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Abstract 

This thesis examines the connections between goat and sheep domestication, 

the environment, and human populations during the Pre-Pottery Neolithic B (8,600-

6,900 BCE). While domestication caused an increase in population and complexity of 

some settlements in the southern Levant, over-grazing, environmental degradation and 

population increase caused the economy of such settlements to become strained. By the 

7th millennium this culminated in the dissolution of major settlements. While several 

factors led to this dissolution this thesis argues that goats and sheep were a major factor 

in this. In the end, while agriculture and animal domestication led to an initial 

improvement in living conditions, ultimately and ironically they were responsible for 

the disastrous downfall of these settlements. 
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Chapter 1: Introduction 

Typically, events are thought of in a linear fashion instead of in a back-and-forth 

narrative. A common view is that man is the conscious author of his own destiny. When 

it comes to domestication of animals, one tends to think primarily about how humans 

influenced the animals they managed. However, this thesis will explore how 

domestication of goats and sheep (caprines) not only changed the animals themselves, but 

also how caprines, in turn, influenced the human populations and environment of the 

southern Levant (Israel, Jordan, Lebanon, Syria) during the Pre-Pottery Neolithic B 

(9,000-6,900 BCE). The main question is to what effect humans culturally controlled 

caprines and how those animals in turn influenced the environment and settlement social 

structure. In order to do this, primary and secondary published research will be consulted. 

Information will be mainly drawn from three specific sites; however, broader information 

about the southern Levant will also be consulted.1 

 

Figure 1: Locations of Basta, ‘Ain Ghazal and Yiftah’el on a map of the southern Levant. 
                                                

1 The southern Levant has been chosen for the information it can provide as well as a source of 
personal interest to the author, who has visited and worked in Jordan. The author has an interest in knowing 
more about the area and possibly working there in the future.   
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The Neolithic has been defined as “an economic transformation that involved the 

domestication of wild food resources and the establishment of permanent settlements” 

(Simmons 2011: 4). The southern Levant Pre-Pottery Neolithic B (PPNB) will be 

explored in order to understand the environmental and social changes that occurred at this 

time (Twiss 2007: 25). The sites of Basta, ‘Ain Ghazal and Yiftah’el will be of primary 

consideration, though the southern Levant in general will also be consulted (see Figure 1 

for site locations and Table 1 for occupation dates). During the Late Pre-Pottery Neolithic 

B (LPPNB), both Basta and ‘Ain Ghazal became megasites which, according to Goring-

Morris and Belfer-Cohen, are sites during the “Final PPNB…[that reached large 

populations and areas, with some] up to 30 acres in extent” (Goring-Morris and Belfer-

Cohen 2011: 202). Both Basta and ‘Ain Ghazal were estimated to have populations of 

4,000 during the LPPNB (Simmons 2011: 161; Rollefson 2011: 105). While Yiftah’el did 

not reach megasite status and was abandoned in 7,000 BCE, it will be explored in an 

effort to understand caprine effects at a smaller site. 

Site Occupation Dates Source 

Basta 7,300BCE – 7,000 BCE Rollefson pers. comm. 
2016; Goring-Morris 1993: 
77 

‘Ain Ghazal 8,500 BCE - 5,750 BCE Rollefson 2015: 403 
Yiftah’el 8,000 BCE -7,000 BCE Milevski et al. 2008: 3 

Table 1: Occupation dates at Basta, ‘Ain Ghazal and Yiftah’el. 
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Chronology of the Southern Levant 
Period Range cal BP Range BCE 
PPNA 12,000-11,000 10,000-9,000 
Early PPNB 11,000-10,500 9,000-8,500 
Middle PPNB 10,500-9,500 8,500-7,500 
Late PPNB 9,500-8,900 7,500-6,900 
PPNC 8,900-8,300 6,900-6,300 
Pottery Neolithic 8,300-6,800 6,300-4,800 

Table 2: Chronology of the southern Levant (Rollefson 2008: 71). 

 

The Younger Dryas (11,000~9,600 BCE) was a cold, dry period that caused a 

reduction in forests, grasslands and wild food sources (Borrell et al. 2015: 2). By contrast, 

the Holocene Climatic Optimum (beginning at 9,600 BCE) was a period of “year-round 

rainfall and relatively warm winters” with the climate of the southern Levant “slightly 

warmer and wetter than it is today” (Twiss 2007: 25-26; Rossignol-Strick 1999: 515). 

Donald Henry states that the “on-set of moister conditions coincident with the PPNB 

prompted the expansion of farming and herding economies” (Henry 1997: 109). This new 

climate created a favorable environment for cultivation and domestication, and allowed 

communities to develop new types of subsistence strategies. While climatic influences on 

subsistence strategies can be documented, how did human populations affect the animals 

they domesticated? 

This thesis will consider early domestication of goats and sheep (caprines) and the 

effects they in turn had on the environment and on settlements. Some archaeologists, 

depending on their interests, “consider the animal/human relationship as the most 

important aspect and…place humans at the center of the issue, as opposed to others who 

are mainly interested in the zoological aspects of the animals themselves” (Horwitz et al. 

1999: 66). While zoological remains are important for understanding changes in 
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domesticated animals over time, the focus of this thesis will be on the human-animal 

relationship. This relationship will be explored in a three-step process. 2 In Chapter 2, the 

cultural control of caprines by humans will be examined through increases in caprines and 

decreases in wild fauna, morphological changes in caprines, culling practices, pathologies 

and isotopic analysis. This chapter will be important for verifying that human groups 

practiced cultural control, because without this proof the effects of culturally controlled 

caprines on their surroundings cannot be understood. In Chapter 3, environmental changes 

caused by culturally controlled caprines will be explored, thus allowing us to understand 

the effect these animals had. Finally in Chapter 4, social changes, in relation to the 

changing environment, will be considered through residential and religious architecture. 

These chapters will develop an understanding of caprines and the consequences of their 

cultural control. 

 

Theoretical/Historical Background 

This section will introduce the intellectual history and theoretical frameworks on 

which this thesis is based. The most useful theoretical framework through which to view 

events in the PPNB southern Levant is ecological anthropology. Ecological (or 

environmental) anthropology explores how populations “facilitate coping with and 

transforming the physical environment, particularly under conditions of environmental 

change and stress” (Moran 2008: 3). 

 Anthropological thought is constantly evolving, and ecological anthropology is no 

exception. Nineteenth-century intellectuals, including Lewis H. Morgan and Sir Edward 

Burnett Tylor, held the “assumption that all cultures could be placed in a small number of 
                                                
2 Primary and secondary research will be examined in an effort to understand this topic. 
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stages and that cultures tended to move through these stages in a relatively fixed 

sequence” (Orlove 1980: 236). This unilineal evolution theory held that cultures and 

people would move through life in a sequential order regardless of outside sources, like 

the environment (1980: 236). While some anthropologists disagreed with this sequential 

ordering of cultures, it was not until Julian Steward (1902-1972) that “contemporary 

ecological anthropology” began (Moran 2008: 39). With the advent of ecological 

anthropology, came an increasing awareness of non-human influences on culture. 

Steward emphasized understanding and testing “causal connections between social 

structure and modes of subsistence”, and was a functionalist concerned with “resources 

utilization” and “the operation of a variable in relation to a limited set of variables” 

(Moran 2008: 39). 

According to Moran, there are currently three main theoretical branches of 

ecological anthropology: environmental determinism, cultural determinism, and 

human adaption and evolution spectrum (Moran 2008: 27). The first, 

environmental determinism, holds the assumption that nature greatly affects 

human society, and emphasizes nature’s role in shaping that society (2008: 31). 

The second, cultural determinism, “view[s] nature as a static factor or backdrop” 

and holds that the only way to understand our evolution is through our cultural 

context (2008: 27 and 31). Both of these deterministic branches advocate “human-

environment interactions as mainly unidirectional rather than systematic, 

and…emphasize stages rather than processes” (2008: 27). The third theoretical 

branch, human adaption and evolution spectrum, is really a blending of the other 
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two. This branch sees human evolution as an interaction between “people and the 

environment” (2008: 27). 

In their article in the Annual Review of Anthropology (2015), Orr et al. also divide 

ecological anthropology into three branches: systems ecology, political ecology, and 

cognitive and phenomenal ecology (Orr et al. 2015: 154). The first branch, systems 

ecology, was influenced by Durkheim and Mauss (1903) who “argued that the 

relationship between nature (macrocosm) and culture (microcosm) is the primordial 

foundation for both human cognition and social organization” (Orr et al. 2015: 155). 

Initially anthropologists projected social categories onto the environment, de-

emphasizing the interaction between humans and the environment and its influence on 

communities (2015: 155). Currently, systems ecology is the study of how small-scale 

communities interact and adjust to “flows of energy, nutrients, and information” (2015: 

157).  

The second branch, political ecology, was influenced by individuals like Morgan 

(1877), Evans-Pritchard (1940) and Leach (1954) (Orr et al. 2015: 160). Of these three, 

Leach’s idea that “chronic instability in political organization…[is] partly linked to 

ecological constraints” was the most influential (2015: 160). Leach was more focused on 

the local, while current political ecological theory has been expanded to understand the 

“ways that the global affects the local” (2015: 160-161).   

