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The distribution and composition of ecological opportunities had a tremendous 

impact on Late Upper Palaeolithic to Middle Epipaleolithic (ca. 28-14.5 ka cal. BP) (Late 

Pleistocene) hunter-gatherers, influencing the ways they chose to use, modify and 

manage the changing Levantine landscape through and after the Last Glacial Maximum 

(ca. 28-19 ka cal. BP). The main objective of this dissertation is to employ phytolith and 

micro-charcoal analysis to explore through direct evidence, the long-term patterns of Late 

Pleistocene hunter-gatherer plant-use in the Eastern Levant. The phytolith data presented 

in this dissertation demonstrates clearly that wetlands are vital to understanding Late 

Pleistocene hunter-gatherer adaptations in the Eastern Levant during the late Pleistocene. 

This new direct archaeobotanical evidence shows that Late Pleistocene hunter-gatherers 

employed flexible local systems of plant-use that focused on wetland resources. Through 

their exploitation of anthropogenically sensitive phytolittoral resources, Late Pleistocene 

hunter-gatherers may have facilitated the development and expansion of those resources 

and contributed to the social and ecological feedbacks that aided the ‘upward mobility’ of 
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wetland resources. In providing a dependable food and craft resource repository, wetland 

plant resources may have facilitated increasingly sedentary adaptations in certain locales 

and perhaps permitted increasing use of risky grass and cereal resources.  

This understanding of Late Pleistocene plant-use and human-environment 

dynamics veers significantly from previous perspectives on hunter-gatherer plant-use in 

the region. Firstly, in considering the local ecological opportunities, this work emphasizes 

the complexity of gathering strategies and the choices hunter-gatherers faced in the Late 

Pleistocene. Secondly, by seeking a new ethnographic analog in the American Great 

Basin, a region defined by its characteristic wetland/dryland landscape, it was possible to 

hypothesize about the many types of hunter-gatherer wetland adaptations in the Eastern 

Levant. Thirdly, by employing phytolith analysis a different picture of plant-use emerges 

from that which focuses on macrobotanical remains alone. Moreover, because 

macrobotanical remains are so rare in most Epipaleolithic contexts, this phytolith data 

constitutes the most complete botanical record for this important period in the Eastern 

Levant. This new perspective helps shift the emphasis from cereal and small-seeded grass 

(SSG) use and the broad-spectrum revolution (BSR) narrative that has overbearingly 

dominated our understanding of Late Pleistocene hunter-gatherers. Lastly, informed by 

an understanding of human-environment interactions based in Historical Ecology and 

Human Niche Construction (HNC), this dissertation recognizes that Late Pleistocene 

hunter-gatherers did not just react to their environments, but created and modified their 

environments. This research critically reconsiders the way we see hunter-gatherers in the 

prehistory of the Levant. 
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Chapter 1:  Introduction 

The distribution and composition of ecological opportunities had a tremendous 

impact on Late Upper Palaeolithic to Middle Epipaleolithic (ca. 28-14.5 ka cal. BP) (Late 

Pleistocene) hunter-gatherers, influencing the ways they chose to use, modify and 

manage the changing Levantine landscapes. Patterns of settlement and subsistence reflect 

regional resource opportunities and challenges, which resulted in a patchwork of plant-

use practices. While the Levant is synonymous with the origins of agriculture, there is a 

long and important record of hunter-gatherer plant-use in the region. Yet, the agricultural 

revolution has dominated archaeobotanical research and inquiry. It is not possible, 

however, to understand the variation in Late Pleistocene hunter-gatherer adaptations 

through the prism of impending Neolithic cultivation and agriculture (Olszewski 2004; 

Rosen 2007a, 2013; Rosen and Rivera-Collazo 2012). The main objective of this 

dissertation is to employ phytolith analysis to explore through direct evidence, the long-

term patterns of Late Pleistocene hunter-gatherer plant-use in the Eastern Levant. 

Archaeobotanical investigation, in concert with a new model of hunter-gatherer 

adaptation in contrasting ecozones, reveals the extent of Late Pleistocene peoples’ 

wetland-oriented adaptations and provides a new perspective of human-environment 

interactions in the region.  This research critically reconsiders the way we see hunter-

gatherers in the prehistory of the Levant. 

BACKGROUND AND PREVIOUS WORK 

Climate and Vegetation Change in the Late Pleistocene 

Hunter-gatherer adaptations are structured mainly by the types, abundance and 

availability of critical resources. The climate and environment during the Late 

Pleistocene is therefore important for modeling and understanding patterns of plant-use. 
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Spanning the Last Glacial Maximum (LGM) to the Pleistocene – Holocene transition, the 

Epipaleolithic was a period of acute and abrupt climate change. Pollen cores from Lake 

Ghab and Luke Hula (Baruch and Bottema 1991; Cappers, et al. 1998; Rossignol-Strick 

1995; Yasuda, et al. 2000), speleothems from Soreq Cave (Bar-Mathews, et al. 1997; 

Bar-Matthews and Ayalon 2003b), and the paleohydrology and limnological history 

(Bartov, et al. 2002; Black, et al. 2011; Hazan, et al. 2005) inform regional 

paleoenvironmental reconstructions (see Chapter 2). The proxy records show clearly that 

the LGM (ca. 23,000-19,000 cal. BP) was cold and dry. Subsequently, there was a 

fluctuating series of interstadials including the post-LGM warming and Bølling-Allerød 

(BA) (ca. 19,000-13,000 cal. BP). This period of climatic amelioration ended with the 

final glacial reversal known as the Younger Dryas (YD) (ca. 13,000-11,500 cal. BP).  

These general trends have been used to estimate the distribution of vegetation 

under the changing climatic conditions (Moore, et al. 2000; van Zeist and Bottema 1991). 

Warm wet conditions associated with interstadial periods are linked to the expansion of 

food-rich Mediterranean forest and woodland and the retreat of xeric steppe vegetation. 

Likewise, cold dry conditions associated with the glacial periods are linked with steppe 

expansion and the retreat of forest and woodland. A constructive generalization, it is now 

understood that change did not occur uniformly throughout the region (Robinson, et al. 

2006), emphasizing the importance of local botanical data, like the phytolith analyses 

contributed in this dissertation. 

Revolution or Resilience? The Consequences of Vegetation Change 

Coinciding with the end of the last ice age, the Late Pleistocene was a period of 

abrupt and fluctuating climate change that significantly effected the distribution of 

vegetation (Moore, et al. 2000; van Zeist and Bottema 1991). Consequently, Late 
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Pleistocene peoples expanded their diet breadth, eating a wider variety of less palatable 

resources (Stiner and Munro 2011; Stiner, et al. 2000; Stiner, et al. 1999).  This dietary 

expansion is interpreted as a key development in the economic transition from foraging to 

farming, as outlined in Flannery’s (1973) “broad-spectrum revolution”. Researchers have 

singled out cereals as the targets of dietary expansion (Hillman, et al. 2001; Kislev, et al. 

2004; McCorriston and Hole 1991; Wilcox 2005). However, microbotanical research 

demonstrates consistently that cereals and grasses were already at least a minor 

component of early human diet by ca. 100,000 years ago (Henry, et al. 2011; Madella and 

Jones 2002; Mercader 2009; Rosen 2003; Salazar-García, et al. 2013). Therefore, cereal 

use in the Epipaleolithic does not constitute a dietary expansion, but rather the 

elaboration of a long-practiced dietary strategy. Subsequent reappraisal based on optimal 

foraging theory (OFT) has led scholars to propose that changing or increased emphasis 

on difficult to collect or process ‘low-ranked’ foodstuffs, such as small seeded grasses 

(SSG), provides evidence for a broadening of the diet (Colledge and Conolly 2010; 

Rosen 2007a; Rosen and Rivera-Collazo 2012).  

Alternatively, the increased use of ‘low-ranked’ resources might reflect deliberate 

human modification, management and/or food processing innovation, increasing the 

relative abundance and ease of acquisition of ‘low-ranked’ resources, facilitating the 

“upward mobility” of those species (Smith 2012:269) or the ecozones in which they 

inhabit. As the ultimate niche constructing species (Smith 2007:188), humans are 

particularly good at adapting to or changing our environment by employing flexible and 

novel solutions. This behavior is not only key to our success, but to those species whose 

habitats are also enhanced or expanded through our activities. Indeed, a location with 

naturally predictable ‘low-ranking’ resources might become a highly valued resource 

location (eg. wetland, root resource patch, acorn groves), a persistent place on the 
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landscape that is maintained, enhanced, and imbued consequently with economic and 

social meaning (Smith 2013:11; 2015). Wild-plant resource management and resultant 

landscape modification provides a promising new way to consider changing 

Epipaleolithic plant resource selection and importantly, the wider cultural and 

environmental implications of those choices. Nevertheless, the cause of shifting dietary 

emphasis and the intensification of lower ranked resources is not clear. Hunter-gatherers 

occupied the Levant continuously for nearly ten millennia, through periods of acute 

climate change (Byrd 1998; Garrard 1998; Goring-Morris 1995b; Maher, Richter and 

Stock 2012; Rosen and Rivera-Collazo 2012). Evidently, the adaptive system employed 

by Late Pleistocene hunter-gatherers in the Levant was resilient and warrants further 

consideration (Chapter 3).  

In the Wetlands, you can’t always get what you want… you get what you need  

In contrast to the favorable micro-mosaic ecology of the Western Levant (Bar-

Yosef 1998), and apart from the Pleistocene lakes and spring fed wetlands that 

punctuated the steppe and parkland expanse, the Eastern Levant is considered a marginal 

arid environment. Acutely aware of the importance of water in arid regions, Byrd (1994) 

predicted that settlement in the Eastern Levant would have been organized around 

periodic wetlands. It has been shown that some of these wetlands were more permanent 

than periodic, and in support of Byrd’s (1994) assessment, served as central foci for Late 

Pleistocene peoples (Cordova, et al. 2013; Jones and Richter 2011; Olszewski 2000; 

Olszewski and Coinman 1998b; Richter, et al. 2013; Rosen 2012a, 2013).  

Building on these works, wetland exploitation is a promising new avenue through 

which to understand Late Pleistocene hunter-gatherer resilience within the context of 

local resource opportunities and challenges. Wetlands can provide reliable and 



 5 

perennially available plant resources, specifically aquatic roots, which actually increase 

in nutrient quality during dry, low-growth periods (Wrangham, et al. 2009:632).  

However, wetlands should not be construed as lush plant food producing oases or 

‘Edens’ (Childe 1952). Indeed, swamps, marshes, bogs, fens, wet meadows and shallow 

water are all defined broadly as ‘wetlands’, although each has their own unique 

characteristics (Keddy 2000:18), determined mainly by the transition between terrestrial 

habitat and aquatic. Shallow water, but specifically phytolittoral zones typical of marshes 

and the edges of some shallow water environments are identified as the most productive 

wetlands (Keddy 2000:85). 

The plants that thrive in this phytolittoral zone include some sedge varieties 

(Cyperaceae), cattails (Typha sp.) and reeds (Phragmites sp.), all plants of great 

economic and subsistence value to humans; for the fauna they attract as well as their own 

nutritional and favorable ecological qualities. However, compared to other plant resource 

types, the roots of these aquatic species provide the lowest return rate at ca. 182 kcal/h, 

compared to terrestrial roots (ca. 2,267 kcal/h), nuts and acorns (ca. 832 kcal/h), and 

small seeds (ca. 364 kcal/h) (Bettinger and Wohlgemuth 2011:125 and references 

therein). Consequently, wetland plant foods might be shown to provide what people need 

(reliable, but low calories and water), rather than what people want (high calories, 

variability and flavor). Accordingly, I expect Late Pleistocene foraging decisions were 

shaped not only according to what resources the wetlands offered, but also in respect to 

what was, or was not available in the surrounding steppe and parkland zone (sensu 

Madsen and Kelly 2008:85).  
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THE RESEARCH GAP 

With a continuous, long-term archaeological record and related 

paleoenvironmental data spanning the climatic pressures of the Late Pleistocene, the 

Levant is placed uniquely to model and test long-term human adaptation. However, 

research concerning people-plant interactions in the Levant during this period has been 

undermined by two factors. Firstly, most research has been based on data solely from 

contexts in the Western Levant, more specifically from a limited number of 

environments, largely coastal and Mediterranean woodlands. Secondly, poor preservation 

of macrobotanical remains from site contexts has resulted in researchers being unable to 

find direct evidence of ancient plant use, except in situations of exceptional preservation 

such as the site of Ohalo II (23,000 cal. BP) in Israel. This site has yielded a broad range 

of plant remains, including more than 90,000 well-preserved seeds, a notable portion of 

which are cereals and SSGs, such as wild barley (Hordeum sp.). But also includes 

evidence for a variety of nuts, pulses, fruits, underground storage organs (USOs) and 

other readily available and abundant wetland resources (Kislev, et al. 1992; Weiss, 

Kislev, et al. 2004; Wollstonecroft 2007).  

THE CONTRIBUTION OF PHYTOLITHS TO LATE PLEISTOCENE ARCHAEOLOGY 

Although Levantine scholars often emphasize and model the importance of plant 

resources to Late Pleistocene peoples, in the Eastern Levant, there have not been any 

major studies demonstrating this through direct evidence. Consequently, phytolith 

analysis has the potential to make significant contributions to our understanding of Late 

Pleistocene plant-use in the Eastern Levant. During this period macrobotanical remains 

are poorly represented at most sites. Ohalo II (Kislev, et al. 1992) (Israel) and Wadi 

Kubbaniya (Hillman, Madeyska, et al. 1989) (Upper Egypt)  are unique exceptions that 

serve to highlight the critical need for alternative botanical perspectives, such as phytolith 
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analysis.  While macrobotanical analysis can identify a greater range of taxa, phytoliths 

have several key benefits. Firstly, their preservation is not dependent upon contact with 

fire and subsequent charring, thus eliminating an important bias inherent in the latter 

technique. As a result, they can supply evidence for a more diverse range of plant-use 

activities (Ryan 2011; Shillito 2013). Secondly, phytolith analysis can be used to identify 

delicate leaf and stem plant parts, providing insights into how key monocotyledon plant 

resources (grasses, reeds and sedges) may have been employed as food, craft and 

construction materials. 

RESEARCH QUESTIONS AND MODELING HUNTER-GATHERER ADAPTATIONS 

This dissertation will employ microbotanical techniques, phytoliths and 

microcharcoal, to explore patterns of Late Pleistocene plant-use. The evidence generated 

from this dissertation will address the following broad research questions:  

1. According to the microbotanical data, what kinds of plants and ecozones 

did people exploit in the Eastern Levant at the end of the Pleistocene?  

This question is addressed by the analysis of phytoliths from sediments from a 

range of sites in the region (Chapter 5 and 6). Notably, I am investigating some of the 

earliest Levantine hut features, at Ohalo II and Kharaneh IV, providing evidence of how 

the first ‘human-made’ homes were constructed and lived in (Chapter 6). 

2. In acquiring these resources how were Late Pleistocene hunter-gatherers 

modifying their environment?  

This question is addressed by considering the types of plants being exploited and 

the unique qualities of those resources under anthropogenic disturbance (Chapter 5 and 

6). In addition, micro-charcoal and phytolith evidence from a section in the Azraq Marsh 
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is examined to identify landscape burning and evaluate the results of those impacts 

(Chapter 7). 

In addition to investigating these research questions, this dissertation presents a 

new model of hunter-gatherer adaptation in contrasting wetland/dryland ecozones.  Based 

on the understanding that similar environments might produce similar adaptations, this 

model draws heavily on ethnographic materials (Fowler 1982, 1990a, b; Fowler and 

Liljeblad 1986; Steward 1934, 1938, 1941) and archaeological understanding of the 

American Great Basin wetland adaptations (Janetski and Madsen 1990; Kelly 1983, 

1990, 1999, 2001). In addition, the model is informed by previous work on hunter-

gatherer adaptations (Binford 1980; Butzer 1982; Jochim 1976; Kelly 1995; Simms 1987; 

Winterhalder 2001). The Contrasting Ecozone Model is presented (Chapter 3) and 

evaluated (Chapter 3 and 8) to highlight the central importance of the wetlands to Late 

Pleistocene hunter-gatherer adaptations. Importantly, it will strive to widen our current 

understanding of hunter-gatherer plant-use beyond the narrow precincts of cereal, SSG 

use and the BSR.  

STUDY SAMPLE: BEYOND THE MEDITERRANEAN COAST AND WOODLAND CORE 

The Eastern Levant is a greatly understudied region, due in part to the perception 

that it is located in a ‘marginal’ environment compared to the Western Levant. This has 

contributed to a marked asymmetry in archaeological research, perpetuating the myth of a 

Levantine core and periphery (Richter 2009). This dissertation will redress this by 

investigating five sites in the Eastern Levant and comparing them to a site in the Western 

Levant, Ohalo II, in present day Israel. These sites are located in a variety of 

environments (i.e. wetland, steppe, open parkland and forest) and collectively span a 

period of approximately 14 ka years, providing a broad picture of Late Pleistocene plant-
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use (Table 1.1). Capitalizing on the unique macrobotanical preservation of Ohalo II, this 

dissertation provides the first phytolith analysis of the site sediments (Appendix A). This 

phytolith data provides a control for the microbotanical remains from the sites that do not 

benefit from good macrobotanical preservation (see Chapter 5 and Appendix A).  

