certain people had to donate sheep regularly to

® Nr. 91 (KBo 5.7) rev. 1 and 10 in Riister and Wilhelm 2012, 231-244.
7 Ertem, H. 1965:5
8 CTH 585
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the Sun-goddess of Arina for Hatti land (Beckman, 1988, p. 34). These show that the
state had strong interest in the animal husbandry and the strict regulation of it. It also
indicates a very active movement of animals throughout the Empire either as taxes,
booty or sacrifices for the Gods.

In addition to this, Beckman mentioned that herding in Hittite were seen as an activity
of low status people based on a Hittite text (Beckman, 1988, p. 38), however, the text
were taken is part of an administrative/royal document and indicated that the
protection of the herds were provided by laws and restrictions.® It is clear that animal
management was controled by the state and it indicates centralized control of animal

husbandry.

Other than written text from the Hittite period, the zooarchaeological evidences also
indicate the good knowledge of animal husbandry and breeding practices by the Hittite
states (Dorfler et al., 2011, p. 115). However, many zooarcaheological researches on
Hittite period sites in central Anatolia have been mostly descriptive such as this of von
den Driesch and Boessneck (1981). The main aim of the researches have been mostly
on the economic importance of animals and generally far away from the comparative
analysis. There are few works that provided comparative data from the Hittite period
sites. The general framework what we know about Hittite animal management is still
mostly based on ancient written records and two main sites the Hattusa and Kusakli-
Sarrissa. Nevertheless, new researches are conducted recently with the help of new
zooarchaeological techniques and methodologies based on different sites (Adcock,
2020; Dorfler et al., 2011; Hongo, 1996; Piskin, 2019; Pigkin et al., 2020).

2.3 Archaeological Background and Animal Husbandry of Sapinuwa

Sapinuwa (YRYSa-pi-id-du-wa)'®, which is thought as the second capital of Hittite
Empire in the Middle Hittite Kingdom period, is located in North of Central Anatolian

Steppe (Fig. 2). The name of the city has been confirmed from the tablets discovered

9 See Adcock (2011), 26.
10 Giiterbock (1956), 125-126.
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Figure 2: Modern location of Ortakoy/Sapinuwa (image adapted from google maps).

during the excavations. The site is also known as Ortakdy which is within the border
of Corum city and it is located 53 km southeast of Corum city centre and 60 km
northeast of Bogazkdy. The city situated near the Kelkit valley which is kind of a
gateway to Anatolia through the Caucasus. The settlement area is ca. 9 km square
meter in size and consist of upper and lower part (Fig. 3). The site was found as a result
of three years of surveys by Aygul and Mustafa Suel in 1987 and it has been excavated
since 1990 (A. Suiel & Siiel, 2017, pp. 29-30). Sapinuwa as a Hittite city was known
as a religious centre under the influence of Hurrians and it is mentioned in the
Bogazkdy texts that were translated at the beginning of the 20" century before the city
was discovered. Furthermore, it is mentioned in these texts that the text of Hurrian
mouth-washing rituals (itkalzi) had been written here and sent to the rest of the Hittite

states (see page 18 for further information). *

11 See the discussion de Martino and Stiel 2015.
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Figure 3: Ortakdy-Sapinuwa Hittite City Map (image adapted from Siiel 2017, 66,
Fig. 2).

According to the excavation team, the flat settlement was not existing before the
Hittites arrived. Instead construction works, terracing and levelling, were done by
people in the Hittite period (A. Suel & Suel, 2017, p. 29). Excavation of the site focus
on two main areas; Ag1lonii and Tepelerarast and the distance between the two areas
is ca. 1 km (Figure 4). According to Hittite tablets that have been found during the
excavations, scholars indicate that Sapinuwa was not only an administrative center of
Hittite but it was also center of the state during the reign of the Great King (A. Stel,
1998, p. 37). The tablets found in the excavation are generally dated back to 14th
century B.C. and illustrate important information about the socio-economic and
political situation of the site (A. Stel, 1998, p. 37).
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Figure 4: Agiloni area on the left and Tepelerarasi area on the right, Ortakoy-

Sapinuwa Hittite City (image adapted from Siiel 2017, 67, Fig. 3-4).

Considering the ecological and landscape settings, Sapinuwa does not seem to be a
reasonable choice for building here a big center because of the limited water resources
and agricultural spaces (A. Stel, 1998, p. 39). The area is defined by Alan Daglar1 on
south and Karadaglar on north part and it is located on a plateau the elevation of which
decreases from the western part to the eastern part of the site. However, the strategical
position of the location is highly likely the reason for the settlement location. It might
have served as a passageway between Gdynilicek- Amasya plain, Kelkit valley and
Alaca-Sungurlu plain (which is close to the Bogazkody). The western part of the site
where the steepest foothills are located should have been used for all kind of resources
for the Hittite center. These foothills had extensive forest areas as well as water
sources. It is known that when a Hittite settlement site were chosen, the people of
Hittite gave great deal of importance to the geographical and topographical features of
the area. These strategical choices are clearly seen in Hattusa (Bogazkale), Sapinuwa
(Ortakdy) and Sarissa (Kusakli hoyiik). Some scholars indicate that some of the ritual
spaces were located outside of the settlement, generally mountainous regions
(Zimmer-Vorhaus, 2011, p. 196). Although it is not known that how those ritual
spaces, which were located outside of the settlement, were chosen (Okse, 2011, p.
222), it is thought that those ritual areas might have been located on mountainous
regions which are closest to the settlement (Bahar et al., 2018, p. 408). Agilonii is the
highest area of the site, 1 km far away from the Tepelerarasi, and also accepted as

ritual space of the site (A. Suel, 2015a, pp. 101-106; M. Siiel & Ayyildiz, 2010, p. 63).
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Figure 5: Stone pavement in Ag1lonii area (image adapted from Siiel 2015, 110, Fig.
13).

The Agilonii area, which is thirty thousand square meters in size, is located in the north
of the city and the place is considered to be a sacred area of Sapinuwa. In Agilonii,
where the excavation started in 2000, an unusual and massive stone pavement, (lying
north-south direction) which is 1500 square meters in size built with a special
technique and thought to belong to a ritual area, was unearthed (Fig. 5). A few
workshops, millstones and ovens were also discovered in this area and it is indicated
that there were some locations used for daily life activities as well. Another important
element of the area is the various sacrificial pits full of animal bones which were found
in the south of the stone pavement (Fig. 6) (Piskin, 2019). The animal sacrifice was a
common tradition for the Hittite period and the sacrificial rituals are generally
mentioned in the Hittite archives. The seals belonging to high officials, tablets and
sacrificial pits full of animal bones as evidences indicate that the place is an important

ritual area.
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Figure 6: Two sacrificial pits found in Agilonii area (image adepted from Siiel 2015,
110-111, Fig. 18-21).

The Sacrifical area where sacrificial pits were unearthed is surrounded with poorly
organized walls and pits were dug as single, double, triple and quadruple in various
size (Fig. 7). Beside these feeble walls, various buildings are located close to the stone
pavement and sacrificial pits. The animal bones were found in these pits sometimes
as burnt, highly fragmented or even sometimes as a whole. According to Suel (2015),
birds, sheep, goats (and mountain goats) were burnt together during the ceremonies in
the Hittite period. Moreover, the animals were hit by a stone or/and a tool to make
them dizzy before the sacrificial ceremonies according to the Hittite archives.
According to the archaeological evidence, lightly trimmed or non-trimmed stones were
discovered inside and outside of the pits in Agilonii. After the sacrifice was carried out
by a priest, the blood of the animal was poured into the pits and the body parts were
eaten or destroyed, however, some part of elements of the animals (skull, rib, jaw, leg
bone!?, tooth, vertebras) were also put into the pits and found in the Ortakdy pits as
well. Although seals, spindle whorls and stones were found beside animal bones in the
sacrificial pits, the bottom of them was generally empty (A. Stel, 20153, p. 104). After
the ritual performed, the top of the pits was covered with earth because it was thought

that when a pit was used, it became dirty.

12 This element together with sacrum were rarely found inside the pits, see Siiel, A. 2015:104.
13 KBo0 10.45 (111 26)
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Figure 7: A view of Sacrificial Area (image adapted from Sulel 2015, 111, Fig. 24).

Tepeleraras1 is located in the center of the city and surrounded by defensive
fortifications within which monumental and administrative structures are located (Fig.
4). An excavation project started in this area and important buildings of the city have
been exposed. The buildings A, B, C, D, G and area G have been studied until now in
Tepelerarasi. Area G is also defined as workshop area where metal moulds, large
amount of pottery sherds, metal hammers, metal arrows, clay moulds were found.
Building A which was constructed with an unusual symmetrical architecture have been
thought as a monumental building where various royal seals had been discovered (A.
Suel, 2015b, p. 102). The remains of the Building B which is identified as a depot
where storage of the city was displayed was unearthed 150 meters east of the Building
A and consist of a cyclopean foundation with mud-brick walls 1.5 meter in height.
Both Building C and Building D are located on the southern terrace of the city. In
building C, an axe and spear heads with a cuneiform inscription “Great King” were
discovered. Additionally, it is thought that a purification ritual called “Itkalzi” which
performed to clean the polluted energy of both a household and whole society, but

especially for purify the royal family was taking place in Building D of the city (A.
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Suel, 2015b, p. 102). At the entrance of the Building D, the God Tessub was depicted

with his armours as welcoming the people who were entering the building (Fig. 10).%4

Figure 8: Workshops in Tepelerarasi (image adapted from Siiel 2017, 68, Fig. 5)

14 See Siiel, A. 2015.
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Figure 9: Clay moulds (a and b), bronze arrows (c), and metal materials (d)
obrained from Workshops, Tepelerarasi (images adapted from Siiel 2017,70-73
, Fig. 8, 9, 18, 22.

Beside the archaeological evidences indicating the importance of the city both as
administrative and religious centre, the relatively large archive in Hittite period with
over 4000 tablets and tablet fragments found in the city could be shown as an evidence
for the importance of the city (A. Stiel & Siiel, 2017, p. 30).2° In fact, according to the
excavation team, the tablets found in the site are important evidence about the
sacredness of the city during the reign of the King Tudhaliya 111 and his wife Taduhepa
(A. Stel, 20153, p. 101).

15 For further Sapinuwa text, see Stiel, A.,1997; Stiel, A.,1998; Siiel, A.,1999.
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Figure 10: Representation of an armed god at the entrance of Building D (image
adapted from Stel & Siel 2017, 186, Fig. 12)

Since the excavation has taken place to different areas of the city, | am able to select
samples coming from Palatial, Sacrificial and Temple spaces. For my thesis, | will
conduct a research about the differences of animal morphology on bones and data will
be analyzed from Tepelerarasi, Sacrificial Area and Agilonii areas in order to compare
the animal husbandry practices as well as detecting social hierarchical access to
different animals displaying different morphological features based on breeding and
animal mobility. In this research two-dimensional geometric morphometric analysis is
employed to investigate whether a specialized animal breeding activity was practiced
by the Hittite Empire and if so, how this have in relation with socio-economic
complexity during the Late Bronze Age period. This research focuses on the analysis
of Ovis aries and Capra hircus astragalus, metacarpal and metatarsal bones on the
basis of multidisciplinary approach. For the effectiveness of the technique, other than
geometric morphometrics, traditional measurements will then be used as a
comparison. This study employs standard and specialized zooarchaeological
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techniques to present two main aspects of animal husbandry in Hittite; animal mobility
and selective breeding.

In this research I will try to answer two main questions:

a) Are there any evidence for selective breeding directed by the Hittite State?

b) Are the animals found in Sapinuwa possibly originated from different
environments and if yes how this relates to the different social classes living in this
city. In other words, |1 am asking whether these animals are coming from another
geographical region as taxes, booty, or sacrificial offers. Also if there are any
differences amongst animals that will indicate flocks belonging to Temple, Palace or
Sacrificial Area and if these are different breeds? (Temple — Palace — Sacrificial Area
may pasture and manage their animals differently or they may have access to different
“breeds”).

In general, I am focusing on accessing the animals that come from different areas of
the city assunimg that these express animal use by people who were of different social
status. For the comparison of the two techniques, geometric morphometris and
traditional zooarchaeological biometry, there were applied to the elements astragalus,
metacarpal and metatarsal of the species Ovis aries and Capra hircus to investigate if

there is any phenotype differences of animals based on three different areas.
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CHAPTER 3

GEOMETRIC MORPHOMETRICS AND ZOOARCHAEOLOGY
BIOMETRICS METHODOLOGY

This research aim is to investigate phenotypic variation of Ovis aries and Capra hircus
within and between two locations in Sapinuwa. Both Geometric morphometrics and
traditional biometry were applied to investigate shape variations of Ovis aries and
Capra hircus, and three inter-site locations; Agilonii, Sacrificial Area and Tepelerarasi
in the Late Bronze Age Hittite Sapinuwa. Tepelerarast where administrative
management and production were taken place, the palatial area. There are
administrative buildings in which many Hittite archives were found and workshops
where metal prodcution were processed by artisans. On the other hand, the spatial
funtion of Agilonii area is complex. In my research, I divided the Agilonii, although
excavation team named Agilonii as one location, area into two different locations
based on the spatial function of it because there is a distinction between a sacrificial
place where sacrificial rituals were pereformed and rest of the Temple area where
priest were living in and probably some ordinary life activities were also taken place
(see Chapter 2 for the details of the function of the locations). The name of ‘Sacrificial
Area’ is given to the specific location where sacrificial pits were unearthed and
Agilonii is given to the lower part of the same location where some common space,
buildings and workshops belonging to the “Temple” were discovered. The reason |
chose to work on both geometric morphometrics and traditional biometry in the
research is evaluating both measurement techniques for detecting variation between

groups as well as for facilitating the decision about the landmark locations.

Traditional biometrics are used for a long time in zooarchaeological research and have
been proven a useful tool for investigating such questions (Onar & Belli, 2005; Peters
etal., 2017; Pilaar Birch et al., 2019; Soykan, 2007). Geometric morphometrics on the

other hand is a recent loan to zooarchaeology from the science of biology for
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investigating shape and shape variation that has been proven a very promising
technique because it allows a more detailed picture of bone shape to be examined
hence it can capture morphological variation in a population better.

3.1  Specimen Selection and Biological and Phylogeny and Ontogeny

Morphology is one of the important points for evaluating variations for identification
of the bones, adaptation and speciation. It is formed as a result of a complex process
that contains both inherited and developmental characteristics of an organism. The
variation within a specimen related with both environmental and biological conditions.
The inherited characteristics of biological beings, phylogeny, are determined by DNA.
The hox genes drive the morphology of a specimen in a population and any valid
morphological differences are the result of these genes (Burke et al., 1995).

One of the important notions for characterising the vertebrates is the locomotion
behaviour. The modes of locomotion affect bone articulation and shapes of epiphyses
and diaphysis. For example; one the one hand, ovicaprids are known for having long
metapodia suited to their way of movement but on the other hand Ovis orientalis (wild
sheep) use their shorter metacarpals not only for running, but also climbing (Haruda,
2014: 139). By evaluating the locomotion behaviour of ovicaprids, the metapodial

bones are key bone for examining variation within a species.

Since domestication, human has control over the Ovis aries and Capra hircus by
changing the inherited characteristics for maximizing the quality and quantity of
products getting from the animals such as Merino sheep which has a good quality of
wool and Karakul sheep which is fat-tailed (Mason, 1996). This kind of action called
breeding, however, it is not biologically defined word. The closest biological term in
the same manner is ‘subspecies’ which means a group of animals having specific
characteristics mostly according to the geographical zones that the species are living
in. Haruda (2014) defined the term as ‘landrace’ that is identifying the morphological

characteristics which is changing according to region.
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This morphological differences based on regions are well described by phenotypic
characteristics of animals rather than ontogeny which includes all the developments of
an organism within a lifespan. Astragalus which morphology of bone in the ankle joint
are the key bones for identifying such morphological differences based on specific
environments and geographical/topographical differences. The resilience of the ankle
joints is interpreted by astragalus morphology by providing phenotypic characteristics
of traits by ecozone. In this research, such phenotypic characteristics are analysed and
evaluated rather than ontogenic features in order to detect the difference caused by
geographical differences.

Astragali, metacarpals and metatarsals were selected from the archaeological site
Sapinuwa. The best preserved specimens were chosen, however, because the context
from where the bones were excavated were very close to the top soil, the preservation
was not good because of being exposed to different evironmental condition (such as

rain, heavy rains etc).

3.2 Introduction to Geometric Morphometrics

Geometric morphometrics is a technique to explore shape variation (Rohlf & Marcus
1993; Bookstein 1996; Adams et al. 2004; Zelditch et al. 2004, Slice 2005). The use
of landmark-based geometric morphometrics has been practiced in various disciplines
such as biology, anthropology, medicine, paleontology (Lawing & Polly 2010) and the
method has been applied by many zooarchaeologists for studying morphological

differences between and within groups.
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Geometric Morphometrics as a term was first introduced in the late 1970s (Bookstein
1978) and the improvement of the technique has occurred in the last 30 years
(Bookstein 2005, Boyko et al. 2010, Curran 2012, Goodall 1991, Kendall 1984,
Klingenberg 1996, 1998, O’Higgins 1997, Rolf 1990, 1996, Richtsmeir et al. 1993,
2005, Singleton 2005, Taylor and Slice 2003, Volkman et al. 2003, von, Zelditch et al.
2012). The major advantage of geometric morphometrics is the ability to catch the
morphological differences that are missed in traditional zooarchaeological
measurement methods (Curran 2012, Zelditch et al. 2012).

3.3  Data Acquisitions

Geometric morphometrics focus upon two or three dimensional Cartesian coordinates
of relevant landmark points. Landmarks carried shape data retrieved from edges,
anatomical features and other unique characteristics. “The information about shape is
contained in the entire constellation of landmarks and semilandmarks, i.e. the
configuration of points.” (Zelditch et al. 2004: 23). Unlike traditional
zooarchaeological biometrics, for GMM, each measurement taken from the specimen
is not evaluated individually because they are hardly meaningful one their own. Instead

they are combined together to give the geometric shape of the object under study.

Recording of geometric shape data with landmarks can be carried out by using various
techniques such as taking photographs, which is a 2D technique, and 3D laser
scanning. | used two dimensional technique and digital images taken with a digital
camera. Landmarks are located in these data and converted to coordinate system. To
minimize the error stemming from equipment used such as digital camera lens’
distortion, some conditions must be satisfied. First of all, objects must be located on a
flat surface and distance of objects from the surface to the lens must always be the
same. Additionally, the light must be also taken into account because under a very

bright or dark light, the digital image may be perceived mistakenly by the researcher.
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34 Landmarks

Landmarks are the easiest way to collect shape data in geometric morphometrics. The
set of landmarks are determined according to shape of the object and research
questions. There are commonly three types of landmarks (Bookstein 1991);

Type I: The landmarks are located on intersection of tissues, bone fissures and/or
muscle attachments and foramen. These landmarks must be homologous that is located

in the same position across all specimens.

Type II: The landmarks define the minima or maxima of curved structures and
homology of the points are not based on histological location but geometric or shape
indication such as the point of a tooth.

Type Ill: The landmarks are much related with the points defined for traditional
measurements because they define the object axes. The landmarks are located at the
end of the objects and included external points that give the maximum length and/or
breadth of the object.

Semi landmarks which are used to collect information between landmark points are
also used in geometric morphometrics. These are “extra” points used to describe in
more detail difficult shapes, especially curves. Whilst landmarks are located at the
most important positions that clearly define the basic shape of an object (As defined
in I, 11 and I11), semi landmarks are located between two landmarks to describe in more
detail the shape of the space between these two landmarks. They are much more
numerous and distanced equally between them. Their number depends on the decision
of the researcher as to how many semi landmarks he/she thinks are needed to describe

the shape correctly.
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3.5  Digitization and Measurement errors

Measurement error is inevitable in all morphometric analyses. There are various
reasons for such measurement errors that they can be related to data, investigators and
tools/equipment.

