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Zooarchaeologists are begirming to produce more data on age profiles and sex 

ratios in archaeological fatmal assemblages, but often lack the ecological basis to 

interpret these data. This thesis reviews the ethological literature on four main 

prey species found in southwest Asia faunal assemblages during the Late 

Pleistocene and Early Holocene: gazelle (Gazella sp.)/ Fallow deer (Dama dama 

mesopotamica), wild goat (Capra ibex) and wild sheep (Ovis sp.) This ethological 

review is used to develop models which predict the age and sex composition of 

archaeological faimal assemblages that were produced during different seasons 

and by different himting techniques. Finally, a review of the archaeological 

record from the Pleistocene/Holocene transition in southwest Asia puts the age 

and sex ratios from archaeofaimas into the context of economic intensification 

and domestication. 
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CHAPTER ONE 

INTRODUCTION TO LATE PLEISTOCENE AND EARLY HOLOCENE 

SOCIETIES AND ECONOMIES IN SOUTHWEST ASIA 

During the transition from the late Pleistocene to the early Holocene, 

human societies in southwest Asia underwent rapid and radical change in the 

economic and social spheres. There is no reason to siunmarize here what has 

already been well-summarized in the published literature (see, among others, 

Bar-Yosef and Belfer-Cohen 1991,1992; Bar-Yosef and Meadow 1995; Bjrrd 1994; 

Henry 1989). However, this introduction will include a set of definitions for 

geographical and cultural labels, as well as a statement of the general problem. 

Figure 1.1 is a map of southwest Asia, marking the environmental and 

political boundaries relevant to this thesis. Most prehistoric archaeology in 

southwest Asia has been conducted in the modem state of Israel. Therefore, the 

data presented here are drawn mainly from the westem Levant, but information 

on the ecological, economic and social organization of the region as a whole will 

be considered when possible. 

Since southwest Asia is a relatively small region it is easy to underestimate 

its extreme ecological diversity. Figure 1.2 shows, in very general terms, the 

natural vegetation zones foimd in southwest Asia today. The climate during the 

late Pleistocene/early Holocene is more difficult to reconstruct, but Figures 1.3a 

and 1.3b show estimates of vegetation cover at 12,000 years ago and 8,000 years 

ago, respectively. The climate zones will be important in the interpretation of 



Figxire 1.1. Map of southwest Asia (from Roaf 1991) 

13 

3L.-XCK SEA 

USSR 
CASPIAN 

S£A i TURKEY LVan : 

'T • 
IS^ \ s 

H LEBANON 

MEDITERRANEAN SEA IJ ^ 

L urmm 

CYPRU 

SUDAN 
ir -

.^AMBiAN 
v.»-' 



14 

Figxire 1.2. Ecological zones of southwest Asia (from Roaf 1991) 
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fatinal assemblages from different sites, since there is every reason to believe that 

the economic adaptations of prehistoric peoples were related to ecological 

context. 

During the late Pleistocene/early Holocene several cultural groups 

inhabited the Levant and surroimding regions of southwest Asia. Figure 1.4 

shows graph of the cultural periods, their designations, geographical and 

chronological extents. The five cultural periods considered here are the Kebaran, 

Geometric Kebaran, the Natufian, the Pre-Pottery Neolithic A (PPNA), and the 

Pre-Pottery Neolithic B (PPNB). Other temporal/geographic groupings have 

been suggested for this region, but are not discussed here. All of these 

archaeological divisions are somewhat arbitrary, and this thesis tends toward the 

"lumper", not "splitter" perspective, mostly as a method of increasing the sample 

of archaeological sites available for any individual time period. 

Kebaran - 19,000-14,500 BP. The Kebaran is defined lithically by the high 

frequency of certain types of non-geometric microliths. Ground stone first 

appeared in the Upper Paleolithic, where it was relatively uncommon, but 

groundstone became a significant part of the Kebaran assemblage. Large and 

medium ungulates dominated the faimal assemblages. In general, there was no 

significant architecture, camps are assumed to have been seasonally occupied, 

and the people highly mobile (Bar-Yosef 1981; Byrd 1994). 

Geometric Kebaran -14,500-13,000 BP. The Geometric Kebaran is also 

defined lithically, primarily by the dominance of trapezes-rectangular microliths. 

Grotmd stone suggests that cereals emd other plant foods continued to be an 

important part of the diet, as were wild ungulates. Mobility strategies are 

assumed to be similar to the Kebaran period (Bar-Yosef 1981; Byrd 1994). 
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Natufian - 12^00-10,200 BP (divided into early Natufian - 12,500-11,000 

BP and late Natufian -11,000-10,200 BP). The definition of the Natufian period 

has been somewhat contentious. I personally prefer a more inclusive definition 

which incorporates a larger geographic area. Classic Natufian characteristics 

include limate tools with bifacial Helwan retouch, a significant number of sickle 

blades and a diverse bone tool kit. During the Natufian, groimd stone became 

more varied and prevalent, pointing to increased reliance on cereals and other 

plant foods. Substantial stone architecture made its first significant appearance 

in the form of small round structures. The size and construction of Natufian 

commimities suggests that the people may have been sedentary or semi-

sedentary. Some impressive culttiral developments are associated with the 

Natufian, including the appearance of cemeteries, elaborate personal 

ornamentation and infrequent long-distance trade in obsidian (Stekelis and 

Yisraeli 1963). Probably the most significant aspect of Natufian society was the 

presence of many preadaptations for agriculture, including (semi-) sedentism, 

storage, elaborate processing technology and reliance on plant foods. Natufian 

faunal exploitation was dominated by gazelle. The first domesticated animal, the 

dog, also appears during this period (Bar-Yosef 1981; Bar-Yosef and Meadow 

1995; Belfer Cohen 1991; Flannery 1969,1972; Hillman and Davies 1992; Morey 

1994; Wright 1994). 

Pre-Pottery Neolithic A (PPNA) - 10,200-9,300 BP. The Neolithic, a period 

which Childe (1936) defined economically as the point where humans began to 

exercise control over nature in the form of domestic plants, began earliest in the 

western Levant. The Pre-Pottery Neolithic A, the first neolithic economy, is 

partially defined by the presence of El-Khiam points and a blade/fiake industry. 
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Pre-Pottery Neolithic A commvmities were sedentary or semi-sedentary; they 

built true houses in a round or oval plan and grew domesticated cereals and 

legumes. No obviously domesticated imgulates have been foimd during the Pre-

Pottery Neolithic A. The major prey species were wild imgulates, especially 

gazelles, deer and vydld cattle (Bar-Yosef 1989; Bar-Yosef and Meadow 1995). 

Pre-Pottery Neolithic B (PPNB) - 9,300-8,000 BP. The Pre-Pottery 

Neolithic B is often divided into early, middle, late and final periods, although 

the excavators of 'Ain Ghazal added a further measure of confusion to the 

classification by defining the final Pre-Pottery Neolithic B phase at that site as the 

Pre-Pottery Neolithic C. The Pre-Pottery Neolithic B is characterized by 

rectilinear architecture, plaster floors, and masonry walls. This period saw the 

emergence of large villages and possible ritual sites, such as 'Ain Ghazal and Kfar 

Hahoresh. Only during this period were domesticated tmgulates introduced into 

the Neolithic economy, a thousand years or more after the domestication of 

cereals and legumes. Gazelles and other wild ungulates were still of great 

economic importance (Bar-Yosef and Meadow 1995; Flannery 1972; RoUefson et 

al. 1992). 

One of the most important faimal questions during Pleistocene/Holocene 

transition concerns the nature of human/prey relationships, especially as these 

relate to the first domesticated imgulates. Theories about domestication can 

generally be divided into "push" or "pull" models, depending on whether animal 

domestication, or Neolithic economies in general, are considered to be inherently 

desirable ("pull" models), or the unforeseen result of economic, ecological or 

social stress ("push" models). 
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Figure 1.3. Cultural periods in southwest Asia during the late Pleistocene/early 
Holocene (firom Bar-Yosef 1981) 
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Most "pull" models accoimt for the domestication of imgulates by 

postulating a sudden breakthrough of knowledge or technology on the part of 

prehistoric peoples. It is assumed that societies would prefer a Neolithic life way 

once that option was opened to them. Another variation of the "pull" models 

was suggested by Hayden (1991) for plants, and later developed by Keswani 

(1994) for animals. They discussed the possibility that domesticated plants and 

animals were inherently attractive as markers of status and as ritual objects. 

Unfortimately, such models leave unanswered the fundamental question 

of why domestication occurred during the Pre-Pottery Neolithic B, other than to 

suggest the untestable mechanism of serendipitous invention. Also, although 

the "pull" models could account for the spread of domestic plants and animals 

throughout the world, it is difficult for such a model to explain how 

domestication began. The process of domestication is essentially a genetic 

experiment, one whose results are not always predictable. Even with modem 

scientific methods it is impossible to "produce" a domesticate upon demand 

(Price 1984; Rindos 1984). 

"Push" models of domestication assume that Neolithic economies would 

not be preferred by foragers, since they require more work for successful 

implementation. These models predict that some type of pressure would be 

necessary to force hunter/gatherers to adopt Neolithic lifeways. This mechanism 

could be climate degradation (as first suggested by Childe 1936) or population 

pressure (Binford 1968; Cohen 1977; Flannery 1969). 

One correlate of these models is that domestication could be "accidental" -

the imforeseen result of other economic adaptations. For example, sedentism 

and the timing of wild wheat harvesting has been proposed as the primary cause 
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behind cereal domestication (Hillman and Davies 1990). Similarly, it has been 

suggested that the intensification of himting led to the domestication of 

ungiilates (Tchemov and Horwitz 1991). 

To test these "push" models it is necessary to both recognize both 

domesticatory status and economic stress in the zooarchaeological record. Three 

main methods of doing so are 1) bone morphology; 2) species diversity and 3) 

age and sex ratios. 

Unfortunately, morphology does not work well as an indicator of 

domestic status, since changes in bone structure seem to lag behind the 

introduction of ungulates into prehistoric economies (Olsen 1979). Bone 

morphology as a sign of economic or ecological stress has been tried, although 

with ambiguous results. For example, in Cope's (1991) study of gazelle 

metapodial morphology, it is very difficult to remove the effects of 

environmental change from the effects of himting pressure. In any case, the 

measurements were not statistically significant (Dayan and Simberloff 1995). 

Species diversity has proven a more successful way in which to see 

increased food stress on prehistoric peoples (such as Flannery's [1969] Broad 

Spectnam Theory). The representation of certain species can also be an indicator 

of domestic status. The large increase in ovicaprid remains in Levantine sites 

during the Pre-Pottery Neolithic B probably reflects the introduction of domestic 

sheep and goat (Davis 1982). 

Finally, age and/or sex ratios are being used more frequently both as 

indicators of stress on tmgulate populations and as an indicator of domestic 

status (Cope 1991; Horwitz et al. 1991). Age and sex ratios undoubtedly reflect a 

wide variety of other factors, however, including the season and method of 
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hvinting. Because they can include so many variables, age and sex ratios can be 

very difficult to interpret. However, if their meaning can be teased apart, they 

could be a very valuable source of information. 

This thesis asks two questions, the first leading to the second: 

1) Is it possible, through a study of imgulate ecology, to put the 

interpretation of age and sex ratios on firmer ground? These ratios have been 

used as indicators of seasonality, himting method, hunting stress, and domestic 

status. Which of these variables are likely to be accurately reflected in age and 

sex ratios, and which of these are not? 

2) Armed with a stronger understanding of age and sex ratios, what can 

the archaeological record say about the origin of domestic ungulates? Is there 

evidence in the ungulate assemblages of increased economic stress on hirnian 

poptilations of Southwest Asia? Do the hunting patterns reflected in the age and 

sex ratios suggest some way in which hunting pressure on ungulate populations 

could lead to the domestication of the ovicaprids, but not to the domestication of 

the gazelle or fallow deer? 

The body of this thesis is comprised of six chapters. Chapters 2 through 5 

review literature on the behavior and demographics of four important prey 

species: gazelles, wild sheep, ibex and fallow deer. Although much of the 

demographic data presented is quite basic, some archaeologists have ignored 

fundamental information on population structures and animal behavior, so it is 

worth reviewing. The behavioral data, especially data on predator avoidance 

behavior and social organization, are used to develop models of differential 

hvmting susceptibility by species as well as by age and sex categories within each 
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species. Data from living ungulate populations are used to generate predictions 

for archaeological assemblages produced during different seasons and by 

different methods of himting. 

The sixth chapter considers the available information on archaeological 

tmgulate assemblages from southwest Asia during the late Pleistocene and early 

Holocene. Variation in species representation across geographic and temporal 

bovmdaries is explored. Finally, the utility of the behavioral models is tested by 

comparing them to the sex and age ratios foimd in archaeological faimas. By 

combining the predictions with other classes of archaeological information, the 

results can provide a better imderstanding of the relationship between humans 

and their prey. 

The seventh chapter steps back and looks at the archaeological 

assemblages in the general context of economic development during the early 

Holocene. Specifically, this section is concerned with how the hunting 

relationship developed into domestication for some species and not others. With 

the aid of a computer model, it is possible to explore how the hunting methods 

employed by prehistoric peoples would have affected the populations of the 

animals they himted. Different species can be affected differently by human 

hunting, depending on the behavior of the aiiimal, the type of hunting employed, 

and the natural reproductive potential of the prey species. This chapter explores 

the impact that human himting might have had on gazelle, wild sheep and ibex 

populations. 
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CHAPTER TWO 

BEHAVIORAL CHARACTERISTICS AND HUNTING SUSCEPTIBILITY 

OF GAZELLES 

Gazelles are the most abimdant prey species in most Levantine sites 

dating to the late Pleistocene and early Holocene. For this reason, much of 

Natufian and Pre-Pottery Neolithic faunal analysis has been dedicated to the 

interpretation of gazelle assemblages (e.g.. Cope 1991; Davis 1983; Henry 1975; 

Legge and Rowley-Conwy 1987; Simmons and Ilany 1976-1977). These 

interpretations have included disctissions of seasonal exploitation along 

migration routes (Legge and Rowley-Conwy 1987), the possibility that gazelle 

ubiquity reflects a "cultural filter" (Henry 1975), suggestions that gazelles were 

held in captivity (Zeimer 1955) and even "proto-domestication" (Cope 1991). 

Anthropological interest, of course, focuses mainly on the activities and 

intentions of prehistoric peoples (Henry 1975). However, the behavior of prey 

species should also be considered while exploring questions of past human 

experience, because any effective method of animal exploitation must take into 

accoimt the predator avoidance mechanisms, social organization and seasonal 

schedules of prey. It is necessary to explore the potential effects of natural prey 

behavior on the archaeological record before himian cultural practices can be 

accurately reconstructed and understood (Hudson 1991; Simmons and Ilany 

1976-1977). 

Gazelle behavior is complex and variable, making generalizations 

difficult, especially when applied to the past. Modem ethological studies may 
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not provide appropriate data for modeling gazelle behavior at times when the 

environment, himting pressure and habitat would have been quite different. The 

major climate changes and, possibly, intense himting patterns of the 

Natufian/early Pre-Pottery Neolithic would have had profoxmd effects on 

ungtilate behavior and population dynamics. Generalization is further 

complicated by the fact that prehistoric peoples were interacting with several 

different species and sub-species of gazelle. In southwest Asia today there are 

three species: the mountain gazelle (G. gazella, divided into several subspecies, 

including G. g. arabica and G. g. gazella); the dorcas gazelles (G. dorcas dorcas, G. d. 

Isabella and G. d. saudiya); and the goitered gazelles (G. subgutturosa marica and G. 

s. subgutturosa) (Groves 1967). 

The modem distribution of the mountain gazelle is restricted to the 

northwestern Levant and the wetter coastal regions of the Arabian Peninsula. 

The dorcas gazelles are adapted to the more extreme desert conditions of the 

Negev, Sinai, Egypt and the Sudan. Related (sub-) species are found throughout 

North Africa and extend east into Pakistan. The goitred gazelles, Gazella s. 

subgutturosa and Gazella s. marica, today range from the east bank of the Jordan 

River to the Hindu Kush in Afghanistan; closely related sub-species occur as far 

east as Mongolia and northern China (Groves 1967; see Figxire 2.1). Many gazelle 

populations are presently endangered in southwest Asia, but ethological studies 

of these related populations throughout Asia and Africa can be helpful in 

reconstructing gazelle behavior in the Levant. 

Unfortunately, the taxonomy of the gazelles is far from settled (Davis 

1980; Ferguson 1981; Groves 1967; Groves and Harrison 1967; Mendelssohn 1971; 

Tchemov et al. 1986). To add to the confusion, the ciurent distribution of gazelle 
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species is not identical to their distribution during the early Holocene. Although 

dorcas gazelles are found throughout the Levant and Sinai Peninsula today, they 

did not coloriize this area until 6,000-8,000 years ago (Ferguson 1981). Prior to 

this period, G. dorcas was found in North Africa and in the area north and east of 

the Fertile Crescent, but not in the Levant itself (Ferguson 1981). The mountain 

gazelle, as its name suggests, was considered an inhabitant of the hilly, semi-

forested regions of the Levant. Yet modem behavioral studies have shown that 

this species greatly prefers open plain habitats, and will only live in the 

moimtains during periods of extreme hxmting stress (Mendelssohn 1971). 

In simi, it appears that the distribution of the moimtain gazelle (G. g. 

gazella) was wider in the past than it is today, perhaps including the entire Levant 

to the partial exclusion of all other gazelle species (Davis 1980). The dorcas 

gazelle (G. d. dorcas) was not found in southern southwest Asia, but was present 

both to the west and to the east. The past distribution of the goitred gazelle (G. 

subgutturosa ) is unclear, but faunal records in Mesopotamia, Anatolia, and Persia 

suggest that the distribution was not significantly different than that of today 

(Uerpmarm 1987). 

Modem ethological studies suggest that certain key factors affect gazelle 

populations in similar ways, regardless of species. Two factors of great influence 

on gazelle behavior are climate, especially the length and severity of the dry 

season, and population density (Baharav 1976; Baharav 1983a; Carlisle and 

Ghobrial 1968; Ghobrial 1974; Mendelssohn 1971). Climate is a major 
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Figure 2.1. Modem distribution, of gazelle species in southwest Asia (based on 
Groves 1967; map from Roaf 1991) 
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determinant of birth spacing and fawn mortality, as well as affecting seasonal 

migration patterns. Local population density is of great importance to the social 

structure of gazelle herds. 

Because climate and population density seem to affect all gazelle species 

in very similar ways, it is possible to reconstruct some fundamental aspects of 

gazelle behavior in the early Holocene, independent of taxonomic boundaries. 

The following discussion fociises on aspects of that behavior which would be 

relevant to human hunting practices and the formation of the archaeological 

record. 

Migration behavior 

Migration of large gazelle herds has been suggested as one explanation for 

the age and sex ratios fovmd in archaeological deposits. For example, Legge and 

Rowley-Conwy (1987) suggested that exploitation of seasonal gazelle migrations 

could accoimt for the age patterning found among gazelle remains at Tell Abu 

Hureyra. Gazelles do not migrate today in southwest Asia, but this may be a 

result of the gazelles' low population density and their restricted habitats, which 

have been fragmented by recent growth in human settlement (Baharav 1976; 

Mendelssohn 1971). Historical evidence suggests that the dorcas gazelle once 

migrated throughout eastern Jordan: as recently as 1915, herds of 10,000 animals 

migrated annually along a north - south route in this region (Mendelssohn 1971). 

The migration pattern of gazelles is known to have had a profound impact 

on human hunting decisions. In historic periods. Bedouin tribesmen used stone 

enclosures to kill 500-600 gazelle at a time during the migration season (Helms 

and Betts 1987; Mendelssohn 1971). Modem villagers in the Upper Nile valley 
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also consider the migration period to be the optimal time for gazelle himting, 

since the large herds are easy to find, the concentration of animals increases the 

probability of htmting success, and the gazelles have relatively predictable 

migration routes (Ghobrial 1974). 

Whether migration was a common pattern among gazelles of southwest 

Asia at the end of the Pleistocene and beginning of the Holocene is not clear. 

One archaeological line of evidence for gazelle migration may come from the 

"desert kites." When seen from above, these low-walled stone hunting enclosures 

have a kite-like shape. The existence of these features dating to the early Pre-

Pottery Neolithic does seem to suggest that migrating herds were being exploited 

during the early Holocene (Helms and Betts 1987; Legge and Rowley-Conwy 

1987; see figure 2.2). 

There are also ecological clues pointing to the likelihood of gazelle 

migration during the late Pleistocene and early Holocene. The major factor 

determining modem gazelle migration appears to be climate, particularly as it 

affects the duration and intensity of the dry season (Ghobrial 1974). Gazelle 

migrate from desert areas to wetter habitats during the dry season, especially if 

the dry season is particularly long. 