 

Site Location Environment Zone Wetland Type Radiocarbon Dates 
Phytolith  

Samples 

Micro-

charcoal  

Samples 

Ohalo II Israel, Sea of Galilee Open Parkland Lake 23,000 cal. BP (~29 dates) 28 N/A 

Kharaneh IV Jordan, Azraq Basin 
Semi-Arid 
Steppe/Parkland 

Marsh 
19,808-19,367 cal. BP 
18,934-18,685 cal. BP 

79  N/A 

Ayn Qasiyya Jordan, Azraq Basin 
Semi-Arid 
Steppe/Parkland 

Marsh 
22,564-20,648 cal. BP 
19,473-17,405 cal. BP 

23  18 

Tor Sageer Jordan, Wadi al-Hasa 
Semi-Arid 
Steppe/Parkland 

Riparian 
Wetland 

27,200-26,580 cal. BP 
24,600-24,150 cal. BP 

16 N/A 

Yutil al-Hasa Jordan, Wadi al-Hasa 
Semi-Arid 
Steppe/Parkland 

Riparian 
Wetland 

25,300-22,400 cal. BP 11 N/A 

Wadi 
Madamagh 

Jordan, Petra region 
Mediterranean 
Forest 

Unidentified 
Wetland   

25,300-22,800 cal. BP 11 N/A 

    Total: 168 18 

Table 1.1:  Site names, context and sample information. 

UNIQUE CONTRIBUTIONS 

In summary, this dissertation makes several unique contributions: 

 The phytolith microfossils are organized into ecozone-types (wetland, woodland, 

steppe/parkland grasses). This unique methodological contribution helps highlight 

the larger plant-use trends and critically facilitates intra-site comparisons. 

 The phytolith data in this dissertation at present represents the most complete 

direct record of Late Pleistocene plant-use in the Eastern Levant. 

 It is proposed that wetlands were employed as a type of ‘natural storage’, and 

their use contributed to the development of ‘persistent places’ and increasing 

sedentism. 

 Anthropogenic disturbance is put forward as a possible factor behind the ‘upward 

mobility’ of wetland resources.  
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 Reliable wetland resources are hypothesized to have facilitated increasing use of 

risky grass and cereal resources.  

 The Contrasting Ecozone Model draws attention to the central importance of the 

wetlands to Late Pleistocene hunter-gatherer adaptations. 

DISSERTATION STRUCTURE 

This dissertation is organized into nine chapters. This introduction is followed by 

two comprehensive background chapters. Chapter 2 provides a paleoenvironmental 

background and a history of research in the Eastern Levant, while Chapter 3 provides a 

theoretical framework for the dissertation and outlines the Contrasting Ecozone model for 

hunter-gatherer adaptation. The phytolith methods employed in this dissertation are then 

presented and described in Chapter 4.  

The three subsequent chapters are related but separate articles that present new 

phytolith data. These articles are either in review or have been accepted for publication. I 

am the first and main author for all of these papers. Chapter 5 presents phytolith evidence 

from five sites to broadly investigate the regional plant-use trends and consider how 

people used their unique local ecological opportunities. Chapter 6 employs phytolith 

samples from one hut structure at Kharaneh IV, to reveal how Early Epipaleolithic 

peoples at the site used their local plant resources to construct their huts, and their indoor 

space. In Chapter 7, phytolith and microcharcoal analyses are used to investigate general 

marsh impacts and dynamics around the Early Epipaleolithic site of Ayn Qasiyya in the 

Azraq Basin. Evidence for increasing fire events and expansion of the reed bed may 

represent an escalation in human-environment interactions in the Azraq Marsh.  This 

diverse set of papers highlights the breadth and scale of the possible applications for 

phytolith analyses in the Late Pleistocene. Moreover, they only represent the ‘tip of the 
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iceberg’. The complete phytolith reports for each site (except for the hut structures at 

Kharaneh IV) are presented in Appendix A. This body of unpublished data will be used 

for many forthcoming publications.  

Chapter 8 provides a discussion of the three data chapters and a final conclusion. 

The new phytolith data are employed to assess the model of hunter-gatherer adaptation 

outlined in Chapter 3. The findings will be situated in a broader context and future 

research directions will be proposed. 
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BACKGROUND AND METHOD 

Chapter 2: A Background History of Research in the Eastern Levant 

This chapter provides a paleoenvironmental and archaeological background for 

the Eastern Levant between the Late Upper Palaeolithic and Middle Epipaleolithic 

periods (ca. 28-14.5 ka cal. BP), during the Late Pleistocene climatic phase. The 

paleoenvironmental history is covered first and begins with an overview of global climate 

trends in the Late Pleistocene, followed by the regional proxy records and a summary of 

the characteristics and form of two of the regional wetlands (Azraq Basin and Wadi al-

Hasa), ending with a brief discussion of the environmental setting (distribution of steppe, 

parkland, Mediterranean woodland and wetland environments). The archaeological 

background will then be covered. This section will open with a history of archaeological 

research in the Eastern Levant. The regional discussions will be guided by focusing on 

patterns of Late Pleistocene settlement and subsistence. The chapter will end by 

introducing the sites covered in this dissertation.  

PALEOENVIRONMENTAL BACKGROUND 

Hunter-gatherer adaptations are generally structured by the types, abundance and 

availability of critical resources. Consequently, the climate and environment during the 

Late Pleistocene is important for modeling and understanding patterns of plant-use. In 

this section, global climate trends will be used to broadly frame the paleoenvironmental 

background. This will be followed by an introduction to some of the regional proxy 

records for climate in the Levant. This discussion will not cover all of the proxy methods, 

but will focus on three research techniques that make critical contributions to our 

understanding of Late Pleistocene climate and environment: pollen evidence, speleothem 
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evidence, and the paleohydrology and liminological evidence from Lake Lisan. Lastly, an 

introduction will be provided to the wetlands in the Eastern Levant during this period, 

focusing on the Azraq Basin and the Wadi al-Hasa. The form and characteristics of these 

wetlands will be discussed in the context of the broader terrestrial vegetation trends. 

Late Pleistocene Climate: Global Trends  

The evidence demonstrates that the Pleistocene was a period of long-term glacial 

phases interrupted by warmer interglacials. These transitions correspond to the 

Milankovitch Astronomical Cycles (precession, obliquity and eccentricity of the earth’s 

orbit) (Petit, et al. 1999). The Pleistocene was a dynamic period, with varying 

temperatures and precipitation (Bar-Matthews and Ayalon 2003b). The best available 

records for global climate trends through the Pleistocene period are obtained by studying 

the marine record (oxygen and carbon isotopes preserved in deep-sea sediment and ice 

cores). These studies present detailed proxy records of climate change over the past 2 

mya. They provide evidence of oceanic circulation, changing sea levels, and oceanic and 

atmospheric temperatures. These data are used to understand changing climate 

conditions. The sequences of cold and warm episodes are represented by curves. The 

peaks and troughs in this curve, indicating warmer or colder conditions, are used to 

classify the Marine Isotope Stages (MIS) (Rosen 2007a).  

The last glacial period (MIS 5-2) began 120 ka BP and ended around 11.7 ka cal. 

BP. During the Late Pleistocene (MIS 2), several global climatic events marked the 

transition to the Holocene. The first was the Heinrich 2 (H2) event at approximately 24 

ka cal. BP. Caused by the influx of fresh water into the North Atlantic from the breakup 

of the ice sheets, Heinrich events alter the circulation patterns in the ocean, and 

consequently usher in periods of intense cooling. Between 23-19 ka cal. BP, the 
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continental ice sheets reached their maximum extent, the Last Glacial Maximum (LGM) 

(Robinson, et al. 2006). Post-LGM warming at 19 ka cal. BP, marks a decline in glacial 

conditions. Although punctuated by another Heinrich (H1) event at approximately 16 ka 

cal. BP, climatic amelioration continued, marking the Bølling-Allerød, a period with a 4-

5 degree rise in global temperatures, an increase in atmospheric CO2 concentrations from 

200 ppm to 280 ppm, and a rise in global sea levels (~20 m in less than 500 years) 

(Maher 2005:53). The climatic amelioration was once again interrupted at approximately 

13 ka cal. BP by the Younger Dryas (YD) glacial reversal, which brought a rapid return 

to glacial conditions before giving way finally to the Holocene transition. These shifts in 

global climate are recorded in the regional proxy records of the Levant. 

Regional Records of Past Climate and Environment in the Levant 

Regional proxies for climate and environment in the Levant broadly agree with 

the global climate trends evidence. The regional proxy records discussed here include 

speleothem evidence, and paleohydrology and liminological evidence from Lake Lisan, 

which are employed as evidence for past climate; While, pollen evidence is employed as 

a proxy for the environment (Figure 2.1). This research mainly has been conducted in the 

Western Levant. Caution is needed when using this evidence to inform interpretations of 

climate and environment in the Eastern Levant, where far less work has been done.  

Speleothem Evidence 

Speleothem evidence provides the most powerful proxy record for regional 

climate change in the Levant. Speleothems form from calcite deposits that precipitate out 

of water dripping from cave walls and ceilings (Rosen 2007:27). The proxy records are 

based on the δ18O profiles of calcite that form the speleothems (for more details see Bar-

Matthews and Ayalon 2004). Bar-Matthews and Ayalon (2004) note that the δ18O values  
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Figure 2.1: Map of the Levant with the approximate extent of the Pleistocene Lake 

Lisan, and the locations of the various proxy record sites mentioned.  

of speleothems directly reflect the temperature of deposition and the δ18O of the water 

from which they were deposited. Speleothems have major advantages over other 

paleoclimatic proxies because of our ability to date them using the U-Th method. By 

correlating the dates of the lamilae (growth rings) from several speleothems, this method 

can provide a continuous composite record of the past climate (Bar-Mathews, et al. 1997; 

Bar-Mathews, et al. 1999; Bar-Matthews and Ayalon 2003a, 2004). 

 At Soreq Cave (Figure 2.1), Bar-Matthews and colleagues work has shown that 

the speleothem evidence corroberates global marine trends, with low δ18O values 
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coinciding with warmer wetter conditions, and higher δ18O values coinciding with colder 

drier conditions (Bar-Matthews and Ayalon 2004). Soreq cave is particularly suited to 

paleoclimatic studies because of its location in a narrow transition zone between a humid 

region to the North (Lebanon mountains) and the arid region to the South. Thus minor 

spatial shifts have the potential to cause major climatic fluctuations (Bar-Mathews, et al. 

1997). 

The findings of Bar-Mathews and colleagues are summarized as follows: between 

approximately 25.5-18.5 ky the δ18O is -3.6-2.8%, indicating cold and dry conditions, 

roughly conincinding with the LGM. Between 18.5-14 ky the δ18O drops from -2.5 to -

6%, indicating a sharp transition to warm and wet conditions associated with the Bølling-

Allerød.  At 13.1-11 ky, approximately synchronic with the YD event, the δ18O went 

from -6% to -4% then returned to -6% at the start of the Holocene. It is important to note 

that a 1% drop in δ18O is equivalent to 200mm rainfall. The drop observed for the LGM 

is equivalent to a 50% drop in annual rainfall. The proceeding rise is equivalent to an 

increase of 300 mm of annual rainfall (Bar-Matthews and Ayalon 2003b:17). Yet, while 

conditions in the Western Levant were arid, conditions were not so arid as to interupt the 

deposition of speleothems over a 60 ka year period. 

Frumkin, et al. (2008) more recently have analysed calcite speleothems in a lava 

tube located in Khsheifa Cave in the Black Desert, Jordan (Figure 2.1). This research is 

one of only a very few regional climate proxy studies that have been completed in the 

Eastern Levant. It provides critical climate evidence from the most eastern reaches of the 

Levant by using calcite deposition as an indicator of increased precipitation over the last 

300 ka years. However, unlike the Western Levant, the Eastern Levant had no 

speleothem deposition during the late Pleistocene and Holocene, indicating prevailing 

arid conditions in the region.   
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In summary, the record currently extends beyond the Last Glacial Maximum 

(LGM). The results indicate that the LGM was extremely cold and dry (ca. 23-19 ka cal. 

BP). While the speleothem record in the Western Levant is constant throughout this 

period, suggesting a certain level of precipitation, in the Eastern Levant there was no 

speleothem deposition, indicating very arid conditions. Based on the evidence from Soreq 

cave, between ca.17-14 ka cal. BP there was a general climatic amelioration, but the trend 

was unstable, indicating climatic instability during the post-LGM warming and Bølling-

Allerød (BA). The YD marked a climatic reversal and a return to colder and drier 

conditions, although not to the same extreme as the LGM (Bar-Matthews and Ayalon 

2004).  

 The Bar-Mathews, et al. (1997) and Frumkin, et al. (2008) results indicating a dry 

LGM are particularly useful as the nature of the Pleistocene conditions in the region has 

been a matter of debate. Pleistocene lake levels during the LGM were at their maximum 

extent, leading some scholars to suggest the LGM in the Levant was characterized by a 

‘pluvial’ glacial regime of cold/wet, warm/dry conditions, rather than an Asian 

monsoonal regime of cold/dry, warm/wet conditions (Enzel, et al. 2008). This 

clarification means scholars have had to consider other reasons for the high Pleistocene 

lake stands, such as low evapotranspiration and increased spring activity.  

Paleohydrology and Liminological Evidence from Lake Lisan 

During the Late Pleistocene, Lake Lisan occupied much of the present day Dead 

Sea Rift Valley (Figure 2.1). The sediments deposited by the lake (Lisan Formation) 

consist of a lower Laminated Member, overlain by an upper White Cliff Member. The 

deposition of the Lisan formation started ca. 60-70 ka and ended at 16-15 ka (Abed and 

Yaghan 2000). The Laminated Member consists of alternating laminations of argonite 
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and clay, overlain by 25 m of silt and sand. The sediments were deposited during phases 

of high freshwater input (Stein, et al. 1997) that facilitated high lake levels. By counting 

theargonite/gypsum varves, Abed and Yaghan (2000) determined that the White Cliff 

Member was formed during the LGM between ca. 23-22 to 16-15 ka BP. This member 

consists mainly of argonites and represents deposition under less freshwater input. They 

suggest the climate was characterized by gradual dryness and lack of precipitation. These 

members are post-dated by the Unamed Clastic Unit, which consists of reddish sands, 

silts and clays that were dated between 10-13 ka BP (Begin, et al. 1985; Begin, et al. 

1974, 1986). The deposition of this unit is attributed to climatic amelioration and 

increased rainfall, with greater alluvial runoff. Subsequently, a long drying phase is 

identified in the Lake Basin (Begin, et al. 1986). 

Laminated lake sediments are important sources of climate information, often 

with a seasonal time resolution (Haase-Schramm, et al. 2004). Precipitation of argonite 

and gypsum requires a steady supply of fresh water, which forms a less saline surface 

during stable periods (Haase-Schramm, et al. 2004). Interruptions to the lamination of 

argonite and gypsum appear to coincide with interstadial warming events (Haase-

Schramm, et al. 2004). They suggest that Lake Lisan was high and stable during cold 

climate stages and showed more fluctuations and instability during periods of climatic 

amelioration (Haase-Schramm, et al. 2004).  

The highest outcrop of the Lisan formation are found 180 m bsl, however there is 

evidence to suggest that the waters may have been as high as 150 or 130 m bsl 

(Landmann, et al. 2002). The lake reached its maximum extent between 26-23 ka cal. BP, 

after which it began to drop, falling below 300 m bsl at approximately 15 ka cal. BP, and 

was subsequently replaced by the much smaller Dead Sea (Bartov, et al. 2002). The 

sychronous level fluctuation of Lake Lisan with other Pleistocene Lakes in the region, 
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including Lake Kinneret, is consistent with the Atlantic-Mediterranean rain system, 

indicating that the Northern Atlantic climatic events such as the Heinrich events, 

impacted the regional hydrology (Bartov, et al. 2003; Hazan, et al. 2005). Indeed, two of 

the major drops in the lake level at Lisan coincide with the H2 and H1 events (Figure 

2.2).  

In summary, Pleistocene lake levels during the LGM were at their maximum 

extent and stability, and were more dynamic during periods of climatic amelioration. 

Speleothem data demonstrates that conditions during the LGM were arid, have led to the 

interpretation that high Pleistocene lake stands during the arid LGM were the result of 

low evapotranspiration (Bartov, et al. 2003) and perhaps increased spring activity, a 

consequence of lag time between the higher precipitation levels prior to the LGM and 

spring recharge rates.  

