J World Prehist (2015) 28:27-68
DOI 10.1007/s10963-015-9084-6

Bioarchaeology of Neolithic Catalhoyiik: Lives
and Lifestyles of an Early Farming Society in Transition

Clark Spencer Larsen' + Simon W. Hillson? - Basak Boz®
Marin A. Pilloud® - Joshua W. Sadvari' - Sabrina C. Agarwal® -
Bonnie Glencross® * Patrick Beauchesne’ * Jessica Pearson® -
Christopher B. Ruff’ - Evan M. Garofalo - Lori D. Hager11 .
Scott D. Haddow'? - Christopher J. Kniisel'*

Published online: 3 April 2015
© Springer Science+Business Media New York 2015

Abstract The bioarchaeological record of human remains viewed in the context of
ecology, subsistence, and living circumstances provides a fundamental source for
documenting and interpreting the impact of plant and animal domestication in the late
Pleistocene and early to middle Holocene. For Western Asia, Catalhdyiik (7100-5950 cal
BC) in central Anatolia, presents a comprehensive and contextualized setting for inter-
preting living circumstances in this highly dynamic period of human history. This article
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provides an overview of the bioarchaeology of Catalhdyiik in order to characterize patterns
of life conditions at the community level, addressing the question, What were the impli-
cations of domestication and agricultural intensification, increasing sedentism, and
population growth for health and lifestyle in this early farming community? This study
employs demography, biogeochemistry, biodistance analysis, biomechanics, growth and
development, and paleopathology in order to identify and interpret spatial and temporal
patterns of health and lifestyle under circumstances of rapid population growth and ag-
gregation and changing patterns of acquiring food and other resources. The record suggests
that the rapid growth in population size was fueled by increased fertility and birthrate.
Although the household was likely the focus of economic activity, our analysis suggests
that individuals interred in houses were not necessarily biologically related. Predictably,
the community employed resource extraction practices involving increased mobility.
Although oral and skeletal indicators suggest some evidence of compromised health (e.g.
elevated subadult infection, dental caries), growth and development of juveniles and adult
body size and stature indicate adjustments to local circumstances.

Keywords Domestication - Paleodemography - Paleopathology - Stable isotopes -
Biomechanics - Biodistance - Growth

Introduction

During the last few millennia of the Pleistocene, small groups of mobile hunter-gatherers in
southwestern Asia began a process of transitioning from a lifeway based exclusively on
hunting, gathering, and collecting non-domesticated plants and animals to one relying at
least in part on the management and production of domesticated plants and animals. In this
region, as elsewhere around the globe, the causes of this fundamental alteration in the
manner of food acquisition, processing, and consumption involved various climatic, de-
mographic, social, behavioral, and evolutionary factors arising during the terminal Pleis-
tocene and into the Holocene (Diiring 2013; Flannery 1972; Fuller et al. 2010; Larson et al.
2014; Riehl et al. 2013; Smith 1995; Winterhalder and Kennett 2006). Once set into
motion, the foraging-to-farming transition led to the development of a Neolithic package
involving changes in population size, nutrition, workload, mobility, and lifestyle
throughout Asia, Europe, Africa, and the Americas, setting the stage for alterations in
health, wellbeing, and living circumstances in the millennia to follow.

The study of human remains from archaeological settings provides a powerful means to
document and interpret the impact of domestication. Indeed, there is a large and growing
record based on the study of skeletons from archaeological settings to show that both the
foraging-to-farming transition and the early intensification of agricultural production oc-
casioned a general increase in morbidity and compromised health, along with significant
changes in activity, workload, and lifestyle (Cohen and Armelagos 1984; Cohen and
Crane-Kramer 2007; Larsen 1995, 2006, 2015; Oxenham and Tayles 2006; Pechenkina and
Oxenham 2013; Pinhasi and Stock 2011; Steckel and Rose 2002). Viewed within the
framework of an emerging archaeological context, this human bioarchaeological record
provides an essential dataset for addressing hypotheses and questions about the foraging-
to-farming transition and economic intensification, specifically for those regions of the
world having comprehensive skeletal series with long temporal duration and substantive
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Fig. 1 Map showing location of Catalhdyiik. Copyright National Geographic, Esri, DeLorme, HERE,
UNEP-WCMC, USGS, NASA, ESA, METIL, NRCAN, GEBCO, NOAA, iPC

contextual records of settlement, diet, living circumstances, ecology, and environment. For
Western Asia, Catalhdyiik in the Konya Basin in central Anatolia (see map, Fig. 1) is such
a locality. Among the largest (13 ha) and best-known Neolithic sites, Catalhdyiik combines
a comprehensive human skeletal record with detailed contextual documentation of ecol-
ogy, resource extraction, dietary reconstruction, food-processing, settlement, habitation
and housing, community and social structure, art, and mortuary practices (various in
Hodder 2014a). This level of contextualization of human remains is unmatched by any
other early farming setting, certainly with respect to the Old World.

The purpose of this article is to provide an overview of the bioarchaeology of Cat-
alhoyiik, and specifically to characterize how human health and lifestyle at the community
level were impacted by changing circumstances and how the community’s inhabitants
adapted to their altered natural and social environments. While largely focused on a single
locality, findings based on the study of the human remains from this particular setting,
illustrating how members of this particular community interacted with their environment
and shaped their living conditions, serve to deepen our understanding of early farmers in
the Near East and elsewhere. The bioarchaeological research program at Catalhdyiik
presented in this article is motivated by the following question: What were the implications
of farming and agricultural intensification, both in consumption and labor investment,
increasing sedentism, and population growth for health and lifestyle in this early farming
community?

Biocultural Context of an Early Farming Community in Transition
For most of the recent history of excavation at Catalhdyiik, the earliest excavated deposits

were placed at c. 7400 BC and the latest at c. 6000 BC (Bayliss et al. 2015). However, new
radiocarbon assays of the earliest occupation of the site based on a Bayesian statistical
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framework indicate that culturally-mitigated deposits began to accumulate c. 7100 cal BC
(Bayliss et al. 2015) and the latest deposits c. 5950 cal BC (Marciniak et al. 2015), thus
representing about 1150 years of the Neolithic. The site is wholly or partially contem-
porary with many Pre-Pottery and subsequent Pottery Neolithic sites in the Levant (Hodder
2010). Based on various lines of evidence involving the number and size of domestic
structures occupied at any one point in time, the peak population size was estimated at
3500-8000 (Cessford 2005b). Other Neolithic localities in central and southeastern Ana-
tolia and across the Levant, either pre-dating or contemporary with Catalhdyiik, show
population settlement and aggregation along with farming (Baird 2005; Braidwood et al.
1981; Esin and Harmankaya 2007; Gérard and Thissen 2002; Ozdogan 1999; Ozdogan and
Ozdogan 1998). However, none of these localities has the contextual depth or breadth, nor
the long duration (cf. Catalhdyiik’s c. 1150 years of continuous occupation), to permit
interpretation of health and lifestyle in relation to early farming.

Catalhoyiik was first excavated by James Mellaart between 1961 and 1965 (Mellaart
1967). His excavations in the southern area of the site’s East Mound revealed considerable
evidence for houses, architecture, elaborate art and other symbolism, and a complex
mortuary program involving interment of the deceased in pits located in the floors of
houses. Mellaart identified a series of stratigraphic levels of occupation, beginning with his
level O at the mound surface, followed by level I through levels XII. Ian Hodder subse-
quently began a 25-year research program in 1993, focusing on the northern area of the
mound and an expansion of Mellaart’s original excavation in the southern area of the
mound (Hodder 1996, 2005a, b, c, 2006, 2007, 2010, 2013a, b) (Fig. 2). Hodder’s exca-
vation revealed a more complex sequence of levels than envisioned by Mellaart, one that
required the development of a site-wide stratigraphic sequence referred to for the purposes
of this article as the Early period (7030-6370 BC), Middle period (6610-6250 BC), and
Late period (6410-6150 BC; Farid 2013; Table 1).

Each level contains numerous rectangular mud-brick houses densely packed together.
These houses range in size from 15 m* to 25 m” and are clustered in neighborhoods
(Cessford 2005a; Diiring 2001, 2005). A typical house contains a main room, having an
oven, hearth, and central living space, and one or more slightly elevated clay-covered
platforms along the walls. In addition to living spaces, these platforms often served for
burial, mainly of older juveniles and adults (Boz and Hager 2013). Neonates and infants
were frequently interred in pits by the walls, in foundation deposits, or sometimes towards
the center of a house. Houses show a continuum of complexity from simple to elaborate,
with the ‘history houses’ containing relief sculptures and wall paintings depicting animals,
humans hunting animals, and a variety of other complex symbolism, cattle skulls and
horns—some covered with a veneer of white plaster—and many burials. They also display
long-term continuity involving several rebuilding episodes in the same location, often in
sequences spanning multiple levels and representing multiple generations of occupants
(Diiring 2005; Hodder 2006, 2010, 2013b; Pilloud and Larsen 2011). In addition, the
practice of removing crania, skulls and other body parts from earlier burials is associated
exclusively with these buildings (Hodder and Meskell 2010). The placement of later
houses on the remains of earlier houses, as well as control of temporal context, generally
makes it possible to address temporal questions about changing patterns of community
health and lifestyle via study of skeletal remains.