One of the most common errors occur during the digitisation process. When
photographs of objects are taken, digital camera lenses can affect the capture of objects
because parts of objects or specimens that are at the edge of the frame can be distorted
(Haruda 2014: 134). This kind of error can be handled by providing a careful recording
process by using a tripod and taking photographs from the same distance (not too
closed and not too far away from the objects in order to fit the object in a balanced
frame) or it is better to use scanners as a digitising method for three-dimensional
objects. Especially when homologous landmarks are located on large amounts of data,
those measurement errors can be detected. This type of errors can be controlled by
applying Procrustes ANOVA. When digitising error is not higher than minimum level
of biological variation, it means that the error is not significant otherwise measurement
or digitising process should be repeated until reducing the error (Klingenberg et al.
2002).

The non-shape variations must be removed to extract differences only related to the
shape rather than position, scale and rotation (Kendall 1977, Rohlf and Slice 1990,
Zelditch et al. 2012). The most common method for configuration and uniformity of
the landmarks in geometric morphometrics is Generalized Procrustes Analysis (GPA)
that is also known as Procustes superimposition (Viscosi & Cardini, 2011, Zeltditch
et. al. 2004). Procrustes methods provide evaluation of all landmarks as a datum in
landmark configuration rather than as individual data points. In other words, the

variation is no longer between individual landmarks but between configurations.

A covariance matrix which displays the relationship between landmarks was generated

after the GPA analysis. In order to find more variance in Principal Component analysis

(PCA), covariance matrices which show all the relationship between landmakrs are
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also advantageous because running PCA on a correlation matrix gives chance to find

more variation between landmarks (Zelditch et al., 2004)

For investigating shape differences within and between my groups | run both Principle
Component analysis (PCA) and Canonical Variate Analysis (CVA). PCA is useful for
investigating the overall variation and shape differences, however, it displays the most
explicit groups without taking into account any classifiers which are identified groups
of data. Some significant information in the data such as the places where the bones
came from and species such as Ovis aries and Capra hircus can be classified as
separate groups in the analysis as classifiers. On the other hand, CVA is better suited
for evaluating defined classifiers especially if the amount of sample is small by
maximizing variation within groups (Klingenberg & Monterio 2005). Although
maximizing variation by defined classifiers, for example Ovis aries and Capra hircus,
may not be always the best choice because identification of Ovis aries and Capra
hircus from an archaeological context is challenging and are not reliable 100%. In this
case, applying first PCA and then CVA, and comparing the results can be the best

choice.

3.6  Data Digitalisation for GMM

Specimens were digitized by Nikon D90 digital camera (with a Nikon macro lens
50mm) which was fixed on a tripod within a certain distance from the bones. The
bones were laid on a flat surface. Then the camera was set on the tripod and was kept
parallel to the flat surface. To ensure that both the flat surface and the camera were
parallel, these were levelled with a two spirit levels, one attached to the top of the
camera and the other on the flat surface. | prepared labels for each specimen and
located them with a scale bar under each bone during the digitization process. After
taking photographs of bones, | built a Tps format file for placing the landmarks that
were determined in advance. | used TpsULtil (http://www.sbmorphometrics.org/) for
this purpose (Rohlf, 2012). For placing landmarks on the digital images, | plotted
landmarks on TpsDig2 (http://www.sbmorphometrics.org/soft-dataacg.html ) which is

one of the many examples of software programs available for this analysis (Rohif,
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2010). Nine (9) landmarks are selected for astragalus following Haruda (2014) and
fifteen (15) landmarks are selected both for metacarpal and metatarsal bones following
Fhionnghaile et al. (2015) (Fig. 1l1a, 11b, 11c). There are various methods for
analyzing the data set and one of the software package is MorphoJ used both for two
and three-dimensional landmark data  set (Klingenberg 2011,
https://morphometrics.uk/MorphoJ_page.html ). Right after plotting the landmarks,
the data was superimposed by a generalized Procrustes analysis to scale a landmark
configuration. Scale, rotation and orientation of the landmarks were configured with
the computation of a centroid size as the same and then the analysis was run to find
outliers, if there were any. Outliers were detected by comparing the variation of each
landmark in configurations because the software program provides average
configuration for each of them and it is possible to exclude and/or relocate landmarks
or data for analysis.
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Figure 11: Landmarks on the elements used for this research.
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3.7  Traditional Biometry

Animal bones were not brushed or washed before during the excavation seasons and
these were kept in plastic bags with tags which had information about the area, date,
trench and sometimes elevations roughly. After animal bones were washed and/or
brushed, the elements astragalus, metacarpal and metatarsal that | used for this
research were chosen by comparing with the bone manuals by Schmid (1972), articles
for the separation of Ovis aries and Capra hircus (Zeder and Lapham, 2010), the
animal bone reference collection at the Environmental Archaeology Research Unit at
METU and according to some criteria suitable for the research questions. The criteria

are;

1- Distal epiphysis should not be damaged or broken because this part is
important for the measurements and landmarks, however, the distal part of the

shaft of the bone is not included in this criterion.

2- All animal bones in this research have their epiphyses complete and fused thus
originate from adult animals whilst young animals with unfused epihyses were
excluded (Reitz and Wing 2008).

3- There are burnt context (such as sacrificial pits) in the excavation site and burnt
animal bones from these contexts were excluded because burning changes the
shape of the bones, however, other animal bones from this area were kept in

the database.

4- If there is any anomaly on the bones, related to pathologies and diseases, these

bones were excluded from the research database.

5- All the bones on which measurements were taken, were choosen from amongst

the bones which geometric morphometric analysis were done.

After the elimination of data, bones were recorded in an Access database management
system. Each row contains an identified element basically with the information of area
in the site, date, context, species, element, sides and measurements. While recoding
the bones, each bone was measured based on Driesch (1976) with digital calipers and

selection of the measurements were given in Table 1. Both right and left specimens
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had been selected for the three elements mentioned above and identified with the

criteria given by Schmid (1972).

Table 1: Traditional measurement points according to VVon den Driesch (1976).

Astragalus
Traditional Biometry

Points Description
M1 (GL1) Greatest length of the lateral half
M2 (GLm) Greatest length of the medial half
M5 (Bd) Greatest breadth of the distal end
Metacarpal

Traditional Boimetry

Points Description

M4 Greatest breadth of the distal end

M5 Greatest depth of the distal end
MS1 Depth of the medial trochlear condyle
MS2 Depth of the medial verticillus
MS3 Width of the medial condyle
MB1 Depth of the lateral trochlear condyle
MB2 Depth of the lateral verticillus
MB3 Width of the lateral condyle

M1 Greatest breadth of proximal end

M2 Greatest depth of the proximal end

M8 Greatest length

After taking measurements and recording data for traditional biometry, PAST software
was used for statistics. Principle component analysis which is a technique for reducing
the dimensionality and retaining the most variation in the dataset while keeping

minimum loss of the data was run (Jolliffe et al., 2016). Principle component analysis
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allows us to see whether there are groups in the dataset by reducing the variables to
fewer rather than using complex values of many variables and data. These could be
also plotted on a graph which also helps us to see differences and/or similarities
between samples.
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CHAPTER 4

GEOMETRIC MORPHOMETRICS AND ZOOARCHAEOLOGICAL
BIOMETRICS RESULTS

4.1  Geometric Mophometric Results

Ovis aries and Capra hircus specimens were analyzed separately both with geometric
morphometric methods and zooarchaeological biometric methods to detect
morphological differences within and between the classifiers (excavation locations).
Both the left and right sides of the astragalus element, metacarpal, and metatarsal were

used to create the datasets (Table 2).

As it is mentioned in Chapter 3, the principal component analysis (PCA) is descriptive,
and classifiers, which are based on the three excavation locations of animals in this
research, are not predetermined. It provides variation among uncorrelated principal
components and does not conduct under a hypothesis. As a result, the statistical
significance is not a concern in this research as much as canonical variate analysis
(CVA), which operates under a hypothesis such as the relation of the groups and each
group member. Unlike PCA, the data is measured based on variation by Mahalanobis
distance in CVA, showing as much variation between the groups’ means in a small
space. In this research, CVA is conducted with a permutation test (1000 permutations)
according to the Mahalanobis distances between classifiers/groups. In this framework,

the statistical numbers (p-value) of CVA will be given for comparing the groups.

In order to make the best comparison between the results of both methods, that is
geometric morphometric and traditional biometry, principle component and
MANOVAJ/CVA analyses were applied to data, and the datasets for these analyses

were created with traditional zooarchaeological measurements (See Appendix A).
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However, because some bones were recovered damaged, physical measurements
could not be taken in all cases, and the specimens in the dataset for which there were
missing measurements were excluded from the datasets created for zooarchaeological
biometric methods. All the specimens in these datasets were also tested with GMM,
but some of the data in the datasets created for GMM could not be tested in
zooarchaeological biometric analyses. Missing of some measurements of many
specimens of Ovis aries metacarpal and Capra hircus metatarsal datasets caused them
not to be analyzed in MANOVA/ (CVA) because more than one specimen must be

entered in a data set to run analysis.

Table 2: The number of data used in Geometric Morphometrics Analyses.

Number of Number of Data
Number of Data o
Elements Data from from Sacrificial Number of
from Agiloni
Tepelerarasi Area Landmark
) Ovis | Capra | Ovis | Capra | Ovis | Capra S
Species . . : . . .
aries | hircus aries hircus aries hircus
Astragalus 13 5 5 2 6 8 9
Metacarpal 28 8 6 4 1 3 15
Metatarsal 35 8 9 6 4 2 15
Total 76 21 20 12 11 13

4.1.1 Astragalus Analysis Results

For astragalus, a total of twenty-one Agilonii (fourteen of it from Sacrificial Area) and
eighteen Tepelerarast bones were analyzed. In total, the two datasets consisted of
twenty-four Ovis aries and fiftheen Capra hircus created as TPS files. Both left and

right bones were included in the analysis as mentioned above. Nine homologous
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landmarks were placed on specific locations based on Haruda’s (2012) research. The
specimens were analyzed in Morpho J software and plotted along with the Principle
component and Canonical variate analyses to detect shape changes both within and
between the groups.

A. Ovis aries

Twenty-four specimens were analyzed with the process described in Chapter 3. The
data include thirteen from Tepelerarasi, five from Agilonii, and six from Sacrificial
Area. Firstly, principal component analyses were conducted, and the first two
Eigenvalues give 57% related to shape variation. It is observed that there are
morphologically different groups of animals that tend to cluster as Sacrificial Area on
the left and Tepelerarasi on the right of the principal component 1 axis (Fig. 12). While
the data from Agiloni and Sacrificial Area do not cluster as a group, in fact, the data
edited as Agilonii classifier spread over the different parts of the graph except for
AGIL533, which it clusters together with TEP483, TEP897, TEP544, and TEP546. It
means that specimens from Agiloni display more variation than the other two
groups. As a result of the analysis, although specimens from Tepelerarasi, Sacrificial
Area, and Agilonii do not entirely form three tight and distinct clusters, TEP496, TEP
550, AGIL561, and AGIL 563 seem to be of different morphology compared to other
data.

Canonical variate analysis was conducted for Ovis aries astragalus from Tepelerarasi,
Sacrificial Area, and Agiloni (Fig. 13). The clear separation of the specimens from
the three areas with canonical variate 1 and 2 is seen in Figure 13, and it was a
predictable result based on the PCA results above. Confidence ellipses were drawn
based on equal frequency ellipses with 0.9 probability and classifiers; Agilond,
Tepelerarasi and Sacrificial area were set up as a criterion for grouping observations.
P-value from permutation test (1000 permutation rounds) for Mahalanobis distance
among Sacrificial Area, Ag1lonii, and Tepeleraras1 is p<.0001, displaying that there
are significant differences between Ovis aries from these three areas (see Appendix
for the results). According to the CVA, the specimens which are from Tepelerarasi do

not form a tight cluster within the group; in fact, TEP491 displays similar
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morphological variation with the specimens from Agilonu. Moreover, the specimens
from Agilonii also could not clustered as much as the data from Sacrificial Area and
AGIL531 has close morphological variation with Tepelerarasi data. As it is seen from
the CVA graph (Fig. 13), Tepelerarasi and Agilonii ellipses intersect each other, which
means that some of the specimens from these areas show similar morphological
variation. For Sacrificial Area, SAC294 and SAC296 specimens are morphologically
different from those within this group. After CVA, discriminant analysis is run for
cross-validation, in other words, misclassification and/or true allocated data results
with 1000 permutation rounds. As it only compared two classifiers with each other,
the result of the misclassification table shows that the most exact classification was
provided with the comparison of Sacrificial Area (63%) and Tepeleraras1 (54%)
(Table3d).
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Figure 12: Princpal Component Scores plotted for Ovis aries astragalus from all
areas.
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Figure 13: Canonical Variate Scores plotted for Ovis aries astragalus

from all areas

Table 3: The classification/misclassification table of

Ovis aries astragalus

Classification/misclassification tables

Group 1: Sacrificial Area

Group 2: Tepelerarasi

From discriminant function:

True Allocated to

Group Group 1 Group 2 Total

Group 1 6 0 6
Group 2 0 13 13
From cross-validation:

True Allocated to

Group Group 1 Group 2 Total
Group 1 4 2 6
Group 2 6 7 13
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B. Capra hircus

Fifteen Capra hircus specimens were analyzed, five of these from Tepelerarasi, two
from Agilonii, and eight from Sacrificial Area. Principle component analysis was
carried out, and the first five Eigenvalues give 65.2% related to shape variation. The
data were spread all over the graph and not clustered except for SAC293 and SAC300,
which clustered together with AGIL512 (Fig. 14). While the specimens from
Sacrificial Area can be interpreted as being more similar to each other, the specimens
from Tepeleraras1 are morphologically different from each other. The specimens
TEP507, TEP554 and TEP567 were found from the same area, ‘Building E’. TEP334
and TEP413, for which the variation is obvious from the graph below (Fig. 14), were
discovered from the workshop area, and these specimens were morphologically
different. Unfortunately, there are only two data from Agilonii. These are AGIL 523
and AGIL512 are plotted close to each other.

Canonical variate analysis was conducted for Capra hircus astragalus from
Tepelerarasi, Sacrificial Area, and Agi1loni. The separation based on the area is given
in Figure 15. Confidence ellipses were drawn based on equal frequency ellipses with
0.9 probability and classifiers; Agilonii, Tepelerarast and Sacrificial Area were set up
as a criterion for grouping observations. P-values from permutation test (1000
permutation rounds) for Mahalanobis distance among three areas are p< 0.0110,
displaying morphological differences within Capra hircus specimens from these two
areas. While AGIIL512 and AGIL523 are set apart and indicate variation within the
group, the data from Tepelerarast and Sacrificial Area cluster within their groups.
However, the SAC300 falls within the intersection of the ellipses of Sacrificial Area
and Tepelerarasi, and SAC298 follows the same pattern with this data. The results
from Ag1lonii might have been related to the lack of data from this area. After CVA,
discriminant analysis is run for cross-validation, in other words, misclassification
and/or true allocated data results with 1000 permutation rounds. According to the
misclassification table, the most exact classification was provided with the comparison
of Ag1l6nii (100%) and Tepelerarasi (80%) (Table 4).
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Table 4: The classification/misclassification table

of Capra hircus astragalus

Classification/misclassification tables
Group 1: Agilloni
Group 2: Tepelerarasi
From discriminant function:
True Allocated to
Group Group 1 Group 2

Total
Group 1 1 1 2
Group 2 1 4 5

From cross-validation:
True Allocated to

Group Group 1 Group 2

Total
Group 1 1 1 2
Group 2 2 3 5

4.1.2 Metacarpal Anaylsis Results

A total of fourteen Agilonii (four of these from Sacrificial Area) and thirty-six
Tepelerarasi specimens were analyzed. The two datasets consisted of thirty-five Ovis
aries and fifteen Capra hircus metacarapal pictures created as TPS files, and both left
and right bones were included analysis. Fifteen homologous landmarks had been
placed on specific locations based on Fhionnghaile et al.’s (2015) research. The
specimens analyzed in Morpho J software were plotted along with the Principle
component and Canonical variate analyses to detect shape changes both within and

between the groups.

A. Ovis aries

Thirty-five specimens were analyzed from Tepelerarasi, Agi1loni, and Sacrificial Area.
The dataset consisted of twenty-eight Tepelerarasi, six Agilonii, and one Sacrificial

Area specimens. Firstly, principal component analysis weas conducted, and the first
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two Eigenvalues give 55.2% related to shape variation. The data are spread all over
the graph (Fig. 16) indicating that there is variation within groups rather than clustering
based on the areas. However, it is observed that the data from Agilonii tend to cluster
on the right and Tepelerarasi, which has the most variance within its group, plots on
the left of the principal component 1 axis (Fig. 16). While SAC759, TEP350, TEP352,
and TEP766 clustered, AGIL763, AGIL515, AGIL757, AGIL 516, and TEP431
enclose this group. Interestingly, TEP350 and TEP 351 were found from precisely the
same trench (trench no: 4), and TEP766 and TEP431 were also found in the west of
Building E, located near the workshop area. Although AGIL515 and AGIL516 were
discovered from the same trench (where the oven was located), AGIL757 was found
in different location of Ag1lonii. The small group on the lower left of the graph consists
of TEP772, TEP471, and TEP769, also found in the same area, northeast of Building
D.

Canonical variate analysis was conducted for Ovis aries metacarpal from Tepeleraras,
Sacrificial Area, and Agilonii. The result of CVA based on the area could be seen in
Figure 17. Confidence ellipses were drawn based on equal frequency ellipses with 0.9
probability and classifiers; Agilonii, Tepeleraras1 and Sacrificial area were set up as a
criterion for grouping observations. P-values from permutation test (1000 permutation
rounds) for Mahalanobis distance among three areas is p< 0.0324 (for the variation
between Tepelerarast and Agilonii p<.0001), displaying that there are morphological
differences within Ovis aries specimens from these three areas. As it is seen in Figure
17, the specimens from the three areas are morphologically different animals from
each other according to the statistical results as well. The only outlieer within the
dataset is TEP501 which showed the same results in PCA too. Discriminant analysis
is run to check for cross-validation, in other words, misclassification and/or true
allocated data results with 1000 permutation rounds after CVA. Although each
comparison of the sites indicates substantial allocation of the groups, the most exact
classification was provided with the comparison of Agilonii (84%) and Sacrificial Area
(100%), the lack of data from Sacrificial Area might have affected the results (Table
5). Nevertheless, according to the comparison of Tepeleraras1 and Ag1lonii, 72% of the
animals in Tepeleraras1 shows distinct variation with this group, while the percentage
is lower in Ag1lonii at only 67%.
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Table 5: The classification/misclassification

table of Ovis aries metacarpal.

Classification/misclassification tables
Group 1: Agilonu

Group 2: Sacrificial Area

From discriminant function:

True Allocated to

Group Group 1 Group 2

Total
Group 1 4 2 6
Group 2 0 1 1

From cross-validation:
True Allocated to

Group Group 1 Group 2

Total
Group 1 3 3 6
Group 2 0 1 1

B. Capra hircus

Fifteen specimens were analyzed from Tepelerarasi, Agilonii, and Sacrificial Area.
The dataset includes eight Tepelerarasi, four Agilonii, and three Sacrificial Area
specimens. Firstly, principal component analysis was conducted, and the first five
Eigenvalues give 56.6% related to shape variation. Although there are not clusters
based on areas, some data tend to form small clusters, such as TEP360 and TEP484
lower right edge of principal component 1 (Fig. 18). TEP774, TEP400, and SAC749
were also plotted near these areas; interestingly, TEP360, TEP484, and TEP400
specimens were found from the same area (northeast of Building D). Additionally,
TEP435 and TEP460 were clustered together with AGIL 762; the specimens from
Tepelerarasi in this group were also discovered from the northeast of Building D. As

it is seen in Figure 18, the data from Agilonii and Sacrificial Area are plotted all over

45



the graph. It means that these specimens show significant variation; in other words,

morphological differences are seen for these specimens.