The reconstruction of climate during the Pre-Pottery Neolithic and 

Natufian is itself problematic (see Hillman 1996). However, during the Younger 

Dryas, a geochronologic period corresponding roughly with the time of the 

second half of the Natufian cviltural period, the relatively arid conditions would 

have increased the likelihood that gazelles migrated over significant distances. 

Under these xeric conditions, gazelles probably migrated from the interior 

regions of southwest Asia to the coastal regions and Fertile Crescent during the 
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Figure 2.2. Legge and Rowley-Conwy's (1987:91) reconstruction of gazelle 
migration routes in the Levant. (Note that the apparent distribution of desert 
kites is the result of a severe sampling bias. The panhandle of Jordan is full of 
features because that is one of the few places were systematic archaeological 
survey has been undertaken to document them [Helms and Betts 1987].) 

(•) = modem city 
(A) = desert "kites" 
arrows = hypothesized gazelle migration routes 
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dry season. Variation in local conditions, of course, would have had profound 

effects on local patterns of movement. Gazelle in wetter eireas could have been 

less mobile, even during the Younger Dry as. More humid conditions in the Pre-

Pottery Neolithic may have allowed gazelles to flourish over a larger area and 

remain relatively more sedentary. Migration would still have been the pattern 

for the arid regions during the Pre-Pottery Neolithic, as it was up until the 

beginning of the twentieth century. 

Gazelle migration also depends on the population density of a region 

(Baharav 1976; Mendelssohn 1971). Large herds will quickly overexploit their 

environment. Regions with high ungulate densities will see mass migrations 

towards more hospitable areas during the lean months. When population 

density is low, gazelle populations are less likely to move seasonally. The sheer 

numbers of gazelles in late Pleistocene/early Holocene assemblages suggests that 

large herds were available for exploitation. Therefore, it is likely that gazelle 

population densities were high enough to induce migration behavior. On the 

other hand, heavy exploitation of a gazelle population, leading to low population 

densities, would have the effect of reducing migratory behavior and lead to a less 

differentiated social structure. Although these were probably not characteristics 

of gazelle populations on a region-wide scale, gazelle populations in the 

immediate vicinity of large settlements may very well have been kept at low 

population densities. 

Social structure 

The complex social structure of the several sub-species of Gazella cuvieri 

(Cuvier's gazelle, Thompson's gazelle, etc.) has been extensively studied in their 

East African homelands and will form the basis of the discussions which follow. 
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Unfortimately, not as much work has been done on the species that inhabit 

southwest Asia. The gazelle in Israel today do not seem to have the organized 

social groupings typical of G. cuvieri, but studies suggest that the less 

differentiated social structures of contemporary G. gazella, G. dorcas and G. 

subguttorosa may be the result of low population densities, not an indication of 

intrinsic behavioral variation among gazelle species (Baharav 1976; Mendelssohn 

1971). In Israel today, gazelle often live in small harem groups, with very 

localized movement. However, as gazelle population levels recovered from 

extensive himting pressure earlier this century, the social structure of both G. 

gazella and G. dorcas more closely resembled the highly differentiated structure 

described for G. c. thompsonii (Mendelssohn 1971). 

For much of the year, G. cuvieri populations divide into three main social 

groups — female herds, territorial males and bachelor herds. Female herds 

disperse during the fawning period, however, and all of the social groups may 

come together during migrations, or when the dry season restricts available 

feeding grounds. Males usually are territorial only during the rutting season 

(Baharav 1981,1983a; Mendelssohn 1971). 

Female groups vary in size and consist of adult females accompanied by 

fawns. Female fawns will stay with their mothers past adolescence, sometimes 

throughout their adult life (Baharav 1974). Young males generally leave the 

maternal herd to join bachelor herds at 5-6 months of age. Bachelor herds consist 

mostly of subadult and yearling males, but include a few older bucks (Baharav 

1974) 

Adult males are most territorial during the rutting season, cdthough they 

sometimes will hold their territories nearly year-rovmd, even when other gazelle 
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are migrating (Baharav 1974; Walther 1995). While holding territories, adult 

males will not tolerate the presence of yoimger males, and drive them from 

maternal herds that pass through their territories. The yearlings will then form 

bachelor herds (Baharav 1974,1976; Walther 1995; Walther et al. 1983). Adult 

males do not effectively restrict the movements of female gazelles, although they 

will try to keep them from leaving their territory. They are not able to hold 

harems, but mate with any female or group of females that wanders through 

their territory (Walther 1995). 

The social structure described above is only typical of gazelles that live at 

high population densities (from 5-6 gazelle/km^ and higher) on the open plains 

of southwest Asia. Most modem gazelle live at much lower population 

densities, in rockier and more inaccessible terrain. These scattered populations 

are the artifact of modem hunting technology, especially the use of semi

automatic weapons and all-terrain vehicles (Mendelssohn 1971). 

Under low density conditions, it is clear that gazelles have a less 

structured social organization. Large herds seldom form, and males are less 

likely to be territorial. Studies of G. gazella and G. dorcas suggest that low 

population densities lead to a harem-like social organization, in which a 

dominant male and one to five females occupy small, dispersed territories. Small 

groups of bachelor males (2-4 individuals) will also form under these conditions 

as the yoimg males are driven from the harem groups by the dominant male 

(Baharav 1976; Mendelssohn 1971). Seasonal migration is much less frequent or 

common at low densities. 



Figure 2.3. Age eind sex ratios by season among G. g. gazella from 1972-1974 
(from Baharav 1983:66) 

Baharav's age categories: adults with fully grown horns (about 19 months for 
males, 13 months for females); yearlings 6-12 months in age, with horns one 
quarter to one half grown; young fawns less than or at 1 month of age) 
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Table 2.1. Seasonality and Social Structure in G. g. gazella in drier regions (after 
Baharav 1981). 

Summer 
(late May to 

August) 

Fall 
(September to 

November) 

Winter 
(December to 

February) 

Spring 
(March to 
mid-May) 

adult and 
juvenile 
females 

solitary with 
fawns 

small herds 
and solitary 
females 

herds herds 

adult males few territorial some 
territorial 

largest 
number 
territorial 

few territorial 

juvenile 
males 

bachelor herds bachelor herds bachelor herds bachelor herds 

fawns hidden follow mother 
(but hide if 
frightened) 

Seasonality 

Age and sex ratios from archaeological gazelle remains have been 

interpreted as reflecting seasonality in prehistoric hunting practices (Davis 1983; 

Legge and Rowley-Conwy 1987). Most healthy gazelle populations do show 

seasonal changes in both demographic composition and in social structure 

(Baharav 1974,1976; Mendelssohn 1971; Walther 1983,1995). Table 2.1 and 

Figure 2.3 present the seasonal differences in social structure and age ratios in 

modem gazelle populations from Israel. Although there are some differences 

among species, they relate more to local environment than to species-specific 

adaptations. The general pattern shown in Table 2.1 for G. gazella is applicable to 

all southwest Asian gazelles in semi-arid regions (Baharav 1983a). 
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If gazelle were indeed migrating in southwest Asia during the Natufian 

and Pre-Pottery Neolithic periods, then another aspect of gazelle social 

organization should be added to the model presented in Table 2.1. Migrations 

temporarily bring all gazelle age and sex groups together into one herd (Ghobrial 

1974; Mendelssohn 1971). The combined herds move out from arid regions near 

the middle of the dry season, and then return with the first rains (Ghobrial 1974). 

The timing of reproduction and the occurrence of migration both depend 

heavily upon the availability of water. Gazelles with adequate water supply do 

not migrate and may have two birthing periods per year. Dry conditions, 

however, will confine births to one definite peak in the spring (Baharav 1983b). 

Water availability is such an important variable that birthing time in modem 

gazelle may even coincide with the beginning of the irrigation cycle in some 

regions (Baharav 1983b). The extremely xeric conditions of the Yoimger Dryas 

would probably have resulted in a more uni-seasonal pattern of reproduction 

and therefore more clearly defined age ratios by season. However, the seasonal 

patterns of local gazelle populations would be dependent on local rainfall 

conditions. Environmental differences between areas like the Fertile Crescent 

and the surrounding deserts therefore must be considered when interpreting 

gazelle assemblages. 

Hiunan-gazelle relationships 

Regcirdless of the ways in which human hunting may affect gazelle 

populations, a review of gazelle behavior shows domestication of these species is 

highly imlikely. While it is true that individual gazelles were held in captivity in 

Dynastic Egypt (Vita-Finzi and Higgs 1970; Zeuner 1955), gazelle fawns do not 
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thrive in captivity and seldom live to adulthood (Mendelssohn 19-71). Gazelles 

are quite tame when adopted as fewns, but if they survive to maturity they lose 

their tolerance of captivity Qabbur 1995; Mendelssohn 1971). More important, 

the social structure of gazelles does not fit well with human domestication 

environments. With the exception of the camel, imgulates that exhibit male 

territoriality during the rutting season do not make good domesticates because 

they become destructive if confined (Diamond 1994; Garrard 1984); adult male 

gazelles will not tolerate other males and will try to drive them from the herd. 

Gazelles are also shy, prone to panic, and fast runners, making herding difficult 

(Diamond 1994). 

Human hunting models and the predicted contents of death assemblages 

The behavioral characteristics of gazelles have profound implications for 

the archaeological assemblages produced by prehistoric himting patterns. 

Human hunting behaviors also can affect the age and sex composition of death 

assemblages. There is indirect evidence for two major large-game himting 

strategies during the Natufian and Pre-Pottery Neolithic: hunting of individual 

animals and hunting by a herd-driving method. 

Solo himting may involve several animals or only one, and may be the 

activity of a lone hunter, or of a small group. Regardless, solo hunting involves 

the selection of an individual animal for culling, based on some desirable 

attribute such as abundance of meat, high fat content, large horns for ceremonial 

and decorative use, or merely easy accessibility. Unlike drive methods of 

hunting, where the hunter's selection is on the level of the herd, solo hunting 

methods allow the hunter to individually chose or reject each animal. 
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The modem inhabitants of southwest Asia use several solo himting 

methods, most of which involve rifles (Mendelssohn 1971). Nonetheless, these 

hunting techniques, especially those unaided by motor vehicles, may be quite 

similar to the search and selection methods employed by Natufian hunters 

armed with bows and arrows; that is, the general pattern of himting may be 

unchanged, although heavily reliant on recent technology. The Slayb bedouin, 

inhabitants of the Arabian peninsula, use dogs and falcons to drive small gazelle 

groups or individuals a short distance toward blinds, where hunters wait with 

rifles. Alternately, the dogs and falcons serve only to harass the animals and 

slow them down, so the himters can shoot (Jabbur 1995). Other himting 

techniques involve the hunters covering themselves with gazelle hides and 

slowly approaching the gazelle from downwind. The hunters are able to fire at 

the animals from a close range. The tracking of gazelle is relatively easy, since 

they are quite visible in their open habitat. Nor does it take a high-powered rifle 

to kill an adult gazelle. They can be stunned or incapacitated by a well-thrown 

rock (Hobbs 1989). 

Although this subject is not dealt with in depth here, gazelles can also be 

hunted with traps. Leg traps, made with thorns and brush, can be used to either 

anchor an animal to a large, immovable stone or to attach a large stick to the 

gazelle's leg. The gazelle are exhausted from panic and dragging a heavy object, 

and the trail of the animal is easily followed (Hobbs 1989; Jabbur 1995). 

The prehistoric hunting of individual animals is inferred indirectly from 

projectile points and other evidence of weapons during both the Natufian and 

Pre-Pottery Neolithic. Gazelle may have been killed by hand, especially very 

young fawns which tend to hide rather than run from predators. Fawns that lie 
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in hiding are vulnerable to people engaged in gathering activities. The materials 

used to construct traps are almost entirely perishable, except for those few traps 

which were anchored to very large stones. These stones would be distinctive, 

since the midsections are notched to hold a rope, but anchor stones are not 

commonly identified in the archaeological record. Hobbs (1989) noted that the 

modem Kushmaan bedouin would recycle anchor stones they found in narrow 

passes along gazelle migration routes, stones which Hobbs felt had been used 

since the Neolithic. 

The other common form of gazelle himting involves the driving of herds. 

This method is less selective than solo himting. Ethnographically, this course is 

most commonly followed during the period of gazelle migration (Ghobrial 1974; 

Hobbs 1989; Jabbiu-1995; Mendelssohn 1971). Drive methods of himting consist 

of frightening herds of gazelles into the open arms of the desert "kites", or merely 

setting up the extended walls of the trap within a narrow pass between hills so 

that the animals enter of their own accord (Hobbs 1989; Jabbur 1995). Modem 

traps of this kind employed by the Slayb bedouin include small protuberances 

inside the extended "arms" of the kite. Inside these protuberances are cloth 

banners. If the gazelle turn around and try to walk out of the "kite", they will see 

the barmers and run further into the enclosure. Alternately, human hunters will 

drive the animals into the kite. Other hunters, standing behind the projections, 

will step out once the animals have passed and keep the gazelle from turning 

around by waving their arms «md yelling (Jabbur 1995). 

Once inside the main enclosure of the drive, the gazelles are frightened to 

the point of panic. They will then jump over low dips in the walls, landing in 

deep pits on the other side. Those animals whose necks are not broken are then 
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clubbed to death by the hunters (Jabbxir 1995; Mendelssohn 1971). At the turn of 

this century, bedouin hunters in the eastern Levant would sometimes kill 

hvmdreds of geizelle in this manner, especiciUy when the herds were migrating 

(Mendelssohn 1971). 

Archaeological evidence for drive himting of gazelles is somewhat 

problematic. It does appear that "desert kites" were built during some cultural 

periods to aid this type of mass procurement strategy (see Figure 2.4), but dating 

them is difficult. There is no evidence that such enclosures were built as early as 

the Natufian, although they appear to have been in use by the Pre-Pottery 

Neolithic B, based on the presence of diagnostic projectile points (Helms and 

Betts 1987). Desert kites have been fotmd throughout Israel, Jordan, Syria and 

the Sinai Peninsula (Mendelssohn 1971). The majority have been found in the 

dry regions east of the Jordan River, oriented north-south along the presumed 

migration route of prehistoric gazelle (Helms and Betts 1987; Legge and Rowley-

Conwy 1987; but see Echallier and Braemer 1995). 

Different himting techniques should produce different faunal patterns 

because some gazelle age and sex groups are more vulnerable to certain types of 

predation than others. However, determining hunting susceptibility involves 

many assumptions, not all of which are necessarily valid under all circumstances. 

First, it is assumed that larger groups of animals are more visible to hunters, and 

therefore more vulnerable to any type of hunting techiuque. Secondly, it is 

assumed that a territorial animal, whose locations are highly predictable, will be 

more vulnerable than dispersed animals. Thirdly, the only animals who are 

vulnerable to herd-drive methods of hunting are those in herds. Widely 

dispersed animals are not vulnerable to this hunting method, and neither are 
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animals who resist drives, by refusing to abandon a territory (like gazelle males 

in rut) or by hiding when frightened (like deer and gazelle fawns). 

It is difficult to identify "cultural filters" (Henry 1975) when discussing 

hvmting patterns, especially when foraging conditions for ungulates vary over 

time. This study explicitly assumes at the outset that, all things being equal, a 

human himter will respond simply to opportimity and therefore will have no 

preference in the sex or age of an animal which he or she kills. The ciimulative 

deaths will resemble the living age and sex composition of gazelle popiilations. 

The nature of gazeUe populations, however, iiisures that all variables will not be 

equal. Certain age and sex classes of gazelle will be more available to individual 

foragers, depending on the season of the year. 

By combining the above knowledge of human hunting practices and 

gazelle behavior, some predictions can be made about the contents of 

archaeological faimal assemblages. Seasonal differences in the social 

organization of gazelles, as well as differences in human himting strategies, 

could affect gazelle mortality patterns. Therefore, the following predictions for 

archaeological assemblages are considered separately by human hunting 

strategy, with reference to the variation introduced by seasonal changes in 

gazelle populations. 

Solo -animal hunting 

Table 2.2 reproduces the information on seasonal social organization from 

Table 2.1 but highlights the age and sex classes of gazelle most vulnerable to 

predation during each season. It is expected that animals from these age and sex 

groups would be over-represented in the archaeological record under the solo-
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hunting method. Several important patterns can be seen in this chart. To begin 

with, all gazelles may be more vulnerable during certain periods of congregation, 

regardless of sex or age, especially while migrating. Under these conditions in 

particvdar, the himting of individual animals would likely result in a 

representative cross-section of the gazelle population because all subsets of the 

population have temporarily come together. However, males may always be 

more vulnerable than females to solo himting methods because they may 

respond aggressively to intruders and are easier to find due either to their efforts 

to hold territories or because they are residing in herds. 

The most vxikierable gazelles to solo-hunting methods would be prime-

adult males during the mating season. Males are highly territorial, and at this 

time they are easy to find, and reluctant to siarrender their ground. Prime-adult 

males would also be particularly attractive food sources at the beginning of the 

rutting season, when they are in the best condition. Bachelor males, because they 

tend to form small herds year-rovmd, are also easily spotted by hunters diu±\g 

the months when other gazelles are dispersed. 

The youngest animals (from birth to 3 months of age) are vulnerable in 

other ciroamstances because of their predator avoidance behavior. Although 

when hiding alone they may be overlooked by predators who do not spend time 

searching for grasses and tubers, the faun's location can be signaled by the 

departure and eirrival of the dam. Young gazelle would be particularly likely to 

be discovered by humans during gathering activities. The frequency of such 

discoveries would be tempered by the tendency of very yoimg animals, like their 

mothers, to be widely dispersed during the first months of their lives, before the 

female/fawn herds form. 
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Figtire 2.4. The desert "kite" features of the Pre-Pottery Neolithic period (from 
Helms and Betts 1987:53) 
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In summary, we would expect that archaeofaimas primarily formed by 

solo-hunting methods would be characterized by a significant male bias. In 

general, adult animals would be more strongly represented by solo-himting 

methods than by drive hunting, but sub-adult males could form nearly a third of 

the assemblage during the fall and summer. The yoimgest animals (yoimger 

than six months) would be vulnerable to solo-himting and not to drive himting. 

Drive hunting 

The vulnerability of social groups of gazelle to herd-drive hunting 

methods is different from their vulnerability to solo hvmting techniques. Table 

2.3 is now modified from Table 2.1 to show the aiiimals most likely to be 

captured using a herd-drive technique (in bold-face) and those most likely to be 

strongly under-represented by this hunting strategy (in italics). Female gazelles 

are much more vulnerable to drive hunting than they are to solo-hunting, and 

can be expected to form a much larger proportion of the faunal assemblage (over 

50% from fall through spring). Adult males are not as vulnerable to drive 

hunting as to solo-hvmting, so they should be underrepresented, in contrast to 

assemblages formed by solo-hvmting. Sub-adult males, on the other hand, are 

very susceptible to drive methods of hunting. Throughout the year, sub-adult 

males live in larger herds than other age and sex groups. Fawns, due to their 

drop and freeze predator avoidance behavior, are not vulnerable to drive 

hunting and would be mostly absent from any assemblage produced by this 

method. 

The behavioral data show that there is some hope for distinguishing the 

long term products of solo himting from herd-driving techniques in 



archaeofaunas on the basis of age and sex ratios. Also important, when 

compared to Table 2.2, are the indications that male gazelles, especially 
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Table 2.2. Vulnerability to solo-hunting methods 

Summer 
(late May to 

August) 

FaU 
(September to 

November) 

Winter 
(December to 

February) 

Spring 
(March to 
mid-May) 

adult and 
juvenile 
females 

solitary with 
fawns 

small herds 
and solitary 
females 

herds herds 

adtdt males few territoiial some 
territorial 

largest 
number 
territorial 

few territorial 

juvenile 
males 

bachelor 
herds 

bachelor 
herds 

bachelor herds bachelor herds 

fawns hidden*^ 

•hidden fawns 
are in more 
danger from 
human gathering 
activities than 
from hunting 
parties 

follow mother 
(but hide if 
frightened) 

bachelors, are extremely vxilnerable to predation, regardless of technique or 

season, due to a combination of herd dynamics and male behavior traits. 

If migration was a common seasonal strategy of gazelle during the 

Natufian and Pre-Pottery Neolithic, then another dimension must be added to 

this model: at least twice during the year there would be potential for herd-
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driving method resulting in assemblages that represent imbiased cross-sections 

of all sex and age classes. This is exactly what should be expected for faunal 

assemblages if prehistoric hunters were using the desert drive lines and 

enclosures to harvest gazelles during the seasonal migrations. 