Analysis of house numbers, neighborhoods, and community structure reveals that
Catalhoyiik was initially small, perhaps representing a few families, and then dramatically
increased in size and density, peaking in the Middle period. Late period levels contain
considerably fewer houses and more open spaces than before (Hodder 2014b; Cessford
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Fig. 2 Map of excavation areas on Catalhdyiik’s Neolithic East Mound (adapted from Hodder 2014a, b)

Table 1 Definitions of the three time periods employed in the present analysis, with corresponding Hodder

levels and estimated timespans in years BC

Time period Corresponding levels Estimated timespan®
Early (‘pre-peak’) South H, J, K, and L 7030-6370 BC
Middle (‘peak’) North G, BACH G, 4040 G, South M 6610-6250 BC
Late (‘post-peak’) 4040 H, South O, P, Q, R, S, and T 6410-6150 BC

# Based on Cessford’s (2005b) absolute dating analysis (95% probability)
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2005b). This record showing fewer and more widely-spaced houses indicates a substantial
decline in population size and increased dispersal during the final occupation phase of the
community. In summary, Catalhdyiik started small around 7100 BC, grew dramatically to
its peak size in the Middle period, declined in the Late Period, and was ultimately aban-
doned by 6000 BC, although some form of continuity does likely exist between the latest
levels of the site’s East Mound and its Chalcolithic West Mound.

These changes in settlement and population during the later occupation occurred during
a time of increased aridity in the Near East in general and central Anatolia in particular
(Asouti 2005; Jenkins 2005). Human factors also contributed to altered living circum-
stances. Doherty (2013) concludes that the volume of digging in the clay colluvium in the
area immediately surrounding the site was sufficient to produce a reduction in groundwater
levels and loss of critical wetlands. The loss of economically important wetlands is con-
firmed in various other analyses, including of fish remains, mollusks, wood, and charcoal
(Asouti 2013; Bar-Yosef Mayer 2013; Van Neer et al. 2013). Other disturbances to the
wetlands surrounding the community are indicated by invasion of the reed Phragmites and
likely reduction in plant and animal species diversity (Ryan 2013).

It is clear from the archaeological record that domesticated plants and animals were
central elements of CatalhOyiik subsistence practices. Cereal crops (wheat, barley) and
legumes (peas, lentils) are well in place in the earliest Aceramic Neolithic contexts, be-
ginning with the founding of the settlement (Diiring 2013). The record of cultigens is
dominated by wheat, which represents more than 80% of domesticated plant remains
(Bogaard et al. 2013). During the seventh millennium (Ceramic Neolithic), domestic sheep
and goats are present, but domestic cattle do not appear in the record until c. 6500 BC
(Bogaard et al. 2013; Fairbairn et al. 2005; Russell and Martin 2005; Russell et al. 2013).
The great majority of animal remains consists of domesticated caprines, especially sheep
(Russell 2005; Russell et al. 2013). In addition, various wild plants, deer, birds, and non-
domesticated pigs and aurochs (cattle being domesticated later) were also consumed
(Bogaard et al. 2013; Russell and Martin 2005; Russell et al. 2013). Fish from nearby
streams and other bodies of water were eaten, albeit as a minor part of the diet (Van Neer
et al. 2013).

The Catalhdyiik inhabitants’ interest in animal species is famously represented by the
many paintings on the interior of some house walls. These paintings depict wild animals—
boars, bulls, leopards, and deer—sometimes being hunted by adult males partially clad in
or carrying leopard skins (Mellaart 1967; Hodder 2006). The paintings and the presence of
strategically-placed bucrania in living spaces in these houses demonstrate the strong
symbolic presence of hunting and hunters, giving the impression that non-domesticated
animal sources of food were important indicators of social status and diet. The minimal
presence of wild cattle remains in the later occupation of the site, only a half-dozen skeletal
elements of bear, and a single bone of a leopard indicate that while these animals were
important in the community’s symbolism and myth (Hodder 2006) they contributed little to
diet.

Rosen and Roberts (2005) make the case that most of the farming was done on the
higher, dryer, and better drained areas located 13 km to the south of the community (and
see Roberts et al. 1996, 1999; Roberts and Rosen 2009; Rosen and Roberts 2005; Fairbairn
et al. 2002, 2005). This scenario has important implications for the amount of labor and
degree of mobility of the site’s inhabitants who were involved in agricultural production
and transport of foodstuffs (see below). Cultivation and transport of products would have
involved considerable labor and mobility. For example, people would necessarily have
been involved in tending distant crops, herding sheep and goats, and other economic
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activities in upland areas surrounding the community. Alternative hypotheses, however,
suggest that cultivation and herding likely occurred close to the settlement (e.g. Bogaard
et al. 2013, 2014; Doherty 2013), which would influence interpretations of mobility.

Various lines of evidence point to an increased mobility and coverage of the landscape
in acquiring resources over the course of the site’s occupation (Charles et al. 2014; Hodder
2014a, b). The reliance on herding and increased dependence on domestic sheep and cattle
in the later occupation of Catalhdyiik has implications for the level of community mobility,
especially among those responsible for herding. Analysis of sheep stable carbon and ni-
trogen isotope ratios reveals increased dietary diversity, indicating an extension of the
landscape used for herding (Charles et al. 2014; Pearson et al. 2007; Hillson et al. 2013; but
see Henton et al. 2010). Overall, the isotope record shows an escalation in the range of
extractive activities, which would have necessarily involved increased mobility, as herders
were required to travel greater distances over the course of the occupation of the site. It
would seem likely that depletion of resources closer to the mound would have resulted in
increased travel for and labor invested in the acquisition of food resources in farming and
in herding (Pearson et al. 2007).

In addition to these aspects of resource acquisition, sources of raw materials for bead
and pottery manufacture shifted from local to non-local (Doherty and Ozbudak 2013;
Hardy and van de Locht 2013; Nakamura and Meskell 2013). While raw material for
production of querns and other ground stone tools come from sources at various localities,
large blocks were carried from far distances to the site, where they were then manufactured
into grinding stones (Wright 2013).

Hodder (2014a, b) suggests that this expansion of territory used for herding and the
acquisition of food and other resources in the latest occupation of the site was related to a
shift from dependence on cross-community social and ritual ties, where economic short-
falls were met between households, to a system where each household focused on its own
production and acquisition of resources. That is, he argues that the more house-based
economy required a greater range of resources and an expansion across the region for
gathering, herding, hunting, and resource acquisition in general. It also seems likely that
the heavy exploitation of the immediate region in combination with environmental dete-
rioration may have depleted a once-rich landscape, especially near the community,
obliging later Catalhdyiik inhabitants to travel farther in order to acquire these resources.

The Human Remains and Their Funerary Context

Mellaart’s excavations in the southern area of Catalhdyiik produced more than three
hundred skeletons. For the study of these remains, Mellaart recruited two biological an-
thropologists, J. Lawrence Angel and Denise Ferembach. Angel’s and Ferembach’s reports
(Angel 1971; Ferembach 1972, 1982) provide preliminary descriptions of and speculations
about demography, paleopathology, health, and skeletal morphology. Mellaart’s assem-
blage had been kept in storage at Ankara University after Angel and Ferembach completed
their analyses. Subsequent to their studies, dental remains were used in several published
investigations (Boz 2005; Molleson et al. 2004; Pilloud and Larsen 2011; and see Hillson
et al. 2013; Larsen et al. 2013), and ultimately, part of the collection was returned to the
Human Remains Laboratory at Catalhdyiik. Study of the Mellaart cranial and postcranial
remains by Haddow (see Hillson et al. 2013) indicates that the collection is considerably
smaller now than when it was originally recovered. With the exception of dental remains
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included in research on biodistance and community structure (see Hillson et al. 2013) and
the long bones (femora and humeri) included in research on mobility, lifestyle, and body
size (see Larsen et al. 2013), these remains are not part of the present investigation, largely
owing to their incompleteness and lack of provenience.

Peter Andrews and Theya Molleson directed the study of the human remains recovered
in Hodder’s excavations from 1995 until 2000 (Andrews et al. 2005; Molleson et al. 2004,
2005; Boz 2005). In 2003, Larsen and Hillson began directing the bioarchaeology research
program discussed in this paper. The Hodder excavations produced the remains of more
than 600 individuals. Many of these individuals are in disturbed contexts and minimally
represented, disturbances resulting largely from later burials in the same or overlapping
burial pits in house floors (and see Boz and Hager 2013). The bioarchaeological record
discussed here focusses on the study of primary, secondary, and primary disturbed depo-
sitional contexts (Andrews et al. 2005; and see Boz and Hager 2013), from which the
remains of 382 relatively complete individuals have been recovered (Hillson et al. 2013;
Larsen et al. 2013). As discussed above, considerable numbers of remains disarticulated,
scattered, or otherwise non-associated owing to disturbance by subsequent interments are
not included in either this count or as part of this investigation.