Canonical variate analysis was conducted for Capra hircus metacarpal from
Tepelerarasi, Sacrificial Area, and Agilonii. The result of CV A based on the area could
be seen in Figure 19. P-value from permutation test (1000 permutation rounds) for
Mahalanobis distance among three areas is p< 0.008, displaying morphological
differences within Capra hircus specimens among these three areas. Even though the
specimens did not form tight clusters according to the areas where they were found, it
can be mentioned that there is some slight disposition of the data based on the areas.
Accordingly, the data from Tepelerarasi clustered into two different spaces ofthe CVA
graph (Fig. 19). The specimens were separated in two, indicating morphological
differences within the group based on the variation between the areas. On the top left
of the graph, the specimens from Agilonii were plotted all over these areas while the
data from Sacrificial Area were located on the top right of the graph. SAC749 and
SACT773 were discovered from the same Trench (South of the stone pavement), but
SACT748 was found inside Building 7. Discriminant analysis with cross-validation is
run to see misclassification and/or accurate allocated data results with 1000
permutation rounds after CVA. Although each comparison of the sites indicates robust
allocation of the groups, the most exact classification was provided with the
comparison of Ag1lonii (75%) and Tepelerarasi (75%), the lack of data from Sacrificial
Area might have affected the results (Table 6).
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Figure 18: Princpal Component Scores plotted for Capra hircus

metacarpal from all sites.
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Table 6: The classification/misclassification

table of Capra hircus metacarpal.

Classification/misclassification tables
Group 1: Agilonu

Group 2: Tepelerarasi

From discriminant function:

True Allocated to

Group Group 1 Group 2

Total
Group 1 3 1 4
Group 2 1 7

From cross-validation:
True Allocated to

Group Group 1 Group 2

Total
Group 1 2 2 4
Group 2 3 5 8

4.1.3 Metatarsal Analysis Results

A total of twenty-one Agilonii (four of these from Sacrificial Area) and fourty-three
Tepelerarasi specimens were analyzed. The two datasets consisted of fourty-eight Ovis
aries and sixtheen Capra hircus created as TPS files, and both left and right bones
were included analysis. Fifteen homologous landmarks had been placed on specific
locations based on Fhionnghaile et al.’s (2015) research. The specimens analyzed in
Morpho J software plotted along with the Principle component and Canonical variate

analyses to detect shape changes both within and between the groups.

A. Ovis aries

Fourty-eight specimens were analyzed from Tepelerarasi, Agilonii, and Sacrificial
Area. The dataset includes thirty-five Tepelerarasi, nine Agilonii, and four Sacrificial
Area specimens. Firstly, principal component analyses were conducted, and the first

five Eigenvalues give 48.6% related to shape variation. For Ovis aries metatarsal, there
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are not clusters based on the area; however, AGIL696, TEP378, and TEP404 display
larger variation within their dataset (Fig. 20). In other words, these specimens indicate
stronger morphological differences than other specimens.

Canonical variate analysis was conducted for Ovis aries metatarsal from Tepeleraras,
Sacrificial Area, and Agilonii. The result of CV A based on the area is given in Figure
21. The comparison of Agilonii-Sacrificial area with Sacrificial Area-Tepelerarast, p-
value is p>0.05 from the permutation test (1000 permutation rounds) for Mahalanobis
distance among three areas, meaning that there is not significant variation based on
groups. The comparison of Agilonii and Tepelerarasi resulted in a p<0.0003 which
indicates the variation among groups is statisticaly significant. However, the
specimens from Agilonii are plotted slightly on the right, and Tepelerarasi specimens
are plotted on the left of the graph while the specimens from Sacrificial Area is spread
all over the graph area. It could be said that, although there are minor morphological
differences between the animals discovered from Agilonii and Tepelerarasi, the
animals from Sacrificial Area do not fit any group. In fact, the animals from Sacrificial
Area do not cluster within its group, indicating that these animals are also displaying
morphological differences among each other. Although each comparison of the sites
does not indicate substantial allocation of the groups, the most exact classification was

provided with the comparison of Agilonii (45%) and Tepelerarasi (66%) (Table 7).
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Figure 20: Princpal Component Scores plotted for Ovis aries metatarsal
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Table 7: The classification/misclassification

table of Ovis aries metatarsal.

Classification/misclassification tables
Group 1: Agilonu

Group 2: Tepelerarasi

From discriminant function:

True Allocated to

Group Group 1 Group 2

Total
Group 1 9 0 9
Group 2 3 32 35

From cross-validation:
True Allocated to
Group Group 1 Group 2

Total
Group 1 4 5 9
Group 2 15 20 35

B. Capra hircus

Sixteen specimens were analyzed from Tepelerarasi, Agilonii, and Sacrificial Area.
The dataset consisted of eight Tepelerarasi, six Agilonii, and two Sacrificial Area
specimens. Firstly, principal component analysis was conducted, and the first five
Eigenvalues gives 53% related to shape variation. In Figure 22, the variation of the
data according to the PCA results is given. While the animals from Sacrificial Area
are scattered along all the different space in the graphs, the animals from Tepelerarasi
tend to cluster away from principle component 1 axis, and the animals from Agilonii
tend to cluster close to the principal component 1 axis. As a result of this, animals from
Tepeleraras1 and Agilonii have indicated differences in small scale morphologically;

however, the same could not be claimed for the animals from Sacrificial Area.

Canonical variate analysis was conducted for Capra hircus metatarsal from

Tepelerarasi, Sacrificial Area, and Agilonii. The result of CVA based on the
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excavation area can be seen in Figure 23. Confidence ellipses were drawn based on
equal frequency ellipses with 0.9 probability and classifiers; Agilonii, Tepelerarasi and
Sacrificial area were set up as a criterion for grouping observations. Based on
statistical results, while there is morphological differences of animal between Agilonii
and Sacrificial Area (p<0.0097) and between Agilonii and Tepelerarasi (p<0.0141).
However, the csomparison of Sacrificial Area and Tepeleraras1 has a p value which is
greater than 0.05 (p=0.8823). This might have been related to the small number of data
from Sacrificial Area. However, it could be claimed that there are morphological
differences within Capra hircus specimens from these three areas. Although each
comparison of the sites does not indicate substantial allocation of the groups, the most
exact classification was provided with the comparison of Agioni (83%) and

Sacrificial Area (100%) (Table 8).
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Table 8: The classification/misclassification table

of Capra hircus metatarsal.

Classification/misclassification tables
Group 1: Agilonu

Group 2: Sacrificial Area

From discriminant function:

True Allocated to

Group Group 1 Group 2

Total
Group 1 5 1 6
Group 2 1 1 2

From cross-validation:
True Allocated to
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Group Group 1 Group 2
Total

Group 1 4 2 6
Group 2 1 1 2

4.2  Zooarchaeological Biometrics Results

For zooarchaeological biometry analysis, both principal components and MANOVA
canonical variate analysis in PAST software were conducted to compare the results
obtained by GMM. As the principal component is used for detecting possible variance
in the multivariate data, MANOVA/CV A is used to test two or more groups’ variance
based on the predetermined classifiers. However, unlike GMM, there should be more
than one data for each classifier/group. Because there was only one specimen in the
dataset of Ovis aries metacarpal and Capra hircus metatarsal, these datasets were
excluded from these analyses. All measurements taken on the specimens are given in
Chapter 3 (Table 1), and the numerical dataset is given in the Appendix part of this

research. The number of data based on element and area is given in Table 9 below.

Table 9: The number of data used in Zooarchaeological Biometric Analyses

£l . Number of Data Number of Data from | Number of Data from
ements

from Tepelerarasi Ag1l6nii Sacrificial Area

) Ovis Capra Ovis Capra Ovis Capra
Species . . . . . .

aries hircus aries hircus aries hircus
Astragalus 13 5 5 2 6 7
Metacarpal 16 6 3 3 1 2
Metatarsal 29 5 6 1 4 1

4.2.1 Astragalus Analysis

Thirty-eight astragalus, a total of twenty from Agiloni (thirteen of these are from

Sacrificial Area) and eighteen from Tepelerarasi, both from Ovis aries and Capra
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hircus were separately tested by in principle component analysis and MANOVA/CVA
by using PAST software computer program. Twenty-four Ovis aries and fourteen
Capra hircus prepared as two separated datasets to detect morphological changes

based on the classifiers.

A. Ovis aries

Twenty-four Ovis aries, including five Agilond, six Sacrificial Area and thirteen
Tepeleraras1 specimens, were analyzed in principle component analysis to see the
variation between specimens without predetermined classifiers. Three different
measurements were set up for astragalus (Tablel), and these measurements were taken
from each specimen (See Appendix for the measurements). In Figure 24, all the data
were scattered widely over the graph. There is no cluster based on the area; instead, it
is clear that some specimens display more variation than other specimens. The
specimens which are TEP550, SAC313, TEP412, SAC296, TEP544, TEP483, and
AGIL533 indicate different morphological features more than the other specimens. In
geometric morphometric methods” PCA results on the Ovis aries astragalus (Fig. 12),
TEP412, TEP506, and TEP550 specimens are also indicating similar patterns with this
result. Moreover, the specimens from Agilonii were dispersed all over the graph space

in both analysis graphs.

Based on Figure 25, morphological difference is seen for some specimens compared
with the rest of the data, but no clusters are observed depending on the variation of
excavation area. In Figure 25, the MANOVA/CVA results do not display any cluster
in the graph; in fact, there are not many differences between PCA and
MANOVAJ/CVA graphs on Qvis aries astragalus analysis. Similar to the PCA, the
specimens TEP544, TEP412, TEP550, and TEP483 are seen as indicating larger
morphological differences than other data. However, numerical statistical results also
agree with the observation that no clusters of similar morphologically specimens are

present since the possibility found is only p>0.05.
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B. Capra hircus

Fourteen Capra hircus, which includes two Agilonii, seven Sacrificial Area and five
Tepelerarast specimens were analyzed with principle component analysis. Three
different measurements were set up for astragalus (Table 1), and these measurements
were taken from each specimen (See Appendix A for the measurements). In Figure 26,
almost all specimens from Sacrificial Area are seen on the left of the graph except
SAC300 and SAC537, while most specimens from Tepeleraras1 (TEP334, TEP413,
and TEP567) clustered on the upper right quadrant of the graph except for TEP507
and TEP554. The specimens found in Agiloni display different morphological
features within its group. Based on the results, although the clusters based on the area
are not tight, the specimens have a tendency to cluster according to the area.

In Figure 27, the graphic plotted as a result of MANOVA/CVA indicates slight
separation based on two areas that are Tepelerarasi and Sacrificial Area. The two
Agilonii specimens, AGIL512 and AGIL523 are close to the specimens from
Tepelerarasi. As it is seen in the graph, most of the specimens from Tepelerarasi, that
are TEP334, TEP567, and TEP554, clustered on the positive side of the axis one except
TEP413 and TEP507 while almost all the specimens from Sacrificial Area that are
SAC298, SAC669, SAC293, and SAC292 are plotted on the negative side of the axis
one except for SAC537 and SAC300. As morphological differences between groups
were also seen in the result of GMM, the differences between the specimens from
Agilonii and Tepeleraras1 were also seen in the Capra hircus astragalus GMM graph
as well (Fig. 15).
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4.1.2 Metacarpal Anaylsis Results

Thirty-one metacarpal data, a total of nine Agiloni (three of these are from Sacrificial
Area) and twenty-two Tepelerarasi, both from Ovis aries and Capra hircus were
separately conducted to principle component and MANOVA/CVA analyses by using
PAST software computer program. Twenty Ovis aries and eleven Capra hircus
specimens were prepared as two separated datasets to detect morphological changes
based on the classifiers.

A. Ovis aries

Twenty Ovis aries, consisting of three Agilonii, one Sacrificial Area and sixteen
Tepeleraras1 specimens, were analyzed in principle component analysis. Eight
different measurements were taken from each specimens’ metacarpal (Table 1 and see
Appendix A for the measurements). Although there are some small clusters, the
variation between data is mostly seen in the PCA graph (Fig. 28). The specimens
TEP431, TEP448, and TEP463 on the upper right of the graph and, TEP750 and
TEP461 display similar morphological features. All the specimens on the upper right,
TEP431, TEP463, TEP750, TEP461, and TEP761, were discovered at the west of
Building E. However, TEP448 and TEP350 were found in workshop area, which is
close to Building E. Although the specimens AGIL515, AGIL516, and AGIL757
indicate morphological differences in this graph, on the contrary, these specimens tend
to cluster in GMM results on the Ovis aries metacarpal (Fig. 16). TEP420, TEP771,
TEP352 were found in the workshop trenches and indicate more sharp morphological

differences than other data.

Unfortunately, MANOVA/CVA could not be applied to Ovis aries metacarpal.
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B. Capra hircus

Eleven Capra hircus specimens, including three Agilonii, two Sacrificial Area and six
Tepelerarasi, were analyzed in principle component analysis. Eight different
measurements were taken from each specimens’ metacarpal (Table 1 and see
Appendix A for the measurements). The data from Tepelerarasi, TEP360, TEP484,
TEP460, TEP502, and one from Agilonii, AGIL762 show morphological differences
with the rest of the data. All the other specimens from Agilonii and Sacrificial Area
are plotted on the left side of the graph except for AGIL762 (Fig. 29). The specimens
TEP460 and AGIL762 on the lower right were also plotted close together, and
AGIL767 was displayed as an outlier in GMM PCA results on the Capra hircus
metacarpal (Fig. 18). In addition to this, TEP400, TEP774, and SAC773 created a
small cluster together with TEP484 and TEP360 in GMM PCA results as well. The
specimens AGIL745 and AGIL767 were discovered from the same trench (Trench no:

3), while AGIL762 were found in the same area but different trench.

The graph plotted as a result of MANOVA/CVA indicates clear separation based on

60



the three excavation areas in Figure 30, although statistical results did not indicate
statistically significant (p>0.05). On the upper right of the graph, we see a group
comprising of the specimens AGIL745, AGIL762, and AGIL767, on the lower right,
the specimens TEP771, TEP484, TEP460, TEP360, TEP502, and TEP400 are
positioned and on the far left of the graph, the specimens SAC749 and SAC773 are
plotted against Axis 1. GMM also gave the same results; however, the clusters within
groups were seen better in GMM rather than in biometrical results.
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areas.

4.1.3 Metatarsal Analysis Results

Forty-six metacarpal data, a total of twelve from Agilonii (six of these are from
Sacrificial Area) and thirty-four from Tepelerarasi, both from Ovis aries and Capra
hircus were separately conducted to principle component and MANOVA/CVA
analyses by using PAST software computer program. Thirty-nine Ovis aries and
seven Capra hircus were prepared as two separated datasets to detect morphological

changes based on the classifiers.

A. Ovis aries

Thirty-nine Ovis aries specimens, including six from Agilonii, four from Sacrificial
Area and twenty-nine from Tepelerarasi, were analyzed in principle component and
MANOVA/CVA analyses. Fifteen different measurements were taken from each
specimens’ metacarpal and added into the database (Table 1 and see Appendix A for
the measurements). As shown in Figure 31, there is no cluster, but most of the
specimens are spread around the principle component axis 1. An extreme variation is
given by the specimen TEP389, which is plotted on the upper right of the graph. The
specimens; AGIL732 and AGIL699 display variation compared to the rest of the data

and indicate slight morphological differences. The result of PCA on the Ovis aries
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metacarpal by GMM (Fig. 20) shows small clusters within the groups, unlikely this

result.

The graph plotted as a result of MANOVA/CVA (Fig. 32) indicates slight separation
of specimens based on three areas. Most of the specimens from Tepelerarasi are placed
on the right half of the graph and the specimens from both Agilonii and Sacrificial
Area on the left half of the graph except for AGIL716. The data from Agilonii are
spread all over the left of the graph, although AGIL696 and AGIL722 are clustered
together closely meaning that they are similar in morphology. The specimens from
Tepelerarasi;, TEP378, TEP723, TEP692, and TEP691 display more differences in
morphology, as it is the case for AGIL699 compared to the other data in the dataset.
Interestingly, similar separation was also detected from the result of GMM on the Ovis
aries metatarsal in CVA analysis; however, in GMM, the variation between the
specimens from Agilonii and Tepelerarast were more solid than it is in this graph
because Agilonii data were seen closely clustered together rather than a loose
distribution (Fig. 21).
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B. Capra hircus

Seven Capra hircus including one Agilonii, one Sacrificial Area and five Tepelerarasi
specimens were analyzed in principle component analysis. Fifteen different types of
measurements were taken from each specimens’ metatarsal and added into the
database (Table 1 and see Appendix A for the measurements). The variation between
individuals is clearly seen in principle component analysis, but there is no cluster based
on three areas (Fig. 33). While TEP462, SAC728, AGIL683, and TEP394 are plotted
close to each other, TEP447, TEP503, and TEP489 display more morphological
differences than rest of the data. However, these results could not be detected by
GMM; on the contrary, there are specimens’ groups based on two areas that are

Tepelerarasi and Agilonii in Figure 22 (GMM).

Unfortunately, MANOVA/CVA could not be applied to Capra hircus metatarsal.
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4.3 Conclusion

As a result, the multivariate statistical analyses that are principal component and
canonical variate analyses in GMM suggested in many cases of morphological
differences between specimens within and between archaeological location based
groups. The clusters observed may signal different breeds. However, the same clear
separation could not be detected throughout zooarchaeological biometry. In fact, small
sample sizes may have been biased the biometric analysis and prohibited it from
sufficiently measuring and indicating the shape differences. The maximum number of
data were obtained for GMM rather than traditional zooarchaeological statistical

methods.

Overall, we could say that astragalus was the bone that showed the best separations in
GMM whilst the result of the biometric methods for the same element were
dissapointing. Metacarpal showed a good separation for Ovis aries but not for Capra
hircus in GMM but it was a relatively good indicator of variation using the biometric

method. Metatarsal had the poorest result in GMM and biometry for both species. In
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all analyses outliers were observed indicating the presence of exeptional individuals

in the flocks which may have come from areas outside Sapinuwa.
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CHAPTER 5

DISSCUSSION

Both zooarchaeological biometric and geometric morphometric methods have been
applied to understand the local animal management strategies of the Hittite city
Sapinuwa and exchange of the animals within the city based on the spatial
function/division of the three areas, namely Tepelerarasi, Agilonii and Sacrificial Area
as well as trying to find evidence for presence of the large-scaled mobility in the Late
Bronze Age period. The geometric morphometric method (GMM) was applied to
depict the shape differences of Ovis aries and Capra hircus specimens from the three
areas. To answer two main questions of the thesis, that is the application of selective
breeding and animal mobility refering to animals brought in the settlement as taxes,
booty and ritual offerings from different settlements (or even different areas in the
Hittite state), morphological variation of animal bones had to be analyzed. In this
thesis, both zooarchaeological biometry which is applied to find morphological
differences of the animals and geometric morphometrics, had been applied to describe

morphological variations as well as compare the result of two methods.

The statistical results of geometric morphometrics are a crucial point for interpreting
morphological variation. As mentioned in previous chapters, principal component
analysis (PCA) as a descriptive multivariate statistical method is not conducted with a
hypothesis. Instead, it is applied for understanding the variation among uncorrelated
principal components (Haruda, 2014, p. 255). Unlike canonical variate analysis
(CVA), predetermination of group membership (classifiers) is not given; however, it
is still useful analysis for detecting some group membership between species. The
separation between specimens from different locations is clearer to see with CVA,

which is a significant analysis that shows the variation between the means of groups
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based on edited classifiers (identified groups). On the other hand, discriminant
analysis, which is also a significant application for archaeology, paleontological and
geological researches, is critical for producing the rules to determine the group
relations (Kovarovic et al., 2011).

