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CAPRINE EXPLOITATION AT ERBABA HOYUK:
A POTTERY NEOLITHIC VILLAGE IN CENTRAL ANATOLIA

Benjamin S. ARBUCKLE!

ABSTRACT

In this paper, first results of the reanalysis of faunal remains from the Pottery Neolithic village site
of Erbaba Hoylik are described. In particular, questions concerning the exploitation of sheep and goats
are addressed. These results show that both wild and domestic sheep and goats were exploited at Erbaba,
and hunting may have replaced herding as the dominant form of caprine exploitation in the final phase
of occupation of the site. In addition, survivorship data indicate that sheep and goats were managed with
different production goals. These differences suggest that while sheep were likely managed for primary
products and herd security, secondary products such as hair and milk may have played an important role in
the management of goats.

Keywords: Animal management, hunting, sheep, goat, Pottery Neolithic, Anatolia, survivorship,
metrical data.

RESUME

Les premiers résultats de la re-analyse des restes fauniques du village d’Erbaba Hoyiik, daté du
Néolithique céramique, font l’objet de cet article. Les questions concernant [’exploitation des moutons et
des chevres y sont plus particulierement explorées. Ces résultats montrent que les moutons et les chévres
aussi bien sauvages que domestiques étaient exploités a Erbaba, et que, dans la phase finale d’occupation du
site, la chasse pourrait avoir remplacé I ’élevage en tant que forme dominante de [’exploitation des caprinés.
En outre, les données sur les structures démographiques indiquent que la gestion des moutons et celle des
chevres étaient orientées vers des objectifs différents. Ces différences suggerent que tandis que les moutons
étaient probablement gérés pour les produits primaires et la sécurité du cheptel, les produits secondaires
tels que la toison et le lait pourraient avoir joué un réle important dans [’exploitation des chevres.

Mots-clés : Elevage, chasse, mouton, chévre, Néolithique céramique, Anatolie, courbes de survie,
données métriques.
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INTRODUCTION

Although the subject of archaeological investigation for more than a half century (e.g. Mellaart 1964,
1967, 1970; Mellink 1973; Ozgii¢c 1973; Todd 1973, 1980, 1998; Silistreli 1983; Omura 1990, 1996; Giilgur
1995, 1999; Ozdogan, Basgelen 1999; Gérard, Thissen 2002; Oztan 2003; Hodder 2005), the Pottery
Neolithic period in Central Anatolia (ca 7000-6000 cal. BC), and particularly the economic foundations of
the villages of this period, are poorly understood. With the exception of the site of Catalhdytik, for which
data from the Hodder excavations are detailed and abundant (e.g. Asouti, Hather 2001; Frame 2002; Hodder
1996, 2005; Hodder, Matthews 1998; Russell, Martin 1998, 2000; Russell et al. 2005), there are few sites in
the region with well-described faunal and paleobotanical assemblages (although see Asouti 2003; Carruthers
2003, 2005; Martin et al. 2002 for Pinarbasi A/B). As a result, while knowledge of subsistence organization
at the unique “super-village” of Catalhoyiik is detailed, very little is known about how economic life was
organized in the small village sites of this period (Baird 2002). This asymmetry makes it very difficult to
place Catalhoyiik within its regional cultural context and to interpret the evolution of economic systems in
this period following the emergence of agriculture and pastoralism.

The site of Erbaba Hoyiik represents the remains of a small Pottery Neolithic village in the Beysehir
region of Central Anatolia (fig. 1), and is partially contemporaneous with the upper levels of Catalhoyiik
(Bordaz 1973; Bordaz, Alper-Bordaz 1979). Although recovered during excavations more than a quarter
century ago, the important faunal assemblage from the site of Erbaba Hoylik has never been described
in any detail (see Perkins 1973; Bordaz, Alper-Bordaz 1979, 1982). This assemblage provides a unique
opportunity to address the organization of the subsistence economy in a small Pottery Neolithic village
during the 7th millennium BC (calibrated).

In this paper, the first results of the reanalysis of the faunal assemblage from this important Neolithic
village site are described. In particular, this paper focuses on the nature of the exploitation of sheep and goats
(“caprines”), the most abundant taxa in the assemblage, and addresses three specific issues, including: 1)
the domestic status of the caprines at Erbaba, 2) the manner in which they were managed and whether
differences in the exploitation of sheep and goats can be detected, and, finally, 3) if there are diachronic
changes in the use of caprines through the stratigraphic sequence.