The last branch of ecological anthropology is conceptual and phenomenal 

ecology. This was very popular from the 1950s to the 1980s as a way to organize and 

classify biological and natural processes (Orr et al. 2015: 158). In essence, conceptual 
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and phenomenal ecology tries to encompass the “individual’s or group’s knowledge, 

perceptions, and experiences of their environment” (2015: 157). 

Moran and Orr et al. articles each present three branches of ecological 

anthropology. Moran focuses on an anthropological understanding of the strongest 

deterministic factors: the environment, culture, or both. Orr et al. does something similar, 

but emphasizes factors that play a role in environmental and social changes. Each of 

these branches explores the ways in which humans interact with their broader 

environment. This thesis will explore this interaction, focusing specifically on caprine 

and human interactions. Therefore multispecies ethnography, another sub-branch of 

ecological anthropology, and one closely connected to systems ecology and human 

adaption and evolution spectrum theory, will be fundamental. 

Multispecies ethnography expands on ecological anthropology by “studying the 

host of organisms whose lives and deaths are linked to human social worlds” (Kirksey 

and Helmreich 2010: 545). Multispecies ethnography is distinctive because it places 

species and their interactions with humans in the foreground of ethnographical studies 

(2010: 545). Furthermore, it places species “alongside humans in the realm of bios, with 

legibly biographical and political lives” (2010: 545). As Fuentes states, “multispecies 

ethnography of humans and…[animals] demonstrates that human perceptions and land 

use intertwine with…social behavior…to affect [the] local ecologies and economies” of 

both humans and the species they interact with (Fuentes 2010: 619). Fuentes uses the 

term “natureculture” in order to fully understand this close relationship between species 

(nature) and humans (culture) (2010: 600). 

This theory is fundamental to the understanding of caprine and human 
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interactions because it allows this thesis to be situated in current anthropological thought. 

It also fosters an understanding of how other people are approaching and understanding 

species and environmental interactions. Here the interaction between nature (caprines) 

and culture (humans) will be explored to understand how they affected each other and the 

wider environment around them. 

 

The Chicken or the Egg: Which Came First, Domestication or Complex Social 

Organization? 

In order to examine domestication and how it affected humans, several theories 

will be presented. While this chapter will use the term “domestication,” it should be 

understood that during the PPNB, only the early stages of domestication could be seen –  

not full-on domestication. Domestication is when humans have modified a specific species 

to such an extent that it is morphologically (and/or behaviorally) different from its wild 

ancestors. Cultural control, on the other hand, is only the beginning of this process. One of 

the key bases for understanding cultural control is the interaction between humans and 

animals. There are several theories proposed for understanding the causes of 

domestication, with each theory presenting a different primary factor. According to Cohen 

(1977), Horwitz et al. (1999) and Davis (2005), the rise of sedentary settlements caused 

environmental strain, which in turn led hunter-gatherer inhabitants to search for other 

means of subsistence, namely cultivation and domestication. A second theory, proposed 

by Bar-Yosef and Belfer-Cohen (1989), Bar-Yosef (1989), Horwitz et al. (1999) and 

Blockley and Pinhasi (2011), argues that complex social organization predated 

domestication and contributed to the start of domestication. In contrast, Byrd (1994), 
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Richerson and Boyd (2001), and Twiss (2007) argue the opposite, stating that 

domestication caused the rise of complex social organizations. Another theory proposed 

by Horwitz et al. (1999), Twiss (2007) and Blockley and Pinhasi (2011) suggests that 

domestication and demographic changes occurred simultaneously. Finally, Cauvin (1994), 

Horwitz and Lernau (2003), Lev-Yadun et al. (2000), and Borrell et al. (2015) propose 

that domestication was developed elsewhere, probably in southeast Turkey and the middle 

Euphrates valley, and was then brought by trade to the southern Levant. 

 

Complex Social Organization 

 Before proceeding it is necessary to establish how social relations during the Pre-

Pottery Neolithic and Neolithic changed. As Kadowaki states, the: 

Pre-Pottery Neolithic (PPN) to Late Neolithic (LN) period… is currently 
understood as a structured cultural change involving reorganizations in 
settlement systems, subsistence activities, tool-production technology, 
social organizations, and ritual practices. Causes for these changes have 
been sought in several factors, including climatic shift, environmental 
deterioration, increasing reliance of farming, population increase, [and] 
social crowding (Kadowaki 2012: 3). 
 

What, then, are the theories that attempt to connect humans with domestication and 

cultivation? 

 

Demographic Pressure Influenced Cultivation and Domestication 

The first theory is based on demography: the drive toward cultivation and 

domestication was in response to rising population densities in sedentary communities and 

subsequent strains on the environment. Cohen (1977) asserts that the “period prior to 

domestication was characterized by increased strain on the environment due to rising 
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demographic pressures” (Davis 2005: 1408). Horwitz et al. (1999) add that human 

populations would have been sedentary, since cultivation and domestication “could have 

happened only under a long period of intensive occupation at a particular locality, and not 

under recurrent usage of a site” (Horwitz et al. 1999: 65). Additionally, Davis (2005) 

claims that just before the Neolithic, the zoological record shows a reliance on smaller and 

younger wild game instead of the previous reliance on adult game, indicating 

environmental stress (Davis 2005: 1409). All the above authors agree that human 

demographic and consumption pressures caused a “depletion of resources,” which in turn 

led communities to rely on cultivation and domestication (Bar-Yosef and Belfer-Cohen 

1989: 451-452; Horwitz et al. 1999: 65; Davis 2005: 1409). According to this theory, a 

group of people would have already been settled in the landscape and would have “utterly 

alter[ed] the natural habitats around the sites” before domestication could have occurred 

(Horwitz et al. 1999: 65). This over-exploitation of the surrounding area presented two 

options for sedentary populations: to control population growth or to cultivate and 

domesticate (1999: 65). In short, cultivation and domestication were population driven. 

 

Complex Social Organization Influenced Domestication 

A second theory is based on social hierarchy. It claims that a hierarchical social 

structure was needed in order to facilitate the rise of cultivation and domestication. A 

“high level of social organization and possibly the presence of a social hierarchy…would 

have paved the way for plant cultivation and finally animal domestication” (Horwitz et al. 

1999: 65). Bar-Yosef (1989) suggests that the “social conditions that prevailed in this 

southern Levantine corridor facilitated the rise of early farming communities and the 
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development of large regional centers” (Blockley and Pinhasi 2011: 99). Bar-Yosef and 

Belfer-Cohen (1989) concur that pre-Neolithic burials show signs of social stratification 

(Bar-Yosef and Belfer-Cohen 1989: 487). Blockley and Pinhasi agree that the “new social 

realm…demarcate[d] the onset of the transition to the Neolithic period in this region” 

(2011: 99). Therefore, the preexistence of a social hierarchy generated the occurrence of 

cultivation and domestication. Such a structure created the means to organize individuals 

to specialize in different types of resource exploitation, and others to coordinate this effort. 

One thing to note is that a small society does not equate a simple society. Small hunter and 

gatherer societies can achieve “complex social organizations” and sophisticated cultures, 

even with a small population (Barnard and Spencer 2011: 77).3 

 

Domestication Influenced the Rise of Complex Social Organization 

 In contrast, Byrd (1994), Richerson and Boyd (2001) and Twiss (2007) argue that 

cultivation and domestication cause complex societies to form because they create a need 

for hierarchy. Twiss (2007) argues that, “agriculture entails the establishment of 

permanent communities as well as the expansion and elaboration of social life” (Twiss 

2007: 25). Richerson and Boyd (2001) concur that “the evolution of complex societies 

began when agricultural subsistence systems raised human population densities to levels 

that would support large scale cooperation and division of labor” (Richerson and Boyd 

2001: 1). In essence, only through cultivation and domestication were societies able to 

                                                
3 Herbert Spencer in 1860 argued that simple and small societies should be “considered 

structureless…[however]…in the course of their growth, a continually increasing complexity of structure” 
occurs (Spencer 1860: 27). His theory states that small organisms, like small societies, are not complex and 
that complex societies are only formed when the population increases (Spencer 1860: 28). Ultimately, he 
was wrong in this theory and it is now known that a small society does not equate a simple one. 
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become complex (2001: 1). In conflict to the previous theory, cultivation and 

domestication required specialization, which led to the creation of a specialized labor 

force in order to cultivate and maintain food sources. Byrd (1994) states that the Neolithic 

saw the emergence of community organization in order to cope with domestication, 

cultivation and sedentism (Byrd 1994: 639). Thus, “escalating social regimentation and 

elaboration” in the LPPNB when domestication and cultivation were practiced more 

widely (Twiss 2007: 29). 