The PCA results given in Figure 12, Figure 14, Figure 16, Figure 18, Figure 20, and
Figure 22 suggest some variation between specimens; however, separation of data
based on activity areas is not clear. Figure 12 (Ovis aries astragalus) and Figure 22
(Capra hircus metatarsal) slightly indicates variation between the three areas more
precisely than other PCA results. Moreover, in Figure 12, Agil533 is grouped with a
few data from Tepelerarasi, and in Figure 23, Tep731 is clustered together with a few
data from Agilonii. Based on these results, it can be suggested that there was an
exchange of animals between two areas. In addition to that, In Figure 18, SAC749 is
clustered with some data from Tepelerarasi suggesting that the animal might have been
sent from Tepelerarasi to the area for sacrificial purposes but raised in Tepelerarasi.
Another interesting result is seen in Figure 22, where Agi1l735 and Sac695, which looks
like an outlier, are displaying different morphological variations than the rest of the
Capra hircus metatarsal dataset. These two data are from the ritual place, and as it is
questioned in this thesis, this kind of outlier data might have been related to animal
mobility. In fact, this animal might have been brought to the city from different places
to either being used for as sacrificial purposes related to taxes and booty from various

parts of the Empire (See pages 62-63).

The CVA was conducted with 1000 permutations founded on the Mahalanobis
distances and gave results with p-values measuring the significance of the variation
between groups. In Table 10, 11, 12, the result of CVA was given with p-values. The
CVA results of both Astragalus and Metacarpal ovicaprid specimens have a p <.05,
which means rejection of the null hypothesis, which means that there is no statistically
significant difference amongst the groups studied. This result therefore suggests that
specimens show significant morphological differences based on the three areas.
However, the same result could not be obtained for the Metatarsal specimens of both

species. The differences for O. Aries metatarsal were not seen with the comparison
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between Sacrificial Area-Agilonii, and Tepelerarasi- Sacrificial Area. For C. hircus
metatarsal, there is no difference between Tepeleraras: and Sacrificial Area with a
p>0.5, suggesting failure to reject the null hypothesis. It means there are no significant
morphological differences between the animals of these areas. This result may have
been related to the small sample size of the Sacrificial Area. The CVA results of both
astragalus and metacarpal ovicaprid specimens indicate morphological differences
between the three areas. Significantly, the p <.0001, which means rejection of null
hypothesis, is found for the comparison of Tepelerarasi and Sacrificial Area for O.
aries astragalus and of Tepeleraras1 and Agilonii for O. Aries metacarpal. It means that
there are significant differences between these areas based on animal morphology. In
other words, based on astragalus and metatarsal ovicaprid CVA results, the animals
from Agilonii, Tepelerarast and Sacrificial Area are displaying morphological
differences that support the idea of multi herding strategies of animals within the city.

It is mentioned that temples might had their own herds in Hittite states (Beckman,
1988, p. 35). It can be supported with faunal analyses of Sapinuwa that Ag1lonii, which
is thought of as a Temple area, may have raised their own animals different than the
rest of the city. The Sacrificial Area, which is identified as the third area in this thesis
but is actually located in Agilénu, is also displaying evidence for morphological
differences amongst the animals found there except for O. aries metatarsal result. The
reason for identifying this area differently from Agilonii is that Sacrificial Area is
thought to have been the place where sacrificial pits found and the actual rituals have
taken place. It is supported by the shreds of evidence taken from written records that
the ovicaprid remains from this area might have been brought from different
regions/states for performing sacrificial rituals. In chapter 2, the written records about
rituals and festivals mentioned that many cattle, sheep, and goats were sent from
different places for this kind of activity to a specific Hittite state (see the quotation

down below).

“In one instance the god Telipinu of Kasha receives a delivery of 50 cattle and 100

sheep from the chief shepherd of the town of Ankuwa, and Queen Puduhepa issues 287
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female sheep, 100 male sheep, and 11 goats from the property of the palace to the
goddess Lelwani.” (Beckman, 1988, p. 34). 16

There appears to be variation overall in the bones | examined, suggesting the existence
of many animal phenotypes. Moreover, it is also seen that some animals form clusters
around specific location data, suggesting that these clusters most likely represent
differences related to the distinct function of these three areas and the varied social
status of the people living at each of them in the Late Bronze Age city. The most
obvious evidence of this was from the analyses of Ovis aries specimens (Fig. 12, 14,
16). Since Ovis aries were more important to the Hittites because of wool production
(Beckman, 1988; Piskin & Durdu, 2021), they probably paid more attention and aimed

to raise advanced and selective breeds of Ovis aries.

Besides the meat, the secondary products of Ovis aries were considered necessary for
the Hittites as mentioned in Chapter 2. For the exploitation of secondary products, the
mortality profile of ovicaprid is also significant evidence. Logically, in order to get
more product from the animals, the survivorship should be longer. The kill-off age of
ovicaprid between three and ten is higher than young animals and at Agilonii 66.2%
and Tepeleraras1 70.2% of animals were killed in between these ages (Piskin et al.,
2020, p. 58; Piskin & Durdu, 2021). Moreover, an important pattern was found that
Ovis aries survivorship and kill-off ages are higher than Capra hircus in both areas;
however, there are older Ovis aries in Agilonii than Tepelerarasi according to the
TUBITAK report written by Evangelia Piskin (2020) and her colleagues.

The main reason for this should be related to secondary products such as wool, milk
and cheese. It is also mentioned about the flocks’ products like butter “I.NUN”, and
milk “EZEN.GA”Y" as a secondary product in Hittite archives.To understand herders’
decisions and choices about those products, the animal frequencies and quantity of the

different species plays an important role (Redding, 1984). In addition to this, it has

16 CTH 585
17 See Sijel, Aygiil, 1985:82-83
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also been argued that raising various and less valued species of animals such as Capra
hircus can be interpreted as decentralization. Similarly, raising more Ovis aries to
Capra hircus can be one indication of the importance of the wool production in a
centralized economic system (Arbuckle, 2014). Because | only chose Ovis aries and
Capra hircus species, a number of identified specimens can be given as Ovis aries,
Capra hircus and Ovis aries/Capra hircus based on my data. Although the elements
that are astragalus, metacarpal and metatarsal are the best elements of the animals in
respect of separating Ovis aries and Capra hircus, a small percentage of animals could
not be identified as Ovis aries or Capra hircus both because of the different
morphology of animals and some damages on the diagnostic part of the bones.
However, the third category of animals as Ovis aries/Capra hircus were not included
in both biometric and geometric morphometric analyses. As seen in Figure 34, Ovis
aries outnumber the Capra hircus in Ortakdy faunal remains and when Kill-off age
patterns, and quantity of Ovis aries are taken into account, as Arbuckle (2014) argued,
that could be evidence of activities and importance of wool production. It is known
that wool production was significant both for the Hittite economy and religion. As
Beckman (1988) mentioned, the usage of wool as a magical material in rituals is a
common tradition in Hittite culture. The wool was collected by the palace from local

specialists who produced wool and possessed a dyed wool (Beckman, 1988, p. 35).

In addition, apart from data that formed groups, I also encountered some outliers that
did not fit any group. In the intra-site GMM application, this kind of data are seeing
as outliers, and were generally interpreted as not being native to the region where the
dataset was created (Haruda, 2014, p. 265). These outliers may be animals brought
from regions other than Sapinuva. This explanation is supported both by the statements
in the Hittite tablets and by finding animals with Sr values that do not match the
reference values in the Sapinuwa region. It was determined that Capra hircus showed
more variability than Ovis aries, formed less distinct clusters, and Sr values also

showed much more variability than Ovis aries (Pigkin et al., 2020).

In addition, another aim is to determine the existence of different “landraces”/breeding

of animals at intra-site level, as stated in Chapter 1. When there is a large amount of
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variation within the site with a single species (such as only Ovis aries or Capra hircus),
it is possible to talk about selective breeding of animals. The mean shape in GMM can
be changed according to the different phenotypes (Haruda, 2014, p. 265). The
phenotypic differences should be visible within the group variation, and this can be
seen both with PCA and CVA. Some small subclusters within groups in the analyses
suggest different breedings of animals in the dataset. This situation indicates that
animals from different geographic areas form different morphological groups and it is
visible when there are different groupings among a single species in the inter-site level.
For example, the graphic of the CVA result in Figure 17 (Ovis aries metacarpal)
displays some variation within particular groups. AGIL515 (AGIL763 as well) is
clustered far from the other Agiloni data group. Likewise, TEP501 is also showing
morphological differences from the rest of the Tepeleraras: data group. Interestingly,
in Figure 12, Figure 14, Figure 15, Figure 16, the data from Agilonii display broad
clustering within the group and clustered wider than the data from Tepeleraras: and
Sacrificial Area. This might be evidence of local breeding practices taking place in
Agilonii; however, this might also be related to the limited amount of data from

Ag1lonii just for the data seen in Figure 22 and Figure 23.

Other than GMM, zooarchaeological biometry analyses were conducted to see the
differences between both methods and compare the results for answering the thesis
questions. There are two main reasons why the research was conducted using both
traditional and geometric morphometric analysis. The first reason is to observe
whether it will give the same answer to my research questions as a result of these two
analyzes or to determine which one offers a clearer response to our question and to
reveal which of these two methods is more suitable for this type of research. Secondly,
as | mentioned in my thesis hypothesis, the Hittites developed a good understanding
of animal husbandry. It is thought that they could have bred different breeds of animals
due to their advanced veterinary activities. The results of my research so far confirm
the correctness of the hypothesis | have established. The results of available data from
both methodology, geometric morphometrics and biometry indicate that animal bones
morphologically form various groups according to the areas in the settlement but the

subgroups are clearer with GMM.
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The results of the analysis of the animal bones from Agilonii and Tepelerarasi areas
include different groups, and this indicates the existence of different phenotype
features which may indicate different breeds. This confirmed the hypothesis | stated.
Because Agiloni is a ritual area, it is thought that at least some of the animals here
were sent from the other areas in the settlement as well as other settlements under the
Hittite control. In addition to this, Tepelerarasi is both an administrative and workshop
area and contains the bones of animals consumed by the people working here. In
summary, it is thought that the bones excavated from the workshop area are leftovers
consumed by the artisans who are neither high administrative officiers nor priests
working here and that they are second quality animals compared to the bones found in
the Agil6nii ritual area because the animals sent to the Agilonu ritual area might have
been selected and sent by the temple as first quality animals. (A. Stel, 1985). It is also
mentioned that the animals have been offered to the god are different/special (fattened

and big) than the other animals consumed by people based on a Hittite text bellow.

“If any cattle or sheep have been sent for the god to eat, you take away this fattened
cattle or fattened sheep and instead put the weak animal you have slaughtered inside
and either devour that fattened cattle or leave it in your barn/stable, or if you take it
to yourself, or leave the fat sheep in your sheep pen, or slaughter it, or use it
according to your own will, or give it to another human being to change it and get a
wage for it, then you have swept that food out of God's mouth...God is strong in spirit
does not rush to catch up. But when he's caught, he won't let go anymore. So be very
respectful to the spirit of the gods.” (A. Stel, 1985, pp. 37-41).

The data were analyzed in both PCA and MANOVA/CVA. The first handicaps were
faced during the analyses conducted with the measurements taken with traditional
zooarchaeological standards. In MANOVA/CVA, unlike GMM, there should be more
than one data for each classifier/group. Because there is only one specimen in the two
datasets, both Ovis aries metacarpal and Capra hircus metatarsal datasets, these were
excluded from this analysis as it is mentioned in previous chapter. This is the main

disadvantage of the MANOVA/CV A analysis with the data produced with the standard
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zooarchaeological measurement tehcniques. That is, unlike GMM, you need more data

to be able to run the analyses.

On the one hand, some results of PCA conducted with the measurements based on the
zooarchaeological biometry are displaying pretty similar results with GMM such as
these obtained for the Ovis aries astragalus (see Figure 12 and 24). On the other hand,
some other results of PCA could not capture enough variation so as to discern clusters
within the groups compared to the GMM. However, the result of traditional
zooarchaeological measurements for Capra hircus astragalus is the only one exception
for better separation rather than GMM (see Figures 14 and 26). Overall, the results of
PCA conducted with the measurements based on standard zooarchaeological biometry
(SzB) display almost similar data distribution in the graphics; it is hard to see small
subclusters within certain groups. As it is mentioned above, the subclusters within a
group may indicate different breedings and/or ecozones related, and GMM is more

successful in getting this kind of evidence.

In order to compare a fair round between GMM and SZB, MANOVA/CVA was run
to see the differences and similarities of both methodologies. The graphs and statistical
results clearly show that GMM is displaying clear separation based on the groups/areas
rather than SZB analyses except for Capra hircus metacarpal analyses. SZB analyses
indicate clear separation based on the areas more than GMM analyses only for the
Capra hircus metacarpal. It may be related to the complex landmark system of GMM
for metacarpal or the amount of data that is more limited in SZB. Interestingly, some
data are seen as an outlier in SZB MANOVA/CVA, such as SAC300 in Figures 26,
however, the same specimen is located close to the data from Tepelerarasi in GMM
analysis (see Fig. 14). Although the clear separation of most data based on variation
was demonstrated with GMM, some specimens such as TEP413, TEP507 and
AGIL523 specimens in Figures 14 and 26 in both methodologies displayed different
morphology than the rest of the datasets. Unfortunately, it was not possible to analyze
Capra hircus metatarsal and Ovis aries metacarpal data were not able to be analyzed

due to the limited amount of data.
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The following can be said about the results obtained using traditional
zooarchaeological measurements and geometric morphometric techniques: first, there
was not a big difference between these two methods in PCA; however, the geometric
morphometric method gives more concrete results in general. Furthermore, CVA
results of the geometric morphometric method give significant results more often than
traditional zooarchaeological measurements. With the geometric morphometric
method, the animal bones from the three main areas excavated in the settlement,
Tepearasi, Ag1lonii and Sacrificial Area, are displaying morphological differences. In
addition, it was observed that there were different animal sub-groups in both areas. As
a result, it was observed that the GMM method gave clearer results because the
geometric morphometric analysis is capable of capturing sensitive measuring system;

the distinction within the obtained groups could be observed more clearly.
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CHAPTER 6

CONCLUSION

This thesis investigated the variability based on animal morphology of Ovis aries and
Capra hircus between three areas within the Hittite settlement Sapinuwa in the Late
Bronze Age period. Both geometric morphometric methods and zooarchaeological
biometry (traditional morphometric techniques) were applied to detect inherited
characteristics of the morphology of animals and to discuss the results of two
methodologies. Morever, two techniques that are geometric morphometris and
traditional zooarchaeological biometry were applied to the elements astragalus,
metacarpal and metatarsal of the species Ovis aries and Capra hircus to investigate if
there is any phenotype differences of animals based on three different areas used by
people who were from different social status carrying out different activities in one of

the major Hittite period site Sapinuwa.

As it is mentioned in Chapter 2, animal mobility as taxes, booty and sacrificial
offerings has been mentioned in the Hittite archives (Beckman, 1988). Morever, the
zooarchaeological evidences show good knowledge of animal breeding practice in the
Hittite period states as well. Although it is hard to examine this argument with
principle component analysis, in the graphs created by this technique, some clusters
indicating phenotypic groups of animals were attested. Even if there is not a strong
division between the three areas of Sapinuwa, the different phenotypes have been
observed at the principle component analyses. On ther other hand, canonical variate
analysis is the best choice in a way of searching both ontological and phenotypic
differences. Based on the canonical variate analyses of Sapinuwa materials, there are
different phenotypes between animals and the grouping/clustring of animals is mostly

based on the areas that I identified as Tepelerarasi, Agilonii and Sacrificial Area.
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As it is discussed in Chapter 2, Tepelerararasi is where administrative and workshop
place located, Agilonii is where priests lived in and Sacrificial area is where the actual
sacrificial rituals were done by the people living in Agiloni. As Beckman (1988)
indicated, the temple area might have their own flocks. In addition to that, based on
the archaeological evidence excavated from this site, the Temple might have their own
living areas as a small settlement with their own ovens, buildings, flocks and other
spaces where daily life activities might have been maintained. It can be argued that the
animals from Agiloni seem different than the animals from Tepelerarast and
Sacrificial Area. Since the p-value is less than 0.001, the null hypothesis that all areas
within the settlement have similar morphological phenotypes can be rejected based on
the analyses for Ovis aries specimens. However, the same division based on three areas
in Capra hircus elements was not provided neither with principle component nor
canonical variate analysis except for Capra hircus astragalus. It still can be argued that
there is a division based on these areas but it is not strong nor statistically significant

for every area in the analysis.

On the other hand, the Sacrificial area is a location just for conducting religious rituals
in Sapinuwa. These three areas were used by people who are from different social
status (e.g. if a person is administrative officier or artisan, this person spent her/his
most of time in Tepelerarasi, or if a person is a priest, he spent his most of the time in
Ag1lonil). The differences of Sacrificial Area are mentioned in Chapter 2 and this is a
special area compared to the other two because this is a place where selected aniamls
were offered for sacrifice to gods. According to the result, the animal remains from
this place actually indicates morphological differences. The reason of this might have
been related to the offerings possibly sent from the other states under the Hittite control

because the ‘outliers’ of the analyses were mostly from the Sacrificial Area.

The limitation of this thesis is the unbalanced number of data from the three excavated

locations. This is related with the requirements of the geometric morphometric

77



methods which needs to have almost complete elements to plot landmarks. It also
affects analysis conducted with traditional zooarchaeological measurements because
all the data is chosen from the dataset which used for geometric morphometrics. While
it was possible to position certain landmarks in 2D geometric morphometric spaces,
the traditional measurement techniquw needs 3D completeness of bone for taking
measurements. In addition to that, the analaysis MANOVA/CVA chosen for the
comparison of traditional measurements to CVA in geometric moprhometric, could
not be run if there was a single measurement missing in the data. Lastly, for the further
researches, geometric morphometric method can be applied to the animals which are
more mobile such as horses and cattle to understand the morphology of local breeds
of these species. These results of further studies can also be compared to the data from
other sites of Hittite period.

78



REFERENCES

Adams, D. C., Rohlf, F. J., & Slice, D. E. (2004). Geometric morphometrics: Ten
years of progress following the ‘revolution.’ Italian Journal of Zoology, 71(1),
5-16. https://doi.org/10.1080/11250000409356545

Adcock, S. E. (2020). After the End: Animal Economies, Collapse, and Continuity in
Hittite and Post-Hittite Anatolia. Chicago University.

Alp, S. (2001). Hitit Caginda Anadolu. Civiyazili ve Hiyeroglif Yazili Kaynaklar.
Tiibitak Yaynlar1.

Bahar, H., Turgut, M., & Kiigiik, B. (2018). Hititlerde Yerlesim Yeri - Hititlerde
Yerlesim Yeri-Kutsal Dag Iliskisi Uzerine Bir Mesafe Onerisi. Selguk
Universitesi Edebiyat Fakiiltesi Dergisi, 39, 403-424.

Balasse, M., H., A. S., Smith, A., & Price, T. D. (2002). The seasonal mobility model
for prehistoric herders in the south-western cape of South Africa assessed by
isotopic analysis of sheep tooth enamel. Journal of Archaeological Science, 29,
917-932.

Barnard, H., & Wendrich, W. (Eds.). (2008). The Archaeology of Mobility: Old

World and New World Nomadism. Cotsen Institute of Archaeology Press.
Beal, R. H. (1992). The organisation of the Hittite military. Heidelberg.

Beckman, G. (1988). Herding and Herdsmen in Hittite Culture (pp. 33-44).
http://deepblue.lib.umich.edu/handle/2027.42/77472%5Cnhttp://deepblue.lib.u
mich.edu/bitstream/2027.42/77472/1/Herdsmen.pdf

Beckman, G. (2011). THE HITTITE LANGUAGE : RECOVERY AND
GRAMMATICAL SKETCH g ary b eckman. In S. R. Steadman & G.
McMahon (Eds.), The Oxford Handbook of Ancient Anatolia (pp. 517-533).
Oxford University Press.