Pollen Evidence 

Global and regional climate proxies agree that the Late Pleistocene climate was 

cold and dry. Pollen evidence for past vegetation also tends to support the climate proxy 

data.  In the Levant semi-continuous pollen evidence for the last 30 ka (Baruch 1994; 

Garrard and Byrd 2013) has been published from one marine core taken from the South 

Eastern Mediterranean Sea (Deep-Sea Core 9509) and two lake cores, Lake Hula in the 

Southern Levant and the Ghab in the Northern Levant (Figure 2.1).  

Marine core data is provided by deep-sea core 9509, which was taken off the 

southern coast of Israel. This record provides a well dated chronology of vegetation 

change in the south eastern Mediterranean during the last 86 ka years (D.  Langgut, et al. 

2011). The record is dated through comparison of the δ18O of the planktonic foraminifera 

Globigerinoides ruber with the securely dated isotopic record of 
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Figure 2.2: Late Pleistocene Paleoenvironment and Culture Chronology Summary. 
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Soreq Cave (Almogi-Labin, et al. 2009). However, marine pollen records are derived 

from large catchment areas, which means the pollen evidence provides a very generalized 

picture of past vegetation across a large region. In any case, the pollen zone of interest to 

this study is a subzone of zone IV (43.5-16.2 ka). The zone is divided into three subzones 

(IVa, 43.5-35.9 ka; IVb, 35.9-27.1; and IVc, 27.1-16.2). The last subzone roughly 

coincides with the final Pleistocene. This subzone of the core features the lowest AP 

levels of the entire sequence, and moderately high levels of cheno/ams and Artemisia (D.  

Langgut, et al. 2011). These very general vegetation trends suggest a cold and dry 

climate.  

The interpretation of the terrestrial pollen records, the Hula and Ghab, have been 

debated at length, because depending upon the chronology and dating interpretations 

employed, the sites provide conflicting evidence for the Pleistocene-Holocene transition 

(Baruch 1994; Baruch and Bottema 1991; Butzer 1975; Cappers, et al. 1998; Cappers, et 

al. 2002 (1999); Moore and Hillman 1992; Rosen 2007a; Rossignol-Strick 1995). 

Providing only a very general picture of past vegetation, such regional pollen records are 

of limited value for this study. However, a brief discussion of these records follows.  

The lack of correlation between these records is likely the result of problems with 

dating or anthropogenic impacts that may have changed the pollen signal (Rosen 2007a). 

For a detailed account of the dating issues concerning these terrestrial cores see van Zeist, 

et al. (2009) and Rosen (2007). In summary, two approaches have developed in regards 

to the interpretation of the terrestrial pollen records in the Levant. The first, is an 

approach that favors the radiometric dates (Cappers, et al. 1998; Meadows 2005; Wright 

and Thorpe 2003), and the second is an approach that favors an interpretation according 

to biostratigraphy (correlation of pollen trends with the securely dated marine core) 

(Rossignol-Strick 1995; van Zeist, et al. 2009).   
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The C14 dating issue according to Cappers, et al. (1998) and Meadows (2005) is 

primarily the result of fractionation, which is the differential uptake of carbon isotopes by 

organic matter, when lighter isotopes (C12 over C13 over C14) are taken up over heavier 

isotopes, affecting the reliability of the dates. However, the dates might also suffer from 

“hard water error”, with older carbon contaminating the dated materials. Specifically, the 

dates are impacted by “hard water error” due to a lack of terrestrial material because the 

dates for these cores were taken from marine shell material. This error is caused by the 

disolved chalk bedrock, which increased old carbon levels in the lake (Rosen 2007a). 

This affected the subaquatic photosynthesis of water plants and carbonate precipitation 

by freshwater organisms such as mollusks. The resultant error can add up to 1200 years 

to the radiocarbon dates (Rosen 2007a). These issues according to Cappers, et al. (1998) 

can be resolved by employing calibrations to account for the effects of fractionation, and 

by extrapolation to account for the effects of old carbon. However, extrapolation requires 

a securely dated sequence and only works on the assumption of a constant rate of 

sedimentation. 

Cappers and colleagues (1998) applied calibrations to the cores and then 

compared both the Ghab and Hula core to another core in the Northern Levant, Acigöl. 

By combining their calibrations with Hillman’s (1996) suggested sedimentation rates 

(extrapolation) they argue that the pollen cores demonstrate a strong south (Hula) to north 

(Acigöl) expansion of AP. Following their interpretation, the results suggest that the Hula 

region was a forest refugia during the height of the YD, and with climatic amelioration, 

the forest expanded into the northern Levant. More recently, Wright and Thorpe (2003) 

employed Cappers, Botema, and Woldring’s (1998) corrected dates and adjusted them to 

calendar years BP. This interpretation of the Hula diagram is considered by Rosen (2007) 

to be the most reasonable course until the core can be re-dated using terrestrial organic 
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matter that is not subject to the old carbon effect. In agreement with this, Yasuda, et al. 

(2000) present the results from a new Ghab core. More thoroughly dated (although still 

subject to contentious dating issues), the results suggest that Pistacia was present as early 

as ca.14,500 ya (~18 ka cal. BP). This finding would seem to support Cappers and 

colleagues’ (1998) and Wright and Thorpe’s (2003) suggestion that the Hula, located 

further south might have been a forest refugia, an interpretation supported more recently 

by Rosen (2007a) and Wilcox (2005).  

Rossignol-Strick (1995), and more recently van Zeist, et al. (2009), choose to 

address these issues by disregarding completely the radiocarbon dates.  Rossignol-Strick 

(1995) correlates the lake cores (Hula and Ghab) with well-dated Mediterranean marine 

core data. Key pollen shifts associated with larger climatic events were identified in the 

marine cores. Rossignol-Strick (1995) identified these as the Chenopodiaceae Phase and 

the Pistaceae Phase. The former is indicated by a rise in chenopods indicative of a cool 

arid climate and is interpreted as an indicator for the YD (rather than the LGM as the 

calibrated C14 dates suggest). The latter is associated with a rise in Pistacia pollen and is 

interpreted as an indicator for climatic amelioration of the Holocene.  

Automatically linking the trends in the sea and lake cores is contentious, as this 

precludes regional variation in climate and environment, and does not find support in 

modern plant distributions between the different sub-regions of the Levant (Rosen 

2007a). While the regional marine and terrestrial pollen core evidence is important for 

understanding the long-term vegetation trends, particularly during the Younger Dryas to 

Holocene transition, during the period of interest to this study, the LGM to Younger 

Dryas, using Baruch and Bottema’s (1999) pollen diagram of the Hula with a revised 

chronology after Cappers, et al. (1998), correlates the prevalence of chenopodia-

artemesia steppe with the end of the LGM, indicating cool arid conditions. Forest 
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expansion with the onset of the Bølling-Allerød indicates ameliorating conditions. 

Importantly, this interpretation of the regional pollen evidence supports the speleothem 

evidence from Soreq Cave. However, at this level (regional), pollen evidence can only 

provide broad generalizations, of limited use to our understanding of local environment 

and vegetation. 

A more recent local palynological sequence by Weinstein-Evron, et al. (in 

review), taken from a section of the Lake Lisan marls, directly below the site of Ohalo II, 

provides a more detailed picture of past vegetation in direct proximity to this key 

archaeological site. This short sequence starts ca. 27-25 ka cal. BP, based on stratigraphic 

correlations with the Lisan sequence in the Dead Sea area, estimated by Lev, et al. 

(2014), and ends ca. 23 ka cal. BP, capped by the site of Ohalo II. Pollen zone 5, 

immediately prior to site occupation, indicates a forest maquis typified by Quercus 

calliprinos (Palestine Oak) (zone 5a) and later deciduous Q. ithaburensis (Mount 

Thabor’s Oak) (zone 5b) on the surrounding hillsides. Evidence of Betula (Birch), 

Jugulans (Walnut), Castenea (Chestnut), Fagus (Beech) and Tilia (Linden) is interpreted 

to reflect some cooling during the first half of this zone (5a), although this pollen is not 

thought to originate from vegetation in the immediate vicinity of the lake. Weinstein-

Evron and colleagues (in review) note that Poaceae (grasses) are well represented and 

Cerealia-type pollen peaks especially in the relatively low-AP period between subzones 

5a and 5b and, again, at the top of the sequence. Herbaceous plants, including Apicaeae is 

found throughout zone 5, while, Ephedra, Liliaceae, Dipsacaceae, Polygonaceae and 

Caryophyllaceae are more abundant in subzone 5a. The authors conclude that the pollen 

spectra suggest the surrounding slopes were characterized by Q. ithaburensis park forest, 

with saline biotopes near the site. This pollen evidence supports previous 

paleoenvironmental reconstruction based on the composition of the charcoal and seed 
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assemblage of the site and emphasizes the importance of locale paleoenvironmental data, 

such as the phytolith data presented in this dissertation (see Chapter 7).  

Summary of the Evidence for Past Climate and Environment in the Levant 

Spanning the LGM, to the Pleistocene-Holocene transition, the Epipaleolithic (24-

11.5 ka cal. BP) was a period of acute and abrupt climate change. Speleothems from 

Soreq Cave (Bar-Mathews, et al. 1997; Bar-Matthews and Ayalon 2003b), and the 

paleohydrology and limnological history of Lake Lisan (Bartov, et al. 2002; Black, et al. 

2011; Hazan, et al. 2005) inform regional paleoenvironmental reconstructions. While 

there is some disagreement amongst specialists over the exact timings and nature of late 

Pleistocene climate change, few disagree that the LGM (23-19 ka cal. BP) was cold and 

dry. Following this, there was a fluctuating series of interstadials including the post-LGM 

warming and BA (19-13 ka cal. BP). This period of climatic amelioration ended with the 

final glacial reversal known as the YD (13-11.5 ka cal. BP) (Figure 2.2). Pollen evidence 

from marine and terrestrial cores provides a general picture of past vegetation in the 

Levant, with low-AP values during the Late Pleistocene period indicating cold and dry 

conditions. Pollen evidence from locale contexts, such as the section below the site of 

Ohalo II, provides more detailed evidence of past vegetation, and emphasizes the 

importance of locale paleoenvironmental evidence.   

Late Pleistocene Wetlands in the Eastern Levant 

The Eastern Levant during the Pleistocene contained a number of wetlands that 

moderated the glacial conditions, including but not limited to, the Palmyra Basin 

(Sakaguchi 1978), the Damascus Basin (Kaiser, et al. 1973), the Jafr Basin (Huckriede 

and Wiesemann 1968), the Azraq Basin (Cordova, et al. 2013; Garrard, Betts, Byrd and 

Hunt 1988; Garrard and Byrd 2013; Jones and Richter 2011; Nelson 1973) and the Wadi 
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al-Hasa drainage (Moumani, et al. 2003; Schuldenrein and Clark 2001; Winer 2010) 

(Figure 2.1). Wetlands can provide reliable perennially available plant resources, 

specifically aquatic roots, which actually increase in nutrient quality during dry, low-

growth periods (Wrangham, et al. 2009:632).  However, wetlands should not be 

construed as lush plant food producing oases or ‘Edens’ (Childe 1952). Indeed, swamps, 

marshes, bogs, fens, wet meadows and shallow water are all broadly defined as 

‘wetlands’ – although each has their own unique characteristics (Keddy 2000:18), 

determined mainly by the transition between terrestrial habitat and aquatic. During the 

Late Pleistocene, LGM lake stands were at their highest in the region. However, the 

wetlands of interest to this dissertation, the Azraq Basin and the Wadi al-Hasa drainage, 

have unique formational histories that need to be taken into account to better understand 

the Late Pleistocene environment.  

Azraq Basin 

The Azraq Basin is characterized by a series of wadi tributaries, spring fed 

contexts, and depressions totalling ca. 12,000 km2. The region receives an unpredicable, 

average yearly rainfall of 84 mm, with mean annual rainfall declining from 200 mm in 

the northwest to less than 50 mm in the southeast (Figure 2.3), most of which falls in the 

winter months (November-April), sometimes in only one or two deluges (Garrard and 

Byrd 2013). The Azraq Oasis itself is fed by a number of ground water springs, including 

Ayn Qasiyya, Ayn Sawda, C-Spring and Lion’s Spring. According to spring discharge 
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data and ground water levels, there appears to be a clear relationship in the basin between 

 

Figure 2.3: Map of the Levant illustrating the annual precipitation in Jordan (after 

Winer 2010) and the approximate extent of the Azraq Basin (after Garrard 

and Byrd 2013) and Wadi al-Hasa drainage (after Winer 2010). 

ground water level in the aquifers and discharge in the Azraq oasis (Jones and Richter 

2011:365). Indeed, the water in this system has a very long residence time, or a low 

discharge to recharge ratio. This means that changes in spring flow intensity reflect, in 

part, changes in rainfall thousands of years prior.  

Until the early 1990s, these springs were associated with two extensive marsh 

areas. The North Azraq Marshes, the smaller of the two covering about 1.8 km2 and the 

Southern Marsh, fed by the springs at Ayn Soda and Ayn Qasiyya, covered a total area of 
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ca. 5.6 km2. Surface water in the Azraq Basin is collected within mudflats, the largest of 

which is the Azraq Qa’, which can extend to an area of 50 km2 and can reach depths of 2 

m (Nelson 1973; Richter, et al. 2007). Under present conditions this shallow lake dries 

quickly due to increasing evaporation caused by rising spring temperatures and usually 

disappears by mid to late spring or early summer. It also turns increasingly saline in the 

process (Yogeshwar, et al. 2013). Consequently, the sediments are saturated with brine, 

which is exploited for salt by the locale villagers (Garrard and Byrd 2013). 

Quaternary deposits in the Azraq Basin are relatively shallow, which is a function 

of erosion and deflation in the region during drier periods (Besançon, et al. 1989). 

However, we know that by the Upper Pleistocene the landscape was essentially similar to 

that of the present. Hunt and Garrard in Garrard and Byrd (2013), note that the major 

relief and landscape elements were already formed by this time. Prior to the 1980’s, the 

lacustrine sequence had been investigated to a limited extent by geologists and 

hydrologists (see Garrard and Byrd 2013). Since then several research teams have 

undertaken more thorough geoarchaeological investigations of the lacustrine sequence.  

Identification of evaporate deposits in the basin led to the initial interpretation of 

the basin as being the location of a large late Pleistocene lake (Garrard, Byrd, et al. 1985; 

Garrard, Harvey, et al. 1985). While subsequent work demonstrated that the deposits 

were caliche and not of lacustrine origin (Besançon, et al. 1989; Garrard, Betts, Byrd and 

Hunt 1988; Garrard and Byrd 2013; Macumber 2001), more recent research efforts in the 

region have uncovered a sedimentary sequences of marsh, lake, playa, eolian and alluvial 

facies dating back to the Middle Palaeolithic (Cordova, et al. 2013; Hunt and Garrard in 

Garrard and Byrd 2013; Jones and Richter 2011). The sections under investigation are 

largely in agreement, minor temporal discordance between the interpretations is to be 

expected, and the result of different local environments within the Azraq Basin. 
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Between ca. 160-90 ka cal. BP Cordova, et al. (2013) and Hunt and Garrard (in 

Garrard and Byrd 2013), suggest the Basin was a largely arid landscape, although two 

lacustrine bodies may have existed in the North Azraq, one before 160 ka cal. BP, and 

one after 130 ka cal. BP. After ca. 90 ka cal. BP the deposition of darker silts followed by 

organic lacustrine clay suggests the transition from marsh to lake deposits (Cordova, et 

al. 2013). Cordova, et al. (2013) then identified a period of fluctuating dry and wet phases 

between 70-40 ka cal. BP. Hunt and Garrard (in Garrard and Byrd 2013) identify a 

similar episode between 60-30 ka cal. BP. The deposition of water-laid silts with 

Phragmites casts in some of their sections between 50-30 ka cal. BP may reflect the 

development during this period of standing water. Jones and Richter (2011) also identify 

open water or shallow water deposits in the earliest parts of their sections, between 60-20 

ka cal. BP; light green silty clays indicate a lacustrine origin for these sediments.  

The Pleistocene lake in the Druze Marsh area dried out sometime before 40 ka 

cal. BP and was replaced by a seasonal playa (Cordova, et al. 2013). After ca. 36 ka cal. 

BP marsh conditions returned in the Druze Marsh area and persisted throughout the LGM 

(Cordova, et al. 2013). Jones and Richter (2011) identify a shorter-lived marsh deposit at 

Ayn Qasiyya, between ca. 24-19 ka cal. BP. Marshy deposits were also identified by 

Hunt and Garrard (in Garrard and Byrd 2013) between ca. 30-22 ka cal. BP in some of 

their sections. These marsh units may be broadly correlated. Other contemporaneous 

sections contain evidence for fluctuating wet-dry terrestrial episodes, suggesting that 

while the marsh persisted through the LGM, there were still periods of more or less 

aridity. 