Table 2.3. Vulnerability to herd-drive himting methods 

Summer 
(late May to 

August) 

Fall 
(September to 

November) 

Winter 
(December to 

February) 

Spring 
(March to 
mid-May) 

adult and 
juvenile 
females 

solitary with 
fawns 

small herds 
and solitary 
females 

herds herds 

adult males few territorial some territorial largest number 
territorial 

few territorial 

juvenile 
males 

bachelor 
herds 

bachelor 
herds 

bachelor 
herds 

bachelor 
herds 

fawns hidden follow mother 
(but hide if 
frightened) 

Tables 4 and 5 present tentative quantitative expectations for the contents 

of gazelle death assemblages, based on Baharav's (1983a) data for G. gazella 

populations. The percentages in Tables 4 and 5 are calculated by using the 

proportion of each age zind sex class within the subsets of the population most 

vulnerable to himting (those highlighted in Tables 3 and 4). In other words, if 

female herds and bachelor herds are most vulnerable to himting during a given 

season, then the predictions in Tables 4 and 5 show the proportion of females, 

fawns, and young males out of the total population of the female and bachelor 
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herds. Obviously, this is simply a model, and it is difficult to quantify how often 

himians will follow the above assumptions. Actual behavior will depend on a 

large niraiber of variables, such as visibility, the terrain, non-economic uses for 

male horns, and many others. These predictions serve solely as a base-line for 

comparison. 

Table 2.4. Quantitative predictions for Gazella assemblages formed by the solo 
himting methods (calculated from Baharav 1983 census material for 1976-1977 in 
Ramat Qedesh) 

Summer 
(late May to 

August) 

Fall 
(September to 

November) 

Winter 
(December to 

February) 

Spring 
(March to 
mid-May) 

adult and 
juvenile 
females 

few few some some 

adult males some 37% 100% 100% 

juvenile 
males 

42% some some some 

fawns 62% some none none 
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Table 2.5. Quantitative predictions for Gazella assemblages formed by herd-drive 
himting methods 

Summer 
(late May to 

August) 

FaU 
(September to 

November) 

Winter 
(December to 

February 

Spring 
(March to 
mid-May) 

adult females few 50% 58% 62.5% 

juvenile 
females 

none 8% 19% 16% 

adult males some few few few 

juvenile 
males 

100% 32% 24% 22% 

fawns few few none none 
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CHAPTER THREE 

BEHAVIORAL CHARACTERISTICS AND HUNTING SUSCEPTIBILITY OF 

WILD SHEEP 

Wild ancestors of the domestic sheep - past and present distribution 

The taxonomy of gazelle is confusing, but the taxonomy of sheep is a 

nightmare. The problem stems from the fact that all sheep, whether wild or 

domesticated. Old World or New, are completely interfertile (Epstein 1971; Geist 

1971; Schaller 1977; Uerpmann 1987). Technically, there is only one biological 

species of sheep. Researchers cannot resist imposing divisions, however, because 

of variability in habitat, adaptation, size and morphology, criteria obvious to 

scholars, if not to Ovis chromosomes (see Figure 3.1). In the absence of multiple 

natural species, scientists have suggested arbitrary divisions, causing a good deal 

of confusion and controversy. There is not even agreement over which scientific 

names refer to which sub-species of sheep (see Table 3.1), and not without truth 

one sheep expert wrote "there are almost as many systems of classification as 

sheep varieties" (Schaller 1977:37) 

Luckily, most of these divisions are not important, at least on the small 

geographical scale discussed here. Most of the accepted divisions of Ovis in 

southwest Asia are based on minor chromosomal differences, many of which 

have developed within the last 15,000 years (Valdez et al. 1978). Although two 

subgroupings of wild sheep are recognized in southwest Asia, the mouflons and 

the urials, the modem distribution of the urial is generally east of the Caspian 
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Sea, beyond the scope of this study Therefore, in the interest of sanity, I will 

refer to all sheep in this region as Ovis sp. with the common name of mouflon. 

Table 3.1. Common names cissigned to taxonomic designations of sheep, 
according to six different researchers 

Ovis amnion Ovis orientalis 
Clark 1964 argalis one species of urial 

Epstein 1971 all sheep (worldwide) one species of urial 

Geist 1971 argalis all urial species 

Pfeffer 1967 all old world sheep one species of urial 

Uerpmann 1987 all old world sheep mouflons 

Habibi 1991 argalis mouflons and urials 

More problematic than identifying species is the lack of data on mouflon 

living in southwest Asia or similar climates. Although some work has been done 

on the mouflon of the Mediterranean region, the vast majority of the sheep 

literature is concerned with bighorn sheep in the United States or with feral 

domesticated sheep (generally in more northerly climates). Through a 

comparison of the information available on the wild sheep of the Mediterranean 

and southwest Asia with the data from other sheep species, we can nonetheless 

^Some researchers would consider some sub-species of sheep in Anatolia and northern Iran to 
eilso be urieds (Qark 1964). Once again, these divisions are somewhat arbitrary, so these are 
details which I believe can be safely ignored for archaeological purposes. 
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Figure 3.1. Variation in modem sheep morphology, showing the heads and homs 
of some male sheep. Marco Polo sheep (top center). Rocky Mountain bigom (top 
left), mouflon (top right), Pvmjab urial (middle center), bharal (middle left), 
Daghestan tur (bottom left) and aoudad (bottom center), (from Schaller 1977:25). 
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Figure 3.2. Modem wild sheep distribution in southwest Asia (from Pfeffer 
1967:33) 
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Figure 3.3. Past distribution of wild sheep in southwest Asia (from Uerpmann 
1987; map from Roaf 1991) 
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find certain commonalties in Ovis social organization, predator avoidance 

strategies, and population dynamics. 

Today, wild sheep are fotmd throughout southwest Asia and the eastern 

Mediterranean rim (see Figure 3.2). They live in the moimtainous regions of the 

Levant, Turkey, Iran, and Afghanistan (Qark 1964; Valdez and DeForge 1985). 

Sheep are generally found at elevations below 10,000 feet, especially in the 

foothills of moimtain ranges along the deserts of the Middle East (Clark 1964). In 

fact, they prefer the lower, undulating, open coimtry if they can live there in 

safety (Epstein 1971; Valdez et al. 1978). Sheep do not like heavy woods, which 

impede their ability to see danger and to flee, so they generally do not live in the 

Mediterranean forests along the Levantine coast (Uerpmann 1987; Valdez et al. 

1978). The past distribution of mouflon was not substantially different from 

today in southwest Asia. Their remains have been found in archaeological sites 

throughout the higher elevations of the region (Epstein 1971; Uerpmann 1987; see 

Figure 3.3). 

Ovis populations have a more even sex ratio than gazelle. In general, 

there is one male for every 1.2 females (Pfeffer 1967). Obviously, this ratio is 

strongly affected in modem populations by the rate of ram culling. In 

contemporary game parks, the sex ratio is more strongly biased toward ewes, 

since htmting regxxlations ensure that rams are preferentially hunted (Buechner 

1960). 

Behavioral characteristics of wild sheep 

The behavior of wild sheep is significantly different from that of gazelle. 

Sheep are more gregarious than gazelles, and they live in flocks for longer 
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periods of the year. However, mouflon do not form the huge herds seen in 

migrating gazelle. Significantly, the males of Old World sheep species are not 

territorial, but rather follow a dominance ranking which allows them to live 

together, even during the rutting season (Geist 1971). Sheep will run when 

frightened, but they are less skittish than gazelle. They tend to climip and follow 

a lead animal in flight. Adult sheep are also more likely than adult gazelle to 

hold their ground against attack. Unlike gazelle fawns, lambs do not hide for 

protection or freeze when they see a predator. Like gcizelle, however, sheep may 

divide into several social groupings, based on age and sex (Geist 1971). 

Social organization: 

Wild sheep are longer-lived than gazelle and slower in their development. 

Lambs are defined as any individual from birth to one year of age. This contrasts 

with gazelle fawns who are younger than six months. Mouflon yearlings are 14-

24 months of age, in contrast to gazelle yearlings, defined as six months to one 

year of age (Baharav 1974,1983a). Under exceptionally good circumstances, 

sheep yearlings (both male and female) become sexually mature by 18 months 

(Geist 1971; Pfeffer 1967), nearly a year later than the average gazelle. Adult 

females do not stop growing until four to six years of age, but they are nearly full 

sized by two and a half years. 

Generally, ewes are sexually active by age two, although the majority do 

not have their first lamb imtil age three (Geist 1971; Pfeffer 1967). Adult males do 

not reach full body size until seven or eight years of age, although they are 

sexually viable by age three (Geist 1971; Pfeffer 1967). Gazelles reach adult size 

by the end of their first year, and are sexually viable at that time (Baharav 1983a). 
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However, both male and female desert-dwelling bighorn sheep in North 

America reach sexual maturity earlier and have been known to reproduce in 

their first year (Buechner 1960). It is possible this is a general characteristic of 

caprine populations in warmer climates (Habibi 1994). For males, the advent of 

sexual maturity and sexual competition brings intense physical stress in the form 

of hom-butting competitions, especially for older rams who are forced to defend 

their dominant rarik. Therefore, most rams do not live past age 15, although 

some have been known to reach eighteen. Ewes often live longer, up to 20 years 

or more (Geist 1971). 

Although sheep reach sexual maturity later than gazelle, their 

reproductive rate can be higher once sexual maturity has been reached. Sheep 

are more likely to have multiple births than gazelles, although their ability to 

twin is related to age and health. Dtaring a study of Iranian urials, no yearling or 

two-year ewes were carrying twins, but 25% of the three year and 53% percent of 

the four year ewes had multiple births (Valdez 1976). 

Most information on Ovis social organization comes from studies of the 

bighorn sheep, O. canadensis (Geist 1971). There is good correspondence in the 

details of band organization and home range exploitation between bighorn 

sheep, Mediterranean mouflon, and even feral domesticated sheep. Certain 

generalizations about social structure seem to hold true across taxonomic 

groupings: especially the basic division between ram bands and ewe/juvenile 

bands (Boyd et al. 1964; Buechner 1960; Festa-Bianchet 1991,1986; Geist 1971; 

Grubb and Jewell 1966; Pfeffer 1967; Van Vuren and Coblentz 1989). 

Ram bands are composed of males three years of age and older (Geist 

1971; Pfeffer 1967), and vary in size but generally contain 6-15 members (Boyd et 
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oi. 1964; Geist 1971; Grubb eind Jewell 1966; Pfeffer 1967). Not all rams live in 

bands. As males age, more and more of their time is spent alone (Boyd et al. 

1964; Geist 1971; Pfeffer 1967). This tendency toward solitary living may be an 

advantageous reproductive strategy, one followed by older males who are most 

likely to dominate during the mating season. Instead of following ram groups, 

these older males wander widely in order to test females for signs of estrous and 

to track female groups so they can be easily found during the rutting sezison 

(Nievergelt 1981). 

Ewe/juvenile bands tend to be larger than the ram bands. They consist of 

females of all ages and young male offspring (up to age two). Younger adult 

rams will occasionally be found in the ewe herds, but this behavior is seldom 

seen in the older, dominant males. Mixing of ewes and rams occurs during the 

mating season, but sex segregation is common even during this period (Boyd et 

al. 1964; Grubb and Jewell 1966; Pfeffer 1967). 

Besides the basic social distinction between ram bands and ewe/young 

groups, there are other divisions within sheep populations. Home range bands, 

juvenile bands, nursery bands and mixed flocks will form and disperse 

seasonally. Although generally gregarious, there are times when sheep, or at 

least certain sub-sets of the sheep population, will be alone or live in small, 

dispersed groups (Geist 1971; Grubb and Jewell 1966; Pfeffer 1967). 

Home ranges and seasonal movements: 

Wild sheep live in seasonal home ranges to which they are strongly 

attached. Rams shift among as many as six or seven different seasonal home 

ranges, and ewes may use three or four. Around eighty percent of the rams 
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belonging to a particular seasonal home range will return to that same place at 

the same time each year, although two to three year old rams are more likely to 

stray erratically, even outside of usual sheep habitat (Geist 1971; Grubb and 

Jewell 1966). Ewes are even more loyal to their seasonal home ranges and 

migration routes (Geist 1971), and their movements are highly predictable 

throughout the life of the individual, as well as from generation to generation 

(Geist 1971; Pfeffer 1967). Lambs inherit their home ranges from their elders 

(although not necessarily their biological parents) (Geist 1971). 

The importance of home ranges in sheep adaptation, and the necessity of 

teaching young how to find these home ranges, partially accounts for the 

following instinct so highly developed in sheep, especially lambs. Older, 

experienced animals lead their bands from home range to home range. Young 

animals (younger than two years) will follow any other sheep, or indeed almost 

anything that moves, including biologists. By following others, lambs and 

yearlings learn the seasonal roimds and are guaranteed to be near an adult in 

case of danger (Schaller 1977). 

Sheep seasonal home ranges, and the distances between them, are not 

particularly large. In the Mediterranean region, mouflon move orUy ten to 

twenty kilometers during a year at most, and then only during severe 

environmental conditions, such as snow or drought (Pfeffer 1967). However, 

sheep in Central Asia have been known to travel up to 500 kilometers in response 

to catastrophic drought (Geist 1971). The average distance between home ranges 

is only one to three miles. Sheep home ranges generally have diameters of one-

half to four miles, depending on the flock and the season (Geist 1971; Grubb and 



58 

Table 3.2. Seasonal organization of mouflon populations in Corsica (from Pfeffer 
1967) 

FaU/Rut Winter Spring Lambing 
Season 

Summer 

adult males solitary or 
in 
dispersed 
mating 
pairs 

all sheep in 
mixed 
herds 

solitary or 
ram bands 

solitary or 
ram bands 

solitary or 
ram bands 

adult 
females 

dispersed 
mating 
pairs or in 
ewe/ 
juvenile 
bands 

all sheep in 
mixed 
herds 

ewe/ 
juvenile 
bands 

older ewes 
and 
juveniles in 
bands, 
lambing 
ewes 
dispersed 

ewe/ 
juvenile 
bands 

juvenile 
males 

2-year old 
rams 
dispersed 

all sheep in 
mixed 
herds 

ewe/ 
juveiiile 
bemds 

with older 
ewes in 
bands 

ewe/ 
juvenile 
bands 

juvenile 
females 

ewe/ 
juvenile 
bands 

all sheep in 
mixed 
herds 

ewe/ 
juvenile 
bands 

with older 
ewes in 
bands 

ewe/ 
juvenile 
bands 

Jewell 1966). Rams cover more distance than ewes, since they sometimes make a 

greater nimiber of seasonal movements (Geist 1971). In comparison with non-

territorial female and young male gazelle, the locations and movements of 

individual sheep are highly predictable. 

Sheep herd composition and home range utilization changes seasonally. 

Table 3.2 shows the seasonal organization of wild mouflon on Corsica (from 

Pfeffer 1967). For the purposes of comparison. Table 3.3 shows the same 

information for a population of bighorn sheep in southern Alberta. Although the 

climate and sub-species are different, there are obviously some important 
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consistencies in the seasonal social organization of these animals. Comparative 

observations on feral Soay sheep seem to confirm that these are basic for all Ovis 

sub-species. 

Table 3.3. Seasonal organization of bighorn sheep populations from southern 
Alberta during the study period from 1963-1966 (Geist 1971) 

FaU/Rut Winter Spring Lambing 
Season 

Summer 

adult males pre-rut ram 
concen
trations, 
then 
dispersal 
during rut 

rams 
dispersed, 
30% 
solitary 

dispersed ram 
concen
trations 

ram bands 

adult 
females 

ewe/ 
juvenile 
beinds 

ewe/ 
juvenile 
bands 

ewe/ 
juvenile 
concen
trations 

birthing 
ewes hide 
or in 
nursery 
bands; 
older ewes 
and 
juveniles in 
bands 

ewe/ 
juvenile 
bands 

juvenile 
males 

ewe/ 
juvenile 
bands 

ewe/ 
juvenile 
bands or 
separate 
juvenile 
bands 

ewe/ 
juvenile 
concen
trations 

with older 
ewes in 
bands 

ewe/ 
juvenile 
bands 

juvenile 
females 

ewe/ 
juvenile 
bands 

ewe/ 
juvenile 
bands or 
separate 
juvenile 
bands 

ewe/ 
juvenile 
concen
trations 

with older 
ewes in 
bands 

ewe/ 
juvenile 
bands 
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As was noted above, sheep do not range widely in compajison to gazelles, 

especially the ewes. Whereas gazelle female groups tend to be small and 

dispersed, and male gazelles are highly predictable in their territorial behavior, 

ewe and lamb groups are usually more concentrated than rams, and their 

locations more predictable than those of males. Therefore, although male 

gazelles are usually more vulnerable to hunters than female gazelles, it appears 

that sheep ewes may be more vulnerable to himian himters than rams. This has 

important implications for the impact of himting pressure on Ovis populations. 

Human hunting and the contents of death assemblages 

There is little evidence of human sheep-hunting practices during the late 

Pleistocene and early Holocene in southwest Asia, and there is little ethnographic 

information about regional hunting practices today. It may be assumed that 

solo-himting was practiced prehistorically from the presence of projectile points. 

Unfortunately, there is no evidence for herd-drive hunting, although this 

apparently took place in the New World (Prison 1978). With wild sheep, 

however, there may not be a great difference in the faimal assemblages produced 

by solo and drive himting techniques. Unlike gazelles, all sheep, male and 

female, young and old, are almost equally territoriaP, and therefore human 

hunters are not expected to discriminate between age and sex categories based 

on that criteria. Herd size affects the visibility of the animals (important for solo 

himting methods) as well as the appropriateness of herd-drive methods (Bodie et 

^There are some differences in territoriality between the sexes, but they eire minor, and are not 
included in this model. Ewes are appzu«ntly more loyal to their home ranges than rams, but not 
significantly. Rams do travel between home ranges more often then ewes, but their travel is not 
extensive (Geist 1971). Furthermore, this sexual difference in home range utilization was 
described for Bighorn sheep, and has not been reported for Asiatic mouhons. 
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al. 1995). In other words, larger herds are predicted to be in greater danger from 

both hunting practices.^ 

Table 3.4. Mouflon vtilnerability to hunting 

Fall/Rut Winter Spring Lambing 
Season 

Summer 

adult males solitary or in 
dispersed 
mating pairs 

all sheep in 
mixed 
herds 

solitary or 
ram bands 

solitary or 
ram bands 

solitary or 
ram bands 

adult 
females 

dispersed 
mating 
pairs or in 
ewe/ 
juvenile 
bands 

all sheep in 
mixed 
herds 

ewe/ 
juvenile 
bands 

older ewes 
and 
juveniles 
in bands; 
lambing 
ewes 
dispersed 

ewe/ 
juvenile 
bands 

juvenile 
males 

2-year old 
rams 
dispersed 

all sheep in 
mixed 
herds 

ewe/ 
juvenile 
bands 

with older 
ewes in 
bands 

ewe/ 
juvenile 
bands 

juvenile 
females 

ewe/ 
juvenile 
bands 

all sheep in 
mixed 
herds 

ewe/ 
juvenile 
bands 

with older 
ewes in 
bands 

ewe/ 
juvenile 
bands 

Table 3.4 reproduces the information from Table 3.2, highlighting those 

animals most vulnerable to himian hunting regardless of hunting technique. 

Table 3.5 presents tentative quantitative predictions for Ovis assemblages, based 

on Pfeffer's (1967) data from a Corsican mouflon population. As was discussed 

^Another cause of variability, however, could come from diHierences in size. Presumably, if a 
larger and a smaller animal required an equcil amount of work to find and kill, the hunter would 
prefer the larger animsd. Sheep are sexually dimorphic. A full grown ram is a third larger than a 
full grown female. However, rams teike much longer to grow to their full size, and the largest 
males are the ones most likely to be solitary (Buechner 1960; Geist 1971). 
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above, female sheep live in larger herds than male sheep, and their movements 

are more restricted. Therefore, ewes are one-third of the predicted archaeological 

assemblage for the entire year except during the lambing season. This 

percentage exceeds the predicted percentage of rams, leading to a measurable 

female bias. In general, there is no predicted difference in the vulnerability of 

age categories. There is not expected adult or juvenile bias. 

In a comparison with the predictions made for gazelle assemblages, it 

should be obvious that female sheep are much more vulnerable to himting, in 

relation to the whole sheep population, than are female gazelle; ewes are just as 

likely, if not more likely, as rams to fall prey to humans. 

Table 3.5. Quantitative predictions for Ovis assemblages (based on population 
census for the Corsican mouflon in 1962) (Pfeffer 1967)^ 

Fall/Rut Winter Spring Lambing 
Season 

Summer 

adult males few 30% few > 7 
24% 3-7 

few >7 few >7 
24% 3-7 

adult 
females 

45% 30% 34% few repro
ductive 
aged ewes 

34% 

juvenile 
males 

27% 20% 21% 16% 21% 

juvenile 
females 

27% 20% 21% 23% 21% 

^Note that adult males and females would probably be found in larger proportions for solo 
hunting, while herd drives would result in the proportiorxs of yearlings and lambs reported here. 
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Wild goat species and distribution 

Goats, like sheep, are interfertile, and their taxonomy is also problematic 

(Schaller 1977). Goats lack even the chromosomal differences foimd among wild 

sheep populations (Nadler et al. 1974). However, the Latin and common names 

of goats are more standardized, so there is less potential for confusion. 