79



Bin-Nun, S. R. (1975). The Tawananna in the Hittite kingdom. Heidelberg : Winter.

Blasweiler, J. (2019). Why did Labarna become a tabarna in the kingdom of Hatti ?
The expansion of the kingdom of Kussara in Anatolia 1700 BCE. Arnhem, 3, 1—
33.

Bookstein, F. L. (1996). Combining the Tools of Geometric Morphometrics. In L. F.
Marcus, M. Corti, A. Loy, G. J. P. Naylor, & D. E. Slice (Eds.), Advances in
Morphometrics (pp. 131-151). Springer.
https://doi.org/https://doi.org/10.1007/978-1-4757-9083-2_12

Bryce, T. (2002). Life and Society in the Hittite World. Oxford University Press.
Bryce, T. (2005). The Kingdom of the Hittites. Oxford University Press.

Burke, A. C., Nelson, C. E., Morgan, B. A., & Tabin, C. (1995). Hox genes and the

evolution of vertebrate axial morphology. Development, 121(2), 333-346.
Burney, C. (2004). Historical Dictionary of the Hittites. Scarecrow Press.

Collins, B. J. (2007). The Hittites and Their World (A. G. Vaughn (Ed.)). Society of
Biblical Literature, Atlanta.
https://doi.org/10.1163/156921109x12520501747967

Colominas, L., Evin, A., Burch, J., Campmajo, P., Casas, J., Castanyer, P., Carreras,
C., Guardia, J., Olesti, O., Pons, E., Tremoleda, J., & Palet, J. M. (2019).
Behind the steps of ancient sheep mobility in Iberia: new insights from a
geometric morphometric approach. Archaeological and Anthropological
Sciences, 11(9), 4971-4982. https://doi.org/10.1007/s12520-019-00837-0

De Jesus, P. S. (1980). The Development of Prehistoric Minning and Metallurgy in
Anatolia. Oxford: BAR.

De Martino, S. (2006). Hititler. Dost Kitabevi.

Demirel, S. (2014). Hitit idari Sistemi Icerisinde Tapinaklarin Konumu. Dumlupinar

Universitesi Sosyal Bilimler Dergisi, 40, 1-8.

80



Dorfler, W., Herking, C., Nerf, R., Pasternak, R., & von den Driesch, A. (2011).
Environment and Economy in Hittite Anatolia. In H. Genz & D. P. Mielke
(Eds.), Insights into Hittite History and Archaeology (pp. 99-124). Peeters.

Gavaz Sir, O. (2008). Hittit Imparatorluk Devri Krallarindan 1. Suppiluliuma
Déneminde Anadolu. Hitit Universitesi Sosyal Bilimler Enstitiisti Dergisi, 1(1),
21-39.

Gergek, N. I. (2017). A Goatherd Shall Not Enter! In E. Kozal, M. Akar, Y. Heffron,
C. Cilingiroglu, E. Serifoglu, C. Cakirlar, S. Unliisoy, & E. Jean (Eds.),
Questions , Approaches , and Dialogues in Eastern Mediterranean Archaeology
Studies in Honor of Marie-Henriette (pp. 257-278). Ugarit-Verlag.

Glatz, C., & Matthews, R. (2005). Hittite-Kaska Relations in Late Bronze Age
North- Central Anatolia. Bulletin of the American Schools of Oriental Research,
339, 47-65.

Gorny, R. L. (1989). Environment, Archaeology, and History in Hittite Anatolia. The
Biblical Archaeologist, 52(2/3), 78-96.

Haruda, A. (2014). Central Asian Economies And Ecologies In The Late Bronze Age:
Geometric Morphometrics of the Caprid Astragalus And Zooarchaeological
Investigations Of Pastoralism [University of Exeter].
https://www.bps.go.id/dynamictable/2018/05/18/1337/persentase-panjang-jalan-

tol-yang-beroperasi-menurut-operatornya-2014.html

Haruda, A. F. (2017). Separating Sheep (Ovis aries L.) and Goats (Capra hircus L.)
Using Geometric Morphometric Methods: An Investigation of Astragalus
Morphology from Late and Final Bronze Age Central Asian Contexts.
International Journal of Osteoarchaeology, 27(4), 551-562.
https://doi.org/10.1002/0a.2576

Hongo, H. (1996). Patterns of Animal Husbandry in Central Anaolia from the
Second Millennium B.C. through the Middle Ages: Faunal remains from

Kaman-Kalehoyik, Turkey. Harvard University.

81



Hout, T. Van Den. (2014). Did He Come or Go ? Hittite arha uwe / a -. 703-714.

Howell-Meurs, S. (2001). Archaeozoological Evidence for Pastoral Systems and
Herd Mobility: the Remains from Sos Hoyiik and Bliyuktepe HOyuk.
International Journal of Osteoarchaeology, 11, 321-328.
https://doi.org/10.1002/0a.531

Irvine, B., & Erdal, Y. S. (2020). Multi-isotopic analysis of dietary habits and
mobility at third millennium BC Bakla Tepe, West Anatolia. Archaeological
and Anthropological Sciences, 12(6). https://doi.org/10.1007/s12520-020-
01078-2

Jolliffe, I. T., Cadima, J., & Cadima, J. (2016). Principal component analysis : a

review and recent developments Subject Areas : Author for correspondence :
Karauguz, G. (2019). Hitit Tarihi ve Idari Kil Kitaplar. Cizgi Kitabevi.

Klengel, H. (2011). The History of the Hittites. In H. Genz & D. P. Mielke (Eds.),
Insights into Hittite History and Archaeology (pp. 31-46). Peters.
https://doi.org/10.2307/3210199

Koolstra, F. J., Kiichelmann, H. C., & Cakirlar, C. (2019). Comparative osteology
and osteometry of the coracoideum, humerus, and femur of the green turtle
(Chelonia mydas) and the loggerhead turtle (Caretta caretta). International
Journal of Osteoarchaeology, 29(5), 683-695. https://doi.org/10.1002/0a.2761

Kovarovic, K., Aiello, L. C., Cardini, A., & Lockwood, C. A. (2011). Discriminant
function analyses in archaeology: are classification rates too good to be true?
Journal of Archaeological Science, 38(11), 3006-3018.
https://doi.org/10.1016/J.JAS.2011.06.028

Kulakoglu, F. (2011). KULTEPE-KANES : A SECOND MILLENNIUM ON THE
CENTRAL PLATEAU. In S. R. Steadman & G. McMahon (Eds.), Oxford
Handbook of Ancient Anatolia (pp. 1012-1030). Oxford University Press.

Lawing, A. M., & Polly, P. D. (2010). Geometric Morphometrics: Recent

82



Applications to the Study of Evolution and Development. Journal of Zoology,
280, 1-7. http://dx.doi.org/10.1111/j.1469-7998.2009.00620.x

MacQueen, J. G. (2015). Hititler ve Hitit Caginda Anadolu. Arkadas Yayimncilik.

Makarewicz, C. A. (2015). Dietary reconstruction, mobility, and the analysis of
ancient skeletal tissues: Expanding the prospects of stable isotope research in

archaeology. Journal of Archaeological Science, 56, 146-158.

Makarewicz, Cheryl A., Arbuckle, B. S., & Oztan, A. (2017). Vertical transhumance
of sheep and goats identified by intra-tooth sequential carbon (613C) and
oxygen (0180) isotopic analyses: Evidence from Chalcolithic Kosk Hoytik,
central Turkey. Journal of Archaeological Science, 86, 68—80.
https://doi.org/10.1016/j.jas.2017.01.003

Mason, I. L. (1996). A world dictionary of livestock breeds, types and varieties.

Matthews, R., & Glatz, C. (2009). The historical geography of north-central Anatolia

in the Hittite period: texts and archaeology in concert. Anatolian Studies, 51-72.

McMahon, G. (1989). The History of the Hittites. The Biblical Archaeologist, 52(2—
3), 62-77. https://doi.org/10.2307/3210199

Michel, Cecile. (2003). Old Assyrian bibliography of cuneiform texts, bullae, seals
and the results of the excavations at AsSur, Kiiltepe/Kanis, Acemhoyiik, Alisar

and Bogazkéoy. Peeters.

Michel, Cécile. (2011). The Karum Period on the Plateau. In S. R. Steadman & G.
McMahon (Eds.), The Oxford Handbook of Ancient Anatolia. Oxford University
Press. https://doi.org/10.1093/oxfordhb/9780195376142.013.0013

Okse, A. T. (2011). Open-Air Sanctuaries of the Hittites. In H. Genz & D. P. Mielke
(Eds.), Insights into Hittite History and Archaeology (pp. 219-240). Peeters.

Onar, V., & Belli, O. (2005). Estimation of shoulder height from long bone
measurements on dogs unearthed from the Van-Yoncatepe early iron age

necropolis in Eastern Anatolia. Revue de Medecine Veterinaire, 156(1), 53-60.
83



Ozgic, T. (1986). Kiiltepe-Kanis 1I. Eski Yakindogu 'nun Ticaret Merkezinde Yeni
Arastirmalar. New Researches at the Trading Center of the Ancient Near East.

Tirk Tarih Kurumu.

Peters, J., Pollath, N., & Arbuckle, B. (2017). The emergence of livestock husbandry
in Early Neolithic Anatolia. In U. Albarella, M. Rizzetto, H. Russ, K. Vickers,
& S. Viner-Daniels (Eds.), Oxford Handbook of Zooarchaeology (pp. 247-265).
Oxford University Press.
https://doi.org/10.1093/oxfordhb/9780199686476.001.0001

Pilaar Birch, S. E., Scheu, A., Buckley, M., & Cakirlar, C. (2019). Combined
osteomorphological, isotopic, aDNA, and ZooMS analyses of sheep and goat
remains from Neolithic Ulucak, Turkey. Archaeological and Anthropological
Sciences, 11(5), 1669-1681. https://doi.org/10.1007/s12520-018-0624-8

Piskin, E. (2019). Sacrifices at Sapinuwa: Evidence from animal bones. IX. Uluslar
Aras1 Hitotoloji Kongresi Bildirileri (Corum 08-14 Eylul 2014), 2 / Acts of the
IXth International Congress of Hititology (Corum, September 08-14, 2014), II,
805-822.

Piskin, E., & Durdu, G. (2021). Pastoral Economy in the Late Bronze Age City of
Sapinuva , Turkey : A Comparison of Zooarchaeological and Textual Evidence.

13th International Council for Archaeozoology Conference 2018, 123-142.

Piskin, E., Siiel, A., Kandemir, 1., Koksal, S., Aydm, M., & Ozger, G. (2020). Hitit

Kenti Sapinuva Hayvanciliginin Disiplinlerarast Yontemlerle Incelenmesi.

Pdllath, N., Alibert, P., Schafberg, R., & Peters, J. (2019). Striking new paths-
Distinguishing ancient Obis orientalis from its modern domestic descendant
(Karakul breed) applying Geometric and traditional Morphometric approaches
to the astragalus. In C. Cakirlar, J. Chahoud, R. Berthon, & S. Pilaar Birch
(Eds.), Archaeozoology of the Near East XII: Proceedings of the 12th
International Symposium of the ICAZ Archaeozoology of Southwest Asia and
Adjacent Areas Working Group, Groningen Institute of Archaeology, June 14-
15 2015, University of Groningen, the Netherlan (pp. 207-225). Barkhuis.

84



Reyhan, E. (2009). Hititlerde Devlet Gelirleri, Depolama ve Yeniden Dagitim. Gazi
Akademik BakisAkademik Bakig, 2(4), 157-174.

Ronhlf, F. J. (2010). tpsdig version 2.16. Department of Ecology and Evolution, State
University of New York at Stony Brook.

Rohlf, F. J. (2012). tpsUtil version 1.53. Department of Ecology and Evolution, State
University of New York at Stony Brook.

Rohlf, F. J., & Marcus, L. F. (1993). A revolution in morphometrics. Trends in
Ecology and Evolution, 8(4), 129-132. https://doi.org/10.1016/0169-
5347(93)90024-J

Ruster, C., & Wilhelm, G. (2012). andschenkungsurkunden hethitischer Konige.

Harrassowitz Verlag.

Schachner, A. (2010). M.O. 16. Yiizyil: Hitit Anadolusu’nda Bir Déniim Noktas1. In
VII. Uluslararas: Hititoloji Kongresi Bildirileri II: Vol. I1.

Schachner, A. (2012). Orta Anadolu’da Cografya ve Ekonomi: Hititlerin Bigak
Sirtindaki imparatorlugu. In M. Alparslan & A. Akkaya (Eds.), COLLOQUIUM
ANATOLICUM XI 2012 ANADOLU SOHBETLERI. Tiirk Eski¢ag Bilimleri

Enstitiisu.

Seeher, J. (2011). The Plateau: The Hittites. In S. R. Steadman & G. McMahon
(Eds.), Oxford Handbook of Ancient Anatolia (pp. 376-392). Oxford University

Press.

Seving-Erbasi, F. (2014). Hititlerde ekenomik bir birim olarak ev. IX. Uluslar Arast
Hitotoloji Kongresi Bildirileri (Corum 08-14 Eylil 2014),2 / Acts of the IXth
International Congress of Hititology (Corum, September 08-14, 2014), 11, 869-
886.

Sir Gavaz, O. (2012). Hitit kanunlarinda hayvanlarla ilgili maddeler {izerine bir
degerlendirme. Ekonomik Yaklasim, 23(83), 93—-106.

Slice, D. E. (2005). Modern Morphometrics in Physical Anthropology. Springer US.
85



https://doi.org/10.1007/0-387-27614-9

Soykan, S. (2007). Web Tabanli Dublin Core Metadata Ureticisi Tasarimi Web
Based Dublin Core Metadata Generator Design.
http://dspace.baskent.edu.tr/bitstream/handle/11727/1443/00204.pdf?sequence=
3&isAllowed=y

Soysal, O. (2005). On the Origin of the Royal Title Tabarna/Labarna. Anatolica, 31.

Stiel, A. (1985). Hitit Kaynaklarinda Tapinak Gorevlileri Ile Ilgili Bir Direktif Metni.
Ankara Universitesi Dil ve Tarih-Cografya Fakiiltesi Basimevi.

Stiel, A. (1998). Ortakdy-Sapinuwa: Bir Hitit Merkezi. TUBA-AR, 37-61.

Suel, A. (2015a). The Religious Significance and Sacredness of the Hittite Capital
City Sapinuwa. Sacred Landscapes of Hittites and Luwians. Proceedings of the
Interntional Conference in Honour of Franca Pecchioli Daddi. Florence,
February 6-8 of 2014., 101-111.

Suel, A. (2015b). The Religious Significance and Sacredness of the Hittite Capital
City Sapinuwa. In A. D’Agostino, V. Orsi, & G. Torri (Eds.), Sacred
Landscapes of Hittites and Luwians. Proceedings of the Interntional Conference
in Honour of Franca Pecchioli Daddi. Florence, February 6-8 of 2014. (pp.
101-121). Firenze University Press.

Stel, A., & Siel, M. (2017). The Discovery of a Hittite City Developments in Hittite
Geography based on Identification of Ortakdy-Sapinuwa. In M. Weeden & L.
Z. Ullmann (Eds.), Hittite Landscape and Geography (pp. 28-36). Brill.

Stiel, M., & Ayyildiz, S. (2010). Ortakdy/Sapinuwa Agilonii Mevkiinde Ele Gegen
Pencereli Kap. VII. Uluslararas: Hititoloji Kongresi Bildirileri. Corum 25 — 31
Agustos 2008, 63—78.

Unal, A. (2002). Hititler Devrinde Anadolu I. Arkeoloji ve Sanat Yaynlari.

Unal, A. (2005). Hititler Devrinde Anadolu 3. Arkeoloji ve Sanat Yayinlar1.

86



Ventresca Miller, A. R., & Makarewicz, C. A. (Eds.). (2017). Isotopic Investigations
of Pastoralism in Prehistory. Routledge.
https://doi.org/10.4324/9781315143026

Von Schuler, E. (1965). Die Kaskder Ein Beitrag zur Ethnographie des alten
Kleinasien. De Gruyter.

Yakar, J. (2000). Ethnoarchaeology of Anatolia: Rural socio-economy in the bronze
and iron ages. In Monograph series of the Institute of Archaeology, Tel Aviv

University. Jerusalem : Emery and Claire Yass Publications in Archaeology.

Yakar, J. (2006). Traits of nomadic people: ethnoarchaeological and archaeological
research in Turkey. In S. R. Hauser (Ed.), Die Sichtbarkeit von Nomaden und
Saisonaler Besiedlung in der Archdologie (pp. 45-63). Orientwissenschafliche
Hefte 21.

Yakar, J. (2008). The archaeology of the Kaska. Congresso Internazionale Di
Ittitologia, SMEA, 817-827.

Yigit, T. (2004). Hitit Kralligi’'nda Y®6netim Sistemi Uzerine Bir Not. Tarih
Arastirmalart Dergisi, 23, 219-226.

Zelditch, M., Swiderski, D., Sheets, H., & Fink, W. (2004). Geometric
Morphometrics for Biologists. Geometric Morphometrics for Biologists, 1-443.
https://doi.org/10.1016/B978-0-12-778460-1.X5000-5

Zimansky, P. (2007). The Lattimore Model and Hatti’s Kaska Frontier. In E. C.
Stone (Ed.), Settlement and Society: Essays Dedicated to Robert McCormick
Adams (pp. 157-173). Cotsen Institute of Archaeology Press.

Zimmer-Vorhaus, C. (2011). Hittite Temples: Palace of the Gods. In H. Genz & D.
P. Mielke (Eds.), Insights into Hittite History and Archaeology (pp. 195-218).

Peeters.

87



APPENDIX A- GEOMETRIC MORPHOMETRIC RESULTS AND

APPENDICES

BIOMETRIC MEASUREMENT LIST

Table 10: P-values from CVA of Ovis aries and Capra hircus

Astragalus from all the areas.

Ovis aries Astragalus

Capra hircus Astragalus

P-values from permutation tests (10000 P-values from permutation tests (10000
permutation rounds) for Mahalanobis permutation rounds) for Mahalanobis
R Sacrificial _— Sacrificial
Adiléni Area Agilénii Area
Sacrificial 0.0010 Sacrificial 0.0110
Area Area
Tepelerarasi | 0.0001 <.0001 Tepelerarasi | 0.0075 0.0001

Table 11: P-values from CVA of Ovis aries and Capra hircus

Metacarpal from all the areas.

Ovis aries Metacarpal

Capra hircus Metacarpal

P-values from permutation tests (10000
permutation rounds) for Mahalanobis

P-values from permutation tests (10000
permutation rounds) for Mahalanobis

Sacrificial Sacrificial
Adildéni Area Agilonii Area
Sacrificial 0.0324 Sacrificial 0.0076
Area Area
Tepelerarasi | <0001 0.0096 Tepelerarasi 0.0077 0.0033
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Table 12: P-values from CVA of Ovis aries and Capra hircus
Metatarsal from all the areas.

Ovis aries Metatarsal Capra hircus Metatarsal
P-values from permutation tests (10000 P-values from permutation tests (10000
permutation rounds) for Mahalanobis permutation rounds) for Mahalanobis
P Sacrificial _ | Sacrificial
Agiléni Area Agiléni Area
Sacrificial 0.8750 Sacrificial 0.0007
Area Area
Tepelerarasi 0.0003 0.3295 Tepelerarasi 0.0141 0.8823

Number of Specimen Number of Specimen

» Goat ¥ Sheep/Goa b) *Sheep » Goat » Sheep/soa

C) *Sheep w Goat * Sheep/Goa

Figure 34: All data collected from the site without exclude any data for the analyses a)

Astragalus, b) Metacarpal, ¢) Metatarsal.