 

Domestication and Social Complexity Evolved Simultaneously 

This fourth theory is a hybrid. While the previous theories seem to contradict each 

other, this does not mean that they were mutually exclusive; all of them could have 

impacted each other and evolved simultaneously. Societies could have been sedentary or 

semi-sedentary, such as hunter and gatherer societies, since this would have caused a 

group to be in an area and have some impact on it. This environmental impact could have 

been through some form of intensified resource exploitation, such as planting specific 

crops and then returning to harvest them, which would alter the naturally occurring cycle. 

Social complexity could have started in order to help organize and implement this new 

subsistence strategy. Blockley and Pinhasi (2011) and Twiss (2007) agree that a complex 

hierarchy might not have been needed; instead, a population that had some stratification 

could have still allowed people to organize themselves. The development of cultivation 

and domestication allowed for groups to have a reliable source of food, which led to a 

“transformation of the local environment, changes in social relations, technology, 

ideology, architecture and other attributes” (Blockley and Pinhasi 2011: 98). This increase 
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in food and social stratification could have been part of a synchronous development, 

instead of one pre-dating the other. A positive feedback system might have been in place. 

This can be seen through increases in social stratification and specialization, “intensive 

and prolonged building activity including storage facilities, increases in [religious activity 

and buildings,] the number and types of burials,” technological changes, and cultural 

changes, among others (Horwitz et al. 1999: 65). Each of these theories helps foster an 

understanding of the conditions under which groups started to practice cultivation and 

domestication.  

 

Domestication Was Brought to the Southern Levant 

The final theory is one of diffusion, not of local development. This theory states 

that domestication was first started elsewhere and then brought into the southern Levant. 

Cauvin (1994) and Lev-Yadun et al. (2000), “argue for a single regional location [for 

cultivation and domestication]…in south-east Turkey and the middle Euphrates valley 

followed by subsequent dispersion [of domesticated animals and ideas] throughout the 

Near East” (Borrell et al. 2015: 2). Horwitz and Lernau (2003) also agree that, “domestic 

caprines…were introduced (as live animals southwards) via the…‘Levantine Corridor’” 

(Horwitz and Lernau 2003: 44). While this theory has its merits, it is over-simplified and 

does not take into consideration a polycentric approach to domestication, naturally 

occurring environmental strain, or social structures that would have facilitated the rise of 

domestication. In fact many authors, including Fuller et al. (2011) and Willcox and 

Stordeur (2012), argue for a polycentric development (Borrell et al. 2015: 2). Fuller et al. 

argue that new genetic evidence suggests that there were “numerous parallel processes… 
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across the region in the early Holocene” (Fuller et al. 2011: 628). Even so, this theory does 

facilitate an understanding of trade and cultural connections throughout the Levant, both at 

the beginning of caprine domestication and later on. 

 

Chapter 2: Cultural Control of Caprines 

Chapter 2 will explore human-induced changes on caprine populations during the 

Pre-Pottery Neolithic B (9,000-6,900 BCE). According to Horwitz and Lernau, there 

were “different modes of animal exploitation” during the PPNB in the southern Levantine 

Mediterranean and desert zones (Horwitz and Lernau 2003: 20). The modes described in 

the southern Levant center on caprines (2003: 20). Cultural control probably started with 

goats in the southern Levant, with sheep following soon after (Wasse 2000: 2). 

During the PPNB humans were practicing cultural control, the purposeful 

management of certain animals (Horwitz and Lernau 2003: 30). By “controlling 

particular aspects of animal growth, reproduction, and production, humans are better able 

to predict and schedule their own food resource[s]” (Makarewicz and Tuross 2012: 495). 

The benefit is that this helps eliminate periods of uncertain food supply. Some indicators 

of cultural control are: changes in frequencies of both managed and wild fauna, changes 

in caprine morphology, evidence of culling practices, increase in pathologies, and 

changes in the diet of caprines. These indicators will be explored at the sites of Basta, 

‘Ain Ghazal, and Yiftah’el in order to determine how caprines were manipulated. While 

these indicators will be examined, a site does not have to possess all characteristics to 

imply cultural control. So long as a site displays most indicators, cultural control will be 

assumed.  
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Increase in Caprine Remains, Decrease in Wild Fauna Remains 

The first indicator for cultural control is the increase in caprine remains and the 

decrease in wild faunal remains. Evidence for this frequency change is witnessed at all 

three sites. This change suggests humans were protecting and breeding caprines, which in 

the wild would not have reached such populations.   

 

Table 3: Analysis of mammalian bones at Basta during the LPPNB (Becker 1991: 

63).4 

 

At the megasite of Basta, caprines make up 79.8% of the faunal remains by the 

LPPNB with the majority showing traits of cultural control (Table 3). 76.1% show 

morphological characteristics of domestication, 2.6% are possibly domesticated, and 

1.1% are morphologically wild (Becker 1991: 63). Gazelles, with the second most 

frequent animal remains in the assemblage, only make up 10.2%. This frequency 

suggests a human preference for caprines. 

                                                
4 “Ovis + Capra, dom.” are sheep and goats that have characteristics of domestication, “Ovis + Capra, 
dom./wild” are sheep and goats that have characteristic of both domesticated and wild species and are 
ambiguous. “Capra (Ovis?), wild” are animals that are wild but could be either sheep or goats. 
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Table 4: ‘Ain Ghazal faunal distributions during occupation phases (von den 

Driesch and Wodtke 1997: 542).5 

Similar increases in caprine fauna are shown at the other megasite of ‘Ain Ghazal. 

According to Horwitz et al., “there is almost no evidence for the presence of sheep in its 

earliest occupation [8,5000 BCE]” whereas sheep almost become equivalent to goats by 

the end of the site’s occupation (5,500 BCE) (von den Driesch and Wodtke 1997: 518; 

Horwitz et al. 1999: 71). During the 7th millennium BCE, caprines “overwhelmingly 

                                                
5 “Domestic Sheep” are sheep that show characteristics of domestication, “Ovis/Capra” are sheep and 
goats, and “Capra aegagrus and domestic goat” are both wild and domesticated goats. “IM/eL” is the Late 
MPPNB/Early LPPNB, “L/IL” is the Late PPNB, “L/C” is the Late PPNB/PPNC, and “Y/IY” is the 
Yarmukian. 
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dominate the faunal inventory” and “a significant shift in the subsistence economy” can 

be seen (Köhler-Rollefson et al. 1993: 95). In the Middle PPNB, caprines (almost all of 

them goats) make up 54% of the mammals at ‘Ain Ghazal (cf. Köhler-Rollefson et al. 

1993: Table 1, 96). Sheep (Ovis capra) and goats (Capra aegagrus) in the Late 

MPPNB/Early LPPNB (IM/eL) increased to 2,407 (77.5%) of the mammalian remains in 

the assemblage. In the Late PPNB (L/IL) they account for 3,237 (74.9%) of the 

mammalian remains (von den Driesch and Wodtke 1997). It can also be seen that the 

frequencies of other wild animals decrease, indicating that humans were controlling 

caprines at ‘Ain Ghazal through breeding and protection.  

 

Table 5: Different frequencies of faunal remains present at Yiftah’el during the Middle 

PPNB (Horwitz and Lernau 2003: 25). 
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Table 6: Different frequencies of faunal remains at Yiftah’el during the Late PPNB 

(Horwitz and Lernau 2003: 26). 

 

By comparing the MPPNB faunal remains at Yiftah’el (Table 5) to the LPPNB 

remains (Table 6) it can be seen that caprine remains increase at the expense of wild 

species, especially gazelle. During the MPPNB (Table 5) goats only made up 12% of the 

assemblage and were greatly out numbered by gazelle (46%) (Horwitz and Lernau 2003: 

25). In contrast (Table 6), during the LPPNB caprine (including sheep) remains rose to 

47.2% while gazelle remains decreased to 5.8%. This suggests that through human 

control caprines were becoming an essential part of the economy. Overall, the 

assemblage at Yiftah’el (Tables 5 and 6) mirrors those at Basta and ‘Ain Ghazal, where 

there was an increase in the amount of caprines in later occupation periods (Horwitz and 

Lernau 2003: 43). 

 

Morphological Changes in Caprines 

Another indicator of cultural control is morphological change in caprines, 

including size and horn core changes. Such changes in caprines are minimal during the 
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PPNB because only cultural control was taking place – not full domestication. Size is the 

main factor explored, because caprines were bred to be smaller for easier management, 

and more evidence is present for this alteration (Köhler-Rollefson 1989: 142). 

At Basta, evidence for morphological change is not as evident; however, it is 

suggested, by examining the bone size range, that many caprines were smaller in size 

compared to wild caprines (Becker 1991: 63). Becker states that while caprine size 

ranged from small to large, small sized caprines outnumbered “the large by far” (1991: 

63). According to Rollefson, evidence for the process of cultural control is not as 

prevalent here since by the LPPNB, when Basta was first occupied, goats were already 

morphologically different from the wild species (Rollefson pers. comm. 2016). 

According to Köhler-Rollefson, caprines at MPPNB ‘Ain Ghazal were 

morphologically similar to their wild ancestors (Köhler-Rollefson et al. 1993: 95). Even 

so, there is a “constant decrease [in body size] through time” (Horwitz et al. 1999: 71). 