Analysis of the mortuary program reveals a strong community preference for primary,
single interment of the deceased (Andrews et al. 2005; Boz and Hager 2013), contrary to
earlier suggestions that most burials at Catalhdyiik resulted from secondary inhumations
(e.g. Mellaart 1967). Virtually all skeletal remains are from oval pits dug into house floors,
including the aforementioned platforms (Fig. 3) (Boz and Hager 2013). Bodies were
usually flexed and some wrapped in cloth or binding, at times accompanied by shells,
beads, chipped stone and/or bone tools, textiles, wood, various personal ornaments, and
animals, including a sheep with an older adult male (Nakamura and Meskell 2013; Pearson

s Tkl

Fig. 3 Intramural burials under the floors of Building 3 in the BACH area of Catalhdyiik’s East Mound
(Photo: Jason Quinlan, Catalhdyiik Research Project)
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and Meskell 2014). Most interments lacked grave goods, and when these are present, they
are often limited in number. There is some evidence for dismemberment of individuals,
both during and after decomposition (Boz and Hager 2013), including at least four indi-
viduals lacking skulls and others missing a limb or limbs. One associated cranium and
mandible has a plastered and painted face and was found in direct association with the
skeleton of an adult female. The plaster face is similar to other plastered skulls in the Near
East (Bonogofsky 2011).

Considerable effort has focused on understanding the circumstances that influenced
health and lifestyle at Catalhdyiik (Andrews et al. 2005; Angel 1971; Boz 2005; Ferembach
1972, 1982; Molleson 2007; Molleson and Andrews 1996; Molleson et al. 1996, 2004,
2005). The results presented here build on the advances made by these earlier researchers,
adding a substantial body of work deriving from the study of other populations undergoing
sedentism, population crowding, and increasing social complexity in the context of early
farming and agricultural intensification in the Near East (e.g. Angel 1984; Bar-Gal and
Greenblatt 2007; Eshed et al. 2010; Horwitz and Smith 2000; Molleson 1994; Peterson
2002; Smith et al. 1984; Smith and Horwitz 2007; Thornton 1992) and elsewhere (e.g.
various in Cohen and Armelagos 1984; Steckel and Rose 2002; Cohen and Crane-Kramer
2007; Pechenkina and Oxenham 2013; Pinhasi and Stock 2011). The present study extends
this work by addressing the challenges, adjustments, and adaptations made by early
farming communities and by discussing key themes that contribute to the development of
our understanding of what life was like in such settings. These areas pertain to the rate of
growth and organization of Catalhdyiik, how the community acquired and processed food
and other resources, and the quality of nutrition and living conditions in this environment.
These circumstances inform our understanding of demography and social organization and
the implications of intensification of resource procurement, labor and activity, processing
of food, and health impacts on the community. For the purposes of this article, we divide
the Catalhdyiik skeletal series into three periods, including Early, Middle, and Late (see
above; Table 1). Over the course of the occupation, there is considerable population
growth, peaking in the Middle period, and declining and dispersing in the Late period. In
the remainder of this article, we address five key questions relating to demography and
population growth, dietary reconstruction and nutritional inference, social organization,
labor and acquisition of food, and quality of the living environment.

How did Catalhoyiik Grow?

Archaeological site survey of the Konya Plain by Baird (2002, 2006) provides the record
for documenting population growth at Catalhdyiik. This survey showed increasing
population density and concentration of habitation culminating in the appearance of Cat-
alhoyiik, basically a stand-alone community with little evidence of habitation beyond the
boundary of the East Mound. The details of population trends based on the site structure
suggest an increase in population for the first millennium peaking around 6250 BC, fol-
lowed by decline, abandonment, and dispersal into multiple small communities during the
Chalcolithic (and see Hodder 2014a). The first occupation of Catalhdyiik is pre-dated by at
least several small communities in the Konya Plain. For example, Boncuklu Hoyiik, lo-
cated 10 km from Catalhdyiik, contains several dispersed oval-shaped houses dating to
8500-7500 BC. Except for the shapes of the houses, they are similar to those at Catalhdyiik
in having mud bricks, plastered walls, wall paintings, and burials in the floors (Baird 2007,
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2010). One hypothesis is that Catalhdyiik was first formed when several of these small,
relatively permanent villages amalgamated into a single community (Baird 2002, 2005).

Once the founding village of Catalhdyiik was in place, what were the mechanisms that
drove the dramatic increase in population size that is implied by the large and growing
number of houses at Catalhoyiik? It is likely that Catalhdyiik started as a small, dispersed
population, perhaps like the much-smaller Boncuklu Hoyiik settlement. If that is the case,
then how did Catalhdyiik transform itself from a tiny settlement having only a few
dwellings to an enormous one with many dwellings and large population?

We test the hypothesis that the growth of the population was driven by demographic
circumstances primarily involving increased fertility and birthrate. Sattenspiel and
Harpending (1983) showed that mean age-at-death in archaeological skeletal series is
inversely related to birthrate. That is, a low mean age-at-death for a skeletal series indicates
a higher birthrate than a high mean age-at-death for some other series. In the Catalhdyiik
series, half (about 50%) of the population are juveniles (0-3=34%; 3-19=23%) and the
remainder are adults (Table 2). This is an extraordinarily large number of juveniles,
especially in the youngest category, including many neonates (Hillson et al. 2013), re-
sulting in a low mean age-at-death. Traditional approaches to interpreting this pattern of
age composition in archaeological assemblages were that these high numbers of juveniles
represent elevated infant and child mortality. However, population structure of ar-
chaeological death assemblages provides a record of fertility and growth rate rather than
mortality and death rate (McCaa 2002; Milner et al. 1989; Sattenspiel and Harpending
1983; Wood et al. 1992). Buikstra et al. (1986) developed a simple juvenility index—a
ratio of the number of deaths of individuals over age 30 to number of deaths over age 5, or
D30../Ds.., to express fertility changes in the lower Illinois River valley of North America.
Similarly, Bocquet-Appel and collaborators (Bocquet-Appel 2002, 2011; Bocquet-Appel
and Naji 2006) indicate a juvenility index for Europe and North America, based on the
ratio of juveniles relative to the overall sample (Ds_19/Ds, ). These investigations show an
elevated juvenility index in early farmers compared to foragers and in intensive farmers

Table 2 Composition of the skeletal sample in terms of age and sex for the three major time periods of
Catalhdyiik’s occupation

Early Middle Late

Age

Fetal 1 1 2
Neonate (birth—2 months) 7 10 52
Infant (2 months-3 years) 6 26 10
Child (3-11 years) 1 29 9
Adolescent (12—-19 years) 1 8

Young adult (20-29 years) 2 6 10
Middle adult (30-49 years) 0 14 11
Older adult (504 years) 3 10 4
Unknown adult (20+ years) 0 13 11
Sex

Female/female? 3 20 13
Male/male? 3 13 17
Indeterminate 0 12 7
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Table 3 Number of individuals in the D;_;9 and D3, age categories along with the juvenility index as a
measure of fertility for the three major time periods of Catalhdyiik’s occupation

Early Middle Late
D519 2 37 15
D5, 7 80 51
D3 19/D34 0.2857 0.4625 0.2941

compared to incipient farmers. For this study, we use the juvenility index Dj3_j¢/D3,,
representing the number of individuals aged 3—19 years (children and adolescents) relative
to the total number of individuals in the series above 3 years. The juvenility indexes for the
respective Early, Middle, and Late periods show a dramatic increase in the Middle period
followed by a dramatic decline in the Late period (Table 3). We interpret this pattern to
represent an increase in fertility in the Middle period, followed by significant decline in the
Late period. Importantly, the demographic profile change is consistent with the record of
population size implied by the number of houses, making the case that it was increasing
fertility that fueled the dramatic population growth, peaking in the Middle period.

Other factors may have also contributed to the rise in population over the course of the first
millennium of the community’s history. For example, there could have been an influx of
immigrants to the community. This seems unlikely, however, because the settlement data
presented by Baird (2002, 2005) shows the presence of very little population in the region
outside of Catalhdyiik, even during the site’s peak population in the Middle period. This
suggests that there was not a significant potential migrant population pool that could have
immigrated to Catalhdyiik. Moreover, the remarkable reduction in numbers of juveniles in the
Late period Catalhdyiik skeletal series and lowered juvenility index is consistent with a model
of population decline based on numbers of houses, increased dispersal of houses, and ulti-
mately, abandonment of the community. Finally, biodistance analysis based on dental
markers reveals no evidence of an influx of migrants (Pilloud 2009).