In southwest Asia, there are only two subspecies of any importance to this 

study: the true wild goat {Copra aegagrus) and the Nubian ibex (Capra ibex 

nubiana) (Habibi 1994; Uerpmann 1987). Most researchers argue that C. aegagrus 

is the sole ancestor of the domestic goat, C. hircus (Epstein 1971; Zeuner 1963). 

However, it is difficult to rule out the possibility of polyphyletic origin for C. 

hircus. Today, C. aegagrus is found in south-central and eastern Turkey and 

throughout the arc of moimtains from the Taurus to the Zagros (see Figure 4.1). 

Several sub-species of ibex are found in the higher elevations of the Levant, along 

the Arabian shield, and in Africa along the Red Sea (Schaller 1977). They are 

found in almost all mountain ranges from Israel to Oman (Habibi 1994), which is 

the southerrunost extent of ibex habitat Other ibex sub-species are found in 

temperate Eurasia, from Spain to India (Habibi 1994; Schaller 1977). 

Today, these animals are restricted to small patches of suitable habitat, but 

within the historical period their distribution was much wider (Habibi 1994). 

Archaeological evidence points to the extensive human use of Capra throughout 

the Levant (especially in the southern Levant) and in Anatolia (Uerpmann 1987; 

see Figure 4.2). In the early Holocene, C. aegagrus and C. ibex both were foimd in 
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the Levant, with the wild goat occupying the northern areas, higher mountain 

ranges, and Mediterranean climate zones, and the ibex thriving in the arid 

regions of the south, the rocky areas of the Judean and Negev Deserts, the Sinai 

desert, and the Eastern desert of Egypt (Habibi 1994; Tchemov 1988; Tchemov 

and Yom Tov 1988). 

C. aegagrus went extinct in the Levant at the end of the Neolithic 

(Tchemov 1988; Uerpmann 1987). C ibex, less accessible in its desert habitat, 

maintained large populations in southwest Asia until the introduction of all-

terrain vehicles and automatic rifles, which allowed human penetration into ibex 

territory on an imprecedented scale (Habibi 1994). Ibex were seen in herds of up 

to 50 animals on the Sinai Peninsula in the first half of this century, but today 

their populations are small and scattered (Baharav and Meiboom 1981). 

Most Capra prefer high alpine zones. C. aegagrus is typical in this 

preference, although their range extends into the lower moimtairis of the Levant. 

Ibex, on the other hand, have adapted to the arid mountains of Arabia and North 

Africa in addition to the temperate climates of highland Europe and Central Asia 

(Habibi 1994; Schaller 1977). Ibex do not have as high a tolerance for aridity as 

gazelle, but they are able to survive for significant periods of time on only the 

water from succulent plants. They can inhabit regions with as little as 30 mm of 

rainfall per year, and at elevations lower than 500 meters (Habibi 1994). 

Although sheep and goats are very closely related, goats are primarily browsers, 

adapted to higher elevations and climbing broken terrain, while sheep prefer 

flatter ground and grasses. Unlike Ovis, the genus Capra never colonized the 

New World (Geist 1971; Habibi 1991). 
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Figure 4.1. Present distribution of Capra species in southwest Asia and North 
Africa (from Schaller 1977:53) 
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Figure 4.2. Reconstructed past distribution of Capra species in southwest Asia 
(from Habibi 1994 and Uerpmarm 1987) 
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Social organization, dominance hierarchies and predator avoidance behavior 

Any genercdizations about the social organization of wild goat and ibex 

must be made with caution, because their social organization varies with 

population density. Unfortunately, C. aegagnis and C ibex populations in 

southwest Asia have been highly disturbed. They are shy of people and of 

livestock. They are harassed by Bedouin and by camels. In many places they 

have been himted to extinction (Habibi 1994). As a result, their populations and 

behavior are likely to be highly altered. 

Nonetheless, by combining information gathered from ibex and goat 

populatior\s from the northern Mediterranean rim, Ethiopia, Israel, Saudi Arabia 

and Pakistan, it is possible to reach some general conclusions concerning social 

organization, seasonal movements and predator avoidance behavior (Baharav 

and Meiboom 1981; Dunbar and Dimbar 1981; Edge and Olson-Edge 1990; 

Francisd et al. 1985; Habibi 1994; Hackman and Ritte 1993; Nievergelt 1981). 

Information about C. aegagrus is less abimdant than the information about C. ibex, 

but the basic pattern of social organization appears to be the same (Edge and 

Olson-Edge 1990). Sheep and goat are quite similar in their social organization 

and behavior, although Capra species generally live at higher elevations or in 

rockier terrain and can live on a poorer quality diet (Geist 1971; Habibi 1994; 

Shackleton and Shank 1984). There is greater variability in social organization 

and group size within the genus Capra than there is between Capra and Ovis. 

Social orgaiuzation is dependent largely on population density and terrain 

(Shackleton and Shank 1984). Larger, more structured groupings of both sheep 

and goat are found in open terrain and at high population densities (Hackheim 

and Rittle 1993; Shackleton and Shank 1984). 
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Goat populations are inclined toward even sex ratios (Habibi 1994). Equal 

numbers of males and females have been found among many species of wild 

goat. However, Hackham and Rittle (1993) have suggested that female biases are 

common, although the greater mobility of male goats decreases their visibility 

and they are probably imderrepresented by the usual counting methods 

(Hackham and Rittle 1993). 

Sheep and goat have similar growth patterns and therefore are divided by 

most researchers into similar age categories. Kids are defined as all animals from 

birth to one year of age. Capra, like sheep, have a tendency to twin. In a recent 

study of Nubian ibex, 30% of all adult females had multiple births (Habibi 1994). 

Goats differ from sheep in their creche behavior (Levy and Bemadsky 1991). A 

creche is a sheltered spot where several mothers and newborns gather to spend 

the first few weeks of the kid's life in relative security from predators. Although 

juvenile or nursery bands have also been seen among bighorn sheep, Ovis species 

do not seem to use creches with the same regularity as was observed for the 

Nubian ibex in Israel (Geist 1971; Levy and Bemadsky 1991). Creches are also 

typical of domestic goats, but not of domestic sheep (Hersher et al. 1963). While 

kids hide from danger for the first week of their life, lambs are usually able to 

follow their mothers almost immediately after birth (Giest 1971; Habibi 1994; 

Hersher et eil. 1963; Levy and Bemadsky 1991). 

Females are considered adults at age two to three, the time at which they 

become sexually mature. Although there is considerable sexual dimorphism 

among goats, an adult female is almost identical in size to a male aged three or 

yotinger, since females reach full size more quickly than males (Habibi 1994). 

Females are seldom seen alone. They are generally foimd in mixed groups or in 
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female-yoimg herds. As with sheep, it is possible for female goats in 

exceptionally good condition to reach sexual maturity by one year of age. 

However, yoimger females are much less likely to twin (Habibi 1994). 

Male Capra maintain a dominance hierarchy very similar to that fotmd 

among sheep (Geist 1971; Habibi 1994; Nievergelt 1981). The yovmgest males, 

from ages one through three, usually avoid older males and stay in the mixed 

groups with femcdes. As males age, they increasingly leave mixed groups and 

join all-male herds. At certain times during the year, males four to five years of 

age and older may become solitary. The oldest males are the most likely to live 

alone (Francisci et al. 1985; Habibi 1994; Nievergelt 1981; see Figxire 4.3). Male 

goats are not territorial and are able to tolerate the presence of other males 

through dominance hierarchies and ritualized (and not so ritualized) fighting 

behaviors (Habibi 1994; Nievergelt 1981). 

Goats are specialized climbers, and rely more on inaccessibility and less 

on speed for the avoidance of predators (Geist 1971; Habibi 1994). However, like 

sheep, goats have a tendency to clump and nm from danger. They do not panic 

as easily as gazelle (Habibi 1994; Nievergelt 1981). 

Seasonal rotmds and territory use 

Like sheep, goats have home ranges. However, they appear to move less 

frequently and over shorter distances than sheep (Geist 1971; Habibi 1994; 

Neivergelt 1981). Generally, herds share small home ranges, with individuals 

grazing within si^t of each other. Capra herds use established trails on their 
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Figure 4.3. Percentages of male Walia ibex found in mixed groups, in all-male 
groups, and solitary according to age (from Nievergelt 1981:37). 
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The relative number of males of various ages in groups with females, in all-male 
and alone. In this figure eleven age classes are distinguished. The four classes of male 

considered normally in this study are given at the bottom 
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daily or seasonal movements from one feeding area to another (Habibi 1994). 

Females tend to have much smaller home ranges than males (Edge smd Olson-

Edge 1990; Habibi 1994; Hackham and Ritte 1993). For most of the year, the two 

sexes are almost completely segregated, although this appears to be partially a 

function of climatic severity (Shackleton and Shank 1984). There is greater 

separation of the sexes and a shorter rutting season where the climate is more 

severe (either cold or arid). The boundaries between the sexes are relaxed tinder 

favorable conditiorrs. 

Female goats maintain smaller home ranges, appear to move less 

frequently, and form more stable social groups than male goats (Edge and Olson-

Edge 1990; Francisd et al. 1985; Habibi 1994). Female-juvenile herds on the 

average are larger than the male herds (Habibi 1994). Male social groupings are 

more seasonally variable (although see Nievergelt 1981). In general, male herds 

are much smaller than female herds, but they will seasonally congregate 

(Francisci et al. 1985; Neivergelt 1981). Adult males are the only individuals that 

are regularly solitary (Habibi 1994). 

Table 4.1 combines data from several researchers to produce a generalized 

seasonal schedule for wild Copra populations. This schedule is based on 

information from the Walia ibex in Ethiopia, since that is the best studied 

subspecies. However, the limited data from C. ibex nubiam and C. aegagrus 

appear to agree in principle with the schedule presented in Table 4.1. 
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Table 4.1. Seasonal variation in social organization among Capra species (from 
Nievergelt 1981; Dunbar and Dunbar 1981) 

Rut Winter Spring Birth 
Season 

Summer 

adult males mobile, 
often 
solitary or 
in male 
herds 

largest 
percentage 
of males 
solitary 

solitary or 
in male 
herds 

males 
solitary or 
in male 
herds 

largest 
percentage 
of males in 
male herds 

adult 
females 

smcdl, 
scattered 
female/ 
juvenile 
herds 

female-
juvenile 
herds 

female-
juvenile 
herds 

older 
females and 
juveniles in 
bands, 
reproduc
tive aged 
females in 
nursery 
bands in 
creches 

female-
juvenile 
herds 

juvenile 
males 

small, 
scattered 
female/ 
juvenile 
herds 

female-
juvenile 
herds 

female-
juvenile 
herds 

older 
females and 
juveniles in 
bands 

female-
juvenile 
herds 

juvenile 
females 

small, 
scattered 
female/ 
juvenile 
herds 

female-
juvenile 
herds 

female-
juvenile 
herds 

older 
females and 
juveniles in 
bands 

female-
juvenile 
herds 
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Evidence for human hunting techniques 

The ibex is one of the primary game animals of modem bedouin peoples. 

The ethnographically documented methods of himting ibex are quite similar to 

those employed for gazelle, but with less emphasis on driving and panicking the 

animals. Ibex are not as easily frightened as gazelle, and male ibex can be quite 

dangerous when threatened. They have been known to gouge himters with their 

sharp horns or to butt pursuers off the narrow mountain trails and high buttes of 

their habitat. For obvious reasons, great care is taken in the hionting of these 

animals (Hobbs 1989; Jabbur 1995). 

Because ibex live on rocky pinnacles and have circxmiscribed home 

ranges, it is relatively easy to locate and surroimd the animals. The Slayb 

bedouin believe the easiest way to hunt these animals is to approach known 

home ranges and ibex paths downwind. Other hunters will then be positioned to 

intercept any flight paths which the ibex might take (Jabbur 1995). Another 

method involves using dogs to comer an ibex while the hunter works his or her 

way above the animal and then shoots down-slope (Hobbs 1989). The extended 

firing range offered by modem rifles does not appear to be a great improvement 

over the traditional bow and arrow for the himting of ibex. Hunters prefer to be 

close to their quarry. Much of ibex habitat is so inaccessible that animals shot at 

a distance are likely to be irretrievable (Jabbur 1995). 

There is no ethnographic information on drive hunting methods of goat 

procurement, but there are archaeological data which suggest this was important 

prehistorically. Several prehistoric rock paintings of ibex have been found in 

Saudi Arabia, one of which portrays an ibex and a desert kite (Habibi 1994). A 

similar drawing was foimd on the Sinai Perunsula, showing humans driving a 
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herd of ibex and other animals into the arms of a kite-shaped enclosure 

(Perevolotsky and Baharav 1991). Some of the drive enclosures on the Arabian 

Peninsula were built on the top of hills or in rocky terrain, suggesting they were 

indeed used to htmt ibex (Habibi 1994). Since the behavior and habitat of sheep 

and goats are so similar, it is likely that wild sheep were also himted in this 

manner. However, the evidence for herd-drive himting of ibex comes only from 

the dry regions of the southern Levant and the Arabian Paiinsula, areas largely 

outside of wild sheep habitat. 

Htmting susceptibility and predictions for death assemblages 

Table 4.2 reproduces the information in Table 4.1, with the animal groups 

most vulnerable to hunting highlighted, and italicizing those animals most likely 

to be imderrepresented in a himted assemblage. As with sheep, I assume here 

that the pattern for herd-driving Capra would not be sigrtificantly different from 

the pattern for solo himting. At least, the differences would be very difficult to 

recognize archaeologically. Unlike gazelle fawns, goat kids and sheep lambs do 

not spend much of their time in hiding and do not freeze at danger, although 

they do clump with the other members of the herd. For this reason, kids and 

lambs are not as vulnerable as gazelle fawns to people engaged in gathering 

activities. 

Female goats, like female sheep, appear to be more vulnerable than gazelle 

females to local hunting pressure. This is a result of the larger group size found 

in female-juvenile herds and their smaller home ranges when compared to males. 
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Table 4.2. Capra sxisceptibility to himting 

Rut Winter Spring Birth 
Season 

Summer 

adult males mobile, often 
solitary or in 
male herds 

largest 
percentage 
of males 
solitary 

solitary or in 
male herds 

solitary or in 
male herds 

largest 
percentage 
of males in 
male herds 

adult 
females 

small, 
scattered 
female/ 
juvenile 
herds 

female-
juvenile 
herds 

female-
juvenile 
herds 

older 
females 
and 
juveniles 
in bands, 
reproduc
tive aged 
females in 
nursery 
bands in 
creches 

female-
juvenile 
herds 

juvenile 
males 

small, 
scattered 
female/ 
juvenile 
herds 

female-
juvenile 
herds 

female-
juvenile 
herds 

older 
females 
and 
juveniles 
in bands 

female-
juvenile 
herds 

juvenile 
females 

small, 
scattered 
female/ 
juvenile 
herds 

female-
juvenile 
herds 

female-
juvenile 
herds 

older 
females 
and 
juveniles 
in bands 

female-
juvenile 
herds 

However, when femcdes give birth, they are less vulnerable to hunters than 

during other seasons of the year: although goats do form nursery bands like 

sheep, their creches eire so inaccessible that hunting and retrieval of the kill are 

virtually impossible. 
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Table 4.3 makes some very tentative quantitative predictions for death 

assemblages. These predictions are calculated from Habibi's (1994) data for a 

protected population of Nubian ibex in Saudi Arabia. From this model, 

archaeological assemblages would be expected to show a female bias, except 

during the birth season. Juveniles should be well represented, but not over-

represented. The age profile should reflect the living population. Unlike with 

gazelle, there is no reason that the yoimgest ibex would be underrepresented, 

since these animals do not hide from danger. Males between the years three to 

seven will be better represented than older males, since yoimger rams spend 

their time in ram bands and the older rams are solitary. 

Table 4.3. Tentative predictions for the composition of Capra death assemblages 

Rut Winter Spring Birth 
Season 

Summer 

adult males 3% 13%< age 3 
2% 3-4 
few > age 4 

14% 3-7 
few > age 7 

28% <3 
23% 3-7 
few >7 

14% 3-7 
few >7 

adult 
females 

47% 39% 41% some 41% 

juvenile 
males 

25% 22% 23% 22% 23% 

juvenile 
females 

25% 22% 23% 22% 23% 
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CHAPTER FIVE 

FALLOW DEER BEHAVIOR AND HUNTING SUSCEPTIBILITY 

The Persian fallow deer {Dorm dama mesopotamica) was once found 

throughout Iran, Iraq, Israel, Jordan and Sjnria. Today, the species is almost 

extinct in the wild except for a few individuals in wildlife parks in Iran (Chaplin 

1977; Putman 1988; Whitehead 1972). The closely related European fallow deer 

{Dama dama) is found throughout the world, especially where it has been 

introduced as a game animal (Putman 1988; Whitehead 1972). Because the 

Etiropean fallow deer has been bred in captivity for many centuries, it shows 

several characteristics of domestic animals, including a wide variety of coat 

colors (Putman 1988). Fallow deer, like cervids in general, live in woodland 

environments. However, fallow deer prefer open woodlands and forest edges, 

and will also move out into open grassland (Putman 1988). 

Fallow deer, like most cervids that live in more open environments, 

aggregate in rather large social groups (Chaplin 1977; Putman 1988). They live in 

sexually segregated herds most of the year, coming together only for the rutting 

season (Putman 1988; see Table 5.1). For ten months of the year, the stag and 

hind groups occupy completely different habitat areas (Chaplin 1977). Fallow 

deer herd populations are not as stable as those seen for sheep and goat. 

Although D. d. mesopotamica are sometimes concentrated in herds up to 200 

strong, these are generally a temporary aggregations of many smaller, more 

stable social units of about eight to ten animals which flow into and out of larger 

groupings (Putman 1988). 
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Stag groups are entirely male, usually containing animals from three years 

of age and older. Yearling males will sometimes join these groups, but more 

often will stay with the female herds. These stag groups have well-defined 

dominance hierarchies, much like the sheep and goat populations. As is the case 

with sheep and goat, hierarchies among male deer follow variation in antler size 

(Chaplin 1977; Geist 1971; Habibi 1994; Putman 1988). For most of the year, 

males are not territorial, but live in home ranges with considerable overlap. 

During the period of antler shedding, most males are solitary imtil their defenses 

have begim to regrow (Putman 1988). 

Fallow deer males are one of the few ungulates who engage in true leking 

behavior (Putman 1988; Schaal 1986). During the rut, males concentrate in a 

leking area, where they defend small display groxmds. They are intolerant of 

other males during this period. Females wander through the display area, 

picking which males they wish to mate with. Males make no determined effort 

to keep the females within their territory after mating has been accomplished 

(Clutton-Brock et al. 1988; Putman 1988). 

The hind groups consist of females, yearlings and calves. In general, hind 

groups are larger than stag groups (Putman 1988). During the lean seasons, hind 

groups often reach their maximimi membership, as many smaller groups 

congregate on a good feeding area (Chaplin 1977). However, for most of the 

year, female home ranges are much larger than male home ranges (Putman 

1988). Females segregate themselves from the rest of the hind herd for about a 

month for the birth of their fawns (Putman 1988). 

Fallow deer males do not reach their full weight until five or six years of 

age, but are largely fiiushed growing by age three. Most yearlings are sexually 
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mature, and will mate with females if given the chance (Chaplin 1977). By their 

second or third year, young males will be driven from their mother's herd and 

home range (Putman 1988). Femzde fallow deer are not physically mature until 

four to six years of age, but are usually fertile when yearlings (Putman 1988; 

Armstrong et al. 1969). Fallow deer do not twin (Chaplin 1977). Female 

offspring are allowed to stay within their mother's home range group. These 

hind herds are generally matrilineal (Putman 1988). 

Fallow deer will run from dzmger, although not in the organized fashion 

of sheep and goat. However, like gazelle, fallow deer fawns hide for the first few 

weeks of their life. Fallow deer mothers will leave their fawns in "forms" for 

most of the day, while they feed in more open habitats. By the third month of 

their life, fawns follow their mothers (Putman 1988). 

Table 5.1. Seasonal variation in fallow deer social organization (from Putman 
1988). 

Fall Winter Spring Summer 
adult males territorial stag groups solitary stag groups 

adult females hind groups 
concentrate at 
lekking 
grounds 

hind groups 
concentrate at 
feeding areas 

females 
solitary for 
birth 

hind groups 

juveniles 
(both sexes) 

fawns follow 
mother 

fawns follow 
mother 

fawns hide fawns follow 
mother 

Tables 5.2 and 5.3 show the differential susceptibility of certain age and 

sex groups to herd-drive and solo methods of hunting. Tentative quantitative 

predictions are presented in Tables 5.4 and 5.5. Solo hunting methods are likely 
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to produce a significant male bias, with a tendency toward the over 

representation of adults. Fallow deer fawns, like gazelle fawns, would be 

wilnerable to foraging parties in their hidden "forms". Herd-drive methods, on 

the other hand, could produce variable sex biases, depending on season. Fall 

woiild be characterized by a female bias, while spring might show a significant 

male bias, due to the dispersion of females during the birthing season. The 

winter and summer are predicted to have equal proportions of both sexes. The 

percentage of juveniles should be close to their natural representation in the 

population in all seasons except for spring, when they are predicted to be 

significantly vmderrepresented. 