The caprine economy is addressed through examination of species frequencies, survivorship, and
metrical data. Initial results indicate that although caprines were likely domesticated in the preceding Aceramic
Neolithic (Peters ef al. 1999; Zeder, Hesse 2000; Russell, Martin 2005), hunting played an important role in
the Neolithic economy at Erbaba and in fact appears to have increased in importance over time. In addition,
survivorship curves suggest that sheep and goats were exploited in different ways, suggesting that these
taxa were subject to alternate management strategies as early as the Pottery Neolithic.

Erbaba Hoyiik

Erbaba Hoyiik is a small mound located on a band of alluvial deposits on the east side of Beysehir Golii,
a large intermontaine lake on the northern edge of the Taurus range in the Lakes District of South Central
Turkey (fig. 1). It was excavated by J. Bordaz as part of the Beysehir-Sugla Project from 1969 to 1977
(Bordaz 1970a, b, 1973; Bordaz, Alper-Bordaz 1976, 1977a, b, 1978a, b, 1979, 1982). The mound was found
to consist of four meters of deposits including three cultural layers assigned to the Late Pottery Neolithic.
Radiocarbon determinations made on charcoal in the 1970s as well as four more recent determinations
derived from bone collagen indicate an occupation dating to the 7th millennium BC (calibrated) (Bordaz
1973) (table 1). It should be noted that radiocarbon dates are not consistent within the stratigraphic sequence
and the precise dating of basal level III and upper levels Il and I remains problematic. Ceramic parallels
link level III at Erbaba to the upper levels at Catalhdyiik (VIII-0), whereas levels II and I have close
ceramic and figurine parallels with the Late Neolithic levels at Hacilar VI-IX (Bordaz 1973; Bordaz, Alper-
Bordaz 1979). Best current estimates place the basal layer (III) between ca 6700-6400 cal. BC and the
uppermost layer (I) between ca 6400-6000 cal. BC.
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Fig.1—Map showing the location of Erbaba Hoyiik as well as other Neolithic sites mentioned in the text.

Sample # Context Material 14C Date BP Date cal. BC
AA66741 level 1 bone collagen 7677+/-86 6535 +/-70
GX-2543 level I-11 charcoal 7550+/-570 6546 +/-614
AA66738 level 111 bone collagen 7275+/-42 6146 +/-53
AA66739 level 111 bone collagen 7504+/-85 6354 +/-80
GX-2545 level 111 charcoal 7530+/-430 6499 +/-471
GX-2544 level 111 charcoal 6925+/-550 5831 +/-548
[-5151 level 111 charcoal 7730+/-120 6618 +/-134

Table 1—Radiocarbon dates from Erbaba Hoyiik. Dates on charcoal are from Bordaz (1973).

Erbaba represents the remains of a small, agricultural village, approximately 0.5 hectares in area.
Architecture, consisting of rough limestone blocks set in mud plaster, is cellular in plan with party walls
and shared courtyards, and is typical of the Central Anatolian Neolithic as seen at sites such as Asikli
Hoyiik, Catalhdyiik and Can Hasan III (Duru 2002) (fig. 2). Unlike the site of Catalhdyiik with its elaborate
“shrines” and other symbolic architectural installations and decorations (see Mellaart 1967), there is little
evidence for architectural or iconographic elaboration at Erbaba. Grinding stones and sickles characterize
the lithic assemblage, while paleobotanical studies have revealed a floral assemblage dominated by crops
typical of the Near Eastern agricultural package including domestic cereals (hulled emmer wheat, bread
wheat, einkorn, and barley), and pulses including a large quantity of peas and bitter vetch (Van Zeist,
Buitenhuis 1983). These finds, along with the location of the site on fertile alluvial deposits located between
Lake Beysehir and the northern margin of the Taurus mountains, support the interpretation of Erbaba as a
small, and relatively simple, agricultural village of the 7th millennium BC (calibrated).
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Erbaba Hoyiik, 1974
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Fig. 2—Plan map of architectural
remains at Erbaba Hoyiik (partially
redrawn from Bordaz 1982, plate 33).

The faunal assemblage

One of the goals of the original research at Erbaba was to address questions of paleoeconomy
during the transition to agriculture in Central Anatolia (Bordaz 1970a). As a result, a large collection of
paleobiological remains was recovered from the site by means of dry sieving, using 1/4 inch screening, as
well as flotation (Bordaz, Alper-Bordaz 1979). This collection included paleobotanical remains (analyzed
and published by Van Zeist, Buitenhuis 1983) as well as a large faunal assemblage. Although the faunal
assemblage was analyzed by D. Perkins in the 1970s, the results of this research were never published in
any detail (for brief summaries see Bordaz, Alper-Bordaz 1979, 1982; Perkins 1973).