After 22.5 ka cal. BP loess deposition and evidence for erosion indicates 

increasing seasonal aridity, and this pattern becomes more marked after 19.5 ka cal. BP 

(Hunt and Garrard in Garrard and Byrd 2013). Around 17 ka cal. BP pockets of marshy 
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conditions, evidenced by the deposition of “sands with Phragmites” indicate higher 

rainfall, but marked seasonal aridity (Hunt and Garrard in Garrard and Byrd 2013). Jones 

and Richter (2011) identify a recession of the marsh during this time, and a hiatus in 

deposition or an errosional unconformity that may also reflect increasing seasonal aridity 

between ca. 16-10.5 ka cal. BP that is followed by the development of modern marsh 

conditions. Cordova, et al. (2013) also identify a roughly contemporaneous drying phase 

in their sections that is followed subsequently by the development of modern marsh 

conditions (basic summary see figure 2.4).   

 

Figure 2.4: Summary of the Azraq Basin and Wadi al-Hasa Lacustrine/Paludal 

Sequences. 
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Wadi al-Hasa 

The Wadi al-Hasa is a drainage system located in west-central Jordan. The region 

receives an average annual rainfall of 124 mm, mainly in the winter months (Greenbaum, 

et al. 2006). The precipitation falls in a strong West-East gradient, with rainfall going 

from 100-150 mm in the West, to less than 50 mm in the East (Figure 2.3). The 

catchment is ca. 2,520 km2  and is fed by ground water run-off and a series of aquifers 

located in the eastern part of the catchment on the Jordan Plateau (Schuldenrein and 

Clark 1994; Winer 2010). In the western part of the catchment the terrain is steep and 

incised where the tributaries have cut an intermittent/perennial stream draining into the 

Dead Sea. The late Quaternary valley-fill deposits are located in the western part of the 

catchment (Donahue and Beynon 1988). 

Previous research carried out in the Wadi al-Hasa provides conflicting 

interpretations of the depositional environments and chronology. The Quaternary valley-

fill (the Hasa marl) deposits in the Wadi al-Hasa were first examined in the early 1960s 

by Vita-Finzi (1966), and later by Copeland and Vita-Finzi (1978). These researchers 

identified four alluvial-fill deposits in the Hasa terraces, ranging from Middle Palaeolithic 

(ca. 200-40ka) to post-Roman. The chronology is based on archaeological material and 

one radiocarbon date.  

Schuldenrein and Clark (1994, 2001) more recently reinterpreted the valley 

terraces as lacustrine in origin, rather than eroded alluvium (Copeland and Vita-Finzi 

1978; Vita-Finzi 1966), based on the identification of interstratified marls (indicating 

standing water), evaporates (indicating fluctuating water levels) and debris flow 

(indicating shorelines). Based on this reinterpretation, Schuldenrien and Clark (1994, 

2001) argue that the Hasa was once the location of a large Pleistocene lake, ‘Lake Hasa’ 

(ca. 70-20 ka BP). G.A. Clark (1984) had previously estimated the extent of the 
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Pleistocene lake using the maximum elevation of the unconsolidated marls, estimating 

820 masl at the eastern end of the Jordan Plateau as the high lake stand. Therefore, he 

suggested that the lake had a surface area of approximately 48 km2. Unlike the other large 

Pleistocene lakes, such as Lake Lisan, Schuldenrein and Clark (1994) suggest the smaller 

size of the Hasa basin would have produced differentiated microenvironments. Increased 

detritus found in the secondary tributaries of the Hasa led Schuldenrein and Clark (2001) 

to suggest that the  lacustrine system was replaced by a palustrine, pond and stream-fed 

marsh environment after ca. 20 ka BP.   

Moumani, et al. (2003) interpret the Hasa marls slightly differently from 

Schuldenrein and Clark (1994, 2001) (although it is important to note that Moumani, et 

al.’s discussion is based on the marls present in the Jurf ad-Darawish area south of the 

Hasa). They employed optical luminescence (OSL) dating on the deposits (three dates, 

ca. 111 ka, 60 ka and 40 ka) to help clarify the formation chronology of the Hasa marls. 

They divide the formation into two members, the Jurf Ed Darawish and Burma Members. 

The former date to at least 109 ka, were fluvial in origin, and were deposited in an 

environment analogous to the modern wadis. The latter are more fine-grained, with 

varying percentages of silt, sand, quartz and lithic fragments. The clay mineralogy 

suggests that deposition may have occurred under more humid conditions, while the 

presence of fresh water macrofauna (including bivalves, ostracodes and gastropods) 

indicate that lacustrine conditions prevailed between ca. 111 and 18-16 ka, either in the 

form of shallow open lakes or ponded overbank. However, some of the sediments in the 

latter portion of the Burma Member (ca. 45-20 ka) contain pedogenic calcretes, indicating 

fluctuating water levels and perhaps drier periods (Moumani, et al. 2003:238).  

Winer (2010) presents the most recent and persuasive interpretation of the 

depositional environment suggesting the Wadi al-Hasa is an ‘in-stream’ wetland. 
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Employing radiocarbon dating, amino acid geochronology, and diagnostic archaeological 

artifacts, she provides good chronological control for five units (A-E). Unit A deposits 

are interpreted as a relatively low-energy in-stream wetland with overbank deposits. This 

unit is older than the age range for radiocarbon dating, and was estimated to be older than 

70 ka. Unit B deposits are the most widespread in the Wadi al-Hasa, and date between ca. 

70 ka-45 ka. The complex facies include marl deposits, interpreted as having been 

deposited in a vegetated stream, organic mats, representing back swamp conditions and 

ponding, and mudstones, which were deposited in the overbanks (Winer 2010:19). Unit C 

deposits are widespread and date between ca. 32-27 ka. The minimum date of 27 ka is 

provided by C14 dates from bulk organic sediments from and charcoal from in situ hearth 

deposits from the site of Tha’lab al Buhayra. However, Winer (2010:21) does not explain 

her decision to use this date as the minimum age of aggradation. This is problematic as 

there are more recent Epipaleolithic sites in close proximity (eg. Tor at Tareeq) that could 

have conceivably extended the unit’s time period into the middle or even late 

Epipaleolithic.  The facies include wetland and alluvial deposits as indicated by the 

massive beds of tan mudstones, alternating with massively bedded white marls and 

periodic green mudstones. Organic mats are also present in this unit. Isolated deposits 

with coarser materials (fine sands to gravels), representing deposition within a stream 

channel, were also identified. The depositional environment is interpreted to be an in-

stream wetland. All of the facies identified in Unit D (ca. 14-12 ka) also represent in-

stream wetland deposits. Unit E (ca. 9-7 ka) is identified as an errosional alluvial 

environment, similar to the environment today (2010:19-22).  

Providing evidence to refute the interpretation of the Hasa marls as representing a 

Pleistocene Lake, Winer (2010:25) contends that she did not find any evidence for the 

presence of a shoreline. Moreover, low-energy paludal facies were found to be restricted 
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to the main drainage of the Wadi al-Hasa; the side tributaries, which date to the same age 

as the paludal facies along the main channel, are filled with alluvial sediments (2010:26). 

In sum, Winer (2010) argues that the presence of in situ root voids, archaeological 

materials, and mammal fossils, along with the presence of ostracodes, specifically 

Ilyocypris bradyi, a species indicative of shallow running water, and the laterally 

continuous nature of the deposits in the main tributary interspersed with coarser grained 

materials, such as gravel and cobble beds, all suggest an in-stream wetland environment 

during the Pleistocene period (see figure 2.4 for a summary).  

Summary of the Late Pleistocene Environmental Settings in the Eastern Levant: 

steppe/parkland, woodlands and wetlands 

The main climate (speleothem, limnological) and vegetation (pollen) proxies 

discussed thus far, have focused on the Western Levant, a region with a very different 

climatic regime and environment from the Eastern Levant (a notable exception being 

Frumkin, et al. 2008). However, scholars have suggested that the climatic regime of 

today, characterized by Mediterranean systems, like the Cyprus low, which produces 

precipitation that is deposited in a distinct North/South gradient, were present in the past. 

Also like today, it is expected that the Eastern Levant was drier in the past, and composed 

mainly of steppe and parkland, in contrast to the Mediterranean woodland that 

characterized the Western Levant. Nevertheless, small pockets of Mediterranean 

woodland are found in parts of the Eastern Levant today with higher annual precipitation, 

and are thought to have also existed in the past (Cordova 2007).  

Informed by the proxy data, these general trends have been used to estimate the 

distribution of vegetation under the changing climatic conditions ( Hillman 1996; Moore, 

et al. 2000:49-73; van Zeist and Bottema 1991). Warm wet conditions associated with 

interstadial periods are linked to the expansion of food-rich parkland and Mediterranean 
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woodland, and the retreat of xeric steppe vegetation. Likewise, cold dry conditions 

associated with the glacial periods are linked with steppe expansion, and the retreat of 

parkland and Mediterranean woodland. A constructive generalization, it is now 

understood that change did not occur uniformly throughout the region (Robinson, et al. 

2006), and would have been moderated by locale ecological opportunities, such as 

Pleistocene lakes and spring fed wetlands. The form and structure of these wetlands are 

consequently important for understanding Late Pleistocene environments. 

The Azraq Basin and the Wadi al-Hasa drainage have very different formation 

histories and very different environments. Rainfall in the Azraq Basin is distributed in 

broad bands, resulting in large homogeneous terrestrial environments. During the Late 

Pleistocene, the Azraq Basin was subject to a persistent arid climate, which likely 

promoted steppe conditions, particularly through the LGM. Yet, the Azraq Basin was 

also the location of a large and dependable spring fed marsh, which persisted for nearly 

10 kya. The marsh eventually subsided, likely as a consequence of the LGM drying out 

the aquifers, but was sustained in small marshy ‘pockets’ up until the Younger Dryas. 

The Wadi al-Hasa also contained wetland elements that would have moderated the arid 

conditions. However, rather than the large-scale marsh that developed in the broad Azraq 

Basin, the Wadi al-Hasa hosted a resilient in-stream wetland that persisted in various 

forms for over 70 kya. The Wadi al-Hasa also contained a tight range of precipitation 

bands in a small area, a consequence of the small-scale landforms that flank the western 

edge of the drainage, and in conjunction with the in-stream wetland, may have facilitated 

the development of a small-scale micro mosaic environment in the Wadi al-Hasa.  

Global climate trends and regional climate proxies indicate that the environment 

in the Eastern Levant would have been mainly steppe, and therefore highly sensitive to 

fluctuations in rainfall. During more arid periods, steppe would have expanded, and 
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during less arid periods, parkland would have expanded. In the Eastern Levant, these arid 

environments would have been moderated by the ecological opportunities afforded by the 

wetlands. Because wetland form is central to the productivity and subsistence 

opportunities of a wetland, the Azraq Basin and the Wadi al-Hasa drainage are excellent 

comparative studies. These regions vary clearly in terms of ecological opportunities, 

particularly during the Late Pleistocene. Accordingly, this should be reflected in the 

archaeological record of settlement and subsistence, and is indicative of broader 

differences in past human-environment interactions in the regions. 

ARCHAEOLOGICAL BACKGROUND 

This section will cover the archaeological background in the Eastern Levant 

between the Late Upper Palaeolithic and Middle Epipaleolithic periods (ca. 28-14.5 ka 

cal. BP). I will first introduce the Late Pleistocene hunter-gatherer chronology in the 

Levant. I will then focus on the broader patterns of settlement and subsistence in the 

Eastern Levant before discussing the Azraq Basin and the Wadi al-Hasa. The chapter will 

end with an introduction to the sites that are being investigated in this study.  

Late Pleistocene Hunter-Gatherer Chronology in the Levant 

The Epipaleolithic cultural chronology has been widely discussed in the 

Levantine literature (see Bar-Yosef 1980, 1981; Belfer-Cohen and Goring-Morris 2003; 

Garrard and Byrd 2013; Goring-Morris 1995b; Goring-Morris, et al. 2009; Henry 1988, 

1989, 1995). Following Maher, Richter and Stock (2012) the periods can be divided into 

the Late Upper Palaeolithic (ca. 30-24 ka cal. BP), Early Epipaleolithic (ca. 24-17.5 ka 

cal. BP) (date adjusted according to Belfer-Cohen and Goring-Morris (2014)), Middle 

Epipaleolithic (ca. 17.5-14.5 ka cal. BP) and Late Epipaleolithic (ca. 14.5-11.5 ka cal. 

BP) phases. I employ the same start date as Belfer-Cohen and Goring-Morris (2014) for 
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the Early Epipaleolithic (24 ka cal. BP) because there are several sites, including the 

well-known site of Ohalo II (23 ka ca. BP), which have absolute dates that previously 

placed them in the Late Upper Palaeolithic. However, these sites have clear evidence for 

increasing sedentism and social complexity more in line with the Early Epipaleolithic. 

 Within these broad phases there are a complex variety of tool industries, 

categorized by stylistic trends in the chipped stone artifacts, particularly microlithic 

components. In general, there is a stylistic shift from narrow nongeometric microliths, to 

wider more geometric forms through time. However, regional typologies continue to be 

refined and developed. Some choose to simplify or “lump” their divisions to emphasize 

continuity and interaction (Byrd 1994; Byrd 1998). Others prefer to divide or “split” the 

chronologies and typologies to emphasize unique site assemblages, and variability 

(Goring-Morris 1995b; Henry 1995). 

The developed chronologies are detailed and complex, many of the lithic 

industries that mark these phases exhibit regional variation (which are not synchronous), 

overlap temporally, and span more than one phase (Figure 2.2). This complexity raises 

the question: what do these microlith tools represent? Do they really indicate social 

identity (Maher 2010; Olszewski 2001, 2006)? These questions are beyond the scope of 

this dissertation, but the main point is this: these chronologies, marked by the changes in 

lithic industries are not clear-cut. Moreover, lithic typology should not be the only 

criterion used in a culture chronology.  

Settlement, subsistence and technological evidence suggests that the transition 

from Late Upper Palaeolithic to Early Epipaleolithic was a gradual and subtle process 

(Belfer-Cohen and Goring-Morris 2003; Goring-Morris 1995b; Kuhn and Stiner 2001), 

which has led to some ambiguity in defining the transition. Just as Belfer-Cohen and 

Goring-Morris (2003), Goring-Morris (1995b) and Kuhn and Stiner (2001) emphasize 
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continuity between the Late Upper Palaeolithic and Early Epipaleolithic, Maher, Richter 

and Stock (2012) have sought to emphasize the level of continuity between the earlier 

Epipaleolithic periods (Early and Middle) and the Late Epipaleolithic (Natufian) period. 

Accordingly, for the sake of clarity, I will avoid using the tool industries as synonyms for 

the phases (Figure 2.2). The sequences of interest to this study will be referred to as the 

Late Upper Palaeolithic (ca. 30-24 ka cal. BP), Early Epipaleolithic (ca. 24-17.5 ka cal. 

BP) and Middle Epipaleolithic (17.5-14.5 ka cal. BP) (Maher, Richter and Stock 2012), 

and as a whole will be known as Late Pleistocene hunter-gatherers.  

Late Upper Palaeolithic (ca. 30-24 ka cal. BP) in the Levant 

The Late Upper Palaeolithic marks the terminal phase of the Upper Palaeolithic.  

During this time Levantine hunter-gatherers lived through the glacial conditions in highly 

mobile groups (Goring-Morris, et al. 2009), with small open air sites and cave sites in the 

Mediterranean zone (Western Levant), and further east in the arid steppe and parkland 

zones (Goring-Morris, et al. 2009), usually adjacent to springs (Belfer-Cohen and 

Goring-Morris 2014). In this period hunter-gatherers are generally considered to have 

employed a residential system of mobility (moving people to resources) (sensu Binford 

1980). Bone tools, ochre, dentalium and unmodified grinding stones have been 

documented (Belfer-Cohen and Goring-Morris 2014). Compared to previous periods, the 

Late Upper Palaeolithic displays a wide variation in cultural and economic adaptation 

strategies, particularly for a geographically restricted area (Bar-Yosef 1991; Clark, et al. 

1988; Garrard, Baird and Byrd 1994; Goring-Morris 1995a; Henry 1995; Nadel 2003b).  

Early Epipaleolithic (ca. 24-17.5 ka cal. BP) in the Levant 

The Early Epipaleolithic roughly coincides with the onset and peak of the LGM 

(ca. 23-19 ka cal. BP), and sees an increased tempo of culture change, particularly 
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territoriality. Higher territoriality is thought to be the result of the LGM and competition 

for the limited pockets of favorable territory (Bar-Yosef and Meadows 1995; Goring-

Morris 1995b; D.O. Henry 1989; Lieberman 1993). Evidence for this trend includes 

increasing microlithisation, the proliferation of microlith styles indicating “packing” or 

an increasing number of social units in the region (sensu Binford 2001; Goring-Morris 

and Belfer-Cohen 1997), and increased investment in place (Maher 2011), evidenced by 

hut features, in floor burials, increasing evidence of ground stone, particularly formed 

pieces (mortars, bowls, pestles), worked bone objects and shell beads (evidence of long 

distance trade) (Maher, Richter, Macdonald, et al. 2012; Maher, Richter and Stock 2012; 

Maher, Stock, et al. 2011; Nadel, et al. 2004; Nadel and Werker 1999; Richter, et al. 