This indicates that caprines were being manipulated by humans throughout ‘Ain Ghazal’s 

occupation, since size decrease would have allowed for easier management of caprine 

populations (Köhler-Rollefson 1989: 142). Another morphological change indicating 

cultural control is the dominance of twisted horns beginning in the MPPNB (Rollefson, 

pers. comm. 2016). Twisted horns are an indicator of selective breeding since wild 

caprines have higher frequencies of non-twisted horns (Horwitz and Lernau 2003: 30). 

Yiftah’el also has evidence of morphological changes. According to Horwitz et al. 

during the MPPNB caprines do not show any size or horn core changes compared to wild 

caprines, signifying that caprines of the MPPNB assemblage “represent[ed] wild 

animals” (Horwitz and Lernau 2003: 27-30). In contrast, the LPPNB “assemblages 



 20 

include[d] remains of domestic sheep (Ovis aries) and goat (Capra hircus), identified on 

the basis of their small size and horn core morphology” (2003: 27). The presence of both 

size and horn core changes suggests cultural control. 

 

Culling Practices 

Culling is the practice of killing undesirable animals (young, old and/or male) in 

order to ensure that desirable animals (breeding age/female) will receive resources. 

Through culling, the population is kept under control and resources are available for 

specific animals that humans find the most productive. As a result of culling, more food 

is available for remaining animals, and “the chance for breeding animals to survive the 

times of scarcity increases” (Horwitz et al. 1999: 71). Therefore culling is usually 

practiced during the dry season when food is not as abundant (1999: 71). 

Evidence of culling is clearly present at Basta. The mean age for sexual 

reproduction for male caprines is 1 year old and for females between 4-12 months 

(Anonymous 2015).6 According to Makarewicz and Tuross, “dental-based survivorship 

curves…indicate that most caprines were slaughtered before reaching 2.5 years in age” 

(Makarewicz and Tuross 2012: 497). This kill-frequency indicates intentional culling to 

ensure ample food availability and also suggests an emphasis on “meat production and 

herd security” (2012: 497). 

‘Ain Ghazal also exhibited a high percentage of juvenile goats killed compared to 

mature goats (Horwitz et al. 1999: 71). The kill rate of goats below the age of 1.5 years of 

age was “between 25.3% to 38%” while the percentage of goats killed below 2.5 years of 

                                                
6 This information is based on current data; however, caprines during the PPNB could have had different 
reproductive ages. 



 21 

age “range from 64.5% to 83%” (1999: 71). On the other hand, “fully mature [goats] 

ranges from 11% to 30% within the assemblage” (1999: 71). As can be seen, a high 

percentage of young were culled compared to fully mature adults. This kill-off pattern is 

not typical in the wild and instead is “typical of goats kept under human care” (1999: 71). 

Yiftah’el, like the other two sites, also shows evidence of culling practices. While 

specific data is not available, Horwitz and Lernau state there are indications that humans 

selected animals for “specific age and sex classes” (Horwitz and Lernau 2003: 29). 

 

Caprine Pathologies 

Another indication of cultural control is the presence of bone pathologies in some 

caprines (Horwitz and Lernau 2003: 42). Such pathologies would make caprines easy 

prey in the wild. In order to live as long as they did, these caprines would most likely 

have been protected from the elements or natural enemies. Köhler-Rollefson states that 

evidence suggests tethering of some of the animals, most likely done to stop them from 

running away (Rollefson and Simmons 1987: 40). Caprines at both Yiftah’el and ‘Ain 

Ghazal show evidence of pathologies (Horwitz and Lernau 2003: 42: cf. Köhler-

Rollefson 1997: 562 and Plate 1). While only five goats, or “11% of capra phalanges 

recovered from this period” at Yiftah’el had these pathologies, the goats would not have 

survived without protection (Horwitz and Lernau 2003: 42). Most of the pathologies at 

both sites are “associated with osteoarthritis…[which] is considered to be age-related or 

linked to changes…[in or loss] of mobility” (2003: 42). Interestingly “no similar 

pathologies were observed on bones from the LPPNB/PPNC…[and] it is possible that by 
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this time domestic caprines were allowed greater mobility or that caprines had already 

adapted to conditions of domestication” (2003: 42). 

 

Isotopic Analysis 

The last indication of cultural control explored in this chapter is isotopic analysis. 

This type of analysis allows for some idea of the types of vegetation and amount of 

rainfall in an area at a particular time. Providing fodder is one way of controlling animal 

diet. As Makarewicz and Tuross state, “humans feed animals with a steady food source – 

such as wild vegetation, agricultural by-products, or plants grown intentionally for animal 

consumption – that would be otherwise unavailable to animals at certain times during the 

year” (Makarewicz and Tuross 2012: 495). Humans managed caprine diets in order to 

“better adjust the availability of animal products for their own use and consumption” 

(2012: 495). This suggests that humans intentionally collected and stored food 

specifically for goat consumption. Another way of controlling goat diets would be to herd 

the goats to new pastures. Research conducted by Makarewicz and Tuross refers only to 

goats, so this section will only refer to goats, and not caprines in general. 

The only site of the three that has published research conducted on isotopic 

analysis is Basta, where a “picture of human interference with goat diets emerges” 

(Makarewicz and Tuross 2012: 501). Goat diets were manipulated by providing food for 

them or by grazing the animals in certain locations. Isotopic analysis on goat and gazelle 

bones was conducted in order to understand if they ate the same plants. Makarewicz and 

Tuross compared goat remains to gazelle remains since “there is no evidence that 

gazelles were manipulated or controlled by humans during this time period” (2012: 498). 
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Gazelles were therefore the control in this analysis. If the two species ate different plant 

types it would suggest that there were “additional human approaches to animal husbandry 

that are not detectable using traditional zooarchaeological or genetic techniques” (2012: 

496). 

There are two main plant types present in the landscape; C3  plants (wheat, rice, 

barley etc.), and C4 plants (sorghum, millet, etc.) (Wang et al. 2012: 1). In C3 plants 

“photosynthetic pathways average -26.0% in carbon isotopes, while C4 plants produce an 

average value of -12.5%” (Makarewicz and Tuross 2012: 498). Oxygen and nitrogen 

isotopes also provide indications of the climate. Oxygen isotopes are “influenced by a 

combination of temperature, aridity, and altitude” while “elevated δ15N values in plant 

and animal tissues [are present] in reduced rainfall environments” (2012: 498-499). Low 

δ18O values are characteristic of “low temperatures, high moisture levels and high 

altitudes” while high δ18O values are characteristic of “high temperatures, high aridity 

and low altitude” (2012: 499). As such, a combination of these isotopic values enables an 

understanding of the types of plants caprines consumed as well as a reconstruction of the 

“paleoenvironment and seasonality” (2012: 499). The figures below (figures 2, 3, and 4) 

show the carbon values (x-axis) and nitrogen values (y-axis) of Basta gazelle (open 

triangles) and Basta goats (open circles) at Basta and Abu Gosh (of which only Basta will 

be examined).  
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Figure 2: Carbon and nitrogen values of gazelle at Abu Gosh (filled triangles) and gazelle 

at Basta (open triangles) during the PPNB (Makarewicz and Tuross 2012: 499). 

 

 

Figure 3: Carbon and nitrogen values of goats at Abu Gosh (filled circles) and goats at 

Basta (open circles) during the PPNB (Makarewicz and Tuross 2012: 500). 
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Figure 4: Mean and standard deviation of the values given in Figures 2 and 3. Figure 4 

shows the carbon and nitrogen values of both gazelle and goats at Abu Gosh during the 

PPNB and allows for a comparison of Basta goats (open circles) and Basta gazelles (open 

triangles) nitrogen and carbon values (Makarewicz and Tuross 2012: 501). 

 

While gazelles and goats are two different species with variations in behaviors, 

the carbon and nitrogen values (Figures 2, 3 and 4) suggest that, while they were living in 

the same area, they were grazing in very different locations. Overall, “goats exhibit 

higher isotopic variation relative to gazelles” (2012: 501). Such values indicate that 

humans were changing the diet of goats by either providing fodder for them or by herding 

them (2012: 500). These differences suggest that goats may have “been offered C3 graze 

or browse that was collected as fodder during the dry season” (Makarewicz and Tuross 

2012: 502). High δ13C values also suggest that goats were consuming C3 plants (2012: 

502). Additionally, the “depleted oxygen and nitrogen isotopes in the goat bone collagen 

relative to gazelle…suggests that goats were being herded in a wetter environment for 

some parts of the year” (2012: 502). 
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Chapter 2 has shown that while not all sites possess every characteristic of 

cultural control, they exhibit a variety of indicators for the process. These indicators 

include an increase in caprine remains, morphological changes, pathologies and dietary 

changes. These can all be understood as human influences because in the wild such 

changes over time are less likely. While cultural control was only the start, caprines, by 

the LPPNB, became “the preferred animal resources at many sites throughout the Near 

East” (Makarewicz and Tuross 2012: 496). Understanding and presenting this 

information allows an exploration into how caprines impacted their environment, and sets 

up the next chapter. 