Following recovery, it appears that the faunal remains were “sorted” and many, but not all, shaft
fragments and “unidentifiable” specimens were discarded before being transported to the US for more
detailed analysis by Perkins at Columbia University. This “sorted” assemblage was reported to include
more than 15,000 identified specimens (Bordaz, Alper-Bordaz 1979).

In the few short communications on his work at Erbaba, Perkins reports that the assemblage is
dominated by domestic caprines and cattle and that cattle increase in frequency through the stratigraphic
sequence. It is additionally reported that caprines survived to an older age in Level I, “suggesting an increase
in their use of secondary products (i.e. wool and milk)” (Bordaz, Alpers-Bordaz 1979, p. 159).

Following the death of Perkins, the Erbaba faunal assemblage was moved to the Peabody Museum at
Harvard University for storage. There the remains from level 111 were the subject of analysis by Makarewicz
(1999) who found the assemblage to be dominated by domesticates including small-bodied sheep and goats.
Following this, the author analyzed a sample of the assemblage including materials from all stratigraphic
levels as part of his dissertation research in 2004.

Since an unknown number of fragments appear to have previously been removed from the assemblage
through a process of “sorting” before the material was transported to the US, analysis of the assemblage was
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limited to a standardized set of diagnostic skeletal parts including epiphyseal ends of long bones, astragalus,
calcaneum, atlas, axis, innominate, petrosal, mandible and mandibular teeth. The data presented below,
including quantification of the primary taxa, reflect only the analysis of these skeletal parts or portions.

CAPRINE EXPLOITATION

In order to address questions regarding the patterns of caprine exploitation at Erbaba and its change
over time data reflecting species frequencies, survivorship, and biometrics are presented. The interpretation
and significance of these data are further discussed in a following section.

Species frequencies

Caprines are by far the most abundant taxa in the Erbaba faunal assemblage in all levels. Sheep
outnumber goats at a ratio of 4.6:1 for the entire assemblage (table 2, 3, fig. 3). The frequency of caprines
is highest in level III, the oldest deposits in the mound, where they represent almost 84% of the assemblage
based on specimen counts. Level III also exhibits the highest ratio of sheep to goat at 7.3:1. The frequency
of caprines declines in levels Il and I but is still high at ca 71% and 73%. In addition, the sheep to goat ratio
decreases to 4.3:1 and 4:1 in these levels.

I ju I TI/1IT I All
Sheep 496 50 85 29 210 936
Goat 127 13 20 10 29 209
All caprines 1606 147 261 77 717 3012
Cattle 122 12 32 7 34 216
Pig 232 8 35 2 44 347
Deer 140 10 27 0 32 221
Equid 4 0 1 1 0 7
Other 87 8 8 0 27 130
Total 2191 185 364 87 854 3933

Table 2—Counts of mammal remains identified to genus from Erbaba. Deer includes Capreolus, Dama,
and Cervus. “Other” includes carnivores, hare, and rodents.

I /11 1T 1I/111 I All
O:C ratio 4.0 3.8 4.3 2.8 7.3 4.6
Caprines 73.3 79.5 71.7 88.5 84.0 76.6
Cattle 5.6 6.5 8.8 8.1 4.0 5.5
Pig 10.6 43 9.6 23 5.2 8.8
Deer 6.4 5.4 7.4 0.0 3.8 5.6
Equid 0.2 0.0 0.3 1.2 0.0 0.2
Other 4.0 43 22 0.0 32 33
Total 100% 100% 100% 100% 100% 100%

Table 3—Frequency of mammal remains identified to genus from Erbaba based on specimen counts.
Deer includes Capreolus, Dama, and Cervus. “Other” includes carnivores, hare, and rodents.
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This overwhelming dominance of caprines, particularly sheep, is typical of the Central Anatolian
Neolithic, and is a pattern that emerges in the earliest Neolithic in the region. Similarly high frequencies of
caprines, particularly sheep, have been documented at the Aceramic sites of Suberde (85-90%) (Perkins,
Daly 1968) and Asikli Hoytik (85%) (Buitenhuis 1997), while sheep are also the dominant taxon in all
levels at Catalhdyiik (61-75%) (Russell, Martin 2005).

In addition to caprines, pig, deer, particularly red deer (Cervus elaphus), and cattle comprise the
bulk of the remainder of the assemblage. Pig remains represent 8.8% of the total assemblage and increase
from 5% in level III to approximately 10% in levels II and I. In addition, deer, primarily red deer, make up
5.6% of the assemblage and increase from a low of 3.8% in level III to 7.4% and 6.4% in levels II and 1.
Cattle represent only 5.5% of the total assemblage based on specimen counts. Confirming Perkins’ initial
observations, the frequency of cattle increases slightly from level III, where it represents less than 4% of the
assemblage, to levels II and I where cattle remains represent 8.8 and 5.6% of those assemblages.