Table 5.2. Fallow deer hunting susceptibility to solo-himting method. 

FaU Winter Spring Sunruner 
adult males territorial stag groups solitary stag groups 

adult females hind groups 
concentrate at 
lekking 
grounds 

hind groups 
concentrate at 
feeding areas 

females solitary 
for birth 

hind groups 

juveniles 
(both sexes) 

fawns follow 
mother 

fawns follow 
mother 

fawns hide fawns follow 
mother 
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Table 5.3. Fallow deer hunting susceptibility to herd-drive hunting raethod. 

Fall Winter Spring Simimer 
adult males territorial stag groups solitary stag groups 

adult females hind groups 
concentrate at 
lekking 
groimds 

hind groups 
concentrate at 
feeding areas 

females solitary 
for birth 

hind groups 

juveniles 
(both sexes) 

fawns follow 
mother 

fawns follow 
mother 

fawns hide fawns follow 
mother 

Table 5.4. Tentative predictions for fallow deer assemblages from solo-himting 
method. 

Fall Winter Spring Summer 
adult males 80% 25% 100% 25% 

adult females 10% 25% 25% 

juveniles 
(both sexes) 

10% 50% 50% 

Table 5.5. Tentative predictions for fallow deer assemblages from herd-hunting 
method. 

Fall Winter Spring Stimmer 
adult males 25% 100% 25% 

adult females 50% 25% 25% 

juveniles 
(both sexes) 

50% 50% 50% 
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Summary of ethologically based predictions for archaeofaunas 

One of the questions posed by this thesis was what factors could be 

accurately reflected by age and sex profiles in archaeological faunas. The 

variables dealt with in Chapters 2 through 5 were seasonality and hunting 

method (two other variables of interest, domestic status and prey population 

stress, are dealt with in Chapter 6). Are seasonality and himting method 

accurately reflected in age and sex profiles of archaeological ungulate 

assemblages? 

The models discussed in Chapters 2 through 5 suggest that age and sex 

profiles can theoretically reflect both seasonality and hvmting method, at least for 

certain species. For gazelle, the predictions from Chapter 2 suggest that sex 

ratios will be the best evidence for hunting technique. A significant adult male 

bias is predicted for solo-himting methods, while herd-drive methods may 

produce a more balanced sex ratio. On the other hand, age profiles may hold 

more significance for the interpretation of seasonality. As can be seen in Tables 

2.4 and 2.5, the presence or absence of fawns, the ratio of adult males to subadult 

males, and the abimdance of adult females are predicted to change with the 

seasor\s, regardless of hvmting technique. For example, the presence of fawns in 

significant numbers is expected only during the summer. The presence of large 

numbers of subadult males is predicted in the summer and fall, when these 

animals are in much larger herds than other age and sex classes. 

The potential relatioitships between age and sex classes and seasonality 

and hunting technique are much more clear-cut for gazelle than they are for the 

other three ungulate genera discussed here, although seasonality appears to be 

more reliably reflected by age and sex ratios than hunting technique. The 
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predictions for fallow deer assemblages suggest that hunting during the winter 

and summer may produce identical age and sex ratios, regardless of himting 

method. Spring assemblages are predicted to be different from all other seasons 

(comprised almost entirely of adult males), but these assemblages also are 

expected to be identical, regardless of himting technique. Only fall assemblages 

are predicted to differentiate between himting methods, with solo-hunting 

producing a strong adult and male bias, while herd-hunting is expected to show 

a strong female bias and a natural age profile. 

It was suggested in Chapters 3 and 4 that ovicaprid assemblages are not 

predicted to accurately reflect hunting strategy. However, by combining the age 

and sex data from ovicaprid assemblages, it is theoretically possible to glean 

seasonality of hunting. The change in the availability of males, due to their 

greater mobility, reflects seasonality. The appearance of newborns during and 

shortly after the birth season is another strong indicator. 

It has been noted throughout Chapters 2 through 5 that there is variability 

in the susceptibility of females to hunting. The amount of female culling is 

extremely important to the success of an animal population, and to the ability of 

hunters to form stable predator/prey relationships. The susceptibility of gazelle 

females to hunting is mostly related to the method of hunting. Female gazelles, 

while not particularly vulnerable to solo-hunting methods, are vulnerable to 

herd-drive methods. In general, though, adult female gazelles are less territorial 

than adult males and live in smaller groups than young males. Their 

susceptibility to hunting is therefore somewhat lower. The expected percentages 

of female gazelles are generally lower than the predicted culling rates for female 

ovicaprids. Female ovicaprids are more territorial than males and live in larger 
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herds. Therefore, they are predicted to be more vxilnerable to all types of hunting 

techniques. The susceptibility of fallow deer females to himting is less clear-cut, 

since seasonality is predicted to have a strong influence on sex ratios. However, 

fallow deer does can be generally characterized as less susceptible to hunting 

than ovicaprid females, but more susceptible imder most circumstances than 

gazelle females. 

These models £md predictions were constructed on the basis of ecological 

data on the behavior, social organization, and demographics of four imgulate 

species. However, they are or\ly models, and must be tested. To test these 

predictions, and their ability to aid in the interpretation of archaeofaunas, it is 

important to turn to the archaeological record of southwest Asia during the 

Pleistocene/Holocene transition. Although much of the data needed to truly test 

these predictions is not yet available, a preliminary investigation of the 

archaeological patterning of age and sex ratios may be useful in determining 

how, and if, the approach developed here might be applied and expanded. 
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CHAPTER SIX 

SOUTHWEST ASIAN FAUNAL ASSEMBLAGES: 

THE NATURE OF THE DATA 

Ungulate succession across the Epi-Paleolithic to Neolithic transition 

Before attempting to apply behavioral data to the interpretation of 

ungulate remains, it is worthwhile examirung overall patterning in late 

Pleistocene/early Holocene favmal economies in southwest Asia. A survey of 

published data from 101 sites was undertaken to gain an understanding of how 

the reliance on various imgulate species changed from the Kebaran through the 

Pottery Neolithic. ̂  Of the 101 sites for which information was available, 90 had 

quantitative data on ungulate species, while the others had only qualitative data 

on the species found during the excavation. The sites and references are listed in 

Appendix B. 

Figures 6.1-6.9 summarize the data from imgulate archaeofatonas in 

southwest Asia from the early Epi-Paleolithic to the late Neolithic. Each site is 

represented by a pie chart showing the relative proportion of imgulate species 

found at the site. This proportion was calculated using NISP^, unless otherwise 

indicated. Table 6.1 provides a numerical summary of Figures 6.1-6.9. Variation 

in the reporting of faunal assemblages has made some repetitive categories 

necessary (such as "gazelle/deer" as well as "gazelle" and "deer" separately). To 

make interpretation as simple as possible, ungulates were grouped at a genus or 

^The sample is drawn from literature published in French or English. The survey w£is further 
limited by the vagaries of the Inter-Library Loan System. 
^Number of Identifiable Specimens, or the complete count of identified bones and parts of bones. 
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femily level, rather than by species. Less common aiiimals, like eqmds, were 

grouped into the "other" category. Due to the difficulties in determining whether 

ovicaprids were domesticated, domestic status is not considered in this analysis. 

There are two important factors relative to species representation in 

ungulate assemblages: 1) differences in ungulate avcdlability between major 

ecological zones; and 2) differences over time within each of these ecological 

zones. It appears that a major ecological and/or economic break does occur 

between the Mediterranean climate zone of the western Levant and the other 

regions of southwest Asia considered here. These differences are present 

throughout the ten thousand years represented by Figiu-es 6.1-6.9. 

Unfortunately, the significance of ecological patterning is difficult to establish, 

since the amotmt of data from the western Levant greatly outweighs the 

available information from all other areas. 

The characters which distinguish faunal assemblages in the westem 

Levant from other regions are reflected in the types and percentages of larger 

ungulates in the assemblage (ovicaprids, cervids and bos). Ovicaprids are 

seldom found in westem Levantine assemblages prior to the introduction of 

domesticates during the Pre-Pottery Neolithic B (Davis 1982). This is true even 

for Kebaran and Geometric Kebaran period sites, which usually contain greater 

percentages of large wild imgulates than sites of later periods. In the westem 

Levant, the greatest expression of ovicaprid exploitation prior to domestication is 

found at Kebaran Ksar Akil, when ovicaprids comprise 20% of the entire 

ungulate assemblage (Kersten 1989). 

In contrast, sites in the arid regions of the Sinai and southem trans-Jordein 

are in areas of excellent ibex habitat. Not surprisingly, this tmgulate species 
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forms an important component of the ^imal assemblage from the" earliest 

Kebaran through the Pottery Neolithic. At Madamagh, an arid region site 

roughly contemporary to Kseu: Akil, over 80% of the imgiilate bones were Copra 

ibex nubiana (Perkins 1966). This trend continues throu^ the Natufian, where 

the largest percentage of ovicaprids for a western Levcintine site is only 10% at 

Fazael (Davis 1983), but the southern sites of Rosh Zin and Beidha contciin 47% 

and 70% ovicaprid, respectively (Byrd 1989; Perkins 1966; Tchemov 1976). 

Not until the Pre-Pottery Neolithic B do sites in the westem Levant begin 

to have percentages of ovicaprids as high as sites in the arid ecological zones, but 

even during the Pre-Pottery Neolithic there are differences between these regions 

(Davis 1982). Gazelles and deer are the major wild species himted in the westem 

Levant after the introduction of domestic ovicaprids. Southern sites continue to 

have large numbers of wild ibex along with the domesticated ovicaprids, and 

deer are very seldom exploited. 

Unfortunately, there are few sites from the northern regions available for 

analysis. From what data are available, it appears that there are differences 

between faunal assemblages from eastern Anatolia/northwestem Mesopotamia 

cmd the westem Levant. During the late Natufian Abu Hureyra can be 

compcured to westem Levantine sites from the same period. While both Abu 

Hureyra and its westem Levantine contemporaries have high percentages of 

gazelle (all 70% or higher), the other ungulate species exploited are quite 



Table 6.1. Summary of ungtdate assemblages 
Site Gazella Ov/Cap Bos Sus 

Abou Gosh (LPPNB) 13.00 56.00 18.00 12.00 
Abu Hureyra (L. Natufian) 71.40 12.10 0.00 0.00 
Abu Salim (Harifian) 53.11 45.76 0.00 0.00 
Ain al Saratan (E. Natufian) 24.50 0.00 38.00 0.00 
Ain Ghazal (MPPNB) 19.16 63.00 10.20 7.30 
Ain Ghazal (LPPNB) 6.77 73.02 5.87 12.75 
Ain Ghazal (PPNC) 8.73 67.49 7.23 13.54 
Ain Ghazal (Yatmoukian) 6.57 71.24 6.83 9.19 
Ain Malledia (Mid- Natufian)* 56.72 5.97 4.48 13.43 
Asikli Huyuk (PPN) 0.00 100.00 0.00 0.00 
Assouad, Tell (PN) 19.80 56.80 11.51 10.64 
Aswad, Tell (la) 0.00 48.13 0.00 6.50 
Aswad, Tell (lb) 0.00 38.28 0.00 8.20 
Aswad, Tell (II) 0.00 38.17 0.00 12.27 
Atlit (PPNB) 2.00 37.00 0.00 0.00 
Basta (LPPNB) 10.43 81.69 3.89 3.89 
Beidha (E. Natufian) 22.10 69.90 5.90 0.00 
Beisamoun (PPNB) 14.50 52.50 3.50 27.00 
Bouqras 3.73 90.20 5.69 0.00 
Cafer Hoyuk (PPN) 0.00 59.53 12.41 25.31 
(Jatal Hoyuk VI 0.00 24.40 69.80 1.00 
gatal Hoyuk X-XII 0.00 6.00 79.40 0.00 
Ein Gev III (G. Kebaran) 21.00 10.00 0.00 38.00 
Ein Gev IV (G. Kebaran) 91.00 0.00 0.00 2.00 
Ein Gev 1 (Kebaran) 44.00 15.00 3.00 1.00 
Eli, Tell (LPN) 7.94 30.16 17.46 42.86 
Eli, Tell (PN) 11.11 33.33 19.44 30.56 
Eli, Tell (PPN) 11.48 45.90 26.23 16.39 
Fazael IIV (L. Natufian) 90.00 0.00 0.00 5.00 
Fazael VI (E. Natufian) 73.33 10.00 3.30 10.00 
Fazael VIII (G. Kebaran) 33.33 0.00 0.00 0.00 
Fazael Vll-lll (Kebaran) 59.73 6.04 1.34 1.30 
Gerikihaciyan (Halafian) 0.00 75.00 15.00 10.00 
Ghoraife (MPPNB) 0.00 44.43 0.00 8.55 
Ghoraife (LPPNB) 0.00 50.34 0.00 7.65 
Gritille (PPN-PN) 1.00 40.00 1.00 9.00 
Hajji Rruz Tepe (PN) 0.00 64.00 0.00 30.00 
Hallan Qemi Tepesi 0.00 43.00 0.00 13.00 
Hatoula (Khiamian) 75.00 5.00 10.00 5.00 
Hatoula (L. Natufian) 70.15 3.00 6.00 2.99 
Hayaz Hoyuk (PPN) 0.13 12.58 27.86 53.79 
Hayonim Terrace (Natufian) 83.31 0.46 0.07 0.88 
Hayonim Cave (Natufian)* 58.42 5.94 4.95 2.97 
Hefziba (Kebaran)* 29.41 0.00 35.29 0.00 
Jericho (PN) 5.00 85.00 6.67 1.67 



Jericho (PPNB) 
Jericho (PPNA) 
Jericho (Natufian) 
Kebarah B (Natufian) 
Kebarah C (Kebaran) 
Kfar Hahoresh (E-MPPNB) 
Ksar* Akil (Kebaran) 
Labweh, Tell (PN)* 
Madamagh (Kebaran) 
Munhatta (PN) 
Munhatta (PPNB) 
Nahal Ein Gev (L. Natufian) 
Nahal Hadrea V (Kebaran)* 
Nahal Oren (PPNB)* 
Nahal Oren (PPNA) 
Nahal Oren (Natufian) 
Nahal Oren (Kebaran) 
Nahr el Homr (Epipaleoiithic) 
Qafzeh (Natufian)* 
Rakefet (L. Natufian) 
Ramad, Tell (LPPNB-PN) 
Ras Shamra IV (Halafian) 
Ras Shamra V (Neolithic) 
Rosh Horesha (Late Natufian) 
Rosh Zin (Natufian)* 
Salabiye (L. Natufian) 
Shams ed-Din (Halafian) 
Shukbah (L. Natufian) 
Sinn, Tell es-
Suberde (PPN) 
Ujrat El-Mehed (PPNB) 
Umm Dabaghiyah (PPN-PN) 
Wad, El (E. Natufian) 
Wadi Hammeh 27 (E. Natufian) 
Wadi Judayid 2 (E. Natufian) 
Wadi Tbeik (PPNB) 
Yiftahel (EPPNB-MPPNB) 

15.37 54.72 
72.95 4.96 
67.59 2.78 
46.55 0.00 
55.64 0.00 
61.17 24.37 

1.50 20.10 
4.76 67.26 
0.00 82.70 

25.00 25.00 
27.00 33.00 
94.00 1.00 
51.72 0.00 
76.40 13.90 
87.90 3.10 
83.30 0.20 
77.40 0.10 
0.87 14.41 

56.40 0.00 
77.90 0.00 
0.00 84.22 
3.50 23.00 
0.00 21.00 

60.70 37.36 
40.00 46.67 
94.00 1.00 
7.00 35.00 

85.10 0.00 
1.36 12.75 

80.00 0.00 
1.60 98.31 

15.99 8.97 
85.20 0.20 
83.60 8.00 
18.50 64.70 
24.46 70.03 
80.00 5.00 

12.83 16.50 
8.44 13.40 

16.67 12.96 
29.74 6.03 

4.51 0.00 
8.63 4.57 
0.40 3.80 
9.42 6.95 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
7.76 1.72 
2.40 4.60 
1.60 3.50 
9.20 3.90 
3.30 2.60 
0.00 0.00 

16.90 0.00 
3.20 7.40 
0.00 12.03 

21.00 22.00 
29.00 43.00 

0.10 0.00 
0.00 0.00 
1.00 3.00 
7.00 0.70 

11.20 0.00 
5.27 0.00 
2.50 15.00 
0.04 0.00 
1.03 1.04 
3.30 0.90 
0.40 5.30 
6.50 0.00 
0.31 0.00 
0.00 0.00 



Figure 6.1. Kebaran ungxilate assemblages 

Kebarah 

Mediterranean Sea 

[Z Ov/Cap 
Madamagh 



91 

Figure 6.2. Geometric Kebaran ungtdate assemblages 
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Figure 6.3. Early Natufian ungulate assemblages 
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Figure 6.4. Late Natufian/Harifian ungulate assemblages 
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Figure 6.5. Pre-Pottery Neolithic A ungulate assemblages 
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Figure 6.6. Early Pre-Pottery Neolithic B ungulate assemblages 
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Figure 6.7. Middle Pre-Pottery Neolithic B ungulate assemblages 
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Figure 6.8. Late Pre-Pottery Neolithic B ungulate assemblages 
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Figure 6.9. Pottery Neolithic ungulate assemblages 
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different (Legge and Rowly-Conwy 1987; Byrd 1989). The western Levantine 

sites have very few representatives of any other single ungulate species. Instead, 

the non-gazelle species consist of a few specimens from a range of larger 

Tongulates, suggesting opportimistic exploitation. Abu Hureyra, however, 

contained a significant ovicaprid and equid component, suggestive of more 

regular exploitation of these larger species. 

Ungulate species representation in Mesopotamia is different from the 

western Levant during the Pre-Pottery Neolithic A as well. Tell Aswad is the 

only site available for comparison, but while the communities of Hatoula, Nahal 

Oren and Jericho were largely dependent on gazelles (always more than 75%), 

Tell Aswad has a large ovicaprid component (48%), as well as sigruficant 

numbers of deer and equids (together 30% of the assemblage) (Cope 1991; 

Clutton-Brock 1979; Ducos 1993; Noy et al. 1973). Even during the Pre-Pottery 

and Pottery Neolithic the differences in imgulate species between the northern 

and western regions continue. The major wild prey species in the western 

Levant are gazelle and deer, but pig, cattle and equids are more common in the 

north. 

Ideally, one would wish to explore temporal trends within each of the 

major ecological zones. In reality, such information is only available for the 

western Levant. There is not a large enough sample from each of the time 

periods for the other regions. Therefore, the following discussion of gazelle and 

ovicaprid assemblages from the Kebaran through the Neolithic is largely based 

on western Levantine sites. 
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Gazelle assemblages 

The Natufian culhiral period is known for its reliance on gazelle, which 

has even been considered a cultural indicator (Henry 1975). Figures 6.3 and 6.4 

show that the percentages of gazelle in NatuHan assemblages are indeed 

noteworthy. Gazelle are 50% or more of the imgulate assemblage in 18 of the 22 

Natufian sites surveyed here. At the late Natufian sites, this proportion is closer 

to 75%. Although gazelles were more important during the Natufian culture 

than they are before or after this time, this heavy exploitation of gazelles is not 

sudden or unusual when looked at in the entire context of late Pleistocene/early 

Holocene assemblages. Gazelle comprise a large proportion of many Kebaran 

assemblages as well. Kebaran levels at Nahal Hadera, Nahal Oren and Kebara 

all contained 50% or more gazelle remains (Saxon et al. 1978; Noy et al. 1973; 

Bjnrd 1989; Saxon 1974). The Geometric Kebaran of Ein Gev level IV contained 

over 90% gazelle (Davis 1983; Davis et al. 1988). In fact, gazelle comprised at 

least 25% of all ungulate assemblages during the Kebaran and Geometric 

Kebaran, with the exception of Ksar Akil. 