What did Catalhoyiik People Eat that Fueled the Remarkable Growth
in Population?

The above discussion shows a population change involving increase consistent with other
localities globally where farming is adopted. For this setting, then, what was the diet that
helped to sustain the high level of growth in population size experienced at Catalhdyiik?
Temporal analysis of plant and animal remains indicates an increasing dependence on
cereal grains, especially wheat and barley, and domesticated caprines, especially sheep
(Bogaard et al. 2013; Russell et al. 2013; Twiss et al. 2009). The record of preserved plant
and animal remains documents what foods were consumed, but does not necessarily
provide a diagnostic record of proportions that individuals or the population as a whole
were consuming. Simply, the question of what is available does not tell us about impor-
tance in the diet. Stable carbon and nitrogen isotope ratios are more specific in this regard,
especially because rather than providing a record of what types of foods were available,
stable isotope analysis offers a record of relative importance of foods consumed.

Stable isotope analysis is employed here to provide a record of dominant foods eaten, as
well as an understanding of variation in diet through the life cycle, including timing and
duration of weaning and variation in adult diet. This investigation uses ratios of stable
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carbon isotopes ('*C, '2C) and stable nitrogen isotopes (*°N, '*N) determined from a large
sample (n=874) of plants, animals, and humans in order to determine key elements of
diet—especially the source of protein—in the population living at Catalhdyiik (and see
Richards et al. 2003; Richards and Pearson 2005; Hillson et al. 2013; Pearson 2013). For
this investigation, the stable isotope values are derived from bone collagen and analyzed
following methods outlined by Pearson (2013).

The record of stable carbon and nitrogen isotope ratios (3"3C, §'N) reveals that the
mean values for women and men are statistically indistinguishable, thus indicating a strong
similarity of diet between sexes (females: 313C=—18.8 %o, 8'°N=12.6 %o; males: 8'3C=—
18.6 %o, 8"°N=12.7 %o). In both males and females, the nitrogen values are approximately
2 %o higher than for sheep and cattle (Pearson 2013; Pearson and Meskell 2014). These
values meet expectations for a population eating sheep and cattle as the leading sources of
animal protein. When viewed in diachronic context, stable isotope ratios are indistin-
guishable between men and women for all three periods (Fig. 4). There is an indication of
increase in 8'°N values in the Late period (Fig. 4), although the increase is not statistically
significant. It may be that the Catalhdyiik population began a practice of manuring—which
would introduce additional nitrogen to plants, the animals that eat the plants, and the
humans eating the spectrum of foods in this farming economy. Alternatively, however, the
temporal increase in 3'°N values is consistent with the expectation for a population ex-
periencing an increase in protein consumption derived from animal (sheep and cattle)
sources, especially considering the earliest appearance of domesticated cattle during this
period of the site’s occupation (Russell et al. 2013). On the other hand, it is possible that
increasing aridity in the region may have played a role in the changing 8'°N values. These
values are sensitive to climate and are higher in arid settings (see Katzenberg 2008).
However, the record of diet derived from study of animal remains from the site is con-
sistent with wider availability of animal sources of protein.

Analysis of stable nitrogen isotope ratios in juvenile remains provides a record of age-
related dietary changes, especially related to breastfeeding and weaning. Breast milk has
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Fig. 4 Stable carbon and nitrogen isotope ratios for adult males and females by time period (Early Males
not included due to small sample size)
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3!5N values that are identical to the mother’s other tissues (e.g. Miller et al. 2008).
Similarly, the newborn has the same 8'°N values as the mother. Once breastfeeding begins,
owing to the trophic effect, the 8!5N values of the consumer (the infant) become ap-
proximately 3—5%o higher than the 8'>N values of the producer (the mother). Thus, it is
possible to track the course of the infant’s period of breastfeeding (relatively higher 3'°N
values than baseline at birth), decline of breastfeeding (reducing 3'°N values), and final
adoption of a fully mature diet (8'N ratios the same as the mother or the adult population
generally: Fogel et al. 1989). Consistent with this model, the Catalhdyiik record of infant
protein consumption through breastfeeding shows a rise in 8'°N values soon after birth,
followed by a decline in values beginning at about 18 months, and a return to birth values
at about 3 years (Fig. 5). The beginning of weaning—a process by which the mother
introduces adults foods—at a year-and-a-half is typical of many traditional farming soci-
eties worldwide, as well as in the archaeological past (Larsen 2015). This timing of the
weaning process indicates that young juveniles lose the full complement of immunity
provided by mother’s milk, at an age where the child’s immune system is not fully
developed. Thus, the individual may well have a compromised immune system and greater
susceptibility to infectious pathogens generally.

How was the Catalhoyiik Community Socially Organized?

The shift from foraging to farming and early intensification of farming has considerable
implications for how human societies were organized. At Catalhoyiik, it has long been
assumed that those interred in the floors of houses were members of extended family
groups, including immediate family members and relatives. In order to test the hypothesis
that individuals interred within the same house represent a biologically-defined kin group,
we undertook a biodistance analysis of individuals within houses, within clusters of houses
(neighborhoods), and between the northern and southern areas of the mound. The latter
may represent two separate communities or larger social groups marked by changes in

@ Springer



40 J World Prehist (2015) 28:27-68

terrain still visible at the site today. The use of biodistance analysis is based on the premise
that the phenotype correlates with genetic variation (Ricaut et al. 2010; Shinoda et al.
1998). Moreover, individuals or groups of individuals that are more genetically similar are
more closely related than individuals who are less genetically similar. Biodistance analysis
has been successfully applied to a wide variety of archaeological settings, providing a
means of reconstructing biological relationships (e.g. Corruccini and Shimada 2002;
Howell and Kintigh 1996; Irish 2005; Hemphill et al. 1991; Stojanowski 2013; Sto-
janowski and Schillaci 2006; and many others). We use dental phenotypic traits provided
by the Arizona State University Dental Anthropology System for recording dental traits
(Turner et al. 1991) and tooth crown measurements (mesiodistal, buccolingual) specific to
this type of analysis (Pilloud and Larsen 2011).

Especially important in this analysis is developing an understanding of the nature of
relationships within households in this community. The archaeological record for Cat-
alhoyiik suggests that the household is the central unit of social organization and the center
of social and economic activity (Hodder 2006). Moreover, earlier studies emphasized the
centrality of biological relatedness in early farmers (e.g. Bar-Yosef 2001; Flannery 1972,
2002). Dental biodistance analysis (univariate and multivariate) of the Catalhdyiik denti-
tions reveals remarkably minimal phenotypic patterning in dental size or morphology for
deciduous or permanent teeth either at the household or neighborhood levels. There are
some relatively rare traits in the Catalhdyiik series that are above the mean for individual
houses (e.g. 50% frequency of peg-shaped upper third molars in one house). Similarly,
neighborhood variation is not patterned in the same manner as found in other series (e.g.
Corruccini and Shimada 2002; and see below). These findings suggest that biological
affinity may have played only a limited role in who is and who is not associated with
specific houses and neighborhoods. Thus, habitation at Catalhdyiik may have been con-
stituted by ‘practical kin’ rather than ‘official kin’ (sensu Bourdieu 1977). That is, house
affiliation may have been determined not on biological terms (official kin) but rather as
groups of largely biologically unrelated individuals (practical kin) co-habiting for various
social or cultural reasons. At this early farming community, this arrangement was likely
originally motivated by the adoption of domesticated plants and animals. Individuals may
have aligned themselves with practical kin for economic-related activities such as herding
animals, planting and harvesting crops, and other functions that required groups of indi-
viduals. This interpretation of a very early farming society dependent on domesticated
plants and animals is similar to an analysis of co-residence patterns for a large sample of
present-day foraging societies (see Hill et al. 2011).

Most individuals in the sample of residential groups at Catalhdyiik show no clear
evidence of biological relatedness. This finding is in sharp contrast to the long-held as-
sumption that residence patterns are biological-kin based (e.g. Service 1962), and it un-
derscores the importance of residence for cooperation and social learning, which are not
functions that necessarily have to be constituted through biological relatedness. Thus,
biological kinship was not the sole or even the most important defining principle of social
organization at Catalhoyiik.

Our analysis of kin identity in Catalhdyiik households and neighborhoods does not
mean that other phenotypic patterning was not present in this community. That is, there are
two key patterns that emerge that suggest important indicators of social organization. First,
statistical treatment of dental traits and tooth size revealed a distinction in dental variation
in comparison of the north and south areas, suggesting the presence of two sub-commu-
nities (Fisher’s Exact Test; p<0.1). Second, there is considerably less variation in adult
males than adult females (¢ test; p<0.001) (Hillson et al. 2013; Pilloud and Larsen 2011).
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The presence of greater variability in females suggests that the Catalhdyiikk community
practiced patrilocal residence, whereby women may have been moving into the community
on a greater scale than men and perhaps over some distance.