The Erbaba assemblage is rich in terms of the number of taxa represented. In addition to the primary
mammals described above other identified taxa include one species of equid (Equus sp.), hare (Lepus), a
variety of carnivores including fox (Vulpes), dog/wolf (Canis), bear (Ursus), cat (Felis), and otter (Lutra),
rodents, as well as birds. Despite this richness, however, sheep, and secondarily goats, were the dominant
components of the animal economy.
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Fig. 3—Frequency of major mammalian taxa at Erbaba in levels 111, II, and I.

Survivorship

Survivorship data based on mandibular tooth wear are presented in tables 4 and 5 and figure 4
(survivorship based on epiphyseal fusion is not discussed in this paper; see Arbuckle 2006, p. 259-266). Tooth
wear was recorded following Payne (1973) although the calculation of survivorship curves differed from
Payne’s method in two ways. First, curves were calculated based on mandibles with teeth as well as loose
dp/4s and M/3s. Second, Payne’s (1973, p. 296) method of proportionally allocating specimens assigned to
multiple wear stages was not used. Instead a system of allocation was used in which specimens assigned to
multiple wear stages were distributed evenly among each individual wear stage (e.g. if 12 specimens were
assigned to combined wear stages DEF, then 4 specimens were assigned to each wear stage D, E, and F;
see Arbuckle 2006, p. 157-163).
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Survivorship curves (fig. 4, 5) represent estimates of the percentages of those individuals slaughtered
and/or deposited at a site, subsequently recovered by archaeologists, which survived each successive age
category starting with 100% at age category 0. Survivorship values for each age category represent the
percentage of individuals surviving at the beginning of each age category.

Erbaba I-III: Tooth wear

100

\)

\\\\
90 \\

hY

\
80 .
70 .\

.

\ N

60 e
\ AN . —=— Ovis (n=68)

50 A—

Y - ---#---Capra (n=24)
A e —-A— - Ovis/Capra (n=597)
40 e

survivorship %

30 N

20 .

A(0) B(2) c(e) D(12) E(24) F(36) G(48) H(72) 1(9%96)
MWS (estimated age in months)

Fig. 4—Survivorship curves based on tooth wear for Ovis, Capra,
and combined Ovis/Capra categories for the entire assemblage.

Erbaba: Caprine tooth wear
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Fig. 5—Survivorship curves based on tooth wear for all caprines for levels III, II, and I.
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Two patterns are evident in these data. First, the survivorship curve for sheep generated from the total
assemblage exhibits a lower rate of survivorship than that for goats for most age categories (table 4, fig. 4).
For sheep, survivorship at Payne’s wear stage D, E, and F, representing animals at 12, 24 and 36 months,
is 53.4%, 43.5%, and 30.4%. This indicates a concentrated kill-off among sheep in their first year and
then continued heavy mortality in the second and third years as well. Goat survivorship is more than
10 points higher than that for sheep for each of these age categories indicating that goats were consistently
slaughtered at older ages than sheep. The most striking difference in the kill-off between sheep and goats is
in wear stage C, representing animals between 6-12 months. Almost 45% of sheep were slaughtered in this
age category compared to only ca 29% of goats.

The second pattern indicates that survivorship for combined sheep and goats increases through the
stratigraphic sequence (fig. 5, table 5). Survivorship is at its lowest in level III where only 35% survived
past two years (wear stage E). Survivorship increases to its highest levels for subadult and adult caprines
in level I, where 52% of caprines survived past two years. This pattern was first identified by Perkins who
interpreted it as representing a change in management strategies related to an increase in the production of
secondary products such as wool and milk (Bordaz, Alper-Bordaz 1979).

Specimen count (allocated) Ovis/Capra Ovis Capra
A 0 0 0.0
B 8 0.0
C 161 31 7.0
D 158 7 4.0
E 82 9 3.0
F 94 11 4.0
G 56 8 3.0
H 36 2 3.0
I 8 0 0.3

Total 603 69 243

Mortality

A 0.0 0.0 0.0
B 1.3 1.5 0.0
C 26.7 44.9 28.8
D 26.2 10.1 16.5
E 13.6 13.0 12.4
F 15.6 15.9 16.5
G 9.3 11.6 12.4
H 6.0 29 12.4
I 1.3 0.0 1.2

Total 100% 100% 100%

Survivorship

A 100 100 100
B 100 100 100
C 98.7 98.6 100
D 72.0 53.6 71.2
E 45.8 435 54.7
F 322 30.4 42.4
G 16.6 14.5 259
H 7.3 29 13.6
I 1.3 0.0 1.2