2010; Wright 1991, 1994). 

Early Epipaleolithic sites are found throughout the Mediterranean zone (Western 

Levant) and into the steppe and parkland in the Eastern Levant, with a range of sites, 

from small open air sites and cave sites, to more visible persistent and repeatedly 

reoccupied sites. There is even paleoethnobotanical evidence to suggest that some sites 

(Ohalo II) were occupied at some point in this period during all parts of the year, if not 

continuously (Nadel, et al. 2004; Snir, et al. 2015; Weiss, et al. 2008). Indeed, large 

aggregation sites in the Azraq Basin also point to a change in settlement (Garrard and 

Byrd 2013), towards a more logistical system of mobility (moving resources to people) 

(sensu Binford 1980).  

Evidence for increasing spatial organization is also apparent at several sites. As 

previously mentioned, several sites from this period include hut structures. These sites 

include Ein Gev I, Azariq XIII, Jiita II, and Ohalo II in the Western Levant, and 

Kharaneh IV and Jilat 6 in the Eastern Levant (Garrard and Byrd 2013; Goring-Morris 

and Belfer-Cohen 2003; Maher, Richter, Macdonald, et al. 2012; Melki 2004; Nadel and 
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Werker 1999; Stekelis and Bar-Yosef 1965). The site of Ohalo II (23 ka cal. BP) is 

profoundly important, with unparalleled organic preservation. Very few sites from this 

period provide direct evidence of plant-use. Consequently, the rich botanical assemblage 

at Ohalo II has changed our understanding of hunter-gatherer adaptation and plant-use 

during the Late Upper Paleolithic to Early Epipaleolithic transition.  

Middle Epipaleolithic (ca. 17.5-14.5 ka cal. BP) in the Levant 

The Middle Epipaleolithic corresponds to a period of relative climatic instability. 

While this period does mark the onset of post-LGM climatic amelioration, the return to 

more favorable conditions is punctuated by an H1 event. This dynamic climatic reversal 

occurred in conjunction with the lowest lake levels recorded for Lake Lisan. Yet, Middle 

Epipaleolithic sites have a wide geographic distribution, expanding out from the 

Mediterranean (Western Levant), steppe and parkland zones (Eastern Levant) into the 

more arid desert-steppe, as evidenced by an increase in the number of sites and 

groundstone tools in the Negev (Goring-Morris 1995b; Wright 1991). Overall, hunter-

gatherers in this period tend to be highly mobile, although a range of mobility strategies 

were employed (Bar-Yosef and Meadows 1995; Goring-Morris 1995b; Henry 1995; 

Maher, Richter and Stock 2012). Indeed, the pattern of repeated site occupation, and 

increased logistical mobility, in some areas, established in the Early Epipaleolithic 

persisted into the Middle Epipaleolithic. For example, in the Mount Carmel region 

(Western Levant) the large multi-component site Neve David was utilized alongside 

smaller task camps (Kaufman 1987). Similar settlement dynamics are found in the Azraq 

Basin (Maher, Richter and Stock 2012).  
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Late Pleistocene Settlement and Subsistence Patterns in the Eastern Levant 

The dynamics of Late Pleistocene hunter-gatherer settlement and subsistence are 

generally modeled on Binford’s (1980) concepts of residential and logistical mobility. 

Residential mobility is also known as circulating mobility, or a forager strategy, and 

entails moving people to the resource. The entire group relocates their residence site close 

to the resource of interest. Logistical mobility is also known as radiating mobility, or a 

collector strategy, and entails moving the resource to the people. The group will 

strategically collect resources from a satellite task site or a procurement site near the 

resource of interest, which is then brought back to a semi-sedentary settlement site. These 

strategies are not mutually exclusive and Late Pleistocene hunter-gatherers would have 

employed both to differing degrees and emphasis. The use of these strategies is related to 

levels of sedentism (Maher, Richter and Stock 2012) and therefore the motivation behind 

their use is of great interest.   

Many have taken these concepts and applied them in a highly polarized fashion, 

with residential patterns on one end of a continuum and logistical patterns at the other. 

However, this was not how Binford (1980), or Kelly (1995) for that matter, applied these 

terms. Indeed, they advocated that hunter-gatherers could incorporate both logistial and 

residential settlement patterns based on local variables or the year to year environmental 

circumstances that influence resource availability and abundance.  

Forager settlement and subsistence models that have received the most attention 

in the Levant are those proposed by Marks and Freidel (1977), for the Negev highlands, 

and Henry (1987) for southern Jordan. They model hunter-gatherer adaptation to 

changing ecological opportunities, a common prime mover in Late Pleistocene research 

(Goring-Morris and Belfer-Cohen 1997; Hillman 1996; Hillman, et al. 2001). Marks and 
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Freidel (1977) seek to model adaptation to long-term climatic change, whereas Henry 

(1987) seeks to model seasonal forager transhumance patterns.  

Marks and Friedel (1977) argue that based on excavations from the Negev 

highlands, changes in settlement strategies should be closely associated with long-term 

climatic changes. These changes impact resource availability, and consequently forager 

settlement and subsistence strategies. In the Negev during the Early and Middle 

Epipaleolithic, they suggest residential mobility strategies were a reaction to unstable 

climatic conditions. In contrast, Late Epipaleolithic logistical mobility strategies and 

increasing sedentism were a reaction to climatic amelioration.  

Henry’s (1978) model for southern Jordan is based on the seasonal movement of 

foragers between upland and lowland settings. In southern Jordan, dramatic topography 

creates a rich tightly spaced altitudinal micro mosaic. Henry (1995) argues that hunter-

gatherers flexibly adjusted group size and mobility according to when (season) and where 

(elevation) they would reside. Indeed, during the winter months he contends they resided 

in the lowlands and employed a strategy of logistical mobility, while in the summer 

months they travelled to the uplands, split into smaller groups and employed a strategy of 

residential mobility.  

Olszewski, et al. (1994) suggest the ecological factors that constrain forager 

adaptations in the Negev and southern Jordan are not the same as those that might have 

faced hunter-gatherers in the Pleistocene wetland settings, given the relative productivity 

and potential resource opportunities in such an environment. Accordingly, they suggest 

that the high residential mobility characteristic to the other models, might not apply in 

these regions. These ideas will now be considered in the context of the Azraq Basin and 

Wadi al-Hasa drainage.  
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Azraq Basin: Evidence of Settlement and Subsistence 

The Azraq Basin has a long history of prehistoric research, with several surveys 

before World War II (Field 1960; Garrod 1960; Waechter, et al. 1938), and soon after 

World War II (Zeuner, et al. 1957). It was during Zeuner’s survey that archaeologists first 

identified Kharaneh IV. Since 1975 a prolific amount of work has been done, focusing on 

the earlier Palaeolithic periods (Besançon, et al. 1989; Copeland and Hours 1989; Kelso 

and Rollefson 1989; Rollefson 1980, 1983a; Turnbull 1989), and the Later Palaeolithic 

and Neolithic (Betts 1988, 1991, 1998; Garrard, Betts, Byrd, Colledge, et al. 1988; 

Garrard, et al. 1987; Garrard, Betts, Byrd and Hunt 1988; Muheisen 1988; Muheisen and 

Rollefson 1985; Muheisen and Wada 1995; Rollefson, et al. 2001). Garrard’s surveys 

(1975, 1982) and excavation as part of the Azraq Basin Project (Garrard and Byrd 2013), 

involved many specialists with the aim of meticulously reconstructing the settlement, 

subsistence and past environments in the Azraq Basin from the beginning of the 

Epipaleolithic to the end of the Neolithic (ca. 24-7.4 ka cal. BP). This work has since 

spawned several large projects that are currently ongoing including the Azraq Marshes 

Archaeological and Paleoecological Project (directed by April Nowell and Carlos 

Cordova) which is focused on the Paleolithic, and the Early Epipaleolithic Foragers in 

Azraq Project (directed by Lisa Maher and Tobias Richter) which is focused on the 

Epipaleolithic. This arid steppe region is of considerable archaeological interest because 

it was the site of a large Pleistocene lake/marsh, and a focus for early human and late 

Pleistocene activity.  

The majority of the Late Upper Palaeolithic and Early-Middle Epipaleolithic sites 

are located in direct proximity to wetland resources, although during the Late 

Epipaleolithic, sites expand out onto the Basin’s steppe/parkland (Richter 2009). This 

dynamic between Early/Middle and Late Epipaleolithic settlement and subsistence in the 
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Azraq Basin is part of a new project headed by T. Richter (see Richter, et al. 2012). 

Regarding the period of interest for this study, Garrard and Byrd (2013:29-45) have 

firmly identified two small open-air Late Upper Palaeolithic sites, and eight small open-

air Early-Middle Epipaleolithic (addition of Ayn Qasiyya from Edwards et al. 2001 

survey) sites in their study areas of Wadi Jilat, Wadi Kharaneh, Wadi Unwaynid and 

Wadi Aseikhim. The Azraq Basin also hosts two very large (ca. 20,000 m2) Early-Middle 

Epipaleolithic aggregation sites, Kharaneh IV and Jilat 6. The combination of roughly 

contemporaneous small sites and large sites, and in particular, evidence of increasing 

sedentism at two large multi-component sites (but see Maher et al. 2012 regarding the 

difficulties of defining sedentism), suggests a system of settlement and subsistence that 

includes both logistical and residential mobility patterns.  

 Richter, et al. (2013) suggest that settlement size at these large aggregation sites 

may have fluctuated seasonally (sensu Henry 1987) to reach very large numbers in the 

winter and spring when environmental conditions may have been favorable. However, I 

would suggest that Kharaneh IV and other such aggregation sites more likely grew in size 

when the surrounding regions were particularly unfavorable. This distinction is more than 

just ‘the other side of the same coin’ because it reflects very different motivations for 

settlement and importantly subsistence goals. These are critical distinctions when 

formulating models and hypotheses for larger regional trends – “push” and “pull” forces 

(see Chapters 3 and 7). 

While the Azraq Basin has been subject to significant archaeological inquiry, 

there has been relatively little work done to synthesize this mass of data to reconstruct 

and model larger patterns of settlement and subsistence (but see Garrard and Byrd 2013). 

Yet, increasingly refined data sets (ongoing faunal, palaeoethnobotanical and 

geoarchaeological studies) seek to enrich our understanding of these sites, and provide 



 45 

the environmental archaeological complexity needed to build testable models of 

settlement and subsistence in the region. In Chapter 3 of this dissertation I aim to 

articulate such a model. In Chapters 5, 6 and 7 I provide new phytolith and microcharcoal 

data to inform my model. 

Wadi al-Hasa: Evidence of Settlement and Subsistence 

The Wadi al-Hasa has been the focus of several archaeological surveys since the 

late 1970s (Clark, et al. 1992b; Clark, Olszewski, et al. 1994; MacDonald 1988; 

MacDonald, et al. 1980; MacDonald, et al. 1983; MacDonald, et al. 1982). This arid 

steppe region is of considerable archaeological interest because it is thought to have been 

the site of a large Pleistocene lake/marsh (70-20 kyr), and a focus of late Pleistocene 

human activity (Clark 1984; Clark, et al. 1992a; Olszewski and Coinman 1998a; 

Schuldenrein and Clark 1994, 2001, 2003). Unsurprisingly, the majority of Late Upper 

Paleolithic and Epipaleolithic sites in the region are situated in direct proximity to the 

ancient wetland (Olszewski and Coinman 1998a). However, recent reinterpretation of the 

Wadi al-Hasa Pleistocene lake/marsh deposits as in-stream wetland deposits (riparian 

environment), fed by a precipitation-dominated spring-system with fresh running water 

(Winer 2010:38), has major implications for our understanding of human adaptation and 

plant-use in this otherwise steppic region.  

However, all of the work on modeling hunter-gatherer settlement and subsistence 

in the Wadi al-Hasa has been focused on the Pleistocene lake/marsh setting as an 

overriding factor in the archaeological patterns (Clark, et al. 1992a; Olszewski 2000; 

Olszewski and Coinman 1998a; Schuldenrein and Clark 2001, 2003). The models are 

focused on the structure of local ecological opportunities, and are highly influenced by 
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and formed in response to the Logistical-Residential mobility models proposed by Marks 

and Freidel (1977) and Henry (1987).  

Schuldenrein and Clark (2003) compare Marks and Freidel’s (1977) and Henry’s 

(1987) regional models of settlement and subsistence to the archaeological patterns of 

settlement from the Wadi al-Hasa. This study covers a broad span of time, from the start 

of the Palaeolithic through to the Neolithic. I will focus on their findings from the Late 

Pleistocene. During this period, poor climatic conditions prevailed, although 

Schuldenrein and Clark (2003:5-6) note that there was a major regional shift towards 

paludal conditions. Marks and Friedel’s (1977) model would suggest that there should be 

a trend towards residential mobility patterns during poor climatic intervals. Henry’s 

(1989) model, on the other hand, would suggest a shift in mobility from high residential 

mobility with little site size differentiation to a more logistical pattern with longer-term 

winter camps in the lake/marsh setting and shorter-term more mobile summer camps at 

higher elevations. The settlement patterns in the Hasa show that the sites are uniformly 

distributed along the margins of the paludal setting, near critical water sources 

(Schuldenrein and Clark 2003:11). They conclude that the match between these models 

and the Hasa data is poor, and suggest that the current Levantine models are mostly not 

useful in any particular setting other than the one in which they were developed. In 

closing, they emphasize that the favorable ecological conditions provided by the 

lake/marsh setting between 70-12 kyr BP would have exerted a significant pull on human 

settlement and subsistence in the Wadi al-Hasa, and must be considered when modeling 

patterns of human adaptation.   

The Hasa model (Olszewski 2000; Olszewski and Coinman 1998a) considers the 

resources offered by the paludal environment and suggests that the reliability of these 

resources would have provided a buffer to harsh xeric conditions. Olszewski and 
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Coinman’s (1998a) paper marks the start of a more recent interest in modeling past 

hunter-gatherer use of the lacustrine and marsh environments in the Levant (but also see 

Clark 1992). The main premise of the Hasa model is that residential mobility should be 

reduced as hunter-gatherer groups took advantage of the more predictable resources in 

the lake and marsh setting. Besides climate and local resource availability, Olszewski 

(2000) identified two main variables that will impact hunter-gatherer mobility, 

seasonality and access to lithic resources. These variables form the following 

expectations for the Early and Middle Epipaleolithic periods (Olszewski 2000:236): 

 Early Epipaleolithic: characterized by high mobility and short duration base 

camps, as well as more specific task sites. Repeated use of favorable locales 

(lake/marsh, spring environments). Increased mobility should be related to poor 

climatic conditions. 

 Middle Epipaleolithic: Improved climatic conditions should lead to longer-term 

occupations and reduced mobility as hunter-gatherers take advantage of the more 

predictable resources in the lake/marsh setting. 

To test these predictions, Olszewski (2000) uses archaeological evidence from 

three Early Epipaleolithic sites (Tor at-Tareeq, Yutil al-Hasa, Tor Sageer) and one 

Middle Epipaleolithic site (Tor at-Tareeq – multi-phase site) from the Wadi al-Hasa 

(from this publication dated using the lithic assemblage, not C14 dates). Using the lithic 

assemblage, specifically the ratio of debitage:core, and shatter:core ratios at the sites, 

Olszewski (2000:238) suggests that the Early Epipaleolithic represents a period of higher 

mobility, whereas the Middle Epipaleolithic represents a period of lower mobility, 

supporting the predictions of the Hasa model. However, Neeley, et al. (1998) determined 

in their analysis of the lithics at Tor at-Tareeq that the earliest part of the Early 

Epipaleolithic was characterized by increasing mobility, while the main part of the period 
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was less mobile. The Middle Epipaleolithic saw a return of increasing mobility. This 

interpretation would appear to dispute the predictions put forth by the Hasa model.  

Olszewski’s (2000) disagreement with Neeley, et al. (1998) is based on the 

latter’s use of certain lithic indices, including artifact density to measure mobility. 

Artifact density is a relatively poor measure for level of mobility (Olszewski 2000:237). 

Yet, Olszewski (2000) contends that further resolution might be attained by including 

other non-lithic sources of evidence (pollen, phytoliths, geoarchaeology), and that the 

expectations and assumptions of the Hasa model should be tested in other regions of the 

Eastern Levant. This dissertation seeks to address these issues in light of the most recent 

interpretation of the Wadi al-Hasa in-stream wetland environment (Winer 2010).  

STUDY SITES 

This study includes five sites in the Eastern Levant, and one site from the Western 

Levant. Two of the sites come from the Azraq Basin (Kharaneh IV and Ayn Qasiyya), 

and two more come from the Wadi al-Hasa (Tor Sageer and Yutil al-Hasa). The fourth 

site (Wadi Madamagh) is located near Mediterranean woodland refugia in the Wadi Musa 

region. The last site is located in the Western Levant, on the shores of Pleistocene Lake 

Kinneret (Ohalo II) (Figure 2.5).  
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Figure 2.5: Map of the Levant with study site locations and the approximate extent of 

the Azraq Basin and Wadi al-Hasa drainage. 