These results disclose the complexity of the social system at Catalhdyiik, which was
based only in part on biological relationships. That is, the Catalhdyiik population relied on
the house as a focus of social interactions and especially for defining and maintaining
social unions. This characterization of household social organization is a departure from
what Bourdieu (1977) called ‘official kin’ or biological kin that likely describes the earlier,
more dispersed foraging societies that were ancestral to this early, highly-amalgamated
farming society. Rather, these data show that there was a focus on ‘practical kin’ as the
basis for membership in households (Pilloud and Larsen 2011; Hillson et al. 2013). In this
regard, practical kin are not motivated by biological relationships but are groups of mostly
unrelated people coming together for a variety of cultural, social, and economic reasons. At
Catalhoyiik, there were likely many circumstances for forming these kinds of relationships,
such as planting crops, herding animals, harvesting, and a wide variety of other activities
that would promote the success of the household.

How much Labor did it Take to Acquire Resources?

Broader considerations of the adaptations that were involved in the foraging-to-farming
transition and agricultural intensification have been of interest to a wide range of social and
behavioral scientists, especially in addressing concerns regarding workload and lifestyle.
Ethnographic-based models and observations of foraging and farming societies worldwide
present sometimes contradictory evidence and no clear patterns of variation. That is,
workload and lifestyle are often very much influenced by highly localized circumstances
involving various factors, such as the kinds of plants and animals produced, climate,
ecology, and social organization (Kelly 1995). Here, we use biomechanical analysis of
long bones and pathological markers on articular joints of the skeleton to document and
identify patterns having behavioral significance. These data sources are highly informative
about workload, mobility, and lifestyle, primarily because they reflect the person’s cu-
mulative record of behavior and activity during life. Thus, archaeological skeletons contain
an archive of behavior from which to interpret general patterns of activity and workload
when the person—and the population collectively—was living.

This activity-based focus is built on the notion that in life bone is a living tissue that is
highly responsive to physical stresses and loading patterns (Larsen 2015; Ruff 2008). Long
bones—such as the femur—are subjected to loading forces, especially bending and
twisting, during walking, running, and overall physical activity. In order to resist defor-
mation and breakage, bone adapts through the years of growth and development to these
forces through remodeling that enhances strength. The measurement of strength is ac-
complished by collection and analysis of cross-sectional geometric properties (Ruff 2008).
Used by civil and mechanical engineers to measure strength or resistance of building
materials to mechanical loading, these properties measure strength characteristics of long
bone diaphyseal cross-sections and how the bone is distributed in order to reconstruct
behavioral patterns at both individual and population levels.

For the Catalhdyiik series, we used biplanar radiographs in combination with molding
external surfaces of femora taken at the midshaft diaphysis (50% section) in order to have
the full image of the cross-sections required for geometric analysis, and subsequently
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applied custom-written software that automatically calculates cross-sectional geometric
properties called section moduli (Zy, Z,: O’Neill and Ruff 2004; Ruff 2008; Sylvester et al.
2010). In addition to an adult sample of 30 males and 31 females, we also present analysis
of juvenile femora in order to document the ontogeny of bone changes during the years of
growth and development leading to the fully mature patterns. Some of the data collected
for the juveniles employed computed tomography, required for analysis of the very small
amount of bone in young juveniles (Larsen et al. 2013). Forty-five adults could be assigned
to specific levels, including three individuals from the Early period, 35 individuals from the
Middle period, and seven individuals from the Late period. All mechanical properties are
standardized for body size using methods developed by Ruff and coworkers (2006a).
Specifically, we use femoral midshaft polar section moduli, including Z,, the measure of
antero-posterior (A-P) bending strength, and Z,, the measure of medio-lateral (M-L)
bending strength. In order to address the sample population mobility as identified above,
we use the ratio Z,/Z, that provides an index of the level of mobility in an individual—the
higher the ratio value, the greater the level of mobility. This is because highly mobile
individuals—persons who engage in considerable walking and running—place relatively
high A-P bending loads on the femur as their limbs move front-to-back (Larsen 2015; Ruff
1987; Ruff et al. 2006b). In order to situate these findings within a larger temporal and
geographic context, we present these data in comparison with Late Pleistocene and Early
Holocene European populations, including the Early and Late Upper Paleolithic, Neolithic,
and Bronze Age (Fig. 6) (Holt 2003; Ruff et al. 20064, b; Sladek et al. 2006). Looking at
just the Catalhdytik series, there are temporal changes in the Z,/Z, mobility index through
time (Fig. 7). This finding is consistent with a relative increase in mobility in the Middle
period, a pattern that continues for females but not males in the Late period.

In addition to the manner in which bone is distributed in cross-section, levels of mo-
bility are also strongly inferred from the external shape of the femoral diaphysis (Larsen
2015). Therefore, in order to provide additional insight into mobility, we measured the
external A-P and M-L dimensions for all available adult and adolescent femoral diaphyses
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Fig. 6 Femoral midshaft A-P/M-L bending strength (mean Z,/Z,) in males and females at Catalhdyiik and
comparative Pleistocene and Holocene European samples
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Fig. 7 Femoral midshaft A-P/M-L bending strength (mean Z,/Z,) in males and females across the three
temporal periods of Catalhdyiik’s occupation

(n=41) and calculated the shape index formula: (T, x 100)/T,,, where Ty, is the total
diameter in the medio-lateral plane and T, is the total diameter in the antero-posterior
plane. Lower shape values reflect higher mobility, and conversely, higher values reflect
lower mobility. In comparison of houses containing multiple burials and those containing
fewer burials, the index was significantly greater in the former than the latter (0.85 vs. 0.95;
Monte Carlo; p<0.05). This suggests that adults, especially males, from multiple-burial
houses—a type of ‘history’ house (see Hodder and Pels 2010)—have greater mobility than
adults from other houses, suggesting that males living (or ultimately interred) in these
houses may have had a different pattern of work and behavior than males from other
houses. As expected, females have somewhat lower mobility (0.97) than males (0.93), but
the difference is not statistically significant (Monte Carlo; p>0.05). Lastly, there is a clear
trend in mobility in comparing the three temporal groups for both males and females. From
the Early to Late periods, values for males decreased from 1.00 to 0.90 to 0.87, a pattern of
change approaching statistical significance (Kruskal-Wallis; p=0.06), and values for fe-
males decreased over the sequence from 1.00 to 0.99 to 0.90, a pattern of change that is
suggestive of an increase in mobility but is not statistically significant (Kruskal-Wallis;
p=0.36). Combined with the record of cross-sectional geometry, there is a strong sug-
gestion of increasing mobility over the course of the occupation of Catalhdyiik.

Reconstructing Activity and Lifestyle: Osteoarthritis

Osteoarthritis, sometimes referred to as degenerative joint disease, is a multifactorial
disorder that is exhibited as bony changes arising from wear-and-tear on the articular
joints, especially for surfaces of joints that typically have limited movement and are highly
stabilized (amphiarthrodial joints), such as vertebral bodies, and joints that routinely in-
volve movement (diarthrodial joints), such as those of the limbs (e.g. hand, elbow, knee).
Osteoarthritis is manifested by lipping (osteophytes) of joint margins, porosity on the joint
surfaces, and in the extreme, polishing (eburnation) of articular surfaces due to
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disintegration of the cartilage and resulting bone-on-bone contact (Figs. 8, 9, 10). There
are a considerable number of factors that influence the condition, including systemic
factors (e.g. age, sex, genetics, nutrition, and hormonal influences) and localized conditions
(especially mechanical stress and/or trauma; Felson 2000, 2003; Jurmain 1977; Larsen
2015). Clinical, experimental, and bioarchaeological studies are largely in agreement with
the ‘stress hypothesis’, namely that localized repetitive mechanical loading will determine
and direct the rise and progression of degenerative changes in the joints (Felson 1990,
2003; Hemphill 1999; Radin 1976; Radin et al. 1991). Overall, then, while it is not usually
possible to identify specific activities from degeneration, we can draw general conclusions
about level of activity based on presence and severity of the condition.

For this investigation, we documented presence and severity of changes associated with
osteoarthritis for older juveniles (i.e. adolescents) and adults (n=142), focusing on six
appendicular joints and three vertebral regions—shoulder, elbow, wrist/hand, hip, knee,
ankle/foot, cervical vertebrae, thoracic vertebrae, lumbar vertebrae—using the coding
scheme of the Global History of Health Project (Steckel et al. 2011). A score of ‘moderate’
indicates presence of slight lipping and articular surface porosity, and a score of ‘severe’
indicates severe lipping/porosity, eburnation, and/or joint surface destruction for one or
more joints.