Table 4—Mortality data including allocated specimen counts, mortality, and survivorship based
on tooth wear for Ovis, Capra, and combined Ovis/Capra for the total Erbaba assemblage.
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Specimen count (allocated) Level Level 11 Level 11T
A 0 0 0.0
B 0.3 1 1
C 59 7 35
D 59 5 34
E 37 2.3 8
F 44 3 11
G 30 3 8
H 14 2 8
I 4 1 3

Total 2473 243 108

Mortality

A 0.0 0.0 0.0
B 0.1 4.1 0.9
C 239 28.8 324
D 23.9 20.6 31.5
E 15.0 9.5 7.4
F 17.8 12.3 10.2
G 12.1 12.3 7.4
H 5.7 8.2 7.4
I 1.6 4.1 2.8

Total 100% 100% 100%

Survivorship

A 100.0 100.0 100.0
B 100.0 100.0 100.0
C 99.9 95.9 99.1
D 76.0 67.1 66.7
E 522 46.5 352
F 372 37.0 27.8
G 19.4 24.7 17.6
H 7.3 12.3 10.2
I 1.6 4.1 2.8

Table 5—Mortality data including allocated specimen counts, mortality, and survivorship

based on tooth wear for combined Ovis/Capra for levels I, II, and II1.

METRICS

353

The caprines from Erbaba exhibit a wide range of variability in size. Measurements of the breadth
and depth of epiphyseal ends of long bones, and breadth, depth and length measurements of astragalus,
calcaneum, and phalanges indicate the presence of both large, robust individuals and smaller, more gracile
individuals among both sheep and goats (Arbuckle 2006, p. 283-307). In figures 6 and 7, measurements of
the length of the astragalus for Erbaba sheep and goats are compared to those from two well-known sites in

Central Anatolia including Aceramic Asikli Hoytlik and Aceramic/Pottery Neolithic Catalhoytik.

Although the domestic status of the Asikli caprines has been the subject of some debate, the
caprines from Asikli clearly represent a large-sized, morphologically wild population (Buitenhuis 1997;
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Martin ef al. 2002). Furthermore, the distribution of measurements from Asikli is bimodal with peaks
presumably representing males and females (fig. 6, 7). Caprines from Catalhdyiik are thought to represent
a small-sized, morphologically domestic population from the earliest levels of the site (Martin et al. 2002;
Russell, Martin 2005). The two sites exhibit clear differences in the metrical data, showing that both sheep
and goats from Catalhdyiik are much smaller than those from Asikli and only overlap with the smallest
sized specimens from that morphologically wild population. The paucity of large, morphologically wild
caprines at Catalhoyiik—they are represented by only a few specimens—is no great surprise given the
location of the site on the Konya Plain outside of the natural habitat zone of both caprine taxa. These two
sites provide clear points of reference for the distinct metrical characteristics of morphologically wild and
domestic caprines in Central Anatolia.
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Fig. 6—Astragalus GLI measurements for Ovis from
A) Asikli Hoyiik (Buitenhuis personal communication).
B) Catalhéyiik (Russell, Martin 2005). C) Erbaba Hoyiik.
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The distributions of astragalus measurements for sheep and goats from Erbaba clearly overlap those
from both the Asikli and Catalhdyiik populations. The sheep measurements are particularly clear showing
multiple peaks that mirror the bimodal distribution of morphologically wild specimens from Asikli as well
as the small domestic specimens from Catalhdyiik. These metrical data provide clear evidence for the
presence of both morphologically wild and domestic populations at Erbaba.
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Fig. 7—Astragalus GLI measurements for Capra from
A) Asikli Hoyiik (Buitenhuis personal communication).
B) Catalhéyiik (Russell, Martin 2005). C) Erbaba Hoyrik.

There is clear evidence for changes in the mean size of both sheep and goats between levels 11l and I
at Erbaba (fig. 8, 9). However, instead of indicating a decrease in size, which might be expected as a result
of centuries of human selection on a domestic population, the opposite pattern is evident. In figures 8 and 9,
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LSI values are presented for sheep and goats for levels III, II, and I (see Meadow 1999 for description of
the LSI method). Using the LSI method, log transformed measurements are compared with those from a
standard animal, in this case a female Ovis orientalis from Iran, and the averaged measurements of male
and female Capra aegagrus from the Taurus mountains (following Uerpmann, Uerpmann 1994).
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Fig. 8—Means, ranges, and one standard deviation ranges for LSI values for Ovis for levels 111, II, and I.
Standard animal measurements _from Uerpmann and Uerpmann (1994).