 

Chapter 3: Environmental Effects Caused by Caprines 

This chapter will explore the effects culturally managed caprines had on the 

environment, both near settlements and farther away. In order to understand these effects, 

floral degradation, faunal frequency changes, and herding practices will be examined. 

Floral degradation will be used to understand how caprine grazing affected plants. Faunal 

frequency changes will show how an increase in caprines and herding changed the habitat 

of wild fauna. Finally, herding practices will be explored to understand the extent to 

which caprines could have impacted the environment. 

 

Nutritional Benefits of Caprines 

Before we explore how caprines impacted the environment, we must first 

understand how caprines were useful for humans. These animals would have been useful 

for their meat and especially their milk. Dairy products such as milk, yogurt, and cheese 
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would have provided more nutritional value over the lifetime of the female than her meat 

(Rollefson 2014a: 22). While previously dairy products were assumed to have been a 

“secondary product,” it is now suggested that they may have been a “primary product” 

(2014a: 22). Rollefson considers both sheep and goats in order to understand each 

species’ nutritional potential. Meat from 100 sheep “would provide 745,177 kcal/yr, but 

dairy products would yield 1,780,189 kcal/yr, with almost 2.5 times the nutritional value” 

(2014a: 22). Goats would have been even more productive, producing a dairy to meat 

ratio of 4:1 (2014a: 22). Köhler-Rollefson (1997) “proposed that milk exploitation was 

practiced early in the domestication” of caprines, possibly around the 8th millennium  

(Rollefson 2014a: 22). By the PPNC dairy exploitation was “well-developed” and was 

“probably essential to the development of nomadic pastoralism” (2014a: 22). As such, 

culturally controlled caprines could have been exploited for their dairy products, which 

would not have been possible with wild sheep and goats. 

 

Environmental Degradation 

Goats and sheep have different eating habits. Caprines are able to consume 

tougher foliage than other domesticates (cattle, pigs, etc.) (García et al. 2012: 53). 

According to Rollefson and Köhler-Rollefson, “sheep are grazers [and] rely on grasses 

for their food” while goats “are browsers preferring coarse vegetation” (Rollefson and 

Köhler-Rollefson 1992: 248). Therefore, together goats and sheep could have caused 

considerable vegetation loss to an area.  

The destruction of grasses and young trees can have detrimental effects on the 

environment, including changing the soil’s “material and nutrient flow and distribution” 
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as well as reducing its water concentration (Gabay et al. 2011: 1644). Intensive grazing 

“modifies the canopy structure of woody plants and consequently affects microclimate 

conditions and soil nutrients” (2011: 1644). Even if caprines do not graze intensively, 

they can trample vegetation, causing further plant loss (2011: 1650). Therefore, not only 

can intensive grazing decrease the amount of foliage, it can also alter the nutrient and 

water distribution in the soil (2011: 1644). 

All three sites experienced “ecological degradation caused by herding” (Neef 

2004: 289). While not many botanical remains specifically indicate caprines as the sole 

cause for this environmental degradation, factors such as herding practices and 

population increases suggest over-grazing was a major factor. Authors including 

Rollefson and Köhler-Rollefson (1992), Horwitz et al. (1999), Horwitz and Lernau 

(2003) and Neef (2004), support this over-grazing hypothesis and state that while “the 

climate in the PPNB did not differ substantially from todays’ climate [it]…has been 

negatively influenced by a degraded environment” (Neef 2004: 297). Furthermore, some 

of the trees present in the PPNB assemblage grow in zonal areas which are very narrow, 

making “the complete ecosystem extremely susceptible to human interference” (2004: 

298). As a result, human changes (herding, over-grazing, cultivation, deforestation, etc.) 

“combined with slight climatic fluctuations” would have undoubtedly affected the 

environmental stability around sites (2004: 298). 

Botanical remains at LPPNB Basta show that juniper and pistachio were the two 

main woody plants present and that “deciduous oak in…LPPNB Basta do[es] not reflect 

the present environmental conditions around the site,” though deforestation was 

completely permanent during the Ottoman period (Neef 2004: 295; Rollefson pers. 



 29 

comm. 2016). While many of these trees were cut for fuel or construction, caprine 

grazing would have greatly hindered new tree growth. Additionally, the rainfall, 

temperature, and “vegetation ranging over the ecotones of (open) forest, steppe-forest and 

steppe…led to a rich plant and animal life…with a great diversity of species within a 

small region” (Neef 2004: 298). This diversity is in contrast to the current degraded 

environment in the vicinity of Basta. Neef’s data lacks “botanical material from the later 

phases” and therefore it cannot be certain whether humans or the climate caused these 

changes. Even so, evidence presented in this thesis and by other authors suggests over-

grazing was a major factor. While Neef is uncertain of human or caprine induced changes 

at Basta, ‘Ain Ghazal possesses evidence for human induced changes (Neef 2004: 298; 

Rollefson and Köhler-Rollefson 1992: 245). 

Rollefson and Köhler-Rollefson point to tree exploitation by humans as one of the 

reasons for environmental degradation, a theme that will be explored later in Chapter 4 

(Rollefson and Köhler-Rollefson 1992: 245). Since caprines, especially goats, are capable 

of eating tougher plant material, a combination of human and caprine effects could have 

caused considerable damage to tree populations in the area. If humans were alone in 

exploiting the landscape “it would be expected that reforestation would occur”, instead 

there were “losses of tree and tree cover, since reforestation was prevented” by over-

grazing (1992: 248). Given the different grazing practices of goats (browsers that eat 

mostly coarse vegetation) and sheep (grazers that eat mostly grasses), the combined 

grazing effects of these animals would have been great (1992: 248). Table 7 shows the 

estimated cumulative area lost due to human exploitation (1992: 248). 
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Table 7: Requirements of trees for architectural construction at ‘Ain Ghazal (Rollefson 

and Köhler-Rollefson 1992: 247). 

 

Yiftah’el also provides evidence for caprine over-grazing. Currently around the 

site of Yiftah’el there is a “predominance of [the tree] Pistacia lentiscus in large areas of 

the Lower Galilean park forest” (Horwitz and Lernau 2003: 22). This invasive tree 

suggests intensive grazing. Since this species is generally unpalatable, it came to 

dominate the landscape, whereas other palatable species were eaten (2003: 22). The 

prevalence of this tree species not only demonstrates that intensive grazing had taken 

place, but also attests to how far-reaching these consequences can be, considering these 

trees are present in the current landscape. 
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Faunal Deterioration 

Evidence presented earlier in Chapter 2 demonstrated that an increase in 

culturally managed caprines coincided with a decrease in wild fauna. Ecosystems can 

only sustain a certain amount of animals, and an increase in caprine populations would 

have strained the habitat and probably caused a decrease in wild fauna. A decrease in 

wild plants would have caused not only a decrease in wild fauna but also an imbalance in 

the natural environment. According to Rollefson: 

local strands of forest and scrub…[and]…the acceleration of the damage 
to vegetation in the near vicinity of settlements was unprecedented with 
the appearance of the megasites, [and was] severe enough that hunted 
animals species…dropped from more than 50 to approximately a dozen in 
the following period, and most of the disappeared species were associated 
with forested or parkland habitats (Rollefson 2011: 103). 

 

As noted in Chapter 2, caprine remains outnumbered wild animal remains during 

the LPPNB. As Köhler-Rollefson states in relation to ‘Ain Ghazal, “of particular 

importance is the striking reduction in the Small Carnivore category from about 10% in 

the MPPNB to little more than 1% in the LPPNB” (Köhler-Rollefson et al. 1993: 96). 

This decrease is important because it would indicate the disappearance of a variety of 

ecosystems (1993: 96). On the one hand, human populations were increasingly relying on 

caprines, on the other, wild species were declining in that area. 

By the end of Yiftah’el’s occupation, caprines and other domesticates (cattle and 

pig) dominated the faunal remains (Horwitz and Lernau 2003: 26). In the MPPNB 

gazelles made up 46% of the assemblage; however, by the LPPNB they had fallen to 

5.6% (Table 5 and Table 6). During the MPPNB gazelles, goats, boars, and deer were the 

main animals present (Table 5). This reflects a broad-menu subsistence economy (Table 
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5). However, by the LPNNB, this subsistence economy altered considerably, and instead 

gazelles, sheep, cattle and pigs came to dominate the faunal remains (Table 6). This 

shows an increase in human reliance on domesticates, but given the information we know 

about habitat destruction, these changes also suggest that the degraded habitat was not 

able to sustain as broad a faunal spectrum as in the past.  

As Köhler-Rollefson further states, the reduction in wild fauna most likely means 

“the elimination of a broad range of econiches by the middle of the” 8th millennium BCE 

(Köhler-Rollefson et al. 1993: 96). Intensive herding coupled with human-induced 

changes caused a substantial change in the environment. This would have also caused the 

natural habitat that wild animals relied on to disappear. This “LPPNB loss of wild species 

habitat coincides with an extraordinary growth of human population” and subsequently 

an increase in caprine populations (1993: 96). 