Table 13: Specimen measurements of Astragalus in mm.

Specimen AREA SPECIE GL1 GLm Bd
AGIL512 Ag1loni Capra hircus 30 27.6 19.6
AGIL520 Ag1lonii Ovis aries 30.5 28.6 20.2
AGIL523 Ag1lonii Capra hircus 30.3 28.4 19.1
AGIL531 Ag1loni Ovis aries 29.7 27.7 18.8
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AGIL533 Ag1lonii Ovis aries 27.8 26.7 18.3
AGIL561 Ag1lonii Ovis aries 29.8 28.5 19.4
AGIL563 Agiloni Ovis aries 30 27.5 19.9
SAC290 Agiloni Ovis aries 30 27.7 19.2
SAC292 Agiloni Capra hircus 27.1 25.7 17.1
SAC293 Agiloni Capra hircus 26.1 24.8 16.9
SAC294 Agilonii Ovis aries 30 28.6 19.7
SAC295 Agiloni Ovis aries 30.5 29.2 19.7
SAC296 Agiloni Ovis aries 29.3 28.6 20.2
SAC298 Agiloni Capra hircus 26.6 25.2 17.8
SAC299 Agiléni Ovis aries 30.8 29.5 19.8
SAC300 Agilonii Capra hircus 31.9 29.8 20.6
SAC313 Agiloni Ovis aries 31.9 30.1 19.7
SAC532 Agiloni Capra hircus 26.6 24.4 17.6
SAC537 Ag1loni Capra hircus 30 21.7 19.7
SAC569 Agiloni Capra hircus 26 25.2 17.2
SAC570 Agiloni Capra hircus 24.5 17.6
TEP334 Tepelerarasi Capra hircus 29.8 21.7 19.9
TEP376 Tepelerarasi Ovis aries 29.6 26.5 18.8
TEP412 Tepelerarasi Ovis aries 27.5 26.8 17.6
TEP413 Tepelerarasi Capra hircus 28.1 27.2 19.2
TEPA483 Tepelerarasi Ovis aries 32.9 31.2 21.1
TEP491 Tepelerarasi Ovis aries 28.9 27.1 18.3
TEP496 Tepelerarasi Ovis aries 30.1 29 20

TEP497 Tepelerarasi Ovis aries 31 29 19.7
TEP499 Tepelerarasi Ovis aries 28.9 27.8 18.6
TEP506 Tepelerarasi Ovis aries 29.7 29.2 19.6
TEP507 Tepelerarasi Capra hircus 27 25.4 17.9
TEP544 Tepelerarasi Ovis aries 31.7 30.6 21.7
TEP546 Tepelerarasi Ovis aries 29.9 28.8 19.2
TEP548 Tepelerarasi Ovis aries 30.5 28.6 19.6
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TEP550 Tepelerarasi Ovis aries 31.7 30.4 19.4
TEP554 Tepelerarasi Capra hircus 28.7 26.6 18
TEP556 Tepelerarasi Ovis aries 28.9 27.5 19.2
TEP567 Tepelerarasi Capra hircus 30 27.6 19.8
Table 14: Specimen measurements of Metacarpal in mm
Y— Y— 7]
E g § 2 < § é @
82 | 22| o o Sl 28| 25| w8 22
ID Area Species TO | SO ;:-'_§ EE f% ;:-'_§ ?‘_3 f%
"8 | 8| 5| 6> oc°|B+s| B> oo
22 | 22 cB| B £8| ST ST| ST
e | 22| 28| 28| 28| 5e|Eg| 8¢
O |OS|0E|QE|SE|O08| Q08| 2
Ovis
AGIL515 | Agiloni aries 25.5 165 |10.8 | 16.1 | 116 | 11.8 | 16,5 | 12
Ovis
AGIL516 | Agiloni aries 25 157 103 | 146 |11 11.3 | 15.7 | 11.6
Ovis
AGIL715 | Agilonii aries 27.7 115 | 163 | 122 | 12.1
Ovis
AGIL742 | Agilonii aries 25.8 9 154 | 11 9.8
Capra
AGIL745 | Agilonii hircus 26.8 16.1 | 9.4 16 124 | 10 16.1 | 125
Ovis
AGIL757 | Agilonii aries 27.6 17.1 | 115 | 17 126 | 122 | 175 | 129
Capra
AGIL762 | Agilonii hircus 29.1 171 | 124 | 165 | 128 | 134 | 174 | 13
Ovis
AGIL763 | Agilonil aries
Capra
AGIL764 | Agilonii hircus 27.6 9.5 12.2 | 10.7 12,5
Capra
AGIL767 | Agilonii hircus 24.8 145 | 8.7 144 | 11.3 | 9.2 146 | 115
Capra
SAC748 | Agilénil hircus 26.2 9 148 | 115 |94 12.3
Capra
SAC749 | Agiloni hircus 25.2 156 | 9.4 156 | 114 |10.1 | 155 | 116
Ovis
SAC759 | Agilonii aries 25.8 16.7 | 104 | 16.1 | 118 | 114 | 16.7 | 12
Capra
SAC773 | Agiloni hircus 25.9 159 | 8.6 155 | 119 | 9.6 159 | 122
Ovis
TEP350 | Tepelerarasi | aries 28 17.8 | 11.8 | 16.2 | 129 |12.7 | 179 | 13.3
Ovis
TEP351 | Tepelerarast | aries 254
Ovis
TEP352 Tepeleraras1 | aries 27 173 | 11.2 | 164 | 119 | 125 | 174 | 16.7
Capra
TEP360 Tepelerarasi | hircus 30.2 186 | 10.8 | 18.1 | 139 | 11.7 | 185 | 14.1
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Ovis

TEP363 | Tepeleraras1 | aries 26.2 17 109 | 16.3 | 12 12.1 | 17 12.3
Capra

TEP400 | Tepeleraras1 | hircus 26.1 156 | 8.9 153 | 115 |95 155 | 12
Ovis

TEP401 | Tepeleraras1 | aries 28.8 188 | 119 | 17.8 13.8 | 18.7 | 13.6
Ovis

TEP410 | Tepeleraras1 | aries 26.6 17.1 | 117 | 164 | 11.8 | 126 | 17 12.4
Ovis

TEP420 | Tepeleraras1 | aries 24.8 16.8 | 11.3 | 16 115 | 126 | 17 11.7
Ovis

TEP430 | Tepeleraras1 | aries 29.2 12.4 12,9 | 134 13.8
Ovis

TEP431 | Tepeleraras1 | aries 26.8 18.3 | 121 | 176 | 122 | 128 | 18.1 | 12.7
Ovis

TEP432 | Tepeleraras1 | aries 26.2 16.5 | 12 16.5 | 11.7 | 12.5 11.7
Capra

TEP435 | Tepeleraras1 | hircus 25.8 16.9 | 115 12 12.1
Ovis

TEP439 | Tepeleraras1 | aries 25.6 10.8 | 149 | 116 |11.8 12.3
Ovis

TEP440 | Tepeleraras1 | aries 26.8 166 | 106 | 158 |12.1 | 118 | 16.6 | 12.8
Ovis

TEP448 | Tepeleraras1 | aries 27.1 18.1 | 122 | 173 |122 | 129 |18.1 | 128
Ovis

TEPA455 | Tepeleraras1 | aries 24.8 16.3 | 10.8 | 155 | 11.3 16.3 | 11.8
Capra

TEP460 | Tepelerarasi | hircus 27.1 176 | 123 | 175 | 123 |13 17.6 | 12.7
Ovis

TEP461 | Tepeleraras1 | aries 29.5 18 116 | 17.2 | 13.1 | 125 |18 13.5
Ovis

TEP463 | Tepeleraras1 | aries 21.7 18 12 17.3 | 125 | 13 18 12.8
Ovis

TEPA76 | Tepeleraras1 | aries 26.2 16.3 | 10.8 | 156 |11.7 | 118 | 164 | 12.3
Capra

TEP484 | Tepelerarasi | hircus 28.2 16.8 | 9.7 16.6 | 12.8 | 10.4 | 16.8 | 13.2
Ovis

TEP501 | Tepeleraras1 | aries 25.5 164 | 11 156 | 115 | 119 | 164 | 119
Capra

TEP502 | Tepelerarasi | hircus 25.6 16.1 | 10.8 | 157 |11.2 | 118 |16.1 | 12.2
Ovis

TEP746 | Tepeleraras1 | aries 26.8 121 | 17.4 | 123 | 13 12.5
Ovis

TEP750 | Tepeleraras1 | aries 29.8 175 | 11.7 | 174 | 13 12.6 | 18 13.3
Ovis

TEP752 | Tepeleraras1 | aries 26.5 174 | 10.7 |16.6 | 116 |119 | 174 | 122
Ovis

TEP761 | Tepeleraras1 | aries 27.2 175 | 11.3 | 16.8 | 12.1 | 12 175 | 125
Ovis

TEP766 | Tepeleraras1 | aries 27.9 16.8 12.4 | 16.9 | 13.3
Capra

TEP768 | Tepelerarasi | hircus
Ovis

TEP769 | Tepelerarasi | aries 28.4 17.2 124 | 17.2 | 12.8
Ovis

TEP770 | Tepeleraras1 | aries 27.9 11 122 | 11.8 | 171 | 123
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Ovis
TEP771 | Tepeleraras: | aries 258 | 159 |9 | 156 | 115 |96 |159 |122
Ovis
TEP772 Tepeleraras1 | aries 26.8 115 | 164 | 121 | 124
Capra
TEP774 | Tepeleraras: | hircus | 264 |16 |89 |154 |12 |98 |16 | 124
Ovis
TEP776 | Tepeleraras1 | aries 15.7 11.9
Table 15: Specimen measurements of Metatarsal in mm.
< <
wn wn
2 2
(b [«b] _
£ s |5 |8 |8 |3 |% |@®
5 |5 |BL2|B |E |82l |8
ID Area Species = = EQ| E £ sSg| S R
o o ) [ [<F] 5] 5] 5]
3 g |€8|s,|s |£8|£,|S5
i |% |55|52/%5e|35 52| %.
= £ |cs2|s3| 3| s2|s3| £
o oo| 28| 2| Bc| 28| 2| 8¢
OS |0OG|0os|0g|=28|aos|0g =8
AGILE8 | s tonii Capra | o5y 161 |94 | 154 |108 |97 |162 |11.2
3 hircus
AGIL68 e Capra
5 Agiloni hircus
AGIL68 e Capra
A Agilénii Fapra 1 2 153 |89 |148 |104 |94 11.1
A P oM lore | 179 |119 |175 | 124 | 127 179 | 132
FOIE9 | Agioni Ovis 29 |15 |88 |14 |107 |102 |15 | 117
aries
ACILTL | Agioni O 261|174 109 |164 | 109 |113 |174 | 121
AGILTL | Agioni O 258|167 [101 |16 |11 |11 | 167 | 123
ACILTL | Agioni Ovis 243 |162 103 |155 11 | 163
aries
POILT2 | Agioni O 247 |159 |98 |149 |107 |11 |158 | 115
POILT2 | Agioni Ovis 28 172 (12 |16 122 172 | 125
aries
POILTS | Agioni OV 223 |158 |101 |146 |99 |114 |158 | 107
AGILTS 1 A sitonii Capra | 5,5 8.9 108 |95 11.1
5 hircus
AGILTS 1 A sitonii Ovis 26.3 117 |16 | 127
7 aries
AGIL73 e Capra
9 Agiloni hircus
SAC695 | Agilonii Capra
hircus
SAC698 | Agilénii o 249 | 166 | 105 |159 108 |11 |168 |12
SAC707 | Agiléni o 246 | 163 | 102 |157 | 105 | 105 |164 |117
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SAC709 | Aglonii gr‘:':S 237 | 153 [103 | 147 |102 |11 |153 |11.2
SAC719 | Agilénii gr‘:fs 236 |154 |95 |147 105 | 105 |154 |11.2
SAC728 | Agilonii ﬁ?g;ﬁ 243 | 154 |91 |148 |105 |97 |155 |115
TEP321 | Tepelerarast gr‘:fs 238 |16 [101 |154 |11 |105 |159 |11.3
TEP365 | Tepelerarast gr‘:fs 269 |18.3 [109 |172 |113 | 118 |184 |128
TEP372 | Tepelerarast ﬁ?ﬁ{;‘ 242 | 154 |87 93 |154 |10.9
TEP373 | Tepelerarast gr‘:'ess 239 |149 |97 |147 | 105 | 108 |151 |10.6
TEP374 | Tepelerarast gr‘:'ess 265 | 17.6 | 109 |167 | 114 |121 |17.6 | 125
TEP378 | Tepelerarast gr‘:'ess 257 |17.2 | 108 |155 |11.3 | 114 |17 |121
TEP389 | Tepelerarast gr‘:'ess 103 |168 |159 |16 |105 |112 |16.7 |11.6
TEP393 | Tepelerarast gr‘:'ess 238 | 154 |10 |153 11 | 154
Capra
TEP394 | Tepelerarast | 'S | 248 | 158 |88 |153 (113 |91 |157 | 116
TEP403 | Tepelerarasi gr‘f'; 232 | 164 |101 |149 [104 | 104 |161 |11
TEP404 | Tepelerarasi gr‘f'; 239 |163 |10 |153 [10 | 106 |161 |11.2
TEP405 | Tepelerarasi gr‘f'; 263 | 17.7 | 114 |17.7 [ 122 | 121 [178 |12.2
TEP408 | Tepelerarast gr\::ess 252 |18 |111 |168 [114 | 119 [18 |121
TEP411 | Tepelerarast g’r‘f; 243 | 17.4 | 108 |165 |105 |11.7 |17.3 |11.8
TEP414 | Tepelerarast g’r‘f; 255 |161 |101 |155 [106 |11 |162 |11.6
TEP428 | Tepelerarasi g’r‘f; 28 184 | 117 |17.3 | 125 | 131 |187 | 131
Capra
TEP447 | Tepelerarasi hircus 26.5 184 | 111 | 173 | 113 |12.1 | 183 | 126
TEP453 | Tepelerarasi Sr‘f; 254 |175 |111 |164 [11 |12 [175 |12
TEP462 | Tepelerarasi ﬁl"’;gﬂ‘;‘ 236 |153 |9 15 [103 |93 |151 |108
TEP466 | Tepelerarasi Sr‘:::’s 236 |154 |91 |144 [101 |97 |154 |111
TEP471 | Tepelerarast Sr‘:'ess 264 | 17.3 [102 |161 |11.1 | 112 |17.2 |121
TEP481 | Tepelerarast Sr‘:'ess 252 |17 |106 |157 | 108 | 116 |17.1 |11.8
Capra
TEP489 | Tepelerarasi hircus 29.3 179 (108 |179 | 133 |11.2 |175 | 134
TEP498 | Tepelerarasi gr‘::fs 27.9 | 181 |112 | 175 |125 | 121 |18.1 |13.4
Capra
TEPS03 | Tepelerarast | “2b'c | 282|172 |98 |166 |122 |104 |172 | 126
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TEP504 | Tepelerarast g’r‘:'ess 248 165 |10 |155 |154 |10.7 | 163 | 11.4
AGILSL | sii6nii Capra | 533|152 |92 107 |95 |151 |11.2
4 hircus
TEP682 | Tepelerarast gr‘:fs 257 | 172 | 104 | 159 | 108 |115 |17.3 | 124
TEP688 | Tepelerarast gr‘ffs 236 |157 |95 |15 |99 |98 |[157 |111
TEP690 | Tepelerarast ff.?fi{,i 235 83 |141 |102 |89 10.8
TEP691 | Tepeleraras gr‘:fs 231 | 155 |94 |148 |101 |106 |158 |11
TEP692 | Tepeleraras gr‘:fs 221 | 153 |91 |142 |97 |97 |154 |104
TEP693 | Tepelerarast gr‘:fs 241 | 172 | 106 | 163 | 105 |11.6 |17.2 | 117
TEP700 | Tepelerarasi OYIS

aries
TEP701 | Tepeleraras gr‘fss 24 17 |101 | 158 | 102 |11.6 |16.9 | 116
TEP703 | Tepeleraras gr‘fss 251 | 173 102 |16 | 112 |117 |174 |12.3
TEP705 | Tepelerarast | OV 26.2

aries

Ovis
TEP706 | Tepelerarasi aries 26.8 10.7 12.1 | 11.9 12.5
TEP713 | Tepelerarasi gr‘:fs 24.5 10.2 10.3 | 11.4 11.4
TEP723 | Tepelerarasi gr‘:fs 246 | 167 |99 |155 [102 | 107 |168 |11.1
TEP724 | Tepelerarasi Sr‘:fs 262 |17 107 |16 [111 |117 |17 |121
TEP725 | Tepelerarasi Sr‘:fs 251 | 164 |10 |154 |107 | 106 |164 |12
TEP731 | Tepelerarast ﬁigﬂg 229 | 152 147 |10 |93 |153
TEP734 | Tepelerarasi Sr‘:fs 266 | 165 | 109 | 159 12 |164
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B. TURKISH SUMMARY / TURKCE OZET

Hitit donemi Anadolusunda ekonominin temeli hayvanciliga dayaliydi. Cesitli Hitit
yerlesmelerinden elde edilmis fauna analizleri ve Hitit arsivlerinde, gelismis
hayvanciliga ve hayvan islahina dayali bilgiler verilmistir (Beckman, 1988; Dorfler et
al., 2011). Ovis aries (evcil koyun) ve Capra hircus (evcil ke¢i) Geg Tung Cagi Orta
Anadolusunda pastoral aktivitenin temelini olusturmustur. Bu tezin amaci, Hitit Geg
Tung Cag1 donemindeki hayvancilik yonetimi, hayvan mobilitesi ve 1slah ¢alismalar1
hakkinda disiplinler arasi arastirma yoluyla ve Sapinuwa (Ortakdy) kazisi fauna
kalintilar1 vaka calismasi olarak ele almak ve arastirmaktadir. Milattan 6nce 14.
Yiizyilda Hitit iImparatorlugunun ikinci baskenti oldugu diisiiniilen Sapinuwa, Orta
Anadolu bozkirinda yer almaktadir. Bu arastirmada, Sapinuwa kenti i¢inde ti¢ farkli
alandan elde edilen veriler 151ginda, bu ii¢ alanda bulunan ve toplum i¢inde farkli
statiilerde bulunan insanlarin hayvan iiretimi ve tiiketimi tizerinde farkli yontemler
izleyip izlemedigi hakkinda ¢alisilmistir. Bunun yaninda hem yerlesim yeri i¢cinde ve
yerlesimler arasi1 hayvan mobilitesi olup olmadigi sorusuna cevap aranmustir. OVis
aries ve Capra hircus astragalus, metacarpal ve metatarsal kemikleri ¢esitli analizlere
tabi tutulmus ve morfolojik farkliliklar1 arastirilmistir. Geleneksel zooarkeoloji
yontemlerinden olan biyometrik Olglimler ve disiplinelerarasi bir yontem olan
geometrik morpfometrik metotlar kullanilarak en kiigiik farklililar bile kagirilmadan
hesaplamalar yapilmistir. Ciinkii geometrik morfometrik metot ile yapilan dl¢iim ve
analizler, osteometri 6l¢iimlerinde elde edilen verilere gore ¢ok daha hasas ¢alismakta
ve buna gore daha net sonuglar verdigi diistiniilmektedir (A. F. Haruda, 2017; Koolstra
ve digerleri, 2019; Pollath ve digerleri, 2019; Zelditch ve digerleri, 2004).