Level III (n=13) Level I (n=10) Level I (n=77)
0.2

0.15

- m mean
L] 0 A max
A min

-0.05

-0.1 —

-0.15

-0.2

Fig. 9—Means, ranges, and one standard deviation ranges for LSI values for Capra for levels 111, II, and 1.
Standard animal measurements from Uerpmann and Uerpmann (1994).
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The mean LSI values for both sheep and goats increase from level III to level I indicating an increase
in the frequency of larger bodied caprines in the latest phase of occupation. Examination of the distribution
of astragalus length and breadth measurements for sheep from levels IIT and I further illustrates this trend
(fig. 10). In level III, most specimens are located in the small end of the size range and most lie outside of
the range of the Asikli population (indicated by the vertical line in fig. 10), while in level I the majority of
specimens are in the large end of the size range, and are comparable in size to the Asikli population. Although
some changes are evident in the maximum and minimum values represented in levels III and I, the most
important difference between these levels is the shift in the distribution of measurements from one with
a mean in the morphologically domestic size range in level III to one with a mean in the morphologically
wild size range in level I (fable 6).
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Fig. 10—Scatter plot showing the distribution of astragalus length and breadth measurements
for Ovis from levels Ill and I. The vertical line separating morphologically wild
and domestic is based on the lower end of astragalus length measurements
from Asikli Hoyiik (data from Buitenhuis personal communication).

Level 111 Level I
Mean 28.4 31.1
Standard deviation 29 2.5
Maximum 335 35.0
Minimum 23.6 229
n 21 51

Table 6—Comparison of astragalus length measurements for sheep from levels Il and I.
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DISCUSSION

In his work as the zooarchaeologist for the Beysehir-Sugla Project in the 1970s, Perkins concluded that
the Aceramic site of Suberde was a hunter’s village (Perkins, Daly 1968) and that the animal economy at
nearby Erbaba was based on domesticates (Bordaz, Alper-Bordaz 1979, p. 159). Recent work has seriously
questioned both of these conclusions. Martin and others (Payne 1972; Martin ef al. 2002) have raised
serious questions about the interpretation of caprine remains from Suberde as wild and reanalysis of fauna
from Erbaba suggests that the characterization of the domestic status of the caprines is more complex than
Perkins originally indicated. As a result, earlier interpretations of herd management practices and trends
over time must be reevaluated.

Domestic status of caprines

Metrical data provide a productive way to address the domestic status of the caprines at Erbaba.
Although it has been convincingly argued that metrical data alone cannot effectively be used to identify
the earliest managed populations (Zeder, Hesse 2000; Zeder 2001, 2006), in cases following the initial
emergence of pastoralism where good regional references are available, metrical data can effectively be
used to identify morphologically wild and domestic populations. The presence of detailed metrical data from
Asikli Hoytik and Catalhdyiik representing examples of early morphologically wild and morphologically
domestic populations provides just such a regional reference for interpreting the metrical data from
Erbaba.

Astragalus measurements clearly show that both morphologically wild and domestic populations
are present at Erbaba (fig. 6, 7). There are two ways to interpret this pattern, particularly regarding the
interpretation of the morphologically wild specimens. The large, morphologically wild specimens at Erbaba
may represent wild, hunted caprines, while smaller morphologically domestic animals represent a separate
managed population. The presence of wild sheep and goats at Erbaba is not surprising given the location
of the site in close proximity to the natural habitat of both taxa and also to a perennial water source. This
interpretation suggests that hunting continued to play an important role in the economy well after the
development of agriculture and pastoralism in the region, a trend also seen in other regions (e.g. Zeder
1994; Arbogast et al. 2001).

Alternately, it is possible that the presence of morphologically wild individuals represents a continual
process of recruitment of caprines from local wild herds and the incorporation of these wild individuals into
domestic herds. Wild sheep and goats may have been added to domestic herds in order to increase herd sizes
or for a perceived “improvement” in the quality of the herds.

Although both interpretations are possible, it is argued that the morphologically wild specimens at
Erbaba most likely represent wild hunted caprines. The fact that the distribution of astragalus measurements
from Erbaba clearly parallels the bimodal distribution seen at Asikli as well as the distribution of small
sheep at Catalhdyiik (fig. 6) provides convincing support for the interpretation of morphologically wild
caprines as hunted wild animals. Rather than showing a continuous distribution of sizes from the very large
to the very small, which would be expected if wild and domestic individuals were constantly inter-breeding,
the metrical data instead suggest discrete populations of large and small sized, wild and domestic animals.