 

Herding Practices 

As evidenced earlier, caprine populations grew in the LPPNB. A large population 

would require more food. This can be done in one of two ways. Either humans had to 

grow food specifically for caprine herds, or herd these animals to grazing areas. Either 

way, new lands for caprines would need to have been made available. The more likely of 

these two is herding since it would not require settlements to use crops on caprines that 

people could otherwise consume themselves. As Thomson and Simpson note: 

grazing management of domestic livestock is one of the primary ways in 
which humans can modify landscapes, whether intentionally or 
unintentionally. Light grazing can alter the species composition of the 
dominant plant communities while heavy grazing can induce vegetation 
change, reduce productivity and increase the risk of soil erosion (Thomson 
and Simpson 2007: 151).  
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Herding would be one way of feeding and increasing the caprine population since 

it would provide food that humans would not have to produce themselves. According to 

Rollefson, “goats and sheep require about the same amount of land for grazing and 

browsing: approximately 1.5 ha [hectares]” per animal per year (Rollefson 2011: 104). 

Large caprine populations would have needed considerable amounts of land, requiring 

that they leave the settlement area. ‘Ain Ghazal and Basta were both megasites, with 

huge human populations, and would have needed to graze their herds a considerable 

distance from a population center. Herds, therefore, would have not only grazed and 

impacted the environment near the settlements, but also farther away. In fact, if the 

caprine population was too large, the distance a “herder had to take sheep and goats from 

the settlement into the surrounding countryside [was] so far that the day wasn’t long 

enough to return before sundown” (2011: 104). This would have required full-time 

herders. In order to understand this distance, we will look at data from ‘Ain Ghazal. 

 

Figure 5: Radius in km of pasturing requirements for caprines at ‘Ain Ghazal (Rollefson 

2011: 104). 
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  Figure 5 shows the radius in km for herding caprines at PPNB ‘Ain Ghazal. As 

can be seen, there are two different frequencies, low meat consumption (two caprines per 

year per family), and medium meat consumption (six caprines per year per family). As 

human populations grew, so did caprine populations. Larger caprine populations would 

have required larger areas for pasturages, therefore by 6,950 BCE (the end of the 

LPPNB), if six caprines were consumed per year per family, they would have to be 

herded 70 km from the settlement (Figure 5). While this figure is about ‘Ain Ghazal we 

can understand that other densely populated sites would have also needed to herd their 

caprines a considerable distance. 

 

Table 8: Sheep (O) and goat (C) population, graze proportions and browse radius at ‘Ain 

Ghazal (Rollefson 2011: 105). 

 

Table 8 gives the population (in families), estimated caprine populations, and 

estimated browse radius at ‘Ain Ghazal. Herds would also have to “avoid [agricultural] 
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fields during the growing season,” further increasing the distance from the settlement 

(Rollefson 2011: 104). According to Rollefson, “each family [at ‘Ain Ghazal] would 

[have] require[d] ca. 2 ha for their crops, [and] this would add ca. 3.0 more km to each 

radius after the change to megasite status” (2011: 104).  

The actual population of ‘Ain Ghazal by the end of the LPPNB was around 4,000 

(assuming that each family averaged five people) (Table 8; Rollefson pers. comm. 

2016)7. As can be seen, the larger the human population, the larger the caprine herd size 

and graze radius. It is clear that by the LPPNB caprines could not have been raised in the 

vicinity of large settlements (Table 8). The browse radius suggests that “mobile herding 

created the potential for wide ranging animal husbandry and correspondingly broadened 

regional overgrazing by sheep and especially goats” (Fall et al. 2004: 143). Furthermore, 

after repeated grazing, herds would have to be moved to new lands. Basta, during the 

LPPNB, reached up to 4,116 inhabitants, a similar population size to ‘Ain Ghazal 

(Simmons 2011: 161). Therefore, it is assumed that caprine herding distances would be 

similar at Basta to the ones in Table 8. This herding distance is further confirmed through 

isotopic analysis on goat remains at Basta (Makarewicz and Tuross 2012; Chapter 2).  

Yiftah’el, on the other hand, did not have as large a human population. In fact the 

site was abandoned around 7,000 BCE (Milevski et al. 2008: 3). The largest known 

population of Yiftah’el was around 135 during the MPPNB (Simmons 2011: 161). 

Therefore, the browse radius for Yiftah’el would not have been very large and would not 

have forced the inhabitants to move their herds far from the site. Thus, grazing would 

have been concentrated near the site, possibly intensifying the degradation in the vicinity 

                                                
7 Assuming an average consumption of 6 caprines per family per year, a minimum of 3,160 animals would 
have been slaughtered in the year 6,950 BCE at ‘Ain Ghazal (Table 8) based on a slaughter rate of one-
third of each family’s herd (Köhler-Rollefson and Rollefson1990: 8-9). 



 36 

of the settlement and leading to its subsequent abandonment. 

This chapter has attempted to present the type of environmental impact caprines 

could have had during the PPNB. In order to do this we looked at environmental 

degradation, faunal deterioration and herding practices at Basta, ‘Ain Ghazal and 

Yiftah’el. While it cannot be determined exactly which effects were caused exclusively 

by caprines and which were caused by humans, it can be determined that caprines did 

have an impact. Their increase corresponds with environmental and faunal decreases. 

Caprine population sizes necessitated that they would have been herded far away from 

sites, allowing them to deteriorate not only the area close to the settlement but also farther 

away. 

 

Chapter 4: Domestic and Ritual Architectural Changes 

 This chapter will examine both domestic and ritualistic architectural changes 

during the PPNB in order to understand how caprines and environmental degradation 

influenced social changes. The majority of information will be drawn from the MPPNB 

and LPPNB at Basta and ‘Ain Ghazal; however, the PPNA will also be briefly explored. 

By tracing architectural changes, an understanding of how people changed socially in 

response to population increases and environmental degradation can be understood. The 

figure below (Figure 6) gives an overview of some of the major changes during the 

PPNB and Neolithic, and will help situate architectural and ritual changes in the wider 

PPNB context. Changes in architectural practices, subsistence strategies, and other 

cultural elements all demonstrate the multispecies ethnography theory and the connection 

that these cultures had with the natural world (Kirksey and Helmreich 2010: 545). 
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Figure 6: Settlement changes in the southern Levant from the PPNB to the Late Neolithic 

(Kadowaki 2012: 6). 

 

Structural Supports for Houses 

The material types and quality of structural supports for domestic structures 

changed during the PPNB. This change reflected the environmental strain felt by 

settlement inhabitants. Towards the end of the LPPNB, Basta houses and some ‘Ain 

Ghazal houses, had “stone piers increasingly replacing timber posts” (Banning 1998: 

219). At Basta most of the LPPNB buildings were made of limestone, which easily broke 

off into slabs, and was therefore easy to build with (Nissen et al. 1987: 88). Banning 

states that “there is a tendency for LPPNB masonry to consist of many courses of rather 

flat stones chinked with smaller stones,” which is the case at Basta (Banning 1998: 219). 

Most of these slabs were laid in lime-mortar (Nissen et al. 1987: 88). Stones might have 
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been used as a “cheaper” alternative to wood, and would have been in the vicinity of the 

settlements. On the other hand, at ‘Ain Ghazal the majority of MPPNB houses were 

constructed with timber posts, each post around 50-60 cm in diameter (Rollefson et al. 

1992: 448). The size of these supports steadily decreased until 7,500 BCE when “less 

mature trees came into use...[and] post diameters averaged only 15-20 cm” (1992: 448).  

These changes in structural support (either the use of stone or decreasing post 

size) suggest that many LPPNB settlements were experiencing environmental strain and 

deforestation. Timber for houses would have caused a decrease in available trees, leading 

to a decrease in mature larger trees and post size (Rollefson and Pine 2009). Caprine 

grazing would have further damaged the already deforested fragile area (Rollefson et al. 

1992: 468). This combination of human and caprine effects “maintained a constant 

exposure of the fragile…soils to erosion by water and wind” reducing the productivity of 

the land, including agricultural productivity (1992: 468). 

 

Plaster Used for Floors and Walls 

Plaster, another component of house construction, used in most settlements 

throughout the PPNB, would have also been a factor in environmental strain. Plaster is 

produced by burning limestone at high temperatures, thus requiring a substantial amount 

of wood (Ronen et al. 1991: 149). 