Osteometri, uzun yillardir zooarkeolojik arastirmalarda kumpas kullanarak boyut ve

sekli/morfolojyi degerlendirmek icin kullanilan geleneksel bir 6l¢liim teknigidir.
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Olgiim tekniklerinin standardizasyonu Von Den Driesch (1976) tarafindan disipline
tanitildi. Geometrik morfometrik ise sekil varyasyonunu arastirmak igin kullanilan bir
tekniktir (Rohlf ve Marcus, 1993; Bookstein, 1996; Adams, Rohlf ve Slice, 2004;
Zelditch ve digerleri, 2004; Slice, 2005). Landmarklara dayali geometrik
morfometrinin kullanimi biyoloji, antropoloji, tip, paleontoloji gibi ¢esitli disiplinlerde
uygulanmistir (Lawing ve Polly 2010) ve yontem bir¢ok zooarkeolog tarafindan

gruplar arasindaki ve igindeki morfolojik farkliliklar1 incelemek i¢in uygulanmustir.

Bu arastirmada iki ana soruyu cevaplamaya ¢alistim:

a) Hitit Devleti tarafindan yonlendirilen ve kontroliinde olan hayvan 1slah

calismalarina dair herhangi bir kanit var m?

b) Sapinuwa'da bulunan hayvanlar farkli ortamlardan mi geliyorlar ve eger 6yleyse
bunun bu sehirde yasayan farkli sosyal siniflarla nasil bir ilgisi var? Yani bu hayvanlar
baska bir cografi bolgeden vergi, ganimet veya kurban olarak mi1 geliyordu? Ayrica
Tapmak, Saray veya Kurbanlik Alana ait siiriilerin morfolojik agidan hayvanlar
arasinda herhangi bir farklilik var m1? (Tapmak — Saray — Kurban Alani hayvanlarini

farkli sekilde otlatip yonetirler veya farkli “irklara” erigimleri olmus olabilir mi?).

Genel olarak Hitit kenti Sapinuwa'min farkli bolgelerinden gelen hayvan
kalintilarindan elde edilen kanitlarla, farkli sosyal statiideki kisilerin hayvanlara
erigmesinde bir farklilik olabilir mi sorusuna odaklaniyorum. Geometrik morfometri
ve geleneksel zooarkeolojik biyometri (oestrometri) olmak iizere iki teknigin
karsilastirilmasi i¢in Ovis aries ve Capra hircus tirlerinin astragalus, metacarpal ve
metatarsal elementlerine uygulanarak insanlar tarafindan kullanilan {i¢ farkl alana
gore hayvanlarda fenotip farkliliklar1 olup olmadig: arastirildi. Hitit ddneminin 6nemli
yerlesimlerinden biri olan Sapinuwa'da farkli sosyal statiilerdeki insanlarmn kullandig1
lic lokasyon olarak tanimlanmis Agilonii, Tepeleraras: ve Kurban alani ¢evresindeki
hayvanlarin farkli fenotipik Ozellikler sergileyerek bu alanlara gore gruplagsma

olusturmus olabilecegi diisiiniilerek analizler yapilmistir.
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Geg Tung Cagi'nda Hitit imparatorlugu Misir, Babil, Asur ve Mitanni arasinda Yakimn
Dogu'daki biiyiik gii¢lerden biriydi ve onlarla benzer ¢ikarlar i¢in miicadele ediyordu.
Imparatorluk déneminde diger imparatorluklarla iliskilerde daha esitlik¢i bir politika
izlense de (Gavaz Sir 2008; Alp 2001, 145; De Martino 2006, 81), yazili kaynaklar
Kuzey Anadolu'daki pastoral kabileler olarak bilinen KaSka halki ve Hitit devleti
arasindaki ¢atismadan bahseder (Glatz ve Matthews 2005; Matthews ve Glatz 2009;
Yakar 2008).

Hitit devleti teokratik ve feodal bir yapiya sahipti ve idari, ekonomik ve orgiitsel
yonlerden merkezi bir ydnetim anlayisi benimseniyordu (Unal 2005, s. 100-101; Alp
2001, s. 147). Sosyal yapi, yonetici/kraliyet ailesini ve/veya segkin kisileri, dini
faaliyetlerden sorumlu kisileri (tapinaklara bagh olarak), siradan insanlar1 ve koleleri
iceriyordu. Topraklarin miilkiyeti tanrilara aitti ve topraklarm Orgiitlenmesi ve
yonetimi, giiciinii tanrilardan alan krallarm/ydneticilerin yetkisi altmdaydi (Unal 2005,
144; De Martino 2006, 77). Aslinda, krallar genellikle kafataslar1 takan ve ayak
bileklerine kadar uzanan uzun bir ctibbe giyen yuksek rahipler olarak tasvir edilir ve
krali tanrilarin temsilcisi veya 'tanrinin ¢obani' olarak tasvir ederlerdi (Bryce 2002,
20). Kral, Hitit devletinin komutan1 ve hakimi olarak da anilirdi (Bryce 2002, 21).
Kralige ayrica idari, sosyal ve dini konularda da 6énemli rol oynuyordu. Kraligeler,
aslinda Hitit Kralligi'nda 6nemli bir konuma sahiptiler; Kraligenin resmi unvani olan
Tawananna, kraliyet ailesinin bir kadin iiyesinden seg¢ilir, siyasi ve dini faaliyetlerde

kendi haklarina sahip olurlardi (Bin-Nun 1975; Bryce 2005, 92).

Hitit kralli§inin, merkezi disindaki topraklar1 merkeziyet¢i bir anlayisla yonetiliyordu.
Yuksek memurlar, krallarin/prenslerin ogullar1 ve hatta bazen krala yakin olan
seckin/elit kisiler daha biiylik eyaletlere ataniwrken, yerel yoneticiler daha kiiciik
eyaletleri yonetmek iizere se¢ilmistir (Alp 2001, 147; Yigit 2004, 220). Hitit
arsivlerinde ev olarak tanimlanan daha kiigiik birimlerden de s6z edilmektedir ve bu
daha kiiciik birimler genellikle daha biiyiik evlere bagliydi (Bryce 2002, 75; Karauguz
2019, s.119-22; Seving-Erbasi 2014). Daha kii¢iik birimlerde yasayan halk, hem
tarlalarinda hem de sarayda ve tapmak tarlalarinda caligarak iiretime katkida

bulunmustur. Merkeziyetgi otorite tarafindan toplanan fazla triinler, hiyerarsik bir
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diizende depolanarak topluma dagitilirdi (Reyhan 2009). Yani toplumda hiyerarsik bir
diizenden ve yine bu diizenin sosyal ve ekonmik alanlardaki rolleri, Gretimi ve tiketimi

etkiledigi goriillmektedir.

Daha onceki aragtirmalara gore; pastoralizmin Hitit ekonomisi i¢in ¢ok dnemli bir
bilesen oldugu kuskusuzdur, ancak Hitit Anadolu'sunda hayvancilik stratejileri i¢in ne
tir ve ne kadar 0zel tekniklerin kullanildigi kesin degildir. Hitit sosyal yapisinda tim
tarlalar/topraklar tanrilara aittir ve insanlar aslinda hiyerarsik bir diizen i¢inde tanrilara
hizmet etmektedirler (Demirel, 2014, p. 2; MacQueen, 2015, p. 115).. Araziltarla
diizenlemeleri, hayvancilikla ilgili tarla kullanimlarinin dagilimi ve hatta askerlere ait
hayvanlar devlet tarafindan gozetildi (Beal, 1992, p. 135,401).. Ayrica Hitit
arsivlerinde tapmagin kendine ait genis tarlalari, siiriileri (Reyhan 2009, s. 161;
Beckman 1988, s. 35) ile ozellikle tarim ve hayvancilikla ilgili bu faaliyetlerden
sorumlu uzman gorevli personelin bulundugu belirtilmektedir. Yetkililerin uymasi
gereken kurallar ve tapmaga 6zel olarak ayrilan alanlar Hitit talimatlarinda agikca

belirtilmistir (Sir Gavaz 2012; A. Stel 1985).

Hayvanlar i¢in kullanilan gesitli isimler oldugunu Hitit kaynaklarindan biliyoruz;
“UDU=koyun", GU4=sigir", "MAS, UZ6=keci", SAH=domuz", "ANSE=esek",
"ANSE.GiR.NUN.NA= katrr", "ANSE.KUR.RA=at ", "UR, UR.GI7=kopek. Hitit
devletinin hayvanciliga miidahale ettigini, saraya ve tapinaklara hayvan tahsis ettigini
de biliyoruz. Hitit metinlerinde (en biiyiik ve en iyi hayvanlar tanrilarin hayvanlaridir)
“Tanrilar” i¢in hayvanlardan s6z edilmesi de ayni anlama gelmektedir. Hitit devleti
teokratik oldugu i¢in hayvan kurban etmenin de merkeziyetci bir anlayiglar yapildigi
ve ¢ok sayida bayram devlet merkezlerinde ve kutsal sehirleride diizenleniyordu. Bu
hayvanlar tapmak veya saray hayvanlarindan veya/ve halktan gelen adak hayvanlar
olarak seciliyordu. Ayrica Hitit¢e bir metinden hareketle tanriya sunulan hayvanlarin
insanlar tarafindan tiiketilen diger hayvanlardan farkli/6zel (besili ve iri) olduklarindan

bahsedilmektedir.
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“ [Eger] tanrmin yemesi i¢in (herhangi) [bir sigir ya da] koyun sevk edilmis ise, siz
bu besili sigir ya da besili koyunu alip gotiirlirseniz ve (onun yerine) siz kesmis
oldugunuz zayif (hayvani) igeriye birakir[saniz] ve o (besili) sigir1 ya yiyip bitirirseniz
ya da onu (size ait olan) ahira birakirsaniz ya da onu boyunduruga kosarsaniz ya da
(besili) koyun (size ait olan) agila birakirsaniz ya da onu keserseniz ya da kendi
isteklerinize uygun [kullanirsaniz] ya da onu bagka bir insana degistirmek igin
[verirseniz] ve onun i¢in bir iicret alirsaniz sonra tanrmin [o yiyecegini] agzindan
cekmis olursunuz...Tanrilarm ruhu kuvvetlidir. Yakalamak icin acele etmez. Fakat
yakaladig1 zaman artik birakmaz. (onun i¢in) tanrilarin ruhuna (karsi) ¢ok saygil

olunuz.” (A. Stel, 1985, pp. 37-41).

Ayni1 zamanda Hitit devleti de Imparatorlugun ¢esitli bolgelerinden vergi ve

savaglardan ganimet olarak ¢ok sayida hayvan alindig1 da bilinmektedir.

“Bir 6rnekte Kasha'nin tanris1 Telipinu, Ankuwa kasabasinin bas ¢obanindan 50 sigir
ve 100 koyun teslim alir ve Kralice Puduhepa saraymn miilkiinden 287 disi koyun, 100
erkek koyun ve 11 kegi sarayin miilkiinden tanrica Lelwani'ye verir.” (Beckman 1988,

s. 34).

Hitit'in en genel ganimet hayvani koyun ve sigird1 ve Goetze'nin belirttigi gibi koyun,
baz1 kisilerin Hatti iilkesi i¢in Arinamin Giines Tanricasi'na diizenli olarak koyun
bagislamak zorunda kaldigi genel bir vergiydi (Beckman 1988, s. 34). Bunlar, devletin
hayvancilikla yakindan ilgilendigini ve hayvanciliga siki sikiya bagli oldugunu
gosteriyor. Ayni1 zamanda, vergi, ganimet veya tanrilar i¢cin kurban olarak

Imparatorluk boyunca ¢ok aktif bir hayvan hareketini gosterir.
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Buna ek olarak Beckman, Hititce bir metinden hareketle Hititlerde giitmenin diisiik
statiilii insanlarin bir faaliyeti olarak goriildiigiinii belirtmistir (Beckman 1988, s. 38),
ancak metnin bir idari/kraliyet belgesinin parcast oldugunu belirtmekte fayda vardir,
siiriilerin korunmasi yasalar ve kisitlamalarla saglaniyordu. Hayvan yOnetiminin
devlet tarafindan kontrol edildigi ve korundugi aciktir ve hayvanciligin merkezi

kontrollinu gosterir (Adcock, 2020, s. 26).

Orta Hitit Kralligi déneminde Hitit Imparatorlugu'nun ikinci baskenti oldugu
diistiniilen Sapinuwa (URUsa-pi-id-du-wa), orta Anadolu bozkirnm kuzeyinde yer
almaktadir (Sekil 1). Kazilar sirasinda bulunan tabletlerden sehrin ad1 dogrulanmastir.
Ortakdy olarak da bilinen yer Corum ili smirlar1 igerisinde olup, Corum sehir
merkezinin 53 km giineydogusunda ve Bogazkody'iin 60 km kuzeydogusunda yer
almaktadir. Kafkaslar lizerinden Anadolu'ya agilan bir tiir kap1 olan Kelkit vadisinin
yakininda yer almaktadir. Yerlesim alani yaklagik. 9 km metrekare biiyiikliigiinde
olup, alt ve Ust kistmdan olusmaktadir (Sekil 3). 1987 yilinda Aygiil ve Mustafa Stiel
tarafindan ii¢ yillik yiizey arastirmalar1 sonucunda bulunmus ve 1990 yilindan beri
kazi ¢alismalari stirdiiriilmektedir (A. Stiel ve Siiel 2017, s. 29-30). Bir Hitit kenti olan
Sapinuwa, Hurrilerin etkisinde bir dini merkez olarak biliniyordu ve sehir
kesfedilmeden once 20. Yiizyilin baslarinda terciime edilen Bogazkdy metinlerindede
ad1 gegmektedir. Ayrica bu metinlerde Hurri agiz yikama ritlellerinin (itkalzi
ritiielleri) metninin burada yazildig1 ve diger Hitit devletlerine gonderildigi

belirtilmektedir.

Kaz1 ekibine gore Hititler gelmeden 6nce diiz yerlesim yoktu. Bunun yerine insaat
isleri, teraslama ve tesviye Hitit doneminde insanlar tarafindan yapilmistir (A. Siiel ve
Stel 2017, 2s. 9). Alanin kazis1 iki ana alana odaklanmaktadir; Agiloni ve
Tepeleraras1 ve iki alan arasindaki mesafe yaklagik. 1 km’dir (Sekil 3). Kazilar
sirasinda bulunan Hitit tabletlerine gore Sapinuwa'nin sadece Hitit devletinin bir idari
merkezi degil, Biiyiik Kral doneminde de devlet merkezi oldugu belirtilmistir (A. Stiel
1998, s. 37). Kazida bulunan tabletler genellikle MO 14. yiizyila tarihlenmektedir ve
sitenin sosyo-ekonomik ve politik durumu hakkinda 6nemli bilgileri gosterir (A. Stel

1998, s. 37).
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Otuz bin metrekare biyiikligiindeki Agilont alan1 sehrin kuzeyinde yer alir ve
Sapinuwa'min  kutsal alani olarak kabul edilir. 2000 yilinda kazmm basladig:
Agilonii'nde, 6zel bir teknikle insa edilmis bir ritiiel alanina ait oldugu diisiiniilen 1500
metrekare biiylikliigiinde, alisilmadik ve masif (kuzey-giliney yonlii) bir tag doseme
ortaya ¢ikarildi. Agiloni alani igindeki ritiiel alan disinda, birkag atdlye, degirmen tasi
ve firm da tespit edilmis olup, giinlik yasam aktiviteleri i¢in kullanilan bazi
mekanlarin da bulundugu belirtilmektedir. Ritiiel alanin bir diger 6nemli unsuru da tag
dosemenin giineyinde bulunan hayvan kemikleriyle dolu ¢esitli kurban ¢ukurlaridir
(Piskin 2019). Hitit doneminde hayvan kurban etme yaygin bir gelenekti ve Hitit
arsivlerinde kurban torenlerinden genel olarak bahsedilir. Kanit olarak yiiksek
memurlara ait miihiirler, tabletler ve i¢i hayvan kemikleriyle dolu kurban c¢ukurlari,

burani 6nemli bir ayin alan1 oldugunu gostermektedir.

Kurban c¢ukurlarinin ortaya c¢ikarildig1 ritiiel/adak alami kotii organize edilmis
duvarlarla ¢evrilidir ve cukurlar ¢esitli biiylikliiklerde tekli, ikili, tichii ve dortlii olarak
actlmistir. Bu ciliz duvarlarin yaninda, tag dosemeye ve kurban ¢ukurlarina yakin
cesitli yapilar yer almaktadir. Bu ¢ukurlarda hayvan kemikleri bazen yanmis, cok
parcalanmig, hatta bazen bir biitliin olarak bulunmustur. Stiel'e (2015) gore Hitit
doneminde torenlerde kuslar, koyunlar, keciler (ve dag kecileri) birlikte yakilirdi.
Ayrica Hitit arsivlerine gére kurban térenleri 6ncesinde hayvanlar1 sersemletmek igin
baslarina bir tas ve/veya alet vurulmustur. Arkeolojik kanitlara gére Agilonii'ndeki
cukurlarin i¢inde ve disinda hafif yontulmus veya yontulmamis taslar bulunmustur.
Bir rahip tarafindan kurban edildikten sonra, hayvanin kani cukurlara dokiiliir ve viicut
parcalart yenilir veya imha edilirdi. Ancak hayvanlarin bazi unsurlar1 (kafatast,
kaburga, ¢ene, bacak kemigi, dis, omurlar) da ¢ukurlara konulurmus. Yine Ortakoy
kurban ¢ukurlarinda da bu elementlere rastlanmistir. Kurbanlik ¢ukurlarinda hayvan
kemiklerinin yaninda miihiirler, agirsaklar ve taslar bulunsa da cukurun altlar1
genellikle bostur (A. Siiel 2015a, s. 104). Ayin yapildiktan sonra ¢ukurlarin istleri
toprakla kapatilird: ¢iinkii gukurlar kullanildiginda kirlendigi diisiiniiliirdii.*®

18 KBo 10.45 (111 26)
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Tepelerarasi, sehrin merkezinde yer alir ve iginde anitsal ve idari yapilari bulundugu
savunma surlar1 ile c¢evrilidir. Bu alanda bir hafriyat projesi baslatilmis ve kentin
onemli binalar1 ortaya ¢ikarilmistir. Tepelerarasi'nda bugiine kadar A, B, C, D ve G
yapilart ve G alani incelenmistir. G alan1 ayrica metal kaliplar, ¢ok miktarda ¢anak
¢omlek parcalari, metal ¢ekicler, metal oklar, kil kaliplarin bulundugu atolye alani
olarak tanimlanmaktadir. Alisilmadik bir simetrik mimariyle insa edilen A Binasi,
cesitli kraliyet miihiirlerinin kesfedildigi anitsal bir yapi olarak diistiniilmiistiir (A.
Stiel 2015b, s. 102). Kentin depolarmnin sergilendigi bir depo olarak tanimlanan B
Binas1 kalmtilari, A Binasmm 150 m dogusunda ortaya c¢ikarilmistir ve 1.5 m
yiiksekliginde kerpi¢ duvarl bir kiklopik temelden olugsmaktadir. Hem C Binasi hem
de D Binasi sehrin giiney terasinda yer almaktadir. C binasinda iizerinde iizerinde
“Biiyiik Kral” yazan ¢ivi yazili bir balta ve mizrak ucglar1 bulunmustur. Ayrica kentin
D Binasi'nda hem bir hanenin hem de tiim toplumun kirlenen enerjisini temizlemek,
ancak oOzellikle kraliyet ailesini arindirmak icin gerceklestirilen “Itkalzi” adli bir
armma ritiielinin gergeklestigi diistiniilmektedir (A. Siiel 2015b, s. 102). D Binasi'nin
girisinde, Tanr1 TeSSub zirhlariyla binaya girenleri karsilarken tasvir edilmistir (Sekil

10).1

Kentin hem idari hem de dini merkez olarak 6nemini gosteren arkeolojik kanitlarin
yani sira, kentte bulunan 4000'den fazla tablet ve tablet pargasi ile Hitit donemine ait
biiyiik arsiv, kentin 6nemine bir kanit olarak gdsterilebilir (A. Stiel ve Stiel 2017, s.
30).2° Hatta kaz1 ekibine gére, alanda bulunan tabletler, Kral Tudhaliya III ve karis1
Kralice Taduhepa doneminde sehrin kutsalligini hakkinda kanitlar oldugunu ifade
etmiglerdir (A. Stel, 2015a, p. 101). Arastirmamda Agilonii bolgesini tek lokasyon
olmasina ragmen mekansal islevine gore iki farkli lokasyona ayirdim ciinkii kurban
torenlerinin yapildig ritiiel alan yeri ile Tapinak alaninin geri kalani arasinda bir ayrim
olabilecegini diislindiim ¢iinkii rahiplerin yasadig1 ve muhtemelen bazi siradan yagam
aktivitelerinin de gerceklestigi yerler ayri, ritiiel aktiviteler ayri bir bdlgede
yapilmaktaydi (mekanlarin isleviyle ilgili ayrintilar i¢in 2. Boliime bakiniz). Kurban

cukurlarmin ortaya ¢ikarildig: belirli yere 'Kurban Alani' adi, firin ve bazi binalar gibi

19 Bakiniz Suel, A. 2015.
20 Sapinuwa Arsivleri igin , bknz. Suel, A.,1997; Siel, A.,1998; Siel, A.,1999.
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ortak alan ve yapilarin kesfedildigi Tapinak alanm1 ‘Agilonii Alan’ olarak
tanimlanmistir. Arastirmada geometrik morfometri ve oestrometri, hem gruplar
arasindaki varyasyonu tespit etmek hem de belirli bi alan i¢indeki hayvanlarin
morfolojik bir farklilik gosterip gostermedigini anlamak i¢in bu 6l¢iim tekniklerini ve

analizleri uygulanmistir.