The Late Pleistocene in the Azraq Basin: Kharaneh IV & Ayn Qasiyya 

Kharaneh IV 

Kharaneh IV is a multi-component Early to Middle Epipaleolithic (19.9-18.6 ka 

cal. BP) site in the Azraq Basin, Jordan (Richter, et al. 2013) (Figure 2.5). It is one of 

several large Early-Middle Epipaleolithic aggregation sites in the Azraq Basin (Garrard 

and Byrd 1992; Richter, et al. 2013). The site was situated on the periphery of a large 

marsh, surrounded by semi-arid steppe/parkland (Garrard, Baird, Colledge, et al. 1994; 

Garrard, et al. 1987; see Hunt in Garrard and Byrd 2013; Jones and Richter 2011; 



 50 

Montague, et al. 1988). The Azraq wetland is fed by several springs, which are filled by 

surface runoff and groundwater (Jones and Richter 2011). A low discharge-to-

replenishment ratio means the springs provide a secure supply of water, even under arid 

conditions (Jones and Richter 2011; Macumber 2001). Consequently, the wetland would 

have been a reliable resource rich environment relative to the surrounding arid-

steppe/parkland (see Hillman, et al. 1989), particularly during arid periods. This 

characteristic of the Azraq Basin has attracted human groups to the region since the 

Lower Palaeolithic (Copeland and Hours 1989; Cordova, et al. 2013; Rollefson 1983b; 

Rollefson, et al. 1997). 

At 21,000 m2 and ~1.5 m in depth, Kharaneh IV is remarkable for its large size. 

To account for the size and density of the cultural material, Kharaneh IV was originally 

interpreted as a repeatedly revisited long-term (ca. 3,000-5,000) aggregation site. 

However, new radiocarbon evidence demonstrates that the site was occupied only for 

1,225 years (Richter, et al. 2013). This suggests that the site was visited by large numbers 

of people, staying at the site for long periods of time (Richter, et al. 2013), likely on a 

multi-seasonal, or possibly year-round basis, based on the faunal indicators (Jones 2012). 

Kharaneh IV also features the earliest documented hut structures in Jordan (Maher 2011; 

Maher, Richter, Macdonald, et al. 2012), a subfloor burial, worked bone objects, a ground 

stone assemblage and marine shell beads (Richter, et al. 2011; Richter, et al. 2013). These 

material remains provide evidence of increasing sedentism, the use of complex trade 

networks, sophisticated food processing, personal adornment practices and possibly ritual 

behavior.  

Based on excavation evidence, the Early Epipaleolithic occupation (Area B) is 

approximately 44.5 m2 and over 1.5 m deep (Maher, et al. 2009; Maher, et al. 2010). 

However, a sounding (Area F) located north of Area B demonstrated that the Early 
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Epipaleolithic occupation of the site is greater than previously thought (Maher, et al. 

2010). Characterized by several overlapping and superimposed occupational surfaces, 

three hut structures, and a number of hearths and ash pits, the deposits in Area B are 

complex. The occupation surfaces are at times thin (~2-3 cm thick). However, the 

remains are largely in situ and continuous, with a high density of artifacts (including 

several small caches of blades and bladelets), faunal remains and charcoal (Maher, et al. 

2009; Maher, et al. 2010).  

The Middle Epipaleolithic occupation (Area A) is approximately 30 m2 and 

between 40-45 cm deep (Maher, et al. 2009). This area includes several occupation 

surfaces, two hearth deposits and a series of dark brown sediment deposits that are 

interpreted to be post-holes. These remains provide evidence of repeated cooking events 

and the construction of ephemeral structures, thought to be cooking structures or drying 

racks (Maher, et al. 2010).  

Phytolith evidence from this site is employed in Chapter 4 to broadly compare 

Late Pleistocene hunter-gatherer wetland adaptations, and in Chapter 5 phytolith samples 

from one of the hut contexts is used to reconstruct how these early homes were 

constructed and lived in. The complete phytolith report is in Appendix A (excluding the 

hut samples). 

Ayn Qasiyya 

The archaeological site of Ayn Qasiyya (Figure 2.5) is named after the second 

largest spring in the Southern Azraq Marshlands. It is situated ca. 150 m north of the 

largest south Azraq spring, Ayn Soda. Dating to 22,564-20,648 cal BP and 19,473-17,405 

cal BP, with an occupation period spanning c. 2,500 years (Richter, et al. 2013), Ayn 
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Qasiyya provides a rare opportunity to gain a more detailed insight into Early 

Epipaleolithic exploitation of the Azraq wetland during the LGM.  

The site was excavated in three seasons between October 2005 and August 2007 

(Richter et al 2007, 2010a, 2010b, Richter and Röhl 2006). The site contains abundant 

lithic artefacts and animal bone, none of which appeared sorted, ordered, orientated or 

laid down at a horizontal incline. However, the clayey-silt marsh deposits are associated 

with an exclusive Early Epipaleolithic chipped stone industry (Richter, et al. 2007). As 

part of this research, the site was subject to a geoarchaeological study (see Jones and 

Richter 2011), which provided a well dated sequence and information on the 

paleoenvironment, water level, and spring flow at the site.  

Phytolith and microcharcoal evidence from this site are employed in Chapter 6 to 

investigate human-environment interactions in the marsh, and identify anthropogenic 

burning and/or other impacts. The complete phytolith report is in Appendix A. 

The Late Pleistocene in the Wadi al-Hasa: Tor Sageer & Yutil al-Hasa 

Tor Sageer 

The Late Upper Palaeolithic and Early Epipaleolithic site of Tor Sageer (ca. 

27,200-26,580 cal. BP; ca. 24,600-24,150 cal. BP) and Early Epipaleolithic site of Yutil 

al-Hasa (ca. 25.3-22.4 ka cal. BP) are located in the Wadi al-Hasa, west-central Jordan 

(Eastern Levant) (Figure 2.5). Tor Sageer is a small rock shelter occupation, at 

approximately 24 m2, situated 17 m above the modern wadi floor. The site is located on a 

tributary, approximately 3 km upstream from the Wadi al-Hasa, and has ready access to 

the Kerak Plateau, immediately north of the Wadi al-Hasa (Olszewski in press). The 

archaeological assemblage notably includes the distal portion of a carved bone projectile 

(Kennerty 2010), a diverse lithic assemblage that includes four woodworking adzes 
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(tentatively proposed based on their form), as well as, ochre and several hearths. The 

archaeological deposits are approximately 85 cm thick. The uppermost layer (Stratum I) 

is Early Epipaleolithic (Nebekian) and post-dates 24,631-24,151 cal. BP (date taken from 

the top of stratum II). The lower strata II, III and V are all Late Upper Paleolithic and 

date to 27,216-24,295 cal. BP.  

Preliminary pollen analysis of Stratum I indicates riparian elements within an 

otherwise steppic context.  Previous phytolith analysis by A. Rosen on four samples 

supports this interpretation. Rosen identified panicoid (C4 grasses) and pooid (C3 grasses) 

sub-families as well as some wild grass-husks. Many dicot wood phytoliths were 

recovered. Sedge and reed morphologies were also identified (unpublished Rosen 

phytolith results referenced in Olszewski 2003; Olszewski, al-Nahar, et al. 1998).  

Phytolith evidence from this site is employed in Chapter 4 to broadly compare 

Late Pleistocene hunter-gatherer wetland adaptations. The complete phytolith report is in 

Appendix A. 

Yutil al-Hasa 

Yutil al-Hasa is a multi-component site with at least one rock shelter on the main 

Wadi al-Hasa channel. Located in a natural constriction of the drainage, the site is 

situated approximately 10 m above the wadi floor and faces out onto what may have been 

some kind of wetland setting, serving to attract and contain the movement of game 

(Olszewski and Coinman 1998a). Intensive excavation at the site has revealed Late Upper 

Paleolithic, Early Epipaleolithic and Late Epipaleolithic deposits (Clark, et al. 1988; 

Coinman, et al. 1999; Olszewski, et al. 1990; Olszewski, Cooper, et al. 1998; Olszewski, 

et al. 1994). However, only the Early Epipaleolithic (Nebekian) deposits (Area C), dated 
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to between ca. 25.3 to 22.4 ka cal. BP, are of interest to this study. This occupation 

includes a rockshelter context covering approximately 90m2. 

Phytolith evidence from this site is employed in Chapter 4 to broadly compare 

Late Pleistocene hunter-gatherer wetland adaptations. The complete phytolith report is in 

Appendix A. 

The Late Pleistocene in other regions of interest: Wadi Madamagh & Ohalo II 

Wadi Madamagh 

Located in the Wadi Musa region, north of Petra in Jordan (Figure 2.5), Wadi 

Madamagh is a 50 m2 rock shelter that dates to the Late Upper Palaeolithic to Early 

Epipaleolithic (25.3-22.8 ka cal. BP) transition. During this period, the region was 

characterized by Mediterranean woodland. This paleoenvironmental interpretation is 

based on a remnant oak forest, today in close proximity (Cordova 2007).  

The archaeological evidence indicates that Wadi Madamagh was repeatedly 

occupied, likely on a seasonal basis. The archaeological remains can be divided into two 

occupations based on the stratigraphy and tool typology (Olszewski and al-Nahar 2011; 

Schyle and Uerpmann 1988). Radiocarbon dates place the sites occupation immediately 

prior to and during the LGM, 25,360-22,800 cal. BP (Olszewski, personal 

communication 2015). Tool typology suggests the lower layers date to the Late Upper 

Palaeolithic, while the upper layers date to the Early Epipaleolithic. Consequently, Wadi 

Madamagh is of considerable importance for investigating the Palaeolithic to 

Epipaleolithic transition (Schyle and Uerpmann 1988).  

Previously excavated by Kirkbride (1958) and Schyle (reported in Schyle and 

Uerpmann 1988), the most recent investigation of the site was conducted by Olszewski 

and al-Nahar (2011). Excavation was complicated by damage from slump and erosion. 
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Most of the upper deposits (Early Epipaleolithic) were missing. However, brecciated 

Early Epipaleolithic deposits adhearing to the rock shelter wall and a small area in the 

north end of the rockshelter were still intact. Notably, a ground stone boulder mortar was 

uncovered in these Early Epipaleolithic deposits (Olszewski and al-Nahar 2011).  

Phytolith evidence from this site is employed in Chapter 4 to broadly compare 

Late Pleistocene hunter-gatherer wetland adaptations. The complete phytolith report is in 

Appendix A. 

Ohalo II 

Ohalo II is a multi-component Early Epipaleolithic (23 ka cal. BP) site (Nadel, et 

al. 1995) situated on the shores of Lake Kinneret (Sea of Galilee), Israel, in an open 

parkland setting (Kislev and Simchoni 2002; Nadel 2004) (Figure 2.5). The site has an 

area of more than 2,000 m2 (Weiss, Kislev, et al. 2004). Excavations uncovered the in situ 

remains of six hut structures, several open-air hearth concentrations, a dumping zone, a 

pit, a stone installation and a burial. The repeated use of Ohalo II in a consistent and 

organized pattern lead the investigators to conclude that the site represents the remains of 

a camp visited several times by the same group (Nadel, et al. 1995). Indeed, the floral and 

faunal remains suggest that there may have been year round occupation at the camp 

(Kislev, et al. 1992; Snir, et al. 2015; Weiss, et al. 2008).  

The site is unique due to its exceptional organic preservation. It was caused by 

two related events: charring by fire before the site was abandoned, followed by 

inundation by rising water levels and lake sediments (Weiss, et al. 2011). The extensive 

macrobotanical assemblage has been studied by a number of specialists in peer reviewed 

publications (Kislev, et al. 1992; Nadel, et al. 2004; Snir, et al. 2015; Weiss, Kislev, et al. 

2004; Weiss, et al. 2008) and unpublished doctoral dissertations (Simchoni 1998; Weiss 
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2002). The macrobotanical assemblage at the site is highly diverse and includes but is not 

limited to, wild barley, wild emmer wheat, many small seeded grasses, acorns (Tabor 

oak), and a variety of fruits, berries and nuts (Christ’s thorn, wild fig, wild grape, almond, 

pistachio, and wild olive) (Weiss, Kislev, et al. 2004; Weiss, Wetterstrom, et al. 2004a). 

Wetland resources were also a component of the diet, as evidenced by the presence of 

sedge nutlets (Scirpus litoralis, and Cyperaceae cf.) and pond weed nutlets (Potemogeton 

sp.) (Weiss 2002). The remains are representative of a mosaic habitat, which included a 

locale saline habitat, a nearby lakeshore habitat and a Mediterranean open park-like forest 

(Nadel, et al. 2004), likely located further from the site (Nadel, Gringberg, et al. 2006).  

Phytolith evidence from this site is employed in Chapter 4 to broadly compare 

Late Pleistocene hunter-gatherer wetland adaptations. I use the phytolith evidence from 

Ohalo II in this chapter as a baseline to inform my interpretation of the other sites that do 

not benefit from macrobotanical preservation. The complete phytolith report is in 

Appendix A. 

SUMMARY 

This chapter reviewed the global and proxy paleoenvironmental data for the Late 

Pleistocene (ca. 28-14.5 ka cal. BP). A period of dynamic climate and shifting 

environments, the depositional chronologies of the Azraq Basin and Wadi al-Hasa 

drainage suggests that these wetlands would have been relatively productive during the 

most arid periods, and consequently, a critical focus for human adaptation in the Eastern 

Levant. The Late Pleistocene archaeological periods (Late Upper Palaeolithic (ca. 30-24 

ka cal. BP), Early Epipaleolithic (ca. 24-17.5 ka cal. BP) and Middle Epipaleolithic (ca. 

17.5-14.5 ka cal. BP)) are divided and categorized by a complex variety of overlapping, 

and regionally specific tool industries. Yet, the broader long-term archaeological trends 
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reflect continuity, emphasizing the resilience of hunter-gatherer adaptations throughout 

the Late Pleistocene. Settlement and subsistence patterns in the Eastern Levant have been 

shown to reflect local adaptations to changing ecological conditions, with a particular 

focus on wetland environments. As such, wetland type (eg. marsh, river bank, lake) is 

important to understanding and modeling hunter-gatherer settlement and subsistence 

patterns. The Azraq Basin and Wadi al-Hasa drainage with their different types of 

wetlands provide very different ecological opportunities. The study sites introduced in 

this chapter will provide settlement and subsistence evidence from a variety of ecological 

settings in the Eastern Levant with the aim of considering how wetland type, and the 

relative productivity of wetlands compared to the surrounding environment, impacted 

human adaptation. This dynamic will be considered further in the next chapter.    
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Chapter 3: A Theoretical Framework and Model Concerning Late 

Pleistocene Hunter-Gatherer Wetland Adaptations in the Eastern 

Levant 

This chapter provides the theoretical foundations for this dissertation, and 

establishes a new model of hunter-gatherer settlement and subsistence that considers how 

wetland form, and the relative productivity of wetlands compared to the surrounding 

environment, impacted human adaptation through the Late Pleistocene in the Eastern 

Levant, particularly in the Azraq Basin and the Wadi al-Hasa. The subsequent data 

chapters (Chapter 5-7) provide a body of new evidence that will be used to evaluate the 

model in the final discussion (Chapter 8). The well-studied American Great Basin 

wetland adaptation will be used as an analogy for my model of hunter-gatherer 

subsistence and settlement, in contrasting, uneven or unpredictable environments, like 

those in the Eastern Levant during the LGM. Wetland adaptations in these contexts were 

based on a clear risk-minimizing goal, to satisfy the basic food and non-food needs of the 

population (see Binford 1991; Jochim 1976; Kelly 1995). By ‘tethering’ settlements to 

reliable resource locales, like a wetland, hunter-gatherers could safely engage in a diverse 

range of subsistence activities to supplement their reliable resources with riskier, but 

more desirable options.  

In the Eastern Levant during the Late Pleistocene the type of wetland (eg. marsh, 

lake or river) was central to hunter-gatherer adaptations. Yet, plant-use decisions, and by 

extension subsistence and settlement decisions, were shaped not only by what resources 

the wetland offered, but also by what was available in the surrounding landscape. This 

expectation will be considered by building on Kelly’s (1999, 2001) and Madsen and 

Kelly’s (2008) insights from the Great Basin and combining these with my understanding 
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of human-environment interactions drawn from Human Behavioral Ecology (HBE) and 

ethnographic analogy, to create a new model for settlement and subsistence.  