The Catalhdyiik series shows an age-related increase in frequency and severity of
osteoarthritis (Fig. 11). Per expectation for individuals affected, there is a statistically
significant difference between the three age classes—young adults (20-29 years), middle
adults (3049 years), and older adults (504 years)—in both prevalence and severity (Chi
square; p<0.05). For example, 27.3% of young adults have osteoarthritis, in contrast to
82.8% of older adults. Similarly, 9.1% of young adults express severe osteoarthritis in
contrast to 48.3% of older adults. No statistically-significant differences are present be-
tween males and females within each of the age groups for either individuals affected or for
each of the articular joints studied (Fisher’s Exact Test; p>0.05). This pattern of no
differences between males and females is also present in comparison of northern and
southern areas (Fisher’s Exact Test; p>0.05).

Fig. 8 Evidence of osteoarthritis at Catalhdyiik: marginal osteophyte growth on left and right patellae of an
adult of indeterminate sex, Sk.8821 (Photo: Joshua Sadvari)
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Fig. 9 Evidence of osteoarthritis at Catalhdyiik: marginal osteophyte growth on lumbar vertebra of an adult
female, Sk.13609 (superior view) (Photo: Joshua Sadvari)

Fig. 10 Evidence of osteoarthritis at Catalhdyiik: marginal osteophyte growth on lumbar vertebra of an
adult female, Sk.13609 (anterior view) (Photo: Joshua Sadvari)
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Fig. 11 Osteoarthritis prevalence by age among adults at Catalhdyiik

A broad pattern of temporal change in osteoarthritis is present in the series in com-
parison of the Middle and Late period samples (the Early period sample is too small to
include in the comparative analysis). That is, across all three age classes, there is a
reduction in the prevalence and severity of osteoarthritis in the Late period compared to the
Middle period, though this reduction reaches statistical significance only among older
adults (Fisher’s Exact Test; p<0.05). Comparison by joint shows a reduction in os-
teoarthritis, with the change reaching or nearly reaching statistical significance for the
cervical vertebrae (Fig. 12; Fisher’s Exact Test; p=0.05) and thoracic vertebrae (Fisher’s
Exact Test; p=0.07). We conclude that workload as it impacts articular joints declined in an
appreciable way, which likely reflects a reduction in behaviors that involved loading of
these articular joints, especially in the neck and upper back. These trends of reduced
loading in the Late period are coupled with increased mobility for females (based on
section moduli) and suggested for males (based on external shape measurements). Thus,
while the activity appears to be lighter in demand as it pertains to mechanical loading, it is
accompanied by greater mobility. These findings are consistent with other data sources
regarding acquisition of resources (e.g. food, fuel, building materials, and clay) farther and
farther from the site over the course of its occupation (see above).

Comparisons of households show no significant differences between individuals in-
terred in houses containing multiple burials and those without, or history houses versus
non-history houses (Fisher’s Exact Test; p>0.05). On the other hand, osteoarthritis is more
severe in individuals interred in non-history houses than history houses overall, and for the
cervical vertebrae in particular (Fisher’s Exact Test; p<0.05). While not conclusive, this
pattern suggests a higher level or intensity of workload among individuals interred in non-
history houses compared to those associated with history houses. We speculate that this
may represent a divergence from the egalitarian model of social behavior in this setting
when it comes to some aspects of workload and procurement and provisioning of
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Fig. 12 Age-controlled osteoarthritis prevalence by time period among adults at Catalhdyiik (the Early
period is not included due to small sample size)

resources, with certain segments of the community potentially bearing a greater burden
with regard to these activities. That is, the evidence suggests different households may
have had different roles in the community, at least with respect to the amount or type of
labor.

How Healthy was the Nutritional and Living Environment?

Adequacy of Resources: Nutritional Stress and Quality of Living
Circumstances

Much of the bioarchaeological record of the foraging-to-farming transition and/or farming
intensification in past populations reveals a pattern of increasing morbidity, including more
growth arrest and reduction in body size, increase in oral and skeletal infection and
infectious disease, and other indicators of systemic stress and compromised health. At the
community level, the Catalhdyiik setting provides the opportunity to test the hypothesis
that health was adversely affected by a focus on the consumption of starches (especially
derived from wheat) and by living in a large, densely occupied community. The expec-
tation for the former is reduced growth and development owing to dietary focus on a food
that is deficient in vitamins and essential amino acids and that contains phytate. Vitamins
and all essential amino acids are required for adequate growth and development, and
phytate is an inhibitor of iron availability. Unless a complete nutritional complement is
available—adequate vitamins, minimal phytate, and sufficient energy (calories)—growth
will likely be impeded. Moreover, the expectation would be that there is an elevated
prevalence of dental caries in comparison with populations not relying as heavily on cereal
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grains. Living in close, crowded living conditions provides opportunities for spread of
infectious disease. In order to further test the hypothesis that the population had a poor diet
and that the living circumstances in general promoted the spread and maintenance of
infectious disease, we document in the following a suite of complementary data on growth
and development, evidence of poor oral health, and infection.

Growth and Development in Juveniles: Body Mass and Stature

Human growth is highly sensitive to environmental conditions, including those conditions
created in one’s living environment such as nutritional quality. Health in general and diet
in particular play a highly significant role in influencing the trajectory and attainment of
terminal height and body mass (Bogin 1999). Conditions involving poor nutrition and poor
health will slow or attenuate the growth of the body, especially during periods that are
particularly sensitive to environmental insult, such as infancy and early childhood (Bogin
1999; Frisancho et al. 1980; Habicht et al. 1974; various in Stinson et al. 2012).

In order to test the hypothesis that growth velocity was reduced owing to the com-
promised living conditions, we estimated heights and body masses for juveniles. Statures
were calculated for individuals >0.5 years (n=30) and body masses for individuals
>1.0 years (n=26) and growth curves produced. In addition, we use a sample of young
adults (n=21), including both males and females, to serve as an endpoint in the constructed
growth curves. For purposes of comparison, we contrast the Catalhoyiik growth curves
with an archaeological Arikara series and with a longitudinally-documented middle-class
twentieth-century population from Denver, Colorado, a group having adequate nutrition
and positive living circumstances (Jantz and Owsley 1984; McCammon 1970; Ruff et al.
2013). For this series, dental ages were determined from tooth-length regression equations
and dental development (Liversidge 1994, 2008; Liversidge and Molleson 2004; Smith
1991). Stature was estimated for the Catalhdyiik and Arikara juveniles via femoral length
and body mass from distal femoral metaphyseal breadth or femoral head breadth using age-
specific equations derived from the Denver series (Ruff 2007). Catalhdyiik adult statures
were estimated from femoral lengths using a regression equation from Dynastic Egyptians
(Raxter et al. 2008), and body mass estimates were estimated from the average of equations
using femoral head breadth (Auerbach and Ruff 2004). Overall, these comparisons in
growth and development reveal that early growth trajectories for all three series are similar
in both stature and body mass, with Catalhdyiik located intermediate between the Arikara
and Denver populations (Figs. 13, 14). Until reaching adolescence, the Catalhdyiik, Ari-
kara, and Denver populations show a similar growth velocity. Beginning with adolescence,
the Denver growth velocity accelerates, perhaps reflecting greater genetic growth in
European and European-descent populations than other populations (Bogin 1999). This
record suggests that the growth in early childhood—a period more subject to environ-
mental insult than adolescence—at Catalhdyiik was normal, leading to the conclusion that
children were born into a relatively healthy environment, certainly one that provided
adequate resources and especially access to quality nutrition. Furthermore, the pattern of
percent cortical area (%CA) observed in juveniles also supports the notion that food
resources acquired through farming, herding, hunting, and gathering at Catalhdyiik pro-
vided adequate nutrition, at least as it is represented in normal growth of infants and young
children.

Adult stature and body mass, heights and weights, respectively, were estimated from a
substantial series of well-preserved remains. Statures were estimated from primarily
femoral and tibial lengths using equations derived from Dynastic Egyptians (Raxter et al.
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2008) and US whites (Trotter and Gleser 1952). Body mass was estimated from femoral
head breadths using the average of three equations developed from various other ar-
chaeological series (Auerbach and Ruff 2004; Ruff 2007). For Catalhoyiik, direct
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measurements from long bones derived from both the Mellaart and the Hodder excavations
were used. In addition, long bone measurements from data collected by J. Lawrence Angel
on Mellaart skeletons increased the sample available for analysis (Angel, n.d.; National
Anthropological Archives, Smithsonian Institution). These combined datasets provided a
sample of 113 adults for stature estimates and 115 adults for body mass estimates.
Compared to other Neolithic samples, Catalhoyiik adults are relatively short, but not
especially so (Fig. 15). Within the community, temporal comparisons reveal no change in
stature in males, but a trend of decreasing stature is observed for females between the Early
and Middle periods, although not significantly so (Kruskal-Wallis; p=0.12). Body mass
estimates are in the middle of the Neolithic samples (Fig. 16). Thus, in terms of these two
measures of body size, the record reveals a relatively normal population, suggesting that
the Catalhdyiik inhabitants were living in a setting that had adequate nutrition and positive
circumstances necessary for normal growth and development. Moreover, the living con-
ditions suggested by the archaeological record—living in close crowded conditions and a
focus on plant carbohydrates in diet—were successfully mitigated. This record of growth
and development is notably different from the record of body size reduction in either mass
or height documented in other areas of the world that underwent the foraging-to-farming or
farming intensification transitions (see various in Cohen and Armelagos 1984; Cohen and
Crane-Kramer 2007; Steckel and Rose 2002; Larsen 1995, 2006, 2015). As such, it rep-
resents a striking exception to the general pattern observed worldwide regarding growth
and development and inferences drawn from skeletal remains about the living
environment.
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Fig. 15 Estimated adult stature in cm at Catalhoyiik and other Neolithic sites (1. Calculated using US white
reference sample, 2. Calculated using Egyptian reference sample)
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Fig. 16 Estimated adult body mass in kg at Catalhdyiik and other Neolithic sites (1. Calculated using U.S.
white reference sample, 2. Calculated using Egyptian reference sample)