Basta used mud and lime plaster on walls as well as some floors (Kinzel 2006: 

185). At ‘Ain Ghazal plaster and red ochre paint were used to cover floors, walls and 
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ceilings (Rollefson 1983: 29; Rollefson et al. 1992: 449; Köhler-Rollefson 1989: 77).8 All 

of the structures also had two layers of plaster (Rollefson and Köhler-Rollefson 1989: 

77). The thicker bottom layer was mixed with additives while the thinner top layer was of 

a higher quality (1989: 76-77). Reflooring (and replastering) a house was fairly common, 

especially after an individual had been buried under the floor.9 Each replastering would 

have again required wood for limestone processing. Yiftah’el also used plaster and had 

two main types of plaster (Ronen at al., 1991: 152). One was an “almost pure lime 

plaster” while the other had impurities added to it (1991: 152). At Yiftah’el a thin floor 

used around 1.6 tons of plaster whereas a thick floor used around 7-8 tons of plaster 

(1991: 152). While some houses had unplastered floors, they were in the minority and 

might “have been functional rather than rank-dependent,” although social stratification 

cannot be ruled out (1991:154).  

All settlements in the southern Levant used plaster throughout their PPNB 

occupation, though plaster quality decreased in the PPNC (Simmons 2011: 139). While 

plaster production might not have been as fuel-intensive as other construction practices, it 

required a constant use of wood throughout the PPNB. Again caprine grazing would have 

hindered new tree growth (Rollefson et al. 1992: 468). While plaster alone at PPNB sites 

“was not enough to influence the environment in terms of deforestation”, it, in addition to 

other domestic uses for wood, did have an effect (Rollefson 2014b: 307). 

 

                                                
8 During the MPPNB, at ‘Ain Ghazal, the “‘finger-painting’ approach was used [to paint the floors], 
evidenced by parallel and subparallel lines,” while the “broad brush” technique was used in the LPPNB 
(Rollefson et al. 1992: 449). 
9 This burial practice will be discussed later in the thesis. 
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Table 9: Population growth and deforestation (for the purposes of house 

construction, fuel, etc.) in the vicinity of ‘Ain Ghazal (Rollefson and Pine 2009: 474). 

 

Fuel for Domestic Purposes 

While household construction (structural and plaster) required a substantial 

amount of wood, wood used for household activities, such as fuel, would have actually 

had a greater environmental impact (Rollefson and Pine 2009: 475). Furthermore, with 

the almost doubling in size of the population (of many megasites around 7,500 BCE) this 

would have had serious effects on tree populations in the vicinity of settlements (2009: 

475). As can be seen (Table 9) the increase in human population and wood usage 

increased dramatically around 7,500 BCE. The total number of trees used for fuel and 

other domestic purposes would have been around 172,400 trees in 6,950 BCE, while trees 
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for structural purposes would have only amounted to 3,952 (Table 9). As presented in 

Chapter 3, caprine grazing would have severely degraded the environment. If humans 

were the only factors in deforestation (for construction, fuel, etc.), trees would have been 

expected to grow back, but they did not (Rollefson and Köhler-Rollefson 1992: 248). 

Instead, caprine grazing must also be included as a factor “responsible for the growing 

ecological calamity in the fragile part of the Levant” (Rollefson and Pine 2009: 477). 

Now that we have explored ways in which domestic architecture reflected environmental 

stress we can begin to understand how human populations reacted socially. 

 

MPPNB-LPPNB Abandonment of Settlements and the Emergence of Megasites 

An important factor of the MPPNB-LPPNB transition was the abandonment of 

many smaller settlements and the appearance of megasites. During “the middle and late 

PPNB, [some] settlements…had begun to shrink, while…[others grew] to massive 

proportions” (Twiss 2007: 31). Sites abandoned during this time include Yiftah’el, 

Munhata, Mossad Mazal, and Beidha, among others (Rollefson 1989: 137). At the same 

time other sites, such as Basta, ‘Ain Ghazal, Beisamoun, and Wadi Shu’eib, experienced 

sudden population growths (1989: 137). In fact, Basta reached up to 4,116 inhabitants 

while ‘Ain Ghazal almost doubled in size “within a generation or two” in the LPPNB 

(Rollefson 2014b: 308; Simmons 2011: 161).  

Since only some sites in the MPPNB were abandoned it is hypothesized that 

human influences (such as deforestation and caprine herding) were important factors. If 

the reason for this abandonment were only climate based, the whole southern Levant 

would have been impacted. Many sites experienced environmental strain due to 
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population pressures, causing many people in the “Mediterranean heartlands of 

Palestine/Israel” to move to sites further south (Gebel 2004: 4). Since the “Mediterranean 

fringe [is] in a more semi-arid setting” the environment was not as able to cope with the 

stress that human populations and caprines caused (2004: 4). This movement of people 

from the Mediterranean area to the south can be seen in Figure 7. This figure shows both 

MPPNB-LPPNB movement of people from the Mediterranean zones (larger arrows) and 

also the later LPPNB-PPNC migration (smaller arrows).  

 

Figure 7: Migration from smaller sites in Israel and northern Jordan to southern Jordan 

(Gebel 2006: 3). 
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Household Architectural Changes 

Changes in domestic architecture can also inform social structures, another 

example of systems ecology and multispecies ethnography. Environmental degradation 

and population increases would have caused resource and social stress, which were 

reflected in domestic structures. ‘Ain Ghazal, Basta and the southern Levant in general 

will be consulted. 

Basta was a newly-formed site during the LPPNB, so changes throughout the 

PPNB can be analyzed only in the second half of the 8th millennium BCE. Even so, 

demographic factors can be explored. Excavations at Basta have “uncovered multi-

roomed Neolithic stone structures [and]…buildings with systems of ‘channels’ beneath 

their floors” (Banning 1998: 197). These “channels” (Figure 8) helped support terrace 

houses on uneven terrain (Nissen et al. 1987: 89). This would have allowed construction 

over previously unsuitable areas for building, thus increasing the settlement density and 

population capacities. Houses at Basta were also packed together, many of them sharing a 

common wall (Kinzel 2006: 193). Kinzel hypothesizes that roofs were also used as 

entrances into houses, since evidence for ground level entrances has not been found, nor 

have areas for interior domestic activities (2006: 193).10 These architectural changes 

would have allowed Basta to increase in size and house its new population. These 

household changes again suggest that caprine and human degradation of the environment 

caused considerable social crowding. 

                                                
10 One reason for this lack of evidence for doorways could be that “the passage from one room into another 
[could have] started only at a height of 60cm and more above floor level” (Nissen et al. 1987: 88). 
Therefore houses not preserved above that height do not show evidence of passageways. 
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Figure 8: LPPNB example of rising floor levels. Channels below the floor level 

would have allowed for this type of structure to be built on a slope (Kinzel 2006: 188). 

 

‘Ain Ghazal was first occupied in 8,500 BCE, and therefore stylistic changes over 

the course of the PPNB are more evident there. Some of the MPPNB houses at ‘Ain 

Ghazal “had undergone four and perhaps five major renovations over a minimum of 400 

years” (Rollefson et al. 1998: 100). Rooms during the MPPNB, were usually 5x5 meters 

(Rollefson et al. 1992: 448). Throughout the MPPNB, while overall house size did not 

change, many houses went from one room to two or three rooms (Rollefson 2010: 185). 

This was most likely the result of “increasing rarity of locally available trees to serve as 

posts to support the roofs of these single story dwellings” (Rollefson and Köhler-

Rollefson 1989; Rollefson 2010: 185). 

LPPNB ‘Ain Ghazal on the other hand “relied on terracing for level house floors” 

and had “split-level” houses and two story houses (Rollefson 1997: 289). Building on 

terraces was becoming more common during the LPPNB, though Kinzel states that 

evidence indicates possible split-level architecture instead of two stories (Nissen et al. 

1987: 88; Kinzel 2006: 109). During this time “room size continued to decrease in area” 
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at not only ‘Ain Ghazal but at other sites such as Basta (Rollefson et al. 1992: 449). Most 

‘Ain Ghazal rooms during the LPPNB were fairly small with “less than 2m on each side” 

(1992: 449). One reason for this decrease was that rooms “had specific functions, as the 

presence of hundreds of charred legumes from the floor of one room suggests” (1992: 

449). Another reason could be because the continual decrease in availability of large trees 

for posts, which would require more walls to support large roofs (Rollefson 2010: 185). 

 

Figure 9: Different house structures constructed during the PPNA, MPPNB, and 

LPPNB (Simmons 2011: 297). 
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 Figure 9 gives a brief overview of domestic architectural types in the southern 

Levant from the PPNA to the LPPNB. Changes in domestic architecture from the PPNA 

to the LPPNB suggest social crowding and change. Kadowaki uses Byrd’s 1994 research 

and states that there is a “more restricted social network among households for sharing 

production and consumption activities” during the LPPNB (Kadowaki 2012: 9). One 

important change that Kadowaki points out is the change in storage from the PPNA to the 

PPNB, which could indicate resource strain. Kadowaki cites Flannery (1972, 1993, 

2002), who states, “communal use of storage during the Natufian [12,500-10,200 B.P] 

and PPNA periods changed to the privatized use of storage by individuals during the 

PPNB period” (Kadowaki 2012: 9). This privatization of storage reflects environmental 

strain. With population growth, over-grazing, and the effects of caprines and humans on 

deforestation, households might have felt the need to protect their resources. This 

increase in private storage suggests “enhanced private ownership and accumulation of 

surplus” during the LPPNB (2012: 16). Rollefson and Pine agree and “suspect that these 

buildings housed related families…that shared not only domestic space, but also pooled 

the products of their economic contributions” (Rollefson and Pine 2009: 476). Population 

pressures coupled with a decrease in soil fertility suggests “households would take a 

variety of strategies independently” to protect the resources that they collected instead of 

communally sharing them (Kadowaki 2012: 16). 