The model established in this chapter has several important implications. Firstly, 

it provides a clear ecological foundation for investigating Late Pleistocene hunter-

gatherer plant-use and adaptations. It will refocus research questions and interpretations 

on what hunter-gatherers were, rather than what they became retrospectively, farmers; 

Secondly, it provides a comprehensive premise for investigating the regional variation 

amongst Late Pleistocene settlement and subsistence (particularly plant-use) adaptations 

in the Levant; Thirdly, this model is comparative and has a cross-regional application for 

understanding hunter-gatherer use of reliable resource locales, as will be shown by a 

discussion of the Great Basin; and lastly, this model offers a new pathway for the 

development of plant-food production in the Levant.  

This chapter will begin with a broad review of Human Behavioral Ecology 

(HBE), tracing the trends and influences of this theoretical framework and its concepts 

(e.g. optimal foraging theory and human niche construction). By employing a ‘pragmatic 

smorgasbord’ approach to the use of HBE and archaeological theory more generally, I do 

not strictly adhere to one theoretical or methodological framework. While the idea of 

drawing on more than one theory is well established, the resurfacing of a highly polarized 

debate within HBE about the use of theoretical approaches requires some discussion. I 

will then review the American Great Basin wetland adaptation, employing the rich 

ethnographic record as an analog for Late Pleistocene hunter-gatherers in the Eastern 

Levant. The review of the theory and its application, along with the ethnographic analogy 

from the Great Basin, will frame my subsequent critique. I argue that we need to ‘shift 

our perspective’, from the current research focus on what Late Pleistocene hunter-

gatherers became, cereal cultivators, back to what they were, hunter-gatherers (as 
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suggested by Rosen 2010:113; 2011:139). The latter part of the chapter will describe the 

ecological contexts on which the models’ expectations are based. The model and 

expectations will then be described. The ‘fit’ of the model will be initially assessed with 

the current evidence from the Azraq Basin, and Wadi al-Hasa drainages in the Eastern 

Levant.  

THEORETICAL FRAMEWORK 

Human Behavioral Ecology: From Calorie Counting to Niche Constructing  

HBE includes and is influenced by a wide variety of theoretical perspectives 

(Figure 3.1). It is a subset of Evolutionary Ecology (EE) and Behavioral Ecology (BE), 

and is concerned with the study of human behavior and adaptation in relation to social 

and environmental circumstances (Bird and O'Connell 2006; Broughton and O'Connell 

1999; Smith and Winterhalder 1992). Practitioners of HBE share an implicit evolutionary 

 

 

Figure 3.1: Evolutionary Ecology theory web. 
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understanding and argue that humans act in ways that will enhance their fitness, or 

reproductive success. However, the use of different yardsticks for measuring fitness 

(optimizing or ‘good enough’), along with different understandings of adaptation 

(asymmetrical or unidirectional), has resulted in the proliferation of a variety of different 

low-level theories and models. HBE is broadly divided into Optimal Foraging Theory 

(OFT)  (MacArthur and Pianka 1966) and Human Niche Construction (HNC) (Odling-

Smee, et al. 2003) approaches. These approaches will be discussed below.  

Optimal Foraging Theory 

OFT developed in the mid-1960s from a combination of cultural ecology, 

evolutionary ecology and borrowed economic hypotheses (MacArthur and Pianka 1966). 

Cultural ecological models were employed with the primary aim of investigating human 

adaptation to the environment (Kelly 1995; Shennan 2002a, b). This asymmetrical 

understanding of adaptation, humans reacting to the environment, largely still 

characterizes OFT models (Smith 2015). By drawing on the models of cultural ecology 

and the principles of evolutionary ecology, OFT models incorporate the theoretical 

framework of neo-Darwinism. Evolutionary theory provides a coherent theory of human 

behavior, addressing a major critique of cultural ecology, which lacks a consistent 

unifying theory (Kelly 1995; Shennan 2002b). In addition, the use of borrowed economic 

hypotheses introduced the concept of currency optimization (MacArthur and Pianka 

1966), an assumption that still shapes our understanding of hunter-gatherer adaptation.  

OFT models assume that humans will ‘opt’ for fitness enhancing behavior by 

optimizing the rate of some set currency, often net calorie return (but also nutritional 

balance, or risk avoidance), either by increasing the currency intake or by reaching some 

currency intake threshold more quickly, and consequently freeing time for other fitness-
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related activities (Bird and O'Connell 2006; Shennan 2002b). The principle of 

optimization may be a valid generalization. However, it is understood that different 

ecological constraints or cultural standards will impact hunter-gatherers decisions to 

pursue particular strategies (Kelly 1995; Shennan 2002b). While hunter-gatherers may 

universally act to optimize their fitness, the definition of what is considered ‘fit’ is 

situational and dependant upon a variety of environmental and cultural factors.  

The models derived from OFT include (but are not limited to) diet-breadth models 

(DBM), game theory and central-place foraging.  These models have gained popularity 

because they seemingly provide empirical, hypothetico-deductive ways to study past diet 

(Gremillion 2002; Gremillion, et al. 2014a; Kelly 1995:73), introducing an iterative 

process of hypothesis testing, revision and retesting to archaeology that drives 

incremental advances in our understanding of human behavior (Gremillion, et al. 2014a). 

The use of ‘simple’ models has long been critiqued as reductionist and lacking realism. 

However, the problem is the reductionist interpretation of such models. This is no basis 

for their disuse, models remain a necessary tool for the analysis of complex systems 

(Smith and Winterhalder 1992). Nevertheless, OFT models have rightly been critiqued 

because they study hunter-gatherers as if they were all immediate-return foragers (sensu 

Woodburn 1968). In focusing on the immediacy of foraging activities, the framework of 

these models does not allow archaeologists to consider economic activities that involve 

long-term planning or delayed return tactics, like resource management (e.g. use of fire) 

(Lightfoot, et al. 2013). Moreover, some of the core assumptions of these models are 

unreasonable, including firstly, that the movement of foragers in a landscape is random; 

secondly, that as foragers encounter resources a stringent assessment of their net energy 

value is the solitary criterion for ranking and resource selection; and thirdly, that foragers 

are passive consumers of resources (Smith 2009). 
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Excellent syntheses on HBE in archaeology are provided by Bird and O'Connell 

(2006), Kelly (1995) and Winterhalder (2001). In the following section, the basic tenants 

of DBMs, game theory and central-place foraging will be briefly described and illustrated 

where possible through examples of their application in the Near East.  

Diet Breadth Models  

DBMs, also known as ‘encounter-contingent prey choice models’, were 

developed to predict what types of food an individual should include in their diet 

(Stephens and Krebs 1986). The central premise is that “pennies in a field of sufficient 

dollars will be ignored whatever their number” (Winterhalder 2001:16). The model 

assumes firstly, that the goal of foraging is to maximize the rate of nutrient capture 

(usually defined as energy); secondly, that the forager knows or can estimate the likely 

encounter rate and post-encounter nutrient return rates, relative to handling costs for all 

potential prey types; and thirdly, that the forager searches in a patch where prey types are 

mixed and encountered at random relative to their abundance (Bird and O'Connell 2006). 

Prey are ranked according to their post encounter caloric return rate (Broughton and 

O'Connell 1999) and top ranked prey are modeled to always be taken on encounter, with 

lower ranked prey added to the diet in descending order, until it is no longer profitable 

(Bird and O'Connell 2006). MacArthur and Pianka (1966) (Figure 3.2) construct a basic 

DBM by ranking all of the resources in an environment against each other. In their 

model, two arcs represent the search and handling costs, and where these intersect is 

considered the optimal diet. Those resources considered high ranked fall to the left of the 

intersection, whereas low ranked resources fall to the right of the intersection.  

Critiques of the DBM include that the model assumes resources are evenly 

distributed across the environment, and more troublesome, that foragers search randomly 
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(Shennan 2002a, b; Smith 2009). Another clear issue is deciding how the resources are to 

be ranked (plant vs. animal; large animal vs. small animal; food vs. craft materials like 

stone). Such decisions are based on assumptions concerning the currency being used and 

the division of labor, and are ultimately subject to the discretion of the analyst.  

Figure 3.2: Diet breadth model (after MacArthur and Pianka 1986). 

In the Near East, DBMs have been employed to test Flannery’s (1969) broad-

spectrum revolution (BSR) hypothesis. Flannery proposed that population increases in 

the Near East should be preceded by increases in dietary breadth, with foragers 

expanding their diet in response to the increasingly constrained environment. The BSR is 
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considered a key step towards the origins of agriculture; identifying the dietary expansion 

of plant resources, particularly cereals and SSGs (Rosen 2010) is consequently of great 

interest to archaeologists in the region.  

Stiner and colleagues have persuasively employed DBMs using faunal data. Their 

work makes the case for a much earlier shift towards broad-spectrum diets (Stiner and 

Munro 2002, 2011; Stiner, et al. 2000; Stiner, et al. 1999). They argue that if human 

population packing occurred, foragers should have employed a greater variety of animal 

species in their diet. Because small animal species are sensitive to changes in human 

populations, they argue that the use of agile fast-reproducing rabbits, hares and 

partridges, instead of slow, easily collected tortoises and marine shellfish, reflect periods 

of increasing human populations, and a resultant dietary expansion. They also argue that 

diminution of tortoise (ca. 44,000 BP in Israel) and marine shellfish (mollusk ca. 23,000 

BP in Italy) in the record reflects the overharvesting of these resources, and is the result 

of increasing human populations in the region (Stiner, et al. 2000).  

Central-Place Foraging 

Central-place foraging models are employed to investigate foraging behavior 

when there are benefits for returning food to a residence, rather than consuming or 

storing where encountered (Orians and Pearson 1979; Stephens and Krebs 1986; Walter 

1933). Such models are based on the idea that hunter-gatherers will establish sites in 

proximity to critical resources, particularly water, and will forage around and at a 

distance from that site. Yet, how many resources should an individual collect before 

returning to the site? This raises three questions: firstly, when and how often should 

camps move? Secondly, does travel in order to forage in a distant habitat alter the 

resource set that should be pursued? And thirdly, does the travel cost between the living 



 66 

site and distant habitat in which foraging occurs modify the hunter-gatherers’ selection 

(Bettinger 2001:21-22)? In addition to the search and handling costs considered by 

DBMs, central-place foraging models also factor in travel time and the costs associated 

with transporting and processing the resource target from the site of collection to the 

campsite (Bettinger, et al. 1997). The tradeoff between transport/processing and travel 

time is key to central-place models. Critics of the central-place foraging model argue that 

the model cannot account for the complex variety of factors that influence site location 

(although such critiques miss the point of constructing models). 

Barlow and Heck (2002) employ central-place foraging in the Near East to 

consider how acorns and wild cereals factored in Late Epipaleolithic diets. Using central-

place foraging they consider the impact of field processing and transport strategies on 

resource selection and site placement. Their model generates two predictions, firstly, that 

more field processing of acorns is expected with great distances between resources and 

residences, and secondly, that taxonomic differences (large acorns vs. small acorns) 

resulting in differences in the efficiency of various processing procedures should 

structure the locations of foraging and processing behaviors. The authors note that the 

processing requirements for wild cereals mean it would always be more economical to 

process these resources in the residential camp. This is not the case for acorns, whose 

collection and processing strategy was based on the locally available type of acorn (large 

or small), and the distribution relative to the residential camp. The model predictions lead 

Barlow and Heck (2002) to suggest that the earliest Epipaleolithic settlement strategies to 

include residential-camps and small task-camps (characteristic of logistical mobility) 

should correspond to the prehistoric distribution of large acorn producing taxa. They 

suggest that Epipaleolithic hunter-gatherers established residential camps in the steppe 
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habitats, close to the cereal resources, and had smaller task-camps near park or woodland 

habitats, near large acorn resources.  

Game Theory 

While it is the premise of the DBM and central-place foraging that foragers will 

forage optimally, this is not always the case. The decision of a forager to pursue a 

particular resource is impacted by other factors, both real and those perceived by the 

forager, which result in decisions that are ‘good-enough’ or minimize risk. For example, 

the decisions of foragers may be impacted by the knowledge that there are other foragers 

in the region, who are also simultaneously pursuing resources (Kelly 1995), or the 

perception of foragers of the level of risk present in the environment. Indeed the 

likelihood of success in their foraging efforts may also impact decisions (Bettinger 1980). 

These decisions can be understood by employing game theory, or ‘evolutionary stable 

strategy’ (Bird and O'Connell 2006). Game theory incorporates social dimensions and 

considerations into models of forager behavior. Emphasizing a ‘game-like’ approach to 

adaptation (Bettinger 1980), the models are employed when conflicts of interest or 

frequency dependence impacts the dynamics investigated (Winterhalder and Smith 1992). 

The minimax strategy, or ‘most prudent’ strategy, is an example of a game theory 

model often employed in hunter-gatherer studies (Bettinger 1980). It is a two-person 

game model based on a currency of risk minimization, where the logic is to make the best 

of the worst situation. If the model is set up as forager versus environment, the 

environment is seen as presenting the forager with conditions that minimize the 

maximum payoff. For example, a low-ranking resource may be a less risky option, with a 

lower maximum payoff, but a higher minimum payoff. Whereas, a higher-ranking 

resource may be a riskier option, with a higher maximum payoff, but a lower minimum 
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payoff (risk of failure). The forager in return should adopt decisions to maximize the 

minimum payoff available, intensely exploiting the risk adverse option (Bettinger 1980). 

The main critique of game theory is that it rationalizes past social practices using present 

logic and decision-making models of modern socio-economic relations – “the imperative 

to realize maximum profit for minimum risk and cost” – thereby treating rationality as an 

absolute based on modern capitalists’ values (Tilley 1989). 

Human Niche Construction 

HNC, also termed ‘triple-inheritance theory’ (seen as ecological, genetic and 

cultural inheritance), reflects a recent philosophical shift in evolutionary biology and the 

process of adaptation (Day, et al. 2003; Laland and Boogert 2010; Laland, et al. 2007; 

Laland and O'Brien 2010, 2011; Laland, et al. 2000, 2001; Laland and Sterelny 2006; 

O'Brien and Laland 2012; Odling-Smee, et al. 2003). Lewontin (1983) argued that 

organisms do not simply respond to their environments, but rather, interact and modify it. 

Twenty years later Odling-Smee, et al. (2003) expanded on Lewontin’s premise, by 

suggesting that niche construction is universal and should be regarded as the second 

major mechanism in evolution. Adaptation in HNC is unidirectional. Humans do not just 

passively react to their environments, rather they create and modify their environments 

through their metabolism, activities and choices (Laland and O'Brien 2010). The idea that 

humans impact and modify their environments is not new. Historical ecologists have long 

studied these dynamics in anthropogenic ecology, engineered environments, forest 

management and traditional ecological knowledge (see Balée and Erickson 2006; Butzer 

1982, 1996; Crawford 1987; Crumley 1994; Smith 2015). Yet, the defining characteristic 

of HNC is not the modification of environments, but rather the recognition that 

modifications instigate changes in selection pressures in the environment (Kendal, et al. 
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2011). Humans do not only adapt by gene-based niche-construction. Cultural processes 

operate much faster than natural selection and are likely to have profound evolutionary 

consequences (Laland, et al. 2001). Indeed, as a species, we are increasingly reliant on 

the innovations and resources shaped by the cultural activities of preceding generations 

(Kendal, et al. 2011).   

HNC elegantly combines the historical ecological perspectives, acknowledging 

humans as a powerful key-stone species that instigate long-term anthropogenic landscape 

change (Balée and Erickson 2006), with a broad biologically and culturally informed 

framework, and a clear evolutionary mechanism, known as ecological inheritance. 

Ecological inheritance includes organism driven change (inceptive niche construction – 

push factors) and organism counteracting prior change in the environment (counteractive 

niche construction – pull factors), both of which modify the selection pressures on future 

generations (O'Brien and Laland 2012; Odling-Smee, et al. 2003). Thus niche 

construction (or HNC) unlike standard evolutionary theory, incorporates two kinds of 

descent, genetic and ecological inheritance (Day, et al. 2003). HNC outlines the active 

agency of humans, a perspective that has interesting implications for archaeology (Laland 

and O'Brien 2010).  

When establishing resource ranking in DBM, it is understood that HNC may 

impact the relative ranking of resources. Smith (2012:260) suggests that broad-based 

human utilization of plant and animal species may represent the ‘upward mobility’ of 

species that had their relative abundance and ease of acquisition enhanced, through 

intentional and unintentional human impacts. Such long-term landscape perspectives are 

easily incorporated into HNC (re: criticisms of OFT).  

As the ultimate niche constructing species (Smith 2007:188) humans are 

exceptionally good at adapting to or changing our environments by employing flexible 
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and novel solutions. This behavior is not only key to our success, but also to those species 

whose habitats are enhanced or expanded through our activities. Repeated human 

occupation of certain favorable locales may result in the development of socially 

meaningful persistent places. But, the occupation of such locales, may also develop 

because of favorable man-made features and resources (Schlanger 1992). These types of 

persistent places may also be connected. Indeed, a location with naturally predictable 

‘low-ranking’ resources might become a highly valued resource location (e.g. wetland, 

root resource patch, acorn groves), a persistent place on the landscape that is maintained, 

enhanced, and imbued with economic and social meaning (Smith 2013:11), blurring the 

lines between ‘natural’ and ‘man-made’ features. Accordingly, the increasing use of 

supposedly ‘low-ranked’ resources may reflect the ‘upward mobility’ of amenable 

resources and the development of a positive feedback loop (Smith 2012:260). Behaviors 

that might lead to the ‘upward mobility’ of amenable resources include: landscape 

modification, management and/or food processing innovation (Smith 2012; 

Wollstonecroft 2011; Zeder 2012).  