Furthermore, gazelle were not replaced in their importance as the major 

vmgulate species until the middle or late Pre-Pottery Neolithic B, more than a 

thousand years after the presumed introduction of domesticated ovicaprids. The 

Yiftahel faimas are 80% gazelle, although nearby sites are thought to possess 

domesticated ovicaprids (Garfinkel 1987). Pre-Pottery Neolithic B sites like 

Nahal Oren, Jericho, Mxmhatta and 'Ain Ghazal all contain significant gazelle 

components (from 15% at Jericho to 76% at Nahal Oren), despite the presence of 

domestic goats in some assemblages (Noy et al. 1973; Clutton-Brock 1979; Ducos 

1978b; Kohler-RoUefson et al. 1988; Rollefson et al. 1985). 
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Although gazelle were important to the economies of the western Levant 

for many thousands of years, it is still true that the Natufian exploitation of 

gazelles was exceptional (Cope 1991). There are imdoubtedly both economic and 

ecological reasons for increased use of gazelle in the early Natufian and the slow 

abandonment of gazelle-focused economies during subsequent periods. Between 

the Kebaran and the Natufian, reliance on cervids and other larger imgulates 

gave way to increased exploitation of gazelles. During the Kebaran, Figxire 6.1 

shows that gazelle and cervids were the bulk of the imgxilate specimens, with 

rather significant proportions of wild cattle and ovicaprids. Sites like Nahal 

Hadera, Hefziba, Ein Gev and Kebarah contain 30% to 35% cervid and 30% to 

55% gazelle (Davis 1983; Davis et al. 1988; Saxon et al. 1978; Byrd 1989; Saxon 

1974). By the late Natufian, the assemblages are almost entirely gazelle (75% or 

more for all western Levantine sites with the exception of Hatoula). The 

Geometric Kebaran and early Natufian show intermediate percentages of gazelle. 

One ecological reason for this faunal trai\sition was the increasing aridity 

which cxilminated in the Younger Dryas (Bate 1937; Davis 1982). Gazelles are 

desert adapted species, but fallow deer are not. The increasing aridity would 

have expanded gazelle habitat, while decreasing the availability of suitable 

habitat for Dama dama mesopotamica. The change in climate alone must explain 

some part of the faimal changes seen here. However, the changes in climate do 

not perfectly coincide with the changes in faimal percentages (van Zeist and 

Bottema 1982). Moreover, these faunal transitions are not seen throughout the 

region (eis is evidenced by the continued exploitation of equids and ibex outside 

of the western Levant). Furthermore, the Mediterranean climate of the westem 

Levant would not have been as strongly affected by the increased aridity, since it 
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benefits from the rains off the Mediterranean Sea (Roaf 1991). While climate 

change had some affect on the increasing importance of gazelles, there were 

probably other forces at work. 

Demographic changes occurring in human societies may also have played 

a role in the imgulate transition. The Natufian period shows an increase in 

human population density (Binford 1968; Flannery 1969). Along with increased 

density came sedentism and a greater impact on the immediate environment. 

The more frequent use of small food packages, in the form of grains and small 

arumals, as well as the development of intensive processing techniques, suggests 

a growing population that was maximizing yield from smaller units of land 

(Hillman and Davies 1992; Wright 1994). Gazelles live at higher densities than 

deer and are quicker to replenish their populations due to their earlier age of 

sexual maturity (Baharav 1983b). Deer populations would not have been able to 

respond to intense hunting pressure as well as gazelles, and eventually Natufian 

peoples would have found fallow deer populatioris inadequate to their needs. 

Gazelles are smaller food packages, and therefore less attractive than deer under 

optimal circumstances, but they were able to support a higher culling rate than 

deer. 

Gazelle remained the major prey species of the Natufian, but for a variety 

of reasons they were replaced during the Pre-Pottery Neolithic B by 

domesticated ovicaprids. Even during the shift towards domesticates, gazelles 

were a significant source of meat at several sites. However, gazelles are not the 

most frequently identified wild imgulate from any of the late Pre-Pottery 

Neolithic sites in Figure 6.8. Deer and other mediiun-sized to large imgulates 
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were once again as important or more important than gazelles as wild prey 

species. 

Ecological changes may explain the resurgence of larger imgtilates. 

Climate was improving, and habitat was being regained by deer, wild cattle, and 

otiier species who were not adapted to extreme aridity. However, other 

ecological forces may have counteracted the benefits gained firom increased 

rainfall. It heis been suggested that quite severe habitat destruction was caused 

during the Pre-Pottery Neolithic B by domesticated ungtilates, goats in particular 

(Kohler-Rollefson 1988). Human population density was also high, likely 

destroying large wild imgulate habitat in the immediate vicinity of living sites. 

There may also be an economic explanation for the reappearance of deer 

and larger wild ungulates as significant prey species. With the introduction of 

domesticated ovicaprids, the himting pressure on local ungulates was lessened, 

and larger but more slowly reproducing imgulates could once again be safely 

and responsibly culled without causing a sigrtificant drop in their population 

levels. 

To look at the question from another side, the reasons for exploiting 

smaller ungxilates were no longer as important, since the intensification of meat 

himting had been replaced by meat production in the form of domestic animals. 

Therefore, the necessity of targeting smaller protein-rich food parcels was no 

longer in force. Late Pre-Pottery Neolithic faimal assemblages may reflect not so 

much an increase in the number of larger ungulates hvmted as a decrease in the 

number of gazelles. 



104 

Ovicaprid assemblages 

Although ovicaprids were quite common in other parts of southwest Asia 

from the Kebaran period throughout the Pottery Neolithic, they are not fotmd in 

large nimtbers in the western Levant prior to the introduction of presumed 

domesticates dxiring the middle Pre-Pottery Neolithic B. As Davis (1982) has 

suggested, this sudden increase in ovicaprid percentages, where previously there 

was very little exploitation, suggests that these ovicaprids were domesticates. 

The average Kebaran or Natufian site in the western Levant contains fewer than 

10% ovicaprid remains, if any. During the early and middle Pre-Pottery 

Neolithic B, faunas from sites such as Kfar HaHoresh and Jericho have 25% to 

50% ovicaprid (Goring-Morris et al. 1995; Goring-Morris et al. 1994; Clutton-

Brock 1979). 

Significantly, most of the earliest domestic remains in Levantine 

assemblages are of goat, an cinimal more likely to be found in this region than the 

sheep, regardless of domesticatory status (Uerpmann 1987). This fact, along with 

the difficulty in finding morphological characteristics of domestication, suggests 

that a local origin for domesticated goat caimot be completely discoimted. High 

percentages of ovicaprids are only imusual within the western Levant. As was 

discussed above, evidence for reliance upon ibex is common in the arid zones to 

the south and east of the Mediterranean zone. Domesticated ovicaprids could 

have originated on the fringes of the Mediterranean zone and spread westward. 

This does not mean that domestication could not also have occurred in the 

north, as is commorUy postulated (Epstein 1971). Goat species today are 

interfertile, emd it is likely that many local populations were combined in the 

earliest stages of domestication. Additionally, there is no reason why the process 
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of domestication could not have taken place more than once, in many different 

loci in southwest Asia. 

Ungulate sex and age ratios in the archaeological record 

It is important to have an understanding of the general patterns in 

so u t h w e s t  A s i a n  a r c h a e o f a u n a s .  H o w e v e r ,  t h e  m o d e l s  s h o w n  i n  C h a p t e r s  2 - 5  

were developed in the hope that a more detailed study of these faimal 

assemblages, especially of age and sex profiles, wotild lead to a better 

imderstanding of changes in human exploitation of imgulates across the 

Pleistocene/Holocene transition. Particularly, age and sex data may provide one 

method of looking at levels of stress on both human and imgulate populations, 

and how this may have led to the domestication of ovicaprids during the early 

Holocene. 

The pattern of ungulate succession in human economies over time is 

already well established by prior research, but patterning in age and sex ratios 

has not been researched to the same extent. Relatively few sites have published 

age and sex ratios for gazelles, ovicaprids or fallow deer. Thirty-three 

publications had minimal age data for ovicaprids, but only 17 reported these data 

for gazelles. The ovicaprids fared better in this category because several 

researchers have used age ratios in an attempt to clarify domesticatory status in 

the absence of morphological clues (Olsen 1979). Very few researchers have 

attempted sexing ungulate species. Five site reports contained this ii\formation 

for gazelle, while only two had sex information for sheep and/or goat and one 

for fallow deer. 
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Sexing and aging of bones can be difficult, and often is only possible for a 

very small number of skeletal specimens at any particular site. Certain age and 

sex classes may not be identifiable at all, and the measurements involved are 

often ambiguous. Therefore, it is important to briefly review the methods of 

aging and sexing bones along with their drawbacks and advantages before 

presenting the data from archaeological fatmal assemblages. 

Aging bones and teeth 

Most published age profiles are constructed on the basis of bone fusion. 

As with all animals, gazelles, sheep and goat have unfused epiphyses during 

infancy. Gazelles develop faster than the caprids; most of their bones are fused 

by the time the animal reaches one year of age. The ovicaprids are not fully 

grown until two and half years of age. Ungulate males generally reach maturity 

at a later age than females, and this is reflected in the timing of bone fusion. 

Bone fusion data can be used to divide the faunal assemblage into juvenile 

(unfused) and adult (fused) individuals. The sequence in which different bones 

fuse also can be used to break down the archaeological assemblage into more 

specific age categories (see Appendix A). 

Once an animal's bones have fused, its age is more difficult to determine. 

Tooth wear may be used to estimate ages in adult animals. The stages of wear 

are defined somewhat arbitrarily, and the exact criteria are often not specified in 

published records (Hillson 1986). Because of the variability in the way age 

profiles are calculated and reported, comparisons across sites can be very 

difficult. The age data used for analysis here are two-category (juveiule and 

adult), since this was the only way to standardize the published accoimts. 
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Although two-category age profiles do not provide enough information for 

elaborate conclusions, we can predict that the age profiles relate to several 

economic factors, including seasonality and method of himting, the intensity of 

ungulate exploitation, and the importance of imgulates in the overall economy. 

Sexing bones and horns 

The differences between femeile and male horn cores are quite obvious in 

the gazelles and the ovicaprids. Unfortimately, female horn cores are delicate, 

and any sex ratio based on horns will be strongly biased toward males if in situ 

attrition has occurred (Cope 1991; Horwitz et al. 1991). It is nearly impossible to 

interpret sex ratios formed on this basis. More reliable are sex ratios based on 

measurements of post-cranial bones. The cervical vertebrae, metatarsals and 

astragali are the elements which best fit the requirements for sexing adults in 

gazelle. These elements tend to preserve well and are strongly dimorphic (Cope 

1991). Nubian ibex assemblages have been sexed on the basis of the proximal 

first phalanx (Tchemov and Bar-Yosef 1982) and the second phalanx of the front 

feet (Dayan et al. 1986). 

In order to sex post-cranial skeletal elements, measurements from 

dimorphic bones are plotted with similar measurements from modem animals of 

known sex (Horwitz et al. 1991; Tchemov and Bar-Yosef 1982). This is not a fool

proof method, since modem gazelles are xmdoubtedly smaller than their late 

Pleistocene-early Holocene counterparts, and front and rear elements can be 

difficult to distinguish. However, a sfrongly bimodal distribution of 

measurements should be sufficient for the estimate of sex ratios, assuming all 

elements were correctly identified and taken from fully mature animals. For 
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whatever reason, a strongly bimodal distribution is not always produced with 

this method (Horwitz et al. 1991). Only sex ratios based on post-crarual elements 

are used in this thesis. 

Interpreting age ratios 

The miiumal available information on gazelle and ovicaprid age profiles is 

summarized in Tables 6.2 and 6.3. The data presented in these tables are 

grouped by cultural period. The method of aging is noted, if known. 

Table 6.2. Age ratios for gazelle assemblages 

Site Period % immature % mature NISP 

Fazael Kebaran 26.1 73.9 
Hayonim Cave Kebaran 26.7 73.3 
Kebarah Kebaran 25.0 75.0 74.0 
Nahal Hadera V Kebaran 36.5 63.5 
Nahal Oren Kebaran 54.4 45.6 1039.0 

Hayonim Cave Natufian 26.1 73.9 3768.0 
Hayonim Terrace Natufian 33.0 67.0 3768.0 
Kebarah Natufian 30.0 70.0 108.0 
Nahal Oren Natufian 54.7 45.3 1538.0 
Abu Salim Natufian 8.5 91.5 607.0 
Nahal Ein Gev Natufian 37.5 62.5 
Rosh Horesha Natufian 24.8 75.2 593.0 

Nahal Oren PPNA 51.9 48.1 454.0 
Tell Aswad PPNA-

PPNB 
53.0 47.0 

Ain Ghazal PPNB 18.0 82.0 1370.0 
Beidha PPNB 30.6 69.4 30.0 
Mureybit PPNB 56.0 44.0 
Nahal Oren PPNB 39.1 60.9 436.0 

Umm Dabagiyah Pottery 
Neo. 

17.0 83.0 
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Gazelles 

Several predictions can be made about the relationship between age 

profiles and human-ungulate relationships. The earlier sections of this thesis 

dealt with sex and age categories as they relate to seasonality emd method of 

himting. Unfortvmately, the age and sex profiles needed to apply that model are 

seldom fotmd in the published record. Only four sites have published this 

information. They will be dealt with in a later section. 

Table 6.3. Age ratios for ovicaprid assemblages 

Site Period % immature % mature 
Madamagh Kebaran 23.1 76.9 

Abu Salim Natufian 60.0 40.0 
Beidha Natufian 75.0 25.0 
Rosh Horesha Natufian 26.0 74.0 

Abu Gosh PPN 55.9 44.0 
Ain Ghazal PPN 56.0 44.0 
Asikli Huyuk PPN 27.0 73.0 
Aswad, Tell (capra) PPN 41.0 59.0 
Beidha PPN 54.5 45.5 
Beisamoun PPN 58.7 41.3 
Cafer Hoyuk PPN 34.8 65.2 
Tell 'Eli PPN 43.2 56.8 
Hayaz Hoyuk PPN 18.0 82.0 
Munhatta PPN 48.5 51.5 
Tell Ramad PPN 59.0 41.0 
Suberde PPN 35.0 65.0 
Ujrat El-Mehed PPN 53.0 47.0 
Umm Dabaghlyah PPN 43.0 57.0 
Zawi Chemi Shanidar (ovis) PPN 44.3 55.7 
Zawi Chemi Shanidar (capra) PPN 25.0 75.0 

However, it is possible to step back and look at the more general economic 

adaptation of late Pleistocene/early Holocene peoples, and how this would be 
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reflected by age ratios alone. Even a simple two-category age profile can be of 

use in interpreting the intensity of ungulate exploitation. As adult gazelle are 

depleted by hunting pressure, the percentage of juveniles in the population 

should rise (Davis 1982). Therefore, their representation in the faunal assemblage 

should rise as well. A greater intensity of himting results in a larger proportion 

of the gazelle population being culled, eventually including higher percentages 

of the generally less desirable juveniles. The significant presence of juveniles 

suggests that hunting techniques were less selective - smaller food packages were 

being collected in order to maximize the yield from a local population of animals. 

Faunal assemblages produced by intensive hunting of a particular species should 

show greater numbers of juvenile animals, regardless of hunting technique or 

seasonality. 

It is generally thought that late Pleistocene/early Holocene economies 

show an intensification of resource use. The exploitation of grains, smaller 

ariimals and the reduction in foraging space all point to this conclusion (Flannery 

1969). It has been postulated that late Pleistocene economies, prior to the 

introduction of domesticated imgulates, are characterized by intense gazelle 

hunting and therefore high percentages of juveniles (Cope 1991; Davis 1982). 

On the other hand, it should not be surprising that the actual economies 

are variable across ecological zones. It has already been shown that species 

representation varied between the western Levemt and the more arid regions. 

These differences appear to be related to human population pressure and the 

ability of certain species and habitats to withstand intense exploitation, as well as 

the availability of imgulate species in different ecological regimes. Arid regions 

present imique challenges to human populations. The economic adaptation of 
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people living under xeric conditions can be expected to be significantly different 

from similar people living imder more productive regimes. 

Therefore, the intensity of gazelle exploitation is imdoubtedly related to 

ecological zone and the other food options available in the area. Although it may 

seem coimter-intuitive, human populations which are more dependent on 

gazelles for their diet may actually himt in a less intensive manner than 

populations which are less dependent on gazelles. That is to say, human 

populations who rely on gazelles for a large portion of their diet will find it in 

their best interest to avoid decimating the prey populations. In this case, culling 

may be more selective or, at least, less intense. 

The best way to minimize impact on a prey species is to avoid attacking its 

reproductive core: adult females. Under this method of conservation, adult 

males are prime targets. Not only are adult males larger food packages, they are 

also largely unnecessary for the reproductive success of a population. Very few 

males are needed to ensure the survival of the species, so the most stable method 

of hunting would be to selectively cull males. This practice which should favor a 

mature male bias in faunal assemblages. This type of harvesting does not have to 

be a conscious or deliberate attempt at conservation. Many predators can form 

relationships with their prey species which reflect the nature of the environment 

and which serve to avoid the extinction of the predator due to the extinction of 

the prey. 

But this concern for the preservation of the prey species is not necessary 

for human groups who have many other sources of food. Prehistoric 

populations living in regions of abundant plant growth may be able to himt 

gazelles in a more destructive way. If ungulates are just one of many 
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possibilities, then the loss of the population would not have a very deleterious 

effect upon the hunter. Less selective hunting methods (such as herd driving 

during the seasonal migration) could result in larger numbers of females being 

culled, possibly causing stress on gazelle populations. 

As was discussed earlier in this section, gazelles were a sigiiificant part of 

the diet for a large portion of southwest Asia from the Kebaran through the 

Pottery Neolithic. It is expected that the intensity and selectivity with which 

these populations were himted, however, should change with the dependence on 

gazelle as the importance of this species changes through time and across 

ecological boimdaries. 

To test the idea that the percentage of immature animals should be related 

to reliance on gazelle, I plotted the proportion of immature gazelle against the 

proportion of gazelle in the entire ungulate assemblage. Figxire 6.10 shows the 

relationship does appear to exist. Higher percentages of juveniles tend to occur 

in sites with higher percentages of gazelles in the over-all ungulate assemblage. 

It is asstuned, then, that sites with higher percentages of juveniles are engaged in 

more intensive culling of gazelle populations. However, the relationship seen in 

Figure 6.10 is not quite what was postulated above. It was stated that people 

more dependent upon gazelle should take proportionally fewer immature 

individuals. 

There are several reasons why Figure 6.10 might not show the expected 

relationship. First, the percentage of gazelles in an assemblage only relates to the 

type of meat brought to a site, not to the reliance on meat as a food source in 

general. This graph does not consider the effects that a heavy reliance on plant 

foods would have on the overall economy. Second, the relationship between the 
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Figure 6.10. Relationship between reliance on gazelle and proportion of gazelle 
juveniles in assemblage. 
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percentage of immature gazelle in an assemblage and the selectivity in hunting 

(or lack there of) is tenuous. If only immature males were being hunted, then a 

high percentage of immature animals could also be consistent with a plan of prey 

conservation. This second problem cannot be dealt with because we do not have 

sex profiles for most of these assemblages. The first problem, adding in 

consideration of the importance of plant foods in the economy, can be dealt with 

by looking more specifically at where and when these assemblages were created 

and at technological and economic changes associated with successive cultural 

periods. 
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Table 6.2 summarizes the gazelle age profiles available from published 

feunal assemblages in southwest Asia, grouping the sites by time period. Sites 

from relatively productive zones (the western Levant and Mediterranean region) 

are highlighted. Those sites from arid regions, such as the eastern and southern 

deserts, are shown in italics. Figure 6.11 graphically represents the information 

in Table 6.2. For purposes of clarifying the discussion, the graph has been 

divided into three broad sections: the mature biased assemblages, the immature 

biased assemblages, and the assemblages which show proportions of mature and 

immature specimens that are in agreement with living population structures. 

Although these divisions were made somewhat arbitrarily along a 

continuum, the expectations for young and mature biases do seem to correspond 

to significant biases away from natural population structures. According to 

studies of modem gazelle populations, as well as general ecological principles, a 

population is expected to have aroimd 50% to 60% juveniles (Baharav 1983; 

Henry 1975; Stiner 1994). Those assemblages with 70% or more immature 

probably represent a significant juvenile bias in the death assemblage. Similarly, 

those assemblages with less than 30% immatxire animals show a significant 

mature bias. 

It is expected that cultural periods and ecological boundaries should 

correspond to some differences in the intensity of gazelle cxdling. Somewhat 

surprisingly, none of the sites from the same cultural period appear to strongly 

cluster together. Although a larger sample may show more robust patterning, it 

does not appear that cultural period accoimts for much of the variation found in 

age profiles in the gazelle assemblages. 



115 

Figure 6.11. Gazelle age ratios graphed by cultural period and ecological zone 
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The lack of patterning along ailtural lines does not conform with general 

expectations about changes in human economies across the 

Pleistocene/Holocene transition (Cope 1991). Greater intensity of gazelle 

exploitation would be in line with other aspects of Natufian economics, which 

included smaller food packages on average than previous foraging practices 

(Flaimery 1969). However, as Table 6.2 shows, the 21 published faunal 

assemblages from the late Pleistocene/early Holocene have juvenile proportions 

that either match those foimd in natural populations or juveniles are actually 

imderrepresented. Not one site qualifies as having a juvenile bias. 