If morphologically wild specimens do represent wild individuals, then changes in the frequency of
these individuals between levels III and I indicate that hunting assumed added importance in the later phase
of occupation of the site in the latter half of the 7th millennium BC (calibrated). In fact, the distribution
of astragalus measurements (fig. /0) suggests a major shift in caprine exploitation from the early phase of
occupation to the latest phase at Erbaba. These data suggest that domestic sheep were the focus of the level
IIT economy with a few wild sheep being taken as a supplementary activity. But in the level I occupation the
importance of herding and hunting reversed and it appears that herding was largely replaced by hunting. In
this period it appears that hunting wild sheep was the focus of the caprine economy while herding continued
in a supplementary role.
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This dramatic reorganization of the animal economy is difficult to explain. There are no indications of
major changes in other lines of archaeological evidence suggesting a shift in the function of the site or in the
identity of its inhabitants. In fact, with the exception of changes in pottery fabrics, there is a strong sense of
continuity throughout the stratigraphic sequence at Erbaba (Bordaz, Alper-Bordaz 1979, 1982).

Both the relative and absolute dating of this economic shift remain open questions. It may have begun
in level II, as seen in a shift towards larger LSI values for sheep (fig. §), although sample sizes from this
level are very small. In addition the absolute dating of the phases of occupation at Erbaba is still poorly
understood. It is clear that the site dates to the 7th millennium (calibrated), and it can be suggested based
on a combination of artifact cross-dating and radiocarbon dates that level I dates to the second half of the
7th millennium BC (calibrated).

This period is notable for a large-scale, but short-lived, climatic disturbance dated to between
6400-6000 BC (calibrated) (Alley et al. 1997; Grafenstein et al. 1998; Barber et al. 1999; Bar-Matthews
et al. 1999; Kuzucuoglu 2002). The effects of this “climatic crisis” have been identified across the northern
hemisphere where it resulted in increased aridity and has been associated with the decline of the PPNB
“civilization” in the southern Levant (e.g. Bar-Yosef 2001). Pollen cores from across Central Anatolia,
including Beysehir Golii itself, exhibit declines in arboreal pollen levels at approximately this time,
providing some indication that the region did experienced a notable increase in aridity during this climatic
event (Bottema, Woldring 1984; Woldring, Bottema 2001/2002; Arbuckle 2006, p. 55).

It is, therefore, possible that the changes in caprine exploitation in level I reflect a cultural response to
increased aridity in the Beysehir region at the end of the 7th millennium BC (calibrated). The inhabitants of
Erbaba may have increasingly turned to hunting in response to changes in vegetation and water availability
in the surrounding uplands. These changes may have increased the availability of wild sheep and goats in
the areas surrounding Lake Beysehir and Erbaba Hoyiik itself and made these animals more vulnerable to
human predation.

Since the dating of level I is still poorly documented, the strength of the correlation between economic
and climatic change is currently difficult to evaluate. Work is currently underway to clarify the dating of
the level I occupation in order to further address the impact of climatic change on animal exploitation at
Erbaba.

Interpreting caprine exploitation strategies at Erbaba

In addition to identifying the domestic status of the caprines at Erbaba, a second goal of the reanalysis
of the fauna was to address questions concerning how caprines were managed and whether differences are
evident in the management of sheep and goats.

Management strategies are typically addressed through the analysis of survivorship curves, which are
often interpreted using models of herd management derived by Payne (1973) and Redding (1981). These
models draw parallels between the age and sex composition of the animals chosen for slaughter and the
herders’ production goals, whether focused on meat, milk, wool, or herd growth and security.

In his previous work on the Erbaba fauna, Perkins noted an increase in the age of slaughter between
levels III and I and interpreted this change as representing an increase in the production of wool and milk
among Erbaban herders (Bordaz, Alper-Bordaz 1979). Given the initial conclusion that the caprines at
Erbaba were domestic, and the chronological placement of the site in the Pottery Neolithic, a time when
more intensive herding practices were developing across the Near East, this conclusion fit the expectations
of general models of economic evolution of the time (e.g. White 1949; Flannery 1973). However, in light of
the observation that a proportion of the caprines at Erbaba were hunted, and a large proportion in level III,
the conclusion of secondary products production in level I must be re-evaluated.

Since caprine exploitation at Erbaba involved a combination of exploitation strategies, most notably
hunting and herding, it is difficult to apply models of herd management to these data. However, in level III,
when herding was the dominant strategy, the survivorship curve for combined sheep and goats most closely
resembles the predictions of Payne’s (1973) model of meat production and Redding’s (1981) of herd
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security. These models predict that in order to maximize herd reproduction and the production of meat,
herders will prefer to slaughter males in their first and second years, while females are slaughtered as
reproductive potential declines after four or five years of age.