Health and Morbidity: Oral and Skeletal Patterns

Dental caries, a disease process characterized by focal demineralization of dental hard
tissues (enamel, dentine, and roots) by acids produced by bacterial fermentation of dietary
carbohydrates, provides an enormously important record of oral health (Fig. 17). The most
important factor in producing carious lesions is the presence of fermentable dietary car-
bohydrates—sugars and starches (Hillson 2008; Larsen 2015). The demineralization pro-
cess is progressive, leading to small opacities that eventually develop into clearly
discernible cavities and eventually destruction of the tooth crown and root.

Analysis of dental caries prevalence for posterior permanent teeth—third and fourth
premolars, and first, second, and third molars—was undertaken following the protocol

Fig. 17 Dental caries in a Catalhdyiik adult (Photo: Simon Hillson)
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developed by Hillson (2001), whereby lesions are recorded by tooth surfaces (e.g. occlusal,
buccal, labial, mesial, and distal surfaces for crown lesions). Lesions were recorded as to
severity of progression, from early stages in the enamel to involvement of tooth roots:
enamel lesions (enamel affected only), dentine lesions (lesion penetrating both enamel and
dentine), root surface lesions (developing following exposure of the root due either to
continuous eruption and/or periodontal disease), and gross lesions (massive lesions that
prohibit documentation of origin). Analysis of the record reveals the age-cumulative
progression of dental caries in adults, with younger adults having lower prevalence in
general than older adults. This finding simply reflects the greater exposure time that older
adults have in regard to cariogenic factors than younger adults.

There is a considerable body of literature showing significant differences in a range of
social distinctions in archaeological contexts, especially involving greater prevalence of
dental caries in females than males in farming populations globally (reviewed in Larsen
2015; Lukacs 2008). Interestingly, comparison of Catalhdyiik adult females and males
reveals no significant differences between them for enamel (Fig. 18), root (Fig. 19), or
gross lesions (Fig. 20), suggesting a consistency with the isotopic record indicating no
significant difference in diet between adult men and women. Thus, while diet appears to be
highly gendered in many settings globally, at least with respect to dental caries variation,
Catalhoyiik is an exception. Moreover, comparisons of the three periods show no temporal
changes over the course of the site occupation in caries prevalence.

A highly informative record of skeletal health is provided via documentation of os-
teoperiostitis, an inflammatory response of the bone surface to bacterial infection or trauma
(Larsen 2015; Ortner 2003; Weston 2012) (Fig. 21). It is most often characterized by
periosteal surface pitting, longitudinal striations, and the formation of porous, woven bone
(Larsen 2015; Ortner 2003; Roberts and Manchester 2005). These lesions are a nonspecific
stress indicator, owing to the fact that osteoperiostitis is characteristic of multiple disease
processes affecting bone and/or inflammatory reactions to localized trauma and infections.
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Fig. 18 Age-cumulative dental caries prevalence progression in comparison of younger, middle, and older
adults at Catalhoyiik for lesions on enamel surfaces
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Fig. 19 Age-cumulative dental caries prevalence progression in comparison of younger, middle, and older
adults at Catalhoyiik for lesions on root surfaces
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Fig. 20 Age-cumulative dental caries prevalence progression in comparison of younger, middle, and older
adults at Catalhoyiik for gross lesions

Moreover, comparisons of foragers and farmers show an increase in prevalence, reflecting
heightened exposure to pathogens and related circumstances that promote infection and
infectious disease (Larsen 2006). Here, we used the Global History of Health protocol for
identifying and recording osteoperiostitis in the Catalhdyiik individuals (Steckel et al.
2011) for 166 adults and 213 juveniles.
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The pattern of expression of osteoperiostitis in the Catalhdyiik series is most consistent
with a general diagnosis of inflammatory response to localized infection. Moreover, most
of the skeletal distribution was associated with the lower limb and especially the tibia for
both adults and subadults (Fig. 22). Among subadults, neonates (19.8%) and infants
(30.6%) have considerably higher prevalence than children or adolescents (Fig. 23). This
high prevalence in the youngest age groups likely reflects their greater risk for infection in
relation to an immature immune system compared to older juveniles and adults (Goodman
and Armelagos 1989), and thus greater risk of death than more mature individuals. In
adults, males have slightly more lesions than females (14.8% vs. 12.5%), but this differ-
ence is not statistically significant (Fisher’s Exact Test; p=0.79).

There is considerable change in prevalence of osteoperiostitis over the course of the
occupation of the site. In this regard, osteoperiostitis in adults peaks in the Middle period
and declines dramatically in the Late period, a change that is statistically significant (Chi
square; p=0.04; Fig. 24). For subadults, osteoperiostitis is highest in the Early period,
declines slightly in the Middle period, and decreases yet further in the Late period
(Fig. 24). This evidence shows that there is a pattern of increase in morbidity in the peak
population size and density at Catalhdyiik. This finding is consistent with the notion of
heightened risk of infection and infectious disease owing to increased population size and
density. The lack of concomitant negative impacts on growth and development, as mea-
sured by stature and body mass (see above), suggests that adequate nutrition may have
served as a buffer against the potential effects that disease stress imposed on Catalhdyiik’s
inhabitants.

In the Late period, changes in community structure, size, and distribution resulted in
reduced risk of exposure to infection and infectious disease. These changes occurred
simultaneously with increased mobility. That is, the isotopic and biomechanical records
suggest that the population was likely smaller, more dispersed, and relatively more mobile
in the Late period than in the Middle period. Perhaps this significant change is related to a
combination of factors, including climate change, resource depletion, and social circum-
stances associated with changing living conditions on the Konya Plain in general, and the
Catalhoyiik community in particular. The outcome for population reduction and dispersion

Fig. 21 Osteoperiostitis on a juvenile Catalhdyiik tibia (Photo: Scott Haddow)

@ Springer



J World Prehist (2015) 28:27-68 55

45
OSubadults
mAdults

40 1
35
30
25
20 1
151
10

‘10 1 sl

T T T T

Humerus Ulna Radius ~ Femur Tibia Fibula Total
Major Long Bones

% Elements with Periosteal Lesions

Fig. 22 Distribution of osteoperiostitis in subadults and adults based on the percentage of elements affected
for major long bones

35+
30+
25

20

15

101

} i

0 . ; , , , ,

Neonates Infants Children Adolescents  Young adults Middle adults  Older adults
(birth-2mos.) (2mos.-3yrs.) (3-11years) (12-19years) (20-29years) (30-49years) (50+ years)

Age Categories

% Individuals with Osteoperiostitis
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resulted in reduced risk of exposure to the mechanisms (e.g. pathogenic bacteria) that cause
these skeletal lesions.

The social context for osteoperiostitis is more remarkable than other health indicators
discussed in this paper. Adults from history houses have a slightly higher prevalence of
osteoperiostitis than do those from other buildings (15.2% vs. 10.8%), but this result is not
statistically significant (Fisher’s Exact Test; p=0.43). However, subadults from history
houses have considerably elevated prevalence compared to juveniles from non-history
houses, a result which reaches statistical significance (26.2% vs. 14.2%; Fisher’s Exact
Test; p=0.05). Thus, if individuals associated with history houses had a special or elevated
status in Catalhoyiik society, then those social factors did little to buffer them from stresses

@ Springer



56 J World Prehist (2015) 28:27-68

354

O Subadults
301 mAdults

25
20 -
151

104

% Individuals with Osteoperiostitis

Early Middle Late
Time Period

Fig. 24 Percentage of subadult and adult individuals with osteoperiostitis by time period at Catalhdyiik (the
Early period is not included for adults due to small sample size)

associated with the various circumstances that promote infection and lead to its skeletal
manifestations (osteoperiostitis).