Although the age ratios do not cluster by cultural period, sites from 

similar ecological zones do cluster in a more consistent way. Six of the seven 

sites from relatively arid regions are clustered in the "mature bias" region of 

Figure 6.10. There is only one exception to this patterning by ecological zone: 

Mureybit, although in a generally arid region, has a much higher percentage of 

immature animals than any of the other arid sites. However, this exception may 

prove the rule. Mureybit is located on the Euphrates River, and the prehistoric 

peoples imdoubtedly had access to the more productive resource areas within 

the confines of this well-watered valley. It should probably be included with the 

sites from more humid regions. 

Mediterranean zone sites cluster less, although they are more likely to 

have an equal proportion of juveniles, indicative of a complete cross section of 

the population. Seven of the 12 sites have even ratios of juveniles. Five have a 

mature bias. 

This type of ecological patterning does conform to the earlier expectations. 

It was proposed above that high proportioris of juveniles might relate to the over-
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hunting of populations. Therefore, the mature biases seen in arid regions may 

reflect less intensive himting techniques. The intensity of gazelle exploitation 

may have been much higher in the wetter regions of southwest Asia. It is in 

these more humid areas that reliance upon plant foods is possible, while the 

hunting of game was relatively more important in the arid zones. 

This greater selectivity foimd in arid-regions sites could be accomplished 

in several different ways, including seasonal hunting schedules and himting 

techniques. Unfortimately, we do not have the information necessary to 

distinguish these factors. A three-category age profile (easily accomplished, 

although not often provided in the published record) is needed at minimimi, 

along with sex ratio data. Unfortunately, a ratio of immature to adult animals 

alone is ir\sufficient to narrow the options down to one explanation, especially 

since the representation of neonates in relation to older juverules is predicted to 

be key to the imderstanding of himting seasonality and technique in gazelles (see 

Chapter 2). 

If the age profiles of gazelle assemblages truly reflect economic differences 

across ecological zones, then one would expect similar economic changes to be 

reflected across cultural periods as well. The introduction of domesticated 

ungulates should also cause some major changes in predator-prey relationships. 

No change seems to take place in the percentages of immature gazelles found 

between sites dating to the Natufian and to the PPNB. The sample size may be 

causing problems here, since there are more Epipaleolithic sites than Pre-Pottery 

Neolithic sites with age ratios. 

Before accepting the ecological implications of this result, we should 

consider what other factors could be affecting this analysis. Obviously, 
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taphonomic considerations are primary. Sites in the arid regions tend to be 

small, and it is reasonable to predict that immature bones would be preferentially 

destroyed by nattiral forces in small surface scatters. A detailed study of each 

site would be necessary to completely dispense with these concerns, but it should 

be noted that the percent of immature bones does not seem to be related to the 

size of the faunal assemblage. Figure 6.12 graphs the percentage of juveniles in 

the gazelle assemblages against the total size of the faunal assemblage. There is 

no correlation. 

Figure 6.12. Relationship of percent juvenile gazelle to faunal assemblage size 
(NISP). 
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The appearance of ecological patterning could also be caused by analytical 

flaws. As was mentioned above, few archaeologists make age class definitions 

explicit. Therefore, the data presented here may not be entirely comparable. The 

possibility that the patterning is an cuti^ct of the analytical method should be 

kept in mind, although it is imlikely that classification biases could accoimt for 

environmentally based segregation in a multiple-period sample. 

Taphonomic considerations or anedytical method may pzurtly accoimt for 

the patterning found in Figure 6.11, but it is also likely that the differences 

between the faimal assemblages in dryer and wetter regions reflect somewhat 

different predator-prey relationships. This would not be particularly surprising, 

considering the different types of challenges faced by people living under 

different ecological constraints. 

Obviously, the relationship between age and sex profiles in archaeological 

assemblages and general economic issues is complex. There is no easy way to 

reconstruct prehistoric predator-prey relationships from the data discussed here. 

With the aid of other lines of archaeological evidence and a basic understanding 

of prey behavior, however, it may be possible to gain a more sophisticated 

understanding of the nature of hiaman-gazelle interactions. 

Ovicaprids 

Most sites with age ir\formation on ovicaprids are from later cultural 

complexes, so it is difficult to compare them to age ratios from gazelle 

assemblages, most of which are from earlier time periods. The majority of 

animals from the Pre-Pottery Neolithic are domesticates, and therefore outside of 

the range of this thesis. 
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Figure 6-13. Ovicaprid age ratios graphed by cultural period and ecological zone 
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Out of the four Kebaran and Natufian sites with reported age ratios, only 

one, Beidha, shows a significant bias toward juveniles in the Copra ibex nuhiana 

assemblage (75%) (Bjnrd 1989). One other site, Abu Salim, contains a 

representative percentage of juveniles (60%) (Butler 1977; Davis et al. 1982). The 

remaining two sites had quite low numbers of juveniles, only aroimd 25%. In 

Chapter Four, it was noted that young ibex were more vulnerable to human 

hunters than gazelle fawns. Two of the four ibex eissemblages contain a 

representative nimiber of juveniles or a juvenile bias. This was not seen in any of 

the 21 gazelle assemblages. 

On a related note, the percentage of juveniles in domesticated assemblages 

is not generally greater than that in the four assemblages of wild ovicaprids, 

despite the attempts to use age profiles as one determinant of domestication 

(Olsen 1979; see Table 6.3 and Figure 6.13). In fact, the highest percentages of 

juveniles were found in two Natufian sites: Abu Salim and Beidha (Byrd 1989; 

Butler 1977; Davis et al. 1982). The representation of juveniles at Beidha actually 

declines after the introduction of domestic ovicaprids from 75% to 55%. The 

usefulness of age profiles alone as a determinant of domestication may be called 

into question by this, although with only four pre-domestic assemblages, it is 

difficult to know if this trend is significant. 

Integrating sex and age ratios in faunal analysis 

Very few site reports have fully, or even partially, included the age and 

sex categories in archeological gazelle or ovicaprid remains (see Table 6.4). 

Methods for recognizing these categories exist, but the information is seldom 

reported (Horwitz et ed. 1991). In fact, even when the information is available, it 
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is not always published in a usable format (such as Cope 1991). However, Cope 

(1991) and Henry et al. (1981) together provide minimal age and sex information 

on gcizelle and fallow deer for the Natufian site of Hayonim Terrace, and Cope 

(1991) and Davis (1982) present similar data for the Natufian levels of Hayonim 

Cave. It is therefore possible to compare the sex and age ratios found at this 

locality to predictions developed from knowledge of gazelle behavior and their 

susceptibility to human hunting practices. Information about age and sex 

categories can then be combined with other evidence to provide a more complete 

picture of the economic adaptations of Natufian peoples. 

Table 6.4. Sex Ratios for Gazelle and Ibex Assemblages 

Gazelle: 

Site %male 
Hayonim Cave (Kebaran) 58% 
Hayonim Cave (Natufian) 80% 
Hayonim Terrace (Natufian) 76% 
Ain Mallaha (E. Natufian) 73% 
Ain Mailalia (Mid Natufian) 73% 
Hatoula (L. Natufian) 60% 
Hatoula (Khiamian) 53% 
Fazael (Kebaran) 50% 
Urkan-E-Rub (Kebaran) 80% 

Ibex: 

Site % male 
Ujrat Ei-Mehed (PPNB) 43% 
Wadi Tbeik (PPNB) 67% 

The models developed in earlier sections of this thesis were developed 

using relatively fine-scale sex and age categories. Unfortimately, it is seldom 
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possible or practical to analyze an archaeological assemblage in such detail. Not 

only is this information raurely reported, but the identification of certain classes, 

such as juvenile male or female fawn, would be impossible. The information we 

do have from Hayonim Terrace consists of a sex profile of adult animals alone 

and a three-category age profile. The archaeological data reported by Cope 

(1991), Davis (1982) and Henry et al. (1981) are presented in Table 6.9. 

Sex and age ratios are available for two common prey species from 

Hayonim Cave and Terrace: gazelles and fallow deer. Although the situation is 

obviously more complex, I will merely compare the sex and age ratios to the 

models shown in Tables 6.5-6.8. It is quite likely that these assemblages are 

palimpsests of many hxmting techiuques emd seasons. Ideally, this model would 

be applied to a small, seasonal site with evidence for limited occupation. 

Unfortimately, age and sex ratios are not available for very many of these sites. 

At Hayonim Terrace, the gazelle age and sex ratios point toward simimer 

or fall solo-hunting. The strong male bias is indicative of solo-hunting, especially 

when combined with an under-representation of juveniles. The presence of 

fawns suggests summer or fall, since individuals in this age group are not 

available during the winter and are rarely foimd in the spring. 

The fallow deer are more difficult to relate to the model developed in 

Chapter 5. The presence of fewns suggests summer hunting, but methods of 

hunting are difficult to distinguish, since sex ratios are relatively equal in either 

case. 

The gazelle assemblage from Hayonim Cave does not fit any of the 

models perfectly, but the percentages of immature individuals is not inconsistent 

with fall hunting. The strong male bias once again suggests mainly solo hvinting 
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methods. Unfortvmately, it is difficult to devise an alternate test for solo-hvmting 

vs. herd-drive himting. Solo hunting was imdoubtedly practiced, but whether it 

was the exclusive or even most dominant method of hunting is a more difficult 

question to answer. However, although herd-drive methods of hunting could 

have been used during the Natufian period, there are no obvious herd-drive 

features in ttie area. 

Table 6.5. Quantitative predictions for Gazella assemblages formed by the solo 
hunting method (calculated from Baharav 1983 census material for 1976-1977 in 
Ramat Qedesh) 

Summer 
(late May to 

August) 

FaU 
(September to 

November) 

Winter 
(December to 

February) 

Spring 
(March to 
mid-May) 

mature 
animals 

few 37% 100% 100% 

juvenile 
animals 

38% 63% few few 

fetal or 
neonates 

62% few none none 

sex bias strong male 
bias 

strong male 
bias 

strong male 
bias 

strong male 
bias 

Comparing conclusions about seasonality to ottier evidence is somewhat 

more rewarding than cross-checking the hvmting method. The Natufian period is 

characterized by a greater degree of sedentism than earlier cultural periods, and 

Liebermaim (1991) has suggested from the cementum analysis of gazelle teeth 

that gazelle hunting took place year-round at Hayonim. However, his data could 
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equally support the late summer- early fall hunting schedule suggested here. 

Lieberman's work showed equal proportions (more or less) of gazelles culled 

during the April-October period and during the November-Meurch period. This 

could mean year-roimd himting, of course, but it could edso mean that hunting 

was taking place across the Ckrtober/November boimdary - that is, during late 

summer and early fall. 

Table 6.6. Quantitative predictions for Gazella assemblages formed by herd-drive 
hxmting methods 

Summer 
(late May to 

August) 

FaU 
(September to 

November) 

Winter 
(December to 

February) 

Spring 
(March to 
mid-May) 

mature 
animals 

few 50% 58% 63% 

juvenile 
animals 

100% 50% 42% 37% 

fetal or 
neonates 

few few none none 

sex bias strong male 
bias 

slight female 
bias 

female bias strong female 
bias 
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Table 6.7. Tentative predictions for follow deer assemblages from-solo-himting 
method. 

Fall Winter Spring Summer 

mature 
animals 

90% 50% 100% 50% 

juvenile 
animals 

10% 50% few 25% 

fetal or 
neonates 

few few few 25% 

sex bias strong male 
bias 

even sex ratio strong male 
bias 

even sex ratio 

Table 6.8. Tentative predictions for fallow deer assemblages from herd-hunting 
method. 

Fall Winter Spring Summer 

mature 
animals 

50% 50% 100% 50% 

juvenile 
animals 

50% 50% few 25% 

fetal or 
neonates 

few few few 25% 

sex bias strong female 
bias 

even sex ratio strong male 
bias 

even sex ratio 
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Table 6.9. Gazelle and fallow deer age and sex ratios at Hayonim Terrace and 
Hayonim Cave (Natufian levels). Sex ratio was based on astragalus for gazelle 
and metatarscds for fallow deer (Cope 1991). Age profile cor\structed through 
bone fusion (Henry et al. 1981). 

Hayonim Terrace: 
Species % male fawn yearling adult 

gazelle 73% 3.3% 28.4% 68.3% 
fallow deer 42% 5.3% 25.1% 69.6% 

Hayonim Cave: 
Species % male fown yearling adult 

gazelle 80% 8.7% 21.8% 69.5% 

These models give faunal analysts a place to start looking for evidence of 

seasonality and hvmting strategies, despite some obvious limitation of the 

information published to date. However, to reach any conclusions, many lines of 

evidence would have to be mustered. There is no simple interpretation for the 

assemblages discussed here, nor is the published record as it now stands 

necessarily the perfect place in which to explore these models. It is, however, 

sufficient to illustrate the potential of the approach developed here, as well as to 

suggest the tj^e of data needed for future research on the topic. The predictions 

generated here do have the ability to rule out certain possibilities and point 

toward more likely explanations. 

For these models to be used to their full potential, future research would 

have to focus on recovering age and sex profiles from archaeological ungulate 

assemblages. The techniques do exist, although some perhaps need further work 

(Horwitz et al. 1991). In general, no further methods are needed to recognize 
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these categories; it is simply a matter of applying existing techniques to obtain 

more data &om the available faunal assemblages. 



CHAPTER SEVEN 

HUMAN IMPACT ON PREY SPECIES 
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Interpreting fauneil assemblage patterning is only one reason that 

behavioral data are of interest to the zooarchaeologist. A second reeison to study 

prey-species behavior involves an interest in how human himting patterns can 

affect animal populations. A very simple modeling exercise can show the effect 

of certain hunting techniques on ungulate demographics. The kinds of changes 

caused by hunting patterns may have important implications for species survival 

and for the process of domestication (Tchemov and Horwitz 1991; Stiner 1994). 

Using a simple Excel program, I explored the long term effects of certain 

himting methods on the populations of major prey species: gazelle, fallow deer, 

and the ovicaprids (see Appendix C). The program took into consideration the 

differential reproductive ability of the species, as well as applying the expected 

mortality rates to each age and sex category consistent with the predictions 

fovmd in Chapters 2-5 of this thesis. The goal was to explore the impact human 

hunting techniques would have on prey populations. 

The program set up an initial simulated population of 3,000 animals with 

six age and sex categories: mature (reproductively active) females, mature 

(reproductively active) males, yearling females, yearling males, female fawns and 

male fawns. At the beginning of the simulation (year one) the population is 

divided equally among these age and sex categories at 500 animals each. These 

starting proportions were not ideal, but serve as a sufficient beginning. Yearling 

animals were probably over represented initially, but once the simxilation 
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progressed the proportions came closer to mimicking natural population age 

profiles. 

Six population-modifying categories were then added to the simulation. 

First, mortality rates were set for each of the age and sex categories. These 

mortality rates were changed for each run of the program using the models 

developed in Chapters 2 through 5. Infant mortality was set at one rate for both 

males and females, since natural infant mortality is very high and none of the 

models from Chapters 2-5 suggested that infant mortality would be variable by 

sex. The last population-modifying category was proportion of females 

impregnated. This cell value was calculated with a very simple equation 

developed by Caughley (1977). This category was included because of it has 

been hypothesized that male mortality among gazelle could have been high 

enough to affect the breeding patterns of females (Cope 1991). This was also a 

way of ensuring that the population did not continue to grow if the number of 

mature males was less than zero. 

As the simulation progresses from year one to year two, the second year's 

population is calculated by taking the previous year's population and modifying 

it according to several factors. First, the set mortality rates are applied to the 

previous year's population numbers, reducing the number of animals. Second, 

the previous year's surviving fawns are added to the current year's yearling 

category of the same sex. The previous year's surviving yearlings are added to 

the mature animal categories. The growth and renewal of the population is 

accomplished by adding to the fawn categories. This is done by multiplying the 

previoxis year's number of mature females by the proportion of females 

impregnated. 
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These calcxilations were continued until it appeared that the population 

was more or less at equilibrium. That is, until the number of animals in each 

category was changing by only a small amoxmt each year. The mortality rates for 

each simulation were set in accordance with the models in Chapters 2-5. 

However, while the ratios were kept in sync with these models, the actual 

percentages culled had to be experimented with in order to assure that 

equilibrium was reached and that the populations neither exploded nor went 

extinct. 

The general pattern for the simulation discussed above was modified for 

each species and hunting technique. The himting technique differences were 

related to the setting of the mortality levels in accordance to the models 

developed in Chapters 2-5. For example, if a model suggested that solo hunting 

would produce an assemblage containing twice as many adult males as adult 

females, then the simulation mortality levels for mature males could be set at 

20%, and for mature females 10%. Or, if necessary to ensure survival of the 

simulated population, the percentages could be 10% and 5%. However, if the 

same model suggested that herd-drive methods produced equal proportions of 

adult males and adult females, then a separate simulation was constructed with 

identical mortality rates for those categories. 

Differences in the growth patterns and reproductive capabilities of prey 

species were simulated by modifying the formulas for calculating the number of 

fawns and the ntimber of mature aiiimals of both sexes. Gazelles and fallow deer 

do not commonly have twins. Therefore, the number of fawns was simply 

calculated by multiplying the number of mature females by the percentage of 

females impregnated. However, ovicaprids quite commonly produce twins. 
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Therefore, the nxunber of fawns was calculated as 150% of the nmnber of females 

impregnated. 

The age at sexual maturity is also a significant factor in the reproductive 

capability of a population. This age is quite different between fallow deer, 

gazelles and ovicaprids, so the method of calculating mature animals was 

modified by species. Most gazelles are sexually mature by the end of their first 

year. The nimiber of mature animals was calculated as 100% of the surviving 

juveniles of the previous year. However, ovicaprids are not reproductively 

active imtil the end of their second year. Only 50% of the previous year's 

surviving juveniles were coimted as mature for the current year. Finally, fallow 

deer fall somewhat in-between gazelles and ovicaprids in their reproductive 

capabilities. Therefore, 75% of the previous year's juveniles were counted as 

mature. 

Appendices D through H contain all of the cell values obtained through 

nimiing this program. Because it is difficult to read in this format. Figures 7.1 

through 7.5 graphically show a cross-section of the simulated living population 

for each species under variable himting conditions. The differences in hunting 

susceptibility by sex and age for each species leads to differences in the effect 

which hunting has on these populations. The graphs are divided by age group 

(the horizontal bars) and sex (by the meridian line). The mortality rates and 

initial population settings are reported along with the graphs. 

The results of the computer simulation seen in Figures 7.1 through 7.5 

may have bearing on the distinct relationships that each of these prey species 
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Figure 7.1. Model of Gazella population organization under herd-drive 
exploitation 

Initial population settings: 
female and male fawns; 500 
female and male juveniles: 500 
female and male mature: 1000 

Variable settings: 
infant mortality: 50% 
female juvenile mortality: 2.5% 
male juvenile mortality: 15% 
female mature mortality: 15% 
male mature mortality: 2.5% 
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Figure 7.2. Population orgaruzation of gazelle under solo hunting pressure. 

Initial population settings: 
female and male fawns: 500 
female and male juveniles: 500 
female and male mature: 1000 

Variable settings: > 
infant mortality: 50% 
female juverule mortality: 5% 
male juvenile mortality: 25% 
female mature mortality: 5% 
male mature mortality: 50% 
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Figure 7.3. Population organization of Capra populations under hunting 
pressure. 

Initial population settings: 
female and male fawns: 50 
female and male juverules: 50 
female and male mature: 100 

Variable settings: 
infant mortality: 50% 
female juvenile mortality: 20% 
male juvenile mortality: 20% 
femcde mature mortality: 45% 
male mature mortality: 30% 
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Figure 7.4. Population organization of Dama populations under solo-hunting 
pressure. 

Initial population settings: 
female and male fawns: 50 
female and mcde juveniles: 50 
female and male mature: 100 

Variable settings: 
infant mortality: 50% 
female juvenile mortality: 25% 
male juvenile mortality; 25% 
female mature mortality: 25% 
male mature mortality: 75% 
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Figure 7.5. Population organization of Dama populations under herd-hunting 
pressure. 

Initial population settings: 
female and male fawns: 50 
female and male juveniles: 50 
female «ind male mature; 100 

Variable settings: 
infant mortality: 50% 
female juvenile mortality: 25% 
male juvenile mortality: 25% 
female mature mortality: 33% 
male mature mortality: 50% 
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developed with human popiilations during the Holocene. Modem gazelles are 

obviously wild animals, as opposed to the ovicaprids, whose descendants (or 

their close relatives) were domesticated. It is interesting to note that fallow deer, 

whose behavior combines aspects similar to both gazelles and ovicaprids, is also 

considered a semi-domesticated animal (Putman 1988). 

This program is primitive, and the results shown in Figures 7.1 through 

7.5 should be considered in that light. Nonetheless, an important difference 

between these four populations can be seen in the percentage of immature 

females represented in the age and sex structure of the living population. 

The larger percentage of immature females among Capra species is 

partially the result of the longer maturation of caprids in comparison to gazelles, 

and especially the predicted result of heavier hunting pressure on adult female 

Capra . This himting of females has two important results. First, it threatens the 

viability of the whole population in a way that hunting of males could not. 