Morfoloji, kemiklerin tanimlanmasi, adaptasyon ve tiirlesme igin varyasyonlarin
degerlendirilmesinde 6nemli noktalardan biridir. Bir organizmanm hem kalitsal hem
de gelisimsel oOzelliklerini igeren karmasik bir siirecin sonucu olarak olusur.
Kemiklerdeki varyasyon hem ¢evresel hem de biyolojik kosullarla ilgilidir. Biyolojik
varliklarm kalitsal 6zellikleri olan filogeni, DNA tarafindan belirlenir. Hox genleri, bir
popiilasyondaki bir Ornegin morfolojisini yOnlendirir ve herhangi bir gecerli

morfolojik farklilik bu genlerin sonucudur (Burke ve digerleri, 1995).

Omurgalilar1 karakterize etmek i¢in dnemli kavramlardan biri hareket davranigidir.
Hareket modlar1 kemik eklemlenmesini ve epifiz ve diyafiz sekillerini etkiler.
Ornegin; bir yandan ovicapridler hareket tarzlarina uygun uzun metapodialar: ile
bilinirken, diger yandan Ovis orientalis (yabani koyun) kisa metakarplarini sadece
kosmak i¢in degil tirmanmak i¢in de kullanirlar (Haruda, 2014: s. 139). Ovakapridlerin
hareket davranigii degerlendirerek, metapodial kemikler bir tiir igindeki varyasyonu

incelemek icin anahtar kemiktir.

Evcillestirmeden bu yana insan, iyi bir yiin kalitesine sahip olan Merinos koyunu ve
kalin kuyruklu olan Karakul koyunu gibi hayvanlardan elde edilen iiriinlerin kalite ve
miktarmi en st diizeye ¢ikarmak icin kalitsal 6zellikleri degistirerek Ovis aries ve
Capra hircus zerinde kontrol sahibidir (Mason 1996). Ancak 1slah denilen bu tiir bir
eylem, biyolojik olarak tanimlanmis bir kelime degildir. Ayni sekilde en yakin
biyolojik terim ise, cogunlukla tiiriin yasadig1 cografi bolgelere gore belirli 6zelliklere
sahip bir grup hayvan anlamina gelen 'alttiir'diir. Haruda (2014) bu terimi, morfolojik
olarak bolgelere gore degisen Ozellikler gosterebildigi icin 'yerel tiir' olarak

tanimlamistir.
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Bolgelere dayali bu morfolojik farkliliklar, bir organizmanin bir yagam stiresi i¢indeki
tim gelismelerini iceren ontogeniden ziyade hayvanlarin fenotipik ozellikleri ile
tanimlanmaktadir. Ayak bilegi eklemindeki kemigin morfolojisi olan Astragalus,
belirli ortamlara ve cografi/topografik farkliliklara dayali bu tiir morfolojik
farkliliklar1 tanimlamak i¢in anahtar kemiklerdir. Ayak bilegi eklemlerinin esnekligi
ve ekozon etkisiyle olusan fenotipik karakterler astragalus morfolojisine bakilarak
anlasilabilir. Bu arastirmada cografi farkliliklarin neden oldugu kemik varyasyonlarini
tespit etmek icin ontojenik Ozelliklerden ziyade bu tur fenotipik Ozellikler analiz

edilmekte ve degerlendirilmektedir.

Geometrik morfometrinin istatistiksel sonuglari, morfolojik varyasyonu yorumlamak
icin ¢ok onemli bir noktadir. Daha 6nceki boliimlerde bahsedildigi gibi, tanimlayict
cok degiskenli istatistiksel bir yontem olan temel bilesenler analizi (PCA), bir
hipotezle yapilmaz. Bunun yerine, iliskisiz temel bilesenler arasindaki degisimi
anlamak i¢in uygulanir (Haruda, 2014, s. 255). Kanonik degisken analizinden (CVA)
farkli olarak, grup tiyeliginin (siniflandiricilar) 6nceden belirlenmesi yapilmaz; ancak,
tiirler arasindaki bazi grup tiyeliklerini tespit etmek i¢in yine de faydal bir analizdir.
Farkli konumlardan numuneler arasindaki ayrim, tanimlanmig gruplar dayali ve bu
gruplarin ortalamalar1 arasindaki farki gésteren 6nemli bir analiz olan CVA ile daha
net goriiliir. Ote yandan arkeoloji, paleontoloji ve jeoloji arastirmalari i¢in de dnemli
bir uygulama olan diskriminant analizi, grup iliskilerini belirlemeye yonelik kurallarin
uretilmesi ve gozlenmesi acgisindan kritik 6neme sahiptir (Kovarovic ve digerleri,
2011).

CVA, Mahalanobis uzakliklarina dayali 1000 permiitasyon ile gerceklestirilmis ve
gruplar arasi degisimi gosteren p degerleri ile sonuglar vermistir. CVA'da sekil uzayi,
varyasyona dayali mesafe olan Mahalanobis mesafesi ile dlgulir. Tablo 10, 11, 12'de
CVA sonucu p degerleri ile verilmistir. Hem astragalus hem de metacarpal ovicaprid
numunelerinin CVA sonuglart p <.05 gostermistir, bu da ‘null hypothesis’ sifir
hipotezinin reddedildigi anlamma gelir. Eger bir sifir hipotezi reddedilirse,
aragtirmacmin verdigi hipotez dogrulanmakta olup, benim arastirmamda 6rneklerin ii¢

alana dayali olarak ©Onemli morfolojik farkliliklar gosterdigini ©ne slirmek
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mumkinddr. Ancak metatarsal ovicaprid ornekleri igin ayni sonug ¢ok giiclii bir
sekilde goriilmemektedir. O. Aries metatarsal i¢in tek farklilik, Kurban Bolgesi-
Ag1lonii ve Tepelerarasi-Kurban Bolgesi karsilastirmasinda goriilmektedir. C. hircus
metatarsal i¢cin Tepelerarasi ile Kurbanlik Alan arasinda p degeri p>0.5 elde edilmis
yani hayvanlarda morfolojik bir fark bulunmamaktadir, bu da sifir hipotezinin
reddedilemeyecegini gdstermektedir. Bu hayvanlari bu bdlgeleri arasinda morfolojik
olarak onemli bir fark olmadigi anlamma gelir. Bu sonug, Kurban Alanmdaki
Orneklem sayisinin kisith (sayica az) olmasi ile ilgili olabilir. Hem astragalus hem de
metakarpal ovicaprid drneklerinin CVA sonuglari, ii¢ alan arasindaki morfolojik
acidan farkliliklar oldugunu gostermektedir. O. aries astragalus i¢cin Tepelerarasi ve
Kurban Alani ile O. Aries metacarpal i¢in Tepeleraras1 ve Agilonii karsilastirmasinda
anlaml olarak sifir hipotezinin reddi anlamina gelen p <.0001 goriilmektedir. Bu,
hayvan morfolojisine gére bu alanlar arasinda énemli farkliliklar oldugu anlamina
gelir. Baska bir deyisle, astragalus ve metatarsal ovicaprid CVA sonuglarina gore
Agilonii, Tepelerarasi ve Kurbanlik Bolgesi'nden gelen hayvanlar, sehir i¢inde
hayvanlarin ¢oklu siiri stratejileri fikrini destekleyen morfolojik farkliliklar

gOstermektedir.

Hitit devletlerinde tapmaklari kendilerine ait siirii ve siiriilere sahip olabileceginden
bahsedilmektedir (Beckman, 1988, s. 35). Tapinak alan1 olarak diisiiniilen Ag1l6nii'niin
sehrin geri kalanindan farkli olarak kendi hayvanlarmi yetistirmis olmalari,
Sapinuwa'nin faunal analizleri ile desteklenmektedir. Bu tezde tguncu grup olarak
tanimlanan ancak aslinda Agilonii'nde bulunan Kurbanlik Alandan ¢ikan kemiklerin
analizlere gore, O. aries metatarsal sonucu disinda hayvanlarin farkli morfolojik
karakterlerde oldugu gozlenmistir. Bu bolgenin Agilonii'nden farkli olarak
tanimlanmasinin nedeni, Kurban Alaninmn, kurban ¢ukurlarinin bulundugu ve asil
ritiiellerin gergeklestigi yer oldugu diisiiniilmesidir. Analizler bu bdlgeden ovikaprid
kalintilarmm farkli bolgelerden/eyaletlerden muhtemelen kurban torenlerine adak
olarak getirilmis olabilecegini kanitlar nitelikte sonuclar vermekte ve yine bu durum
Hitit metinleri ile de desteklenmektedir. 2. Bolumde (sayfa 8) ritiieller ve festivallerle
ilgili yazili kaynaklar, birgok sigir, koyun ve kec¢inin bu tiir faaliyetler i¢in farkli

yerlerden belirli bir amagla Hitit devletine gonderildigi belirtmistir.
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Inceledigim kemiklerde genel olarak gesitlilik gdstermekte olup, bu da bircok hayvan
fenotipinin varligin1 gostermektedir. Ayrica bazi hayvanlarm belirli veriler etrafinda
kiimeler olusturduklar1 da goriilmekte olup, bu kiimelerin biiyiik olasilikla Ge¢ Tung
Cag1 kentinde farkli sosyal statiilerden olan insanlarin kullandigi bu ii¢ alanin
gruplarini temsil ettigi goriilmektedir. Bunun en bariz kanit1, Ovis aries drneklerinin
analizlerinden elde edilmistir (Sekil 8). Hititler igin Ovis aries turinin daha énemli
oldugunu bilmekteyiz, muhtemelen bu 6nemden dolay1 Ovis aries tirlne daha fazla
ilgi gostermisler, bu hayvanlarin gelisimini ve 1slah caligmalarini amacglamis

olabilirler.

Ayrica gruplandirilmis veriler disinda herhangi bir gruba uymayan bazi aykiri ‘outlier’
degerlerle de karsilasilmistir. Tek bir yerlesim yeri icindeki GMM uygulamasinda,
aykir1 deger olarak goriilen bu tiir veriler, genellikle veri setinin olusturuldugu bolgeye
0zgii olmadig1 seklinde yorumlanmistir (Haruda, 2014, s. 265). Bu aykir1 degerler
Sapinuva disindaki bolgelerden getirilen hayvanlar olabilir. Bu agiklama hem Hitit
tabletlerindeki ifadelerle hem de Sapinuwa bolgesindeki referans degerlerle
uyusmayan Sr degerlerine sahip hayvanlarin bulunmasiyla desteklenmektedir (Piskin
ve ark., 2020). Capra hircus'un Ovis aries'e gore daha fazla degiskenlik gosterdigi,
daha az belirgin kiimeler olusturdugu ve Sr degerlerinin de Ovis aries'e gére ¢ok daha

fazla degiskenlik gosterdigi belirlendi (Piskin ve digerleri, 2020).

Ayrica, Bolim 1'de belirtildigi gibi, yerlesim yeri ig¢indeki farkli alttiirlerin/islah
hayvanlarmin varligmimn belirlenmesi de diger bir amactir. GMM'deki ortalama sekil
(mean shape), farkli fenotiplere gore degismektedir (Haruda, 2014, s. 265). Fenotipik
farkliliklar grup varyasyonu i¢inde goriiniir olmalidir ve bu hem PCA hem de CVA ile
goriilebilmektedir. Analizlerdeki gruplar/anlar i¢indeki bazi kiiglik alt kiimeler, veri
kiimesindeki farkli hayvan alttiirlerini, 1slah ¢aligmalarini 6nermektedir. Bu durum,
diger bolgelerdeki hayvanlarin farkli morfolojik gruplar olusturdugunu ve tek bir
alandan ve tek bir tlir arasinda farkli gruplagsmalar/varyasyonlar oldugunda tepit
edilebilir oldugunu gostermektedir. Ornegin, Sekil 13'teki CVA sonucu grafigi (Ovis
aries metacarpal) belirli gruplar i¢inde bazi farkliliklar gozlemlenmektedir. AGIL515

(AGIL763 de) diger Agilon veri grubundan uzakta kiimelenmistir. Ayni sekilde
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TEP501 de Tepelerarast veri grubunun geri kalanindan morfolojik farkliliklar
gostermektedir. flgingtir ki Sekil 12, Sekil 13, Sekil 14, Sekil 15'te Agilonii'den alman
veriler, grup icinde genis yayilimli bir kiimelenme sergilemekte ve Tepelerarasi ve
Kurban Bdlgesi'nden alman verilerden de daha genis yayilimli kiimelenme
gostermektedir. Bu, Agilonii'nde gerceklestirilen yerel 1slah uygulamalarinin kaniti
olabilir; ancak bu sadece Sekil 10 ve Sekil 11'de goriilen veriler i¢in Agilonii'nden

gelen verilerin sinirli olmasiyla da ilgili olabilir.

GMM disinda, her iki yOntem arasindaki farkliliklar1 gérmek ve sonuglari
karsilastirmak icin zooarkeolojik biyometri analizleri yapilmistir. Arasgtrmanin hem
geleneksel hem de geometrik morfometrik analiz kullanilarak yapilmasimin iki ana
nedeni vardir. Birinci sebep, bu iki analiz sonucunda arastirma sorularina ayni cevabi
verip vermeyecegini gozlemlemek veya sorumuza hangisinin daha belirgin bir cevap
verecegini belirlemektir. Sonug olarak bu iki yontemden hangisinin buna daha uygun
oldugunu ortaya c¢ikarmaktir. Ikincisi, tez hipotezimde belirttigim gibi Hititler bir
gelismis bir hayvancilik anlayisma sahiplerdi. Gelismis veterinerlik faaliyetleri
nedeniyle farkli cins hayvanlar yetistirmis olabilecekleri diisiiniilmektedir. Simdiye
kadar yaptigim arastirmalarin sonuglari, kurdugum hipotezin dogrulugunu teyit
ediyor. Eldeki veriler, hayvan kemiklerinin yerlesmedeki alanlara gére morfolojik
olarak c¢esitli gruplar olusturdugunu gostermektedir. Agilonii ve Tepelerarasi
alanlarindan alinan hayvan kemiklerinin analiz sonuglarinin farkli gruplar1 igermesi,
farkl alttiirlere isaret edebilecek farkli fenotip 6zelliklerinin varligmi géstermektedir.
Bu, belirttigim hipotezi dogruladi. Agilonii'niin bir ritiiel alan1 olmasi nedeniyle
buradaki hayvanlarm Hitit kontroliindeki diger yerlesim birimlerinin yani sira
yerlesimdeki diger bolgelerden gonderildigi analizlerdeki istatistiksel sonuclar ile
dogrulanmaktadir. Bunun yani sira Tepelerarast hem idari hem de atdlye/isik alanidir
ve burada caligan insanlarmn tiikettigi hayvanlarin kemiklerini icerir. Ozetle, atdlye
alanindan ¢ikarilan kemiklerin ne yiiksek idari memur ne de burada calisan rahip
olmayan zanaatkarlar tarafindan tiiketilen artiklar oldugu ve hayvanlar oldugu i¢in
kurban alanindan ve Agiloniinden ¢ikarilan kemiklere gore ikinci kalite hayvanlar
olduklar1 diisiiniilmektedir. Kurban alanina gonderilenler tapinak (Agilonii) tarafindan

birinci kalite hayvanlar olarak secilip gonderilmis olabilir. (A. Stiel 1985).
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Veriler hem PCA hem de MANOVA/CVA'da analiz edildi. Geleneksel zooarkeolojik
standartlarla alinan Olclimlerle yapilan analizlerde ilk engel MANOVA/CVA'da
GMM'den farkli olarak her siiflandirici/grup i¢in birden fazla veri olmasi zorunlulugu
ile karsilasilmustir. Iki veri setinde sadece bir 6rnek bulundugundan, énceki boliimde
bahsedildigi gibi hem Ovis aries metacarpal hem de Capra hircus metatarsal veri
setleri bu analizin diginda tutulmustur. Bu, geleneksel biyometrinin ana
dezavantajlaridir, GMM'den farkli olarak, analizleri yapabilmek i¢in daha fazla veriye

ithtiyacmiz vardir.

Bir yandan zooarkeolojik biyometriye dayali dl¢ctimlerle yapilan bazi PCA sonuglari,
Ovis aries astragalus gibi, GMM ile oldukga benzer sonuglar gosterirken (bkz. Sekil 8
ve 20), diger yandan PCA'nin diger sonuglar1 i¢cin bu durum gecerli degildir. GMM ile
gruplar icindeki kiimeleri daha belirgin gortilmektedir. Bununla birlikte, Capra hircus
astragalus icin geleneksel zooarkeolojik 6l¢iimlerin sonucu, GMM'ye kiyasla iyi bir
kiimeleme gosteren tek istisnadir (bkz. Sekil 14 ve 26). Genel olarak, standart
zooarkeolojik biyometriye (SZB) dayali 6l¢iimlerle gerceklestirilen PCA sonuglari,
grafiklerde hemen hemen benzer veri dagilimini gostermektedir fakat belirli gruplar
icinde kiigiik alt kiimeler gérmek zordur. Yukarida bahsedildigi gibi, bir grup i¢indeki
alt kiimeler, ilgili farkli alttiirleri ve/veya ekozonlar1 gosterebilir ve GMM bu tiir

kanitlar1 elde etmede daha basarilidir.

Bu tezin sinirliligy, {i¢ bolgeden gelen dengesiz veri sayisidir. Bu, landmarklarin belirli
noktalara konmasi icin, neredeyse eksiksiz 6gelere sahip olmasi gereken geometrik
morfometrik yontemlerle ilgilidir. Ayrica oestrometri verileri, geometrik morfometrik
veri setinden secildigi i¢in oldukca etkilenmis ve eksik sayida dataya neden olmustur.
Buna ek olarak, geleneksel dlclimlerin geometrik moprometrik olarak CVA ile
karsilagtirilmasi i¢in segilen MANOVA/CVA analizi, verilerde tek bir ol¢iim eksik
oldugu durumlarda analiz yapilamamistir. Son olarak, daha sonraki arastirmalar i¢in,
farkli tiirlerin 6grnegin at ve sigir gibi daha hareketli hayvanlara, yerel irklarmin

morfolojisini anlamak i¢in geometrik morfometrik yontem uygulanabilir.
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