In addition to, and working in conjunction with, crowding and population concentration,
there were other circumstances that likely promoted infection. For example, presence of
animal pens and trash deposits immediately adjacent to houses would have created poor
sanitary conditions, increasing the likelihood of negative health outcomes (and see Mol-
leson 2007). Similarly, while most house floors appear to have been relatively clean, at
least one house shows coprolite residues suggesting its use as a latrine (Matthews 2005;
Shillito et al. 2013). In all levels, human excrement (coprolites) has been recovered from
within middens located outside of houses (Bull et al. 2005; Matthews, 2005).

Bone Health: Maintenance and Fragility in Adulthood

The above discussions about biomechanical adaptation and bone mass make clear that
skeletal tissue is highly dynamic, representing a window into living circumstances, espe-
cially those relating to health and activity. Bone mass accumulates over the years of growth
and development. Under circumstances involving poor nutrition and relatively low levels
of loading, the accumulation of bone mass is slower than under circumstances involving
adequate nutrition and relatively high loading levels. The factors influencing bone quantity
and quality are mitigated by cultural and social circumstances that influence which
members of a group receive adequate nutrition and access to other resources affecting
quality of life. Universally, bone mass loss begins at about age 40, with losses accelerating
in women relative to men (Garn 1970; Garn et al. 1992; Mays 2006; Riggs et al. 2008).
Even after the end of the fourth decade of life, bone continues to perform as a dynamic
tissue, with losses on the endosteal surface within bones, and simultaneous gain on the
subperiosteal surface (i.e. the outer surfaces of bones). The continuous gain on the sub-
periosteal surface is likely a biomechanical adaptation to cortical bone loss. Simply, the
strength of the cross-section is maintained via the increasing diameter of the bone (Garn
1972; Larsen 2015; Ruff 2008). Regardless, decreased bone mass renders the affected

@ Springer



J World Prehist (2015) 28:27-68 57

skeletal element prone to fracture in later decades of life. As with any other population,
there is the expectation at Catalhoyiik that bone quality would be poorer in later adulthood,
rendering the skeleton prone to increased fragility. In this setting, there is the expectation
for relatively elevated levels of poor bone quality, especially in light of population
crowding and a focus on plant carbohydrate consumption.

In order to test the hypothesis that bone quality was compromised in later life at
Catalhoyiik, we document age- and sex-related patterns of bone loss in adult metacarpals,
ribs, and vertebrae (see also Glencross and Agarwal 2011). Methods specific to
documentation and interpretation of bone quality focus on radiographs of adult meta-
carpals, including 27 females and 22 males grouped into the three age cohorts described
above: young adult, middle adult, and older adult. In order to assess bone mass and its loss,
measurements of total bone width as a measure of gross size and medullary width re-
flecting bone loss on endosteal surfaces were collected following methods presented by
Dequeker (1976), Mema and Mema (1987), and Mays (1996). These measurements were
used to calculate cortical thickness, representing the overall amount of cortical bone car-
ried by an individual, and the cortical index, a standard comparative index in the clinical
and bioarchaeological literature for measuring bone loss (Dequeker 1976; Ives and
Brickley 2004; Mays 1996, 2000, 2001).

This analysis reveals the expected and normal amount of decreasing cortical thickness
and increasing medullary width in comparison of younger and older adults. Comparisons
reveal no differences between the northern and southern areas of the East Mound for
cortical width, cortical index, or medullary width. The expected patterns are also revealed
through the analysis of rib cortical bone. This parameter is especially important because,
compared to limb bones, ribs are relatively less mechanically loaded in life. Thus, unlike
metacarpals, nutrition and other aspects of health rather than mechanical loading largely
explain the cortical mass and morphology of ribs. For this setting, there were no discernible
differences between age cohorts. However, following a universal pattern in humans, fe-
males at Catalhdyiik express earlier and greater bone loss than males, and these differences
are especially pronounced in middle adulthood.

Analysis of trabecular bone—the porous spongy bone adjacent to cortical bone—re-
veals important patterning in microstructure and insight into skeletal and general health.
For the purposes of this investigation, we document trabecular properties with high
resolution micro-computed tomography applied to the bodies of adult fourth thoracic
vertebrae. Specifically, the documentation of trabecular structure and density of the tra-
becular connections provide important insight into the quality of bone. This analysis
revealed no sex differences. On the other hand, there is a clear record of loss of trabecular
structure and connectivity with age, a pattern identical to what clinicians have routinely
documented in modern populations.

Lastly, this study combines observations of bone loss as a central component to the suite
of elements that puts the individual at risk for fragility fractures. In this study, there is little
evidence for abnormal bone quality that would predispose individuals to increased fragility
and risk of fracture. Only two individuals have low cortical bone mass for age, with one
being a young adult male who also has multiple rib fractures showing various stages of
healing. The remarkable degree of low bone mass in this individual likely resulted from a
chronic systemic disorder affecting the skeleton generally but especially evident in the
thoracic vertebrae. The other individual, an adolescent male, displays both low cortical
bone mass (metacarpals) and long bone (fibula, tibia) fractures. The individual also has
spondylolysis, a loading fracture involving the separation of the neural arch from the
vertebral body. The fracture tends to be associated with older adults, and it is unusual for
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an individual this young to display this condition. The young age-association for the
fracture is likely related to lowered bone mass in the skeleton generally, a condition
predisposing the person to traumatic injury. The distinctive pattern of bone loss owing to
endosteal resorption suggests the presence of a metabolic disorder, likely contributing not
only to pathological fracturing but also to increased risk of early death.

In summary, the Catalhdyiik series represents a population showing normal age-related
bone loss and trabecular connectivity, with losses affecting females more than males.
These patterns match expectations for a normal population. Very few individuals have
abnormally low bone mass, but those that we have documented display expected associated
fracture incidence.

Summary and Conclusions

The bioarchaeological research on the human remains from Neolithic Catalhdyiik reveals
the following key findings in relation to the implications that farming, sedentism, and
population increase had for this community:

1. Population growth was rapid, peaking in the Middle period, and declining to the
point of complete abandonment at c. 6000 BC;

2. The presence of an extraordinarily high number of neonates and young juveniles
generally indicates that the population grew as a result of increased birth rates and
not solely immigration;

3. Human carbon and nitrogen stable isotope analysis reveals the strong focus on
cereal grains (especially wheat and barley) and reliance on and possibly increased
consumption of animal sources of protein (especially sheep) with time;

4. Animal carbon and nitrogen stable isotope analysis reveals an increased diversity
of diet in caprines, likely representing a geographic expansion of pastoral activities
farther and farther from Catalhdyiik, possibly reflecting resource depletion;

5. Human carbon and nitrogen stable isotope ratios reveal a pattern of weaning that
began in the second year of life and was completed by the end of the third year. If
weaning was relatively early for an individual, their immune system may not have
been fully developed, resulting in greater susceptibility to infection;

6. People interred within the same house have limited biological affinity, contra-
dicting the expectation that those individuals were members of extended biological
families;

7. Social structure was built around a patrilocal residence pattern whereby males
tended to remain in their natal community and females traveled from other
communities;

8. Individuals associated with the northern and southern areas of the site may have
been from distinct social units;

9. There is a trend for change in workload and mobility over the course of the
occupation of the site. Workload appears to peak in the Middle period, whereas
mobility peaks in the Late period. These trends reflect alterations in lifestyle that
correspond to changing resource availability;

10. Body size (stature and mass) and bone quality show a population having access to
adequate nutrition and providing a picture of normal growth and development;
11.  Dental caries is elevated, reflecting a carbohydrate-rich diet;
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12. Infections and infectious disease were relatively elevated for young juveniles but
not older juveniles or adults, likely reflecting the immature immune systems of the
former but not the latter;

13.  The reduction in population in the Late period and increased dispersion of
population across the community resulted in reduction in prevalence of infection-
related bone lesions;

14.  Analysis of social context for diet and health revealed generally no association
between residence location and outcome, excepting a distinctive pattern of a
greater association of infection with history houses than with non-history houses;

15. The overall record does not suggest a pattern of gender or status variation in diet
and health.

The results documented in this article build on earlier studies of the human remains
assemblage at Catalhdyiik, both from the 1960s excavations and from earlier phases of the
current project, and will also help to shape the bioarchaeological research program as
excavation continues at this important site. A complex picture emerges from these studies,
revealing a population not immune to the stresses commonly associated with the foraging-
to-farming transition (e.g. population increase and aggregation, dental caries, infectious
disease), but also one that successfully mitigated and adapted to such conditions, as shown
in the record of relatively normal growth and development. As further bioarchaeological
research is undertaken at Catalhdyiik and at other localities across Anatolia (e.g. Baird
2007; Duru and C)Zba§aran 2005; Esin and Harmankaya 2007; Losch et al. 2006; Ozbek
1995, 1997, 1998, 2009; Pearson et al. 2013) and the broader Near East, our knowledge of
the human experience during the Neolithic, and the ways in which environmental, eco-
nomic, technological, and social changes have shaped the human condition during this
pivotal period of the human past, will continue to expand, revealing the remarkable ad-
justments humans make to their ever-changing landscapes.
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