Second, the lower proportion of adult females exerts a strong selective pressure 

on earlier ages of reproduction and more intense reproduction in a shorter life 

span (either through twin or multiple birthing seasons per year). Not 

coincidentally, earlier age of reproduction and increased litter size are two of the 

most important characteristics of domestic ungulates (Tchemov and Horwitz 

1991). 

The literature concerning the process of domestication emphasizes higher 

fecxmdity as key to the imderstanding of the changes which take place in 

domestic animals. Morey (1994) suggests that the suite of traits associated with 

domestication are linked because they are all secondary results of a change in 

reproductive timing. His research with dogs showed that domestic canids have a 
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much earlier age of reproduction than the wolf. Dogs accomplished this feat 

through paedomorphism: they grow at a slower rate and stop growing sooner 

than their wild ancestor. The evolutionary advantage of tiiis change is an 

increase in reproductive ability. The consequences of paedomorphism, however, 

extended throughout the behavioral and morphological adaptation of the dog. 

In this view, the suite of traits associated with domesticates are all retained 

juvenile characteristics. If this is the case, then it is selection (whether natural or 

artificial) for a higher rate of reproduction which led to domestication. 

Tchemov and Horwitz (1991) attempted to explain why the wild ancestors 

of our domesticated ungulates underwent such an extreme selection for early age 

of first reproduction and the paedomophic traits which were acquired with that 

change. They based their interpretation on colonization models, which come 

firom a set of ecological theories which were first developed in the context of 

island biotas, including the concept of r-selection^ (MacArthur and Wilson 1967; 

Pianka 1970). According to colonization models of domestication, early 

sedentary settlements created new habitats which could be colonized by wild 

animals (Morey 1994; Tchemov and Horwitz 1991). Since nature abhors a 

vacuum, an empty habitat allows very high rates of reproduction among the few 

species which have entered its sphere. Therefore, r-selection trends may be 

favored, leading to earlier ages of reproduction and larger litter sizes (MacArthur 

and Wilson 1967; Pianka 1970). 

^r-selection and k-selection ctre terms referring to the reletive reproductive strategies of 
orgaiusms, which tend to either produce large numbers of offspring with little post-natal parental 
investment (r-selection), or produce few offspring with a great deal of post-nat  ̂parental 
investment (k-selection). R-selected species produce larger numbers of offspring, but infant 
mortality is f«ir higher than in k-selected species (MacArthur and Wilson 1967; Pianka 1970). 
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Tchemov and Horwitz (1991) suggest that human sedentary settlements 

would have provided ungulates with a new ecological niche, containing 

abundant food resources and freedom from predators, and therefore would have 

selected for hi^er rates of reproduction. Undoubtedly, the newly formed 

agricultural commimities of the early Holocene would have provided attractive 

food resources for ungulates. However, human settlement areas would have 

been anything but predator free. From the perspective of a prey species, there is 

no difference between "predation" and "culling" (contra Tchemov and Horwitz 

1991). Either way, a dead animal cannot continue to reproduce. If anything, 

human culling patterns are more destructive to animal populations because they 

tend to target the adults of reproductive age, including females (Stiner 1994). 

Non-human predators often have less of an impact on the reproductive strategies 

of their prey because their victims are less likely to be part of the viable 

population (Errington 1946). 

Amending Tchemov and Horwitz's hypothesis, then, it appears that areas 

intensively exploited by hiomans were likely to be characterized by ample food 

resources (due to agricultural fields and low imgulate population density), and 

heavy hunting pressure, especially on prime-aged adults. Interestingly, these are 

also conditions which have been shown to produce strong selection for increased 

rates of reproduction, including larger litter sizes and earlier age of reproduction 

(Nicholson 1954). This is exactly the type of age and sex structure which is 

produced by the computer program run to equilibrium. A tendency toward r-

selection, therefore, may not be the result of niche colonization per se, but instead 

a natural reaction to heavy himting pressure focused on prime adults. 
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Obviously, the implications of the computer model presented here must 

be tested against actual archaeological assemblages. Gazelle assemblages from 

the Natufian do seem to show male biases, as suggested by this model (Cope 

1991). However, very few studies of sex and age ratios have been undertaken for 

Capra species during this time period, but of the two pre-domestic assemblages 

discussed in Chapter 6, one did have a slight male bias. Humans are, of course, 

completely capable of modifying their himting behavior in response to economic 

and ecological concerns. However, if upon further testing the himting patterns 

for Gazella and Capra do appear significantly different, then another aspect of 

human-prey relationships can be added to Dieunond's (1994) list of necessary 

ingredients for a domesticated ungulate: not only must the animal's behavioral 

characteristics complement human life-ways, but humans must be able to affect 

the animal populations in such a way as to bring about the changes seen under 

domestication. 
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SUMMARY AND CONCLUSIONS 
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This thesis is comprised of the sections relating to the interpretation of 

ungulate age and sex ratios in the eirchaeologiced record. The first section, 

comprising Chapters 2 through 5, concern the use of ethological data to form 

models of the relationship between archaeologically visible age and sex 

categories and the techniques and seasonality of human himting. These sections 

develop predictions for the archaeological record. The predictions suggest that 

the usefulness of age and sex categories for determining seasonality and hunting 

method will depend on the species being studied. Age and sex categories in 

gazelle and fallow deer assemblages are predicted to be relatively accurate 

predictors of both seasonality and himting method. However, it was predicted 

that methods of hunting ovicaprids would not be accurately reflected by these 

data. 

In Chapter 6, an attempt is made to compare the models developed in 

Chapters 2-5 to the actual archaeological record, as well as to consider how age 

and sex data from prey species might reflect increasing food stress and 

population pressure on prehistoric peoples. Although this proved difficult, some 

conclusions were reached: 

1) Sex ratios foimd in archaeological sites do tentatively conform to those 

predicted by the models in Chapters 2-5. Several gazelle assemblages show 

strong male biases. The data on ovicaprids are slight, but one of the two 

assemblages showed a female bias. 
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2) Simple age categories seem to reflect a difference in economic 

adaptation of the peoples of the productive western Levant and the inhabitants 

of the deserts to the south and east. Desert assemblages did not show the same 

intensity of hunting pressure that was seen in assemblages from the more 

productive regions. 

3) Finally, the models were applied to the Natufian assemblages at 

Hayorum, one of the few sites for which we have both age and sex ratios. The 

conclusions were admittedly tenuous, but the seasonality predictions generated 

by the models from Chapters 2-5 were corroborated to some extent by other data 

on seasonality of hunting. 

Lastly, Chapter 7 looked at the affects that heavy hunting pressure could 

have on prey population structure. The simulations presented here combined 

the models developed in Chapters 2-5 with a test of some theories about the 

origin of imgulate domestication. This section concluded that predicted hunting 

affects on ovicaprid populations could lead to increased r-selection, which has 

been hypothesized as essential to understanding the causes of domestication. 

However, the predicted effects of gazelle hunting are less likely to lead to this 

strategy. Fallow deer fall in between. 

This thesis has been long on possibilities and short on actual data, the 

unfortunate consequence of working with the published record to obtain data 

which are seldom published. Luckily, even if the amotmt that can be learned 

from the published record is small the problem is only that the necessary 

information has not been made available, not that the data are unobtainable. It is 

hoped that this thesis will at least show that these models of prey behavior, as 

discussed in Chapters 2-5, can be useful in the interpretation of faimal 
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assemblages. I firmly believe they are worth pursuing, and combined with the 

proper data we will be able to leam more about the hunting techniques and 

seasonality of faunal assemblages. The use of animal behavior data can lead to 

more informed interpretations of sex zind/or age class "biases" than are often 

seen in archaeology today. 

The final goal of this thesis was to show that the study of animal behavior 

in relation to the archaeological record allows one to consider the effects that 

himian himting can have on prey species. Although here the question being 

considered is domestication of mediimi-sized ungulates, there are other issues 

that can be explored using a combination of animal behavior data and computer 

modeling. Throughout our history, members of the species Homo sapiens sapiens 

have engaged in intense interactions with other animals. Increasing population 

pressure, improving technology and changing economic adaptations have 

caused extinction of some species and the spread other species throughout the 

world. It is worth exploring the impact we have on the world around us in order 

to understand how we are impacted in turn. 
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APPENDIX A. BONE FUSION SEQUENCES FOR OVICAPRIDS 

Ovicaprids (from Wheeler 1977) 
age .5-1 year 

proximal radius 
distal himierus 
scapula 
iimominate 

age 1-1.5 years 
first phalanx 
second phalarix 

age 1.5-2 years 
distal tibia 

age 2-2.5 years 
distal metapodial 

age 2.5-3 years 
distal radius 
proximal tibia 
proximal femur 
distal femur 



APPENDIX B. SITES AND SOURCES 

Abou Gosh 

Abu Hureyra 

Abu Salim 

'Ain al-Assad 

'Ain al Saratan 

'Ain Ghazal 

'Ain Mallaha 

Asikh Hiiyiik 

Assouad, Tell 

Aswad, Tell 

AtUt 

Basta 

Beidha 

Beisamoun 

Ducos 1978b 
Davis 1982 

Legge and Rowly-Conwy 1987 
Byrd 1989 

Butler et al. 1977 
Scott 1977 
Davis et al. 1982 

Uerpmann 1987 

Byrd 1989 

Kohler-Rollefson et al. 1993 
RoUefson et al. 1985 

Cope 1991 
Ducos 1978c 
Bouchud 1987 
Davis 1983 

Payne 1985 
Uerpmann 1987 

Helmer 1985b 

Ducos 1993 

Horwitz 1989 

Becker 1991 
Nissen et al. 1991 

Byrd 1989 
Perkins 1966 
Dayan et al. 1986 

Ducos 1978b 
Lechevallier 1978 



Bouqras Clason 1979 

Cafer Hojoik Helmer 1985a 

(^atal Hoyxik Perkins 1969 

EinGev Davis 1983 
Davis et al. 1988 

•EU, TeU Jarman 1974 

Fazael Davis 1983 

Girikihadyan Akkermans 1993 

Ghoraife Ducos 1993 

Gritille Voigt 1985 

Hajji Finaz Voigt 1977 

Hallan <^emi Tepesi Rosenberg et al. 1995 

Hatoula Horwitz et al. 1991 
Cope 1991 

Hayaz Hoyiik Uerpmann 1987 
Buitenhuis 1985 

Hayoniin Davis 1983 
Lieberman 1991 
Horwitz et al. 1991 
Cope 1991 
Henry et al. 1981 

Hefeiba Uerpmann 1987 
Saxon et al. 1978 

Jericho Clutton-Brock 1979 

Kebarah Byrd 1989 
Saxon 1974 



Kfar Hahoresh 

Ksar 'Akil 

Labweh, Tell 

Madamagh 

Mimhatta 

Mureybit 

Nahal Divshon 

Nahal Ein Gev 

Nahal Hadera V 

Nahal Hemar 

Nahal Oren 

Nahr el Homr 

Qafzeh, Grotte du Djebel 

Rakefet 

Ramad, Tell 
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Goring-Morris et al. 1995 
Goring-Morris et al. 1994 

Kersten 1989 

Bokonyi 1978 

Perkins 1966 
Uerpmann 1987 

Ducos 1978c 
Perrot 1966 
Horwitz 1989 

Ducos 1978a 
Ducos 1993 

Tchemov 1976 
Bar-Yosef 1981 

Davis 1983 
Davis et al. 1988 

Saxon et al. 1978 

Bar-Yosef and Alon 1988 

Byrd 1989 
Noy et al. 1973 

Clason and Buitenhis 1978 

Bouchud 1969 

Byrd 1989 

Ducos 1993 
Hooijer 1966 

RamatHarif 

Ras Shamra 

Davis et al. 1982 

Akkerman 1993 



Rosh Horesha Butler et al. 1977 

RoshZin Tchemov 1976 

Salabiye Davis 1982 

Shanidar Cave B1 Perkins 1964 

Shams ed-Din Akkermans 1993 

Shanidar, 81 Perkins 1964 

Sheikh Eli Horwitz 1989 

Shiikbah Bouchud 1987 
Byrd 1989 
Bate 1942 
Uerpmann 1987 

Sinn, Tell es- Clason 1979 

Suberde Perkins and Daly 1968 

Ujrat El-Mehed Dayan et al. 1986 

Umm Dabaghiyah Bokonyi 1978 

Urkan e-Rub Horwitz et al. 1991 

Wad, El, Level B Byrd 1989 
Bate 1937 

Wadi Dhobai, site K Bate 1938 

Wadi Hammeh 27 Byrd 1989 

Wadi Judayid 2 Byrd 1989 

Wadi Tbeik Tchemov and Bar-Yosef 1982 



Yiftahel Horwitz et al. 1991 
Garfinkel 1987 
Horwitz 1989 
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APPENDIX C. CELL VALUES FOR EXCEL MODEL SIMULATING THE 
EFFECT OF HUNTING PRESSURE ON PREY SPECIES. 

gazelle model: 
variable method of calculation 

year model run tmtil population 
equilibrium is achieved - aroimd 50 
years 

model run tmtil population 
equilibrium is achieved - aroimd 50 
years 

number of female fawns | one-half of all fawns (number of all 
fawns calculated by multiplying % 
females impregnated in the previous 
year by the number of mature females 
from the previous year) 

one-half of all fawns (number of all 
fawns calculated by multiplying % 
females impregnated in the previous 
year by the number of mature females 
from the previous year) 

number of male fawns one-half of all fawns (see above) 
ntmiber of female juveniles the number of previous year's female 

fawns minus infant mortality 
the number of previous year's female 
fawns minus infant mortality 

number of male juveniles the nimiber of previous year's male 
fawns minus infant mortality 
the nimiber of previous year's male 
fawns minus infant mortality 

nimiber of mature females previous year's mature females and 
previous year's female juveniles, 
minus adult and juvenile female 
mortality 

previous year's mature females and 
previous year's female juveniles, 
minus adult and juvenile female 
mortality 

number of mature males previous year's mature males and 
previous year's juvenile males, minus 
adult and juvenile mzde mortality 

previous year's mature males and 
previous year's juvenile males, minus 
adult and juvenile mzde mortality 

proportion of females impregnated formula P(proportion of females 
fertilized)=l-e('̂ ), where k=average 
number of copulations per male per 
rutting season and R=ratio of males to 
females (Caughley 1977)® 

formula P(proportion of females 
fertilized)=l-e('̂ ), where k=average 
number of copulations per male per 
rutting season and R=ratio of males to 
females (Caughley 1977)® 

infant mortality | manipulated based on models of 
himting techniques discussed in 
Section 2 

manipulated based on models of 
himting techniques discussed in 
Section 2 

juvenile male mortality (see above) 
juvenile female mortality (see above) 
adult male mortality (see above) 
adult female mortality (see above) 

^Because information on the average number of copulations was not avciilable for the population 
Baharav studied, information from Thompson's gazelle was used instead (Walther et ed. 1983) 
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ovicaprids: 

variable method of calculation 
year model run imtil population 

equilibrium is adueved - around 50 
years 

model run imtil population 
equilibrium is adueved - around 50 
years 

number of female fawns | 75% of all fawns^ (number of all fawns 
calcvdated by multiplying % females 
impregnated in the previous year by 
the number of mature females from the 
previous year) 

75% of all fawns^ (number of all fawns 
calcvdated by multiplying % females 
impregnated in the previous year by 
the number of mature females from the 
previous year) 

number of male fawns 75% of all fawns (see above) 
nimiber of female juveniles previous year's female juveniles and 

previous year's female fawns minus 
infant mortality, female juvenile 
mortality and the 50% of last year's 
female juveniles that reached maturity 

previous year's female juveniles and 
previous year's female fawns minus 
infant mortality, female juvenile 
mortality and the 50% of last year's 
female juveniles that reached maturity 

number of male juveniles | previous year's male juveniles and 
previous year's male fawns minus 
infant mortality, male juvenile 
mortality and the 50% of last year's 
male juvertiles that reached maturity 

previous year's male juveniles and 
previous year's male fawns minus 
infant mortality, male juvenile 
mortality and the 50% of last year's 
male juvertiles that reached maturity 

number of female adults | previous year's adult females, plus 
50% of previous year's female 
juveniles, minus adult female 
mortality and juvenile female 
mortality 

previous year's adult females, plus 
50% of previous year's female 
juveniles, minus adult female 
mortality and juvenile female 
mortality 

number of male adults | previous year's adult males, plus 50% 
of previous year's male juveniles, 
minus male adult mortality and male 
juvenile mortality 

previous year's adult males, plus 50% 
of previous year's male juveniles, 
minus male adult mortality and male 
juvenile mortality 

[proportion of females impregnated | formula P(proportion of females 
fertilized)=l-e('̂ ), where k=average 
nimiber of copulations per male per 
rutting season and R=ratio of m^es to 
females (Caughley 1977) 

formula P(proportion of females 
fertilized)=l-e('̂ ), where k=average 
nimiber of copulations per male per 
rutting season and R=ratio of m^es to 
females (Caughley 1977) 

^oth male and female fawns are 75% of all fawns as a way to simulate the ability of ovicaprids to 
produce twins 
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infant mortality | manipulated based on models of 
hunting techniques discussed in 
Sections 3 and 4 

manipulated based on models of 
hunting techniques discussed in 
Sections 3 and 4 

female juvenile mortality (see above) 
male juvenile mortality (see above) 
adult female mortality (see above) 
adult male mortality (see above) 

fallow deer: 

variable method of calculation 
year model run imtil population 

equilibrium is achieved - around 50 
years 

model run imtil population 
equilibrium is achieved - around 50 
years 

number of female fawr\s | 50% of all fawns (number of all fawns 
calculated by multiplying % females 
impregnated in the previous year by 
the number of mature females from the 
previous year) 

50% of all fawns (number of all fawns 
calculated by multiplying % females 
impregnated in the previous year by 
the number of mature females from the 
previous year) 

number of male fawns 50% of all fawns (see above) 
number of female juveniles previous year's female juveniles and 

previous year's female favms minus 
infant mortality, female juvenile 
mortality and Ae 75%^^ of last year's 
female juveniles that reached maturity 

previous year's female juveniles and 
previous year's female favms minus 
infant mortality, female juvenile 
mortality and Ae 75%^^ of last year's 
female juveniles that reached maturity 

nimiber of male juveniles | previous year's male juveniles and 
previous year's male fawns minus 
infant mortality, male juvenile 
mortality and the 75% of last year's 
male juveniles that reached maturity 

previous year's male juveniles and 
previous year's male fawns minus 
infant mortality, male juvenile 
mortality and the 75% of last year's 
male juveniles that reached maturity 

number of female adults | previous year's adult females, plus 
75% of previous year's female 
juveniles, minus adult female 
mortality and juvenile female 
mortality 

previous year's adult females, plus 
75% of previous year's female 
juveniles, minus adult female 
mortality and juvenile female 
mortality 

lOwhile gazelles are cdmost uiuversally mature by the er\d of their first year and ovicaprids are 
generally mature by age two, fallow deer feill somwhere in between. Therefore, 100% of last 
year's juveniles are counted as mature for gazelles, 50% for ovicaprids and 75% for fallow deer. 
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niuxiber of male adidts | previous year's adult males, plus 75% 
of previous year's male juveniles, 
minus male adult mortality and male 
juvenile mortality 

previous year's adult males, plus 75% 
of previous year's male juveniles, 
minus male adult mortality and male 
juvenile mortality 

proportion of females impregnated | formula P(proportion of females 
fertili2ed)=l-e("^^), where k=average 
number of copulations per male per 
rutting season and R=ratio of m^es to 
females (Caughley 1977) 

formula P(proportion of females 
fertili2ed)=l-e("^^), where k=average 
number of copulations per male per 
rutting season and R=ratio of m^es to 
females (Caughley 1977) 

infent mortality | manipulated based on models of 
hunting techniques discussed in 
Sections 3 and 4 

manipulated based on models of 
hunting techniques discussed in 
Sections 3 and 4 

female juvenile mortality (see above) 
male juvenile mortality (see above) 
adult female mortality (see above) 
adult male mortality (see above) 
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APPENDIX D: RESULTS OF COMPUTER SIMULATION FOR GAZELLE 
POPULATIONS UNDER HERD-DRIVE EXPLOITATION 
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APPENDIX E: RESULTS OF COMPUTER SIMULATION FOR GAZELLE 
POPULATIONS UNDER SOLO-HUNTING EXPLOITATION 
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APPENDIX F: RESULTS OF COMPUTER SIMULATION FOR HUNTED 
OVICAPRID POPULATIONS 
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APPENDIX G: RESULTS OF COMPUTER SIMULATION FOR DEER 
POPULATIONS EXPLOITED BY SOLO-HUNTING METHODS 
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APPENDIX H: RESULTS OF COMPUTER SIMULATION FOR DEER 
POPULATIONS HUNTED BY HERD-DRIVE METHODS. 
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