Although the Erbaba survivorship curve is somewhat higher than the curves predicted by these models,
probably due to an influx of adult individuals as a result of hunting, it generally shows a pattern focused
on the slaughter of individuals in their first and second years (fig. 4, 5, table 4, 5). In addition, although not
discussed here in detail, metrical data suggest that males predominated among those individuals killed prior
to reaching two years (Arbuckle 2006, p. 298-300). This suggests that, although herds were almost certainly
used for a variety of products, the main goals of herd management were to maintain stable herds while at the
same time providing a source of primary products including meat, fat, grease, leather, bone, and horn.

In level 1, in contrast, survivorship for combined sheep and goats is considerably higher, indicating
that more caprines were slaughtered at older ages. Instead of reflecting management decisions focused
on exploiting older sheep and goats for wool and milk, this pattern is likely a reflection of the increase
in hunting documented in level I. Hunting practices tend to target adult individuals and often result in
survivorship curves that are considerably older than those typically produced by herding (Hole et al. 1969,
p. 288; Hesse 1982, p. 403) (although this is not always the case; e.g. Collier, White 1976). This change in
exploitation strategies, rather than the initiation of wool production, provides the best explanation for why
more than half of the caprine remains recovered from level I represent adult animals greater than two years,
compared to just 35% in level II1.

Survivorship curves also suggest differences in the exploitation of sheep and goats. Based on data
from all stratigraphic levels, the survivorship curve for sheep exhibits relatively low survivorship after 1
year, while that for goats indicates elevated survivorship in all age categories (fig. 4, table 4).

These differences are difficult to interpret given that each curve represents a combination of hunting
and herding strategies. The differences may be the result of different sheep and goat hunting strategies.
Survivorship for goats may be higher as a result of hunting strategies that targeted lone adult individuals,
whereas sheep hunting may have involved the slaughter of entire herds including young and subadult
individuals. However, if the demographic composition of hunted sheep and goats was similar, then this
would suggest that the differences in sheep and goat survivorship were a result of divergent strategies of
herd management.

As the primary focus of the animal economy, evidence suggests that sheep were managed for meat
production and herd security. Goat management, on the other hand, took place on a much smaller scale, and
may have been more focused on the household production of secondary products including milk and hair.
This would explain why herders were willing to slaughter goats at an older age.

The identification of possible differences in the management of sheep and goats has important
implications. First, it shows that the common zooarchaeological practice of combining sheep and goat
into one category (e.g. sheep/goat, ovicaprines, or caprines) can result in misleading interpretations since
these animals may have been subject to quite different management practices. Second, these data
suggest that goats may have been used for small-scale secondary products production as early as the
7th millennium BC (calibrated), which suggests a very early and not-so-revolutionary start to the “secondary
products revolution” (Sherrat 1979, 1983). However, it should be emphasized that, given the combination
of herding and hunting strategies represented by the Erbaba faunal assemblage, other interpretations of the
data are also possible.

CONCLUSIONS

In its initial stage, the reanalysis of the Erbaba fauna has made several contributions. First it has shown
that in its intensive focus on caprines, the animal economy at Erbaba is typical of the Central Anatolian
Neolithic. Second, it is now clear that both wild and domestic caprines are well represented in the Erbaba
faunal assemblage. Research is increasingly showing that animal economies were diverse in the periods
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following the initial domestication of plants and animals and that wild animals continued to play important
roles in the economy in many regions (Zeder 1994; Vogler 1997; Arbogast et al. 2001; Arbuckle 2006).
Moreover, the data from Erbaba suggest an even more interesting case in which hunting not only continued,
but actually appears to have displaced herding as the dominant mode of caprine exploitation in the last
phase of occupation at the site. This reversal from caprine herding to hunting may represent a unique
example of subsistence change in a Neolithic village in the Near East.

Finally, it must be acknowledged that it is very difficult to interpret strategies of herd management
at a site like Erbaba, where metrical and survivorship data represent palimpsests of herding and hunting
strategies that are impossible to clearly differentiate. However, it is likely that sheep and goats were subject
to different management strategies and it is further suggested that goats may have been managed on a small
scale for secondary products while sheep appear to have been managed more intensively for meat and
herd security. This conclusion has important implications for understanding the timing and nature of the
production of secondary products in the Near East and suggests both an early start to, as well as a limited
application of management strategies focused on secondary products.

Although the results presented in this paper are modest, they represent a gradual accumulation of data
that is slowly bringing to light the nature of economic systems that supported and shaped the rich cultural
traditions that developed in Central Anatolia. Through continued analysis of newly recovered materials
at ongoing projects such as Catalhoyiik, as well as reanalysis of materials from past excavations such as
Erbaba, our understanding of regional patterns of animal exploitation in Central Anatolia are becoming
more detailed. With these advances our understanding of the dynamic nature of the foundation of cultural
systems in Central Anatolia is slowly becoming more complete.
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