Another important characteristic is that houses in the southern Levant went from 

round to multi-room rectangular “pier houses” (Simmons 2011: 134). Structures during 
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the LPPNB were “often linked into several room blocks, frequently forming an almost 

‘condominium’ morphology” (2011: 134).  

Again, all of these changes show how settlements reacted culturally to 

environmental and population stress. Realizing that resources were less available, 

families and lineages might have refrained from communal sharing, preferring instead to 

pool resources with family members. With the abandonment of many smaller sites, due to 

local degradation, an influx of new and possibly unrelated groups migrated to megasites. 

The original inhabitants might not have been willing to share already strained resources 

with these new individuals. 

 

Ritual Architectural Changes 

While domestic architecture reflects the isolation and self-sufficiency families 

desired, ritualistic architecture reflects the ways in which settlements tried to regain a 

sense of community. This section will only focus on ‘Ain Ghazal, because ritual 

structures have been excavated only there.11 Environmental degradation, human 

migration, the influx of different peoples, and the isolation of household units caused 

“strains on social integration [that] demanded a major realignment of social organization” 

(Rollefson 2010: 183). Furthermore, there was a need to integrate kinship groups that 

“might otherwise have fissioned into smaller factions that would have competed (perhaps 

violently) for restricted resources” to be integrated into society (2010: 183). As Rollefson 

states: 

                                                
11 Ritual structures have not been excavated at Basta since the site has not been extensively excavated 
(Rollefson pers. comm. 2016). The lack of evidence for ritual structures does not mean that Basta lacked 
them.  



 48 

Changes in architecture, including new forms of ritual buildings, argue 
that the increased population sizes were accompanied by rapid and 
substantial reorganization to accommodate the demands of the LPPNB 
population centers, which resulted in new communal perceptions of social 
identities. (Rollefson 2010: 183). 
 

During the MPPNB, before the sudden increase in population, there were 

“inward-focused kin-based ancestral cults” (Rollefson 2010: 183). MPPNB ritual 

practices were characterized by the use of ritual material that had “small animal and 

human figurines” in individual houses (2010: 185). This suggests that the primary 

concerns were with shamanistic daily activities such as the “hunt, health concerns of 

pregnant women, and general welfare of people living at the settlement” (2010: 185). The 

MPPNB was also characterized by ancestral linkage, with many houses having plastered 

skulls of individuals under the floors (2010: 185). This linkage might have been 

perceived to help the “prosperity and continuity of kinship groups and their corporate 

holdings, including farmland and domestic livestock" (Rollefson 2010: 185). 

While the MPPNB was characterized by a “single-family focus on ritual,” the 

LPPNB was more focused on “extended household ceremonies” (Rollefson 2010: 186). 

For the most part, skulls were no longer plastered and placed under the floor not only at 

‘Ain Ghazal, but also at most other LPPNB sites (2010: 186). This suggests a decrease in 

the importance of ancestral linkage and possibly the decrease in family holdings. This 

would reflect the environmental and social pressures felt at this time. New people were 

coming in, most with no ancestral link to the new area, though some might have had 

some kinship connections. Those who had lived in the settlement probably saw their 

ancestral holdings either become less productive (due to environmental degradation) or 

broken up and shared (due to population increases). 
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Figure 10: A small LPPNB cult building at ‘Ain Ghazal (Rollefson 2010: 186). 

 

The LPPNB witnessed for the first time “small ritual buildings” (Figure 10) 

(Rollefson 2010: 186). This type of construction might have been “associated with [the 

LPPNB] multi-family two-story ‘apartment houses’” (2010: 186). This period also saw 

the emergence of relatively large “two-roomed cult buildings [with hearths and altars] 

that appear to have been the focus of the entire community” (Rollefson 2010: 186). These 

community buildings (Figure 11) might have helped form connections or relations 

between different kinship groups that might have otherwise competed. These buildings 

might have also helped create a new community identity associated with kinship identity. 

Rollefson suggests that there was the possibility of “ritual supervisors assuming 

responsibility for social harmony and conflict resolution” (2010: 188). 
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Figure 11: Large two roomed LPPNB cult building at ‘Ain Ghazal (Rollefson 

2010: 188). 

 

The LPPNB megasites saw a major population strain as individuals from other 

settlements and other kinship groups migrated to older settlements (‘Ain Ghazal) or to 

newly established megasites (Basta). In addition, increased environmental strain was 

caused by deforestation and over-grazing. In order to build a new sense of community, 

and help reduce tensions between different lineages and resource exploitation, ‘Ain 
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Ghazal, and other LPPNB sites created “large communal ritual structures [that] 

concentrated on the spiritual welfare of the entire community” (Rollefson 2010: 188). 

 

LPPNB-PPNC Abandonment of Sites 

The end of the LPPNB-PPNC saw another period of dissolution or near 

abandonment of many major Neolithic sites in the southern Levant (Figure 7). While 

some large settlements, like ‘Ain Ghazal, were not fully abandoned by the end of the 

PPNB, many sites, such as Basta, were. Even though ‘Ain Ghazal was not fully 

abandoned, its population decreased by 90% at the beginning of the 7th millennium 

(Rollefson 2014a: 20). While “a number of archaeologists have been tempted to associate 

the abandonment of large…[settlements] with drought conditions of the 8.2 ka event,” 

this may not be the case (Maher et al. 2011: 17). In fact, “the 8.2 ka event is almost a full 

millennium too late to explain any PPNB abandonments” (2011: 17). Instead, a “steep 

drop in precipitation” in 7,000 BCE was the reason for this sudden site abandonment 

(Rollefson 2014a: 19). This precipitation decrease led many sites that were already 

environmentally strained to become abandoned (2014a: 19).  

Additionally, “the dynamic interaction between shifting environmental conditions 

and innovations in technology, subsistence and social organization” most likely led to the 

collapse of many sites (Maher et al. 2011: 18). Kadowaki states that many authors 

“attribute the environmental deterioration to human activities, suggesting that the plant 

resources around the PPNB village became culturally depleted by long-term land use for 

agriculture, herd grazing, and woodcutting for house construction and plaster production” 

(Kadowaki 2012: 5-7). In order to cope with many of the environmental changes, many 
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settlements broke down and smaller groups branched out and settled in new areas 

(Kadowaki 2012: 4). 

 

Chapter 5: Conclusion 

The aim of this thesis was to explore the development and the results of caprine 

cultural control. In a multispecies ethnographical approach humans are not viewed as an 

isolated species, but interact within a network of species of all kinds. Each of the chapters 

has presented different ways in which caprines and humans interacted with each other 

and the environment that they occupied. By exploring different issues of cultural control, 

environmental degradation and social changes, this thesis attempts to show the 

interactions between nature and culture. 

The Pre-Pottery Neolithic B was unique because it experienced both the positive 

aspects of cultural control, through increase in food and population, but also experienced 

the negative aspects, through population strain and eventual settlement abandonment. The 

PPNB demonstrates that humans are still one element of their environment and are 

ultimately bound to it, as are all other species. 

Humans influenced and manipulated their environment in order to secure and 

improve their own place in it. They culturally controlled caprines and increased the 

species population to a degree that would not have been possible without human 

intervention. In doing so, they established a reliable and profitable food source, allowing 

large populations and sites to form. However, both caprines and humans caused 

environmental stress, and this led in part to catastrophic site abandonments during the 

Middle and Late Pre-Pottery Neolithic B. Humans had, through management of caprines, 
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caused their own difficulties. Families responded by pooling resources and focusing on 

their own preservation, while the surviving settlements tried to integrate new arrivals 

with the existing population through the development of new settlement-wide ritual 

structures. While it is impossible to know if settlements ultimately integrated these new 

populations successfully, we do know that many of these settlements responded culturally 

to the environmental issues for which they were partially responsible. 

 While it has been shown that caprines did have an impact on the environment and 

on settlements, it cannot be said to what degree they alone contributed to this 

degradation. Although there is ample speculation on the effects on the environment in 

terms of caprine herding practices, caprine population increase, and the amount of food 

they would have needed to consume, research does not provide much evidence in terms 

of specific plants that only caprines would have affected. Additionally, other factors not 

explored here (cultivation, cultural control of other species, etc.) would also have 

impacted the environment. Lastly, changes in domestic architecture show that humans 

used large amounts of wood for domestic purposes and this could have seriously depleted 

tree populations, creating an adverse effect on the environment. While caprines also 

seriously affected deforestation, humans, to satisfy domestic requirements, would have 

had a major impact on this process. Overall, it has been understood how humans 

influenced their surroundings through caprines, which in turn influenced human culture 

and led in part to the collapse of many settlements. 
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