HNC is increasingly employed in archaeological studies of hunter-gatherers 

(Bleed and Matsui 2010; Collard, et al. 2011; Crawford 2014; Kuijt and Prentiss 2009; 

Riede 2011; Smith 2011, 2013), and in combination with formal OFT modeling 

(Broughton, et al. 2010). HNC will impact the post-encounter return rates of resources, 

and will affect the ranking of resources. Moreover, OFT models may provide a 

systematic way to consider the motivations for HNC activities, including landscape 

management and resultant resource intensification (Gremillion, et al. 2014a). However, 

such strident applications of HNC are prone to the same flaws and strengths as OFT.  
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Current Debates: OFT/DBR vs. ‘Particularists’ 

More recently, HBE has been applied in studies concerning the origins of 

agriculture (Bettinger 2006; Gremillion and Piperno 2009; McClure, et al. 2009; Smith 

2006). However, interest in the origins of agriculture has created a contentious debate 

that has broader implications for the use of OFT and HNC in archaeology. Aspects of 

HBE, and in particular OFT, have come under intense criticism as researchers have 

become disillusioned with the unquestioned assumptions inherent to OFT models (Smith 

2009, 2015; Zeder 2012; Zeder and Smith 2009). In response to published critics and the 

perceived slide into a regionally focused ‘particularist’ approach, Gremillion, et al. 

(2014a) call for more general explanations for the origins of agriculture, based in a 

coherent and unifying theory for human behavior, specifically neo-Darwinism. They 

argue that the proliferation of inductive ‘historical narratives’ lack empirical rigor and 

suggest that such works share several characteristics with Historical Particularism from 

the late 19th and early 20th century, producing a retreat from theory and a focus on 

particular historical details and processes, hence the label ‘particularists’. Those accused 

of being ‘particularists’ in turn wrote letters of response (Smith 2014; Zeder 2014), which 

were published along with replies (Gremillion, et al. 2014b, c). The exchange shows a 

confusing series of contradictions, between universalizing theory and regional study, 

deductive and inductive reasoning and OFT/DBE and HNC, which reflect a growing 

schism in HBE, between researchers who favor more strident top-down scientific 

approaches and those who favor more regional bottom-up historical approaches.  

A ‘Pragmatic Smorgasbord’ Approach 

These approaches are not mutually exclusive, but rather complimentary, and are 

best used together to build a more complete picture of hunter-gatherer adaptive strategies 

from the archaeological record. Detailed regional studies that seek proximate 
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causes/reasons for human adaptation are fundamental to archaeological inquiry, but 

likewise, broad syntheses of regional studies are required to understand the ultimate 

causes/reasons for human behavior.  

This can be achieved by employing the logic and assumptions from OFT and 

HNC models in a heuristic fashion, rather than presenting a strident literal application. By 

taking a pragmatic approach to the use of theory and method in archaeology, I borrow 

and sample aspects from a variety of archaeological perspectives. For this dissertation, 

focusing on Late Pleistocene hunter-gatherer wetland adaptations in the Eastern Levant, I 

broadly employ assumptions and perspectives from HBE, and insights drawn from 

analogy with the American Great Basin. In the following section, I will briefly discuss 

the use of analogical reasoning in archaeology. 

ETHNOGRAPHIC FRAMEWORK 

Analogical Reasoning in Archaeology 

Reasoning by analogy always had a central role in archaeological practice 

(Shelley 1999). Formal or informal applied analogical reasoning is the basis for all 

archaeological interpretation (Binford 1967; Gould and Watson 1982:356; Hodder 1999; 

Yellen 1976). Aside from the obvious parameters for similar subsistence adaptations as 

well as similar ecological conditions and level of technological development, the 

explanatory success of an analogy rests on the archaeologist’s ability to identify those 

contexts and parameters most amenable to limited uniformitarian principles. Or simply 

put, phenomena that are governed by the same processes or mechanisms in the past and 

present. 

In addition to seeking analogies in cultures that manipulate comparable 

environments in similar ways (Ascher 1961), targeted analogies at the scale of a 
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particular ecological item (ie. acorns, gazelle, salmon) should be employed. Faunal and 

flora assemblages have established bodies of theory covering their dynamics and 

processes. This information can be applied to the recent or remote past with great 

confidence (Gould and Watson 1982:377). Such analogs, constructed from a combination 

of ethnographic data and natural scientific principles (Gould and Watson 1982:363) can 

provide valuable utilitarian insights (for example see Wollstonecroft, et al. 2008). For 

example, acorns have harsh tannins that require them to be processed to be edible; 

salmon-spawning behavior defines the time and length of fishing harvests; bison are herd 

animals that act in predictable ways. These basic ecological facts hold regardless of 

variable human behavior.  

This dissertation will employ ethnographic examples from the American Great 

Basin to inform a model of hunter-gatherer subsistence and settlement in contrasting, 

wetland/dryland environments (sensu Binford 1967). By restricting the main analog or 

reference class to one intensely relevant setting, I can provide a rich account of the 

ethnographic literature. In essence, a ‘thick description’ (Geertz 1977) of what is 

otherwise a fairly utilitarian analog of hunter-gatherer wetland use. Using the Great Basin 

wetland adaptation as an analogy helps generate hypotheses that broadly consider the 

impact of exploitation strategies upon Late Pleistocene settlement and subsistence.  

The American Great Basin: An Analog for the Eastern Levant 

In the following section I will review the American Great Basin wetland 

adaptation, including ecological, ethnographic and broad archaeological evidence of 

wetland use. This is done with the aim of refining the archaeological predictions for the 

Late Pleistocene in the Eastern Levant. While similar environments might produce 

similar adaptations, there is bound to be significant and infinite variation, as a result of 
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the development of traditions, learning, individual taste and opportunism. This dynamic 

is clear in the Great Basin where, while the vast region is often pictured as a 

homogeneous mass, a “picture of remarkable sameness” (Downs 1966:40), when 

scrutinized more closely, shows there is significant regional variation.  

Great Basin Ecology: ‘a land of extremes’ 

The description by Madsen and Janetski (1990:1) of the American Great Basin 

(Figure 3.3) as a land of extremes is fitting. The Great Basin is characterized by broad  

Figure 3.3: Map of the American Great Basin with locations mentioned. 

valleys, bisected by a series of north-south trending high elevation mountains, which 

determine regional precipitation. Combined with unique tectonic forces, the ‘basin’ is 

warped in east-west sections into a dome funneling the meager rainwater and run-off to 
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the margins of the basin, resulting in the hemi-arid or aptly phrased ‘split-personality’ of 

the region (Madsen and Kelly 2008). The annual precipitation is between 200-400mm 

(Nicholson 2011:268). High variability in rainfall from year to year results in a forage 

production that can be six times larger in wet than dry years (Harper 1986:51). The Basin 

drylands are referred to as deserts, notably the Mojave Desert (warm deserts) and the 

Great Basin High Desert (cold deserts). However, they are specifically classified as 

steppe or semi-arid and range from salt-desert shrubland, sage brush semi-desert through 

to grassland (Nicholson 2011:267). Wetlands (used in the broadest sense to include lakes, 

marshes and rivers) of varying size, composition and reliability punctuate this otherwise 

arid landscape (Grayson 2008; Madsen and Janetski 1990). 

Location, Structure and Availability of Plant Resources in the Great Basin 

Ethnographic behavior is not evidence for prehistoric practice. Analogies drawn 

from ethnographic records have great heuristic value. However, new ideas and 

expectations can be tested in the archaeological record. It is apparent from the 

ethnographies that there was no one wetland adaptation in the American Great Basin. 

Rather, there were many adaptations, determined largely by the regional availability of 

resources, and their availability in the wetland, relative to that of the surrounding region. 

Indeed, with the variable environmental conditions in each region and the cyclical nature 

of plant resource availability, each area had somewhat different patterns of plant-use, 

emphasizing the local nature of subsistence adaptations (Downs 1966; Fowler 1986:91). 

Madsen and Kelly (2008:80) suggest that subsistence, and therefore settlement in the 

American Great Basin, revolved around the need to store food for the winter, indicating 

that storability of a resource or winter availability would have been an important 

characteristic. A second resource characteristic that would have either facilitated or 
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limited the level possible of sedentary living was the distribution of resources (time and 

space), both in and outside the wetland. Indeed, the ecology of the wetland itself (lake 

versus marsh versus river) would have impacted the form of adaptation.  

It is difficult to generalize about diet in the Great Basin. However, Fowler 

(1986:91-92) estimates that groups focused on lake and river habitats, like the Pyramid 

Lake and Walker River groups, consumed a diet of 50-60% fish, 20% large and small 

game, and 20-30% plant foods. Those oriented towards marsh resources like the Owens 

Valley groups, consumed only 10% fish, 30-40% large and small game but between 50-

60% plant foods. Emphasizing the regional nature of resource exploitation, Steward 

(1941:375) found that of the 14 groups he studied, there were 38 plant varieties, and only 

12 of those were used by all 14 groups. Indeed, as Downs (1966:43) points out, if we 

consider the 33 Basin groups there is not a single species that was eaten by all 33 groups. 

Fowler (1986) compiled a list of plant species commonly used as food, listing the parts 

taken and the cultural groups involved. This work supports the previous studies in 

demonstrating that plant use varied considerably across that region. It is clear that the 

local characteristics of the environment, including plant availability and desirability, were 

a critical determinant of diet. However, plant resource exploitation strategies also reflect 

the unique historical trajectory, values and cultural traditions of a group.  

Based on the ethnographies it is possible to attain some general understandings of 

the plant diet breadth afforded by a wetland adaptation. Fowler (1988:20-22) provides a 

useful inventory of the plant food resource available in the Stillwater Marsh, the Carson 

Desert and the Stillwater Uplands. The wetland plants (Table 3.1) of the Stillwater Marsh 

did not provide a highly variable diet and the table appears to suggest that the marsh was 

not as good a habitat to exploit as its dryland counterparts (Carson Desert and Stillwater 

Upland). However, the table does not account for the extended season of exploitation 
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afforded by wetlands, and does not factor in the wide variety of waterfowl and shore 

birds in the marsh. Fowler (1988:19) lists 36 bird and waterfowl species that were used 

for food, including their eggs.   

 

 Stillwater Marsh 

and Mud Flats 

Carson Desert Stillwater Upland 

Plant Food 

Resources 

12 30 21 

Table 3.1: Summary of food species available in the Stillwater marsh and mud flats 

compared to the Carson Desert and Stillwater Uplands from Fowler 

(1988:20-22). 

Moreover, the table cannot reflect the multitude of variables that account for a 

specific plants value as a food resource (ie. resilience, storability, nutrition, quantity). For 

example, a wetland species such as cattail (Typha latifolia) was exploited throughout the 

year for pollen (late summer), seeds (fall), inflorescences (spring) and roots (year-round) 

(Fowler 1990b). Ethnographic examples of Typha sp. use from semi-desert habitats in 

tropical Africa (Lee 1979; Marshall 1976; Vincent 1985), Western North America 

(Dawson 1891; Peacock and Turner 2000; Teit 1898, 1900, 1906, 1909; Teit, et al. 1917; 

Turner 1992, 1998; Turner, et al. 1980; Turner, et al. 1990) and Southern Australia (Gott 

1982, 1999; Humphries 2007) all provide support for the importance of this wetland 

species, for technology and diet (Morton 1975).  

Human Activities and Innovation: Human Impacts and Technologies in the Great 

Basin 

discussions with other students of the Basin convince me that 

even in the most inhospitable environment man, equipped with 

the most miserable of tools, is to some degree a factor in the 

continuity of his milieu (Downs 1966:53). 
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Hunter-gatherers develop complex relationships with their environments. Yet, it 

would be wrong to think they are simply a product of their environment, since humans 

are often the creators of their environment. As Down’s states, people help create their 

‘milieu,’ their environment, even in the harshest environments or bereft technological 

conditions. In the Great Basin, early ethnographers recorded these practices, broadly 

termed environmental manipulation. The practices included the cultivation, pruning and 

irrigation of wild plants, including tobacco (Nicotiana bigelovii) (Steward 1934, 1936; 

Zigmond 1981), the practice of landscape burning as preparation for the sowing of wild 

seeds (Steward 1941), and the more widespread practice of general landscape burning 

(pyrotechnology) to encourage the growth of certain wild plants (Steward 1941; Stewart 

1941). Burning to develop the grasslands and improve grazing to attract deer, antelope or 

other animal browsing, is also suspected (Fowler 1986; Stewart 2002). In addition to the 

use of certain landscape modification techniques, harvest and post-harvest technologies 

may also have had a significant impact on the environmental milieu.   

In the Great Basin, technological complexes have been defined for the collection 

and processing of pinyon seeds, acorns, mesquite beans and the stems of agave (Fowler 

1986). These systems are defined in terms of the tool types used and the technological 

procedures employed, and would have facilitated the ease of collection and plant food 

processing, perhaps a major factor in the ‘upward mobility’ of certain resources.  

Various seeds, roots, berries and leaves were also collected by people in the Great 

Basin. Seeds were a particularly important food resource in the Great Basin and 

collection was facilitated by the beater basket, which was used specifically for those 

seeds that tend to shatter on impact (Fowler 1986). After the seeds were collected they 

were winnowed on a tray or sieved in an open weave basket to remove debris. The seeds 

were then lightly rubbed with a mano and metate. Hard-shelled seeds often had to be 
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parched first. To do this, live coals were placed with the seeds in a winnowing basket and 

tossed so that the seeds were not burnt, but were all properly parched (Ebeling 1986:131). 

Other seeds, including cattail (Typha latifolia) and Indian ricegrass (Oryzopsis 

hymenoides) were cut from the plant and flash burned to remove unwanted chaff (Fowler 

1986). Soft-shelled seeds were processed without cracking and winnowing, and the 

resultant seed meal mushes were stone-boiled in twined cooking baskets (Fowler and 

Liljeblad 1986). Nearly all plant foods, seeds and vegetal foods could be processed with 

groundstone, and milled into a flour to use in a mush or gruel (Ebeling 1986).  

Hardwood digging sticks, like those from the Columbia and Northern Plateau, 

were used to harvest root resources, some of which could be eaten raw, although they 

were then likely roasted in sand, or a specially constructed stone lined pit, known as an 

earth oven (Fowler 1986). Resources like seeds and roots, collected during the summer 

and fall, were stored over winter in pits lined with grass or cattail leaves (Fowler 1990b; 

Steward 1934).  

Great Basin Tule Technology 

Emphasizing the importance of wetlands to the peoples of the Great Basin, ‘tule 

technology’ was considered critical to the collection of many plant and animal resources, 

having a major impact on the ‘upward mobility’ of those resources. ‘Tule technology,’ 

refers to the traditional use of wetland resources like Scirpus (bulrushes), Typha (cattails), 

Phragmites australis (common cane or reed), Eleocharis (spike rushes) and Juncas 

(rushes) to manufacture cordage, baskets, bags, sandals, duck decoys, cattail houses and 

tule bulsa boats (Fowler 1990b:67, 75). These tule products were central to resource 

exploitation in the region, as a material/craft good and a food resource. Recognizing the 

importance of these plant resources, how they were used and the impact of their 
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exploitation on the wetland itself is fundamental to understanding the success of Great 

Basin wetland adaptations.   

These key plant resources were employed in a variety of ways: 

 Scirpus sp. (bulrush): The rhizomes were pounded into flour. The pollen was used 

to make cakes. The seeds were an important food resource. The young shoots 

were eaten raw or cooked. This plant is reported to make a very strong fiber for 

cordage (Ebeling 1986:118-119). Alkali bulrush (S. maritimus) seeds were 

gathered in mass along the wetland shore after dropping from the plant into the 

water. The seeds could then be scooped up, parched on coals and stored for later 

use and processing (Fowler 1990b:74). 

 Typha sp. (cattails): In addition to providing the materials and fibers for house 

building, basketry, matting, and a variety of other material uses, cattails were 

widely used as a food source (Fowler 1990b:69-74). The roots and young shoots 

were among the first fresh vegetables in the spring. The shoots were eaten fresh 

and the roots were split into strips, dried and then pounded into a meal (Fowler 

1990b:70-71). The pollen was prepared by roasting in leaves, which transformed 

it into a hard (Ebeling 1986) or bread like sweet ‘candy’ (Fowler 1990b). The 

seeds were eaten and were obtained by gathering the wooly seed heads, spreading 

out the floss, and burning it off, leaving the parched seeds (Ebeling 1986:115).  

 Phragmites australis (common cane or reed): Reeds were used for atlatl dart and 

arrow shaft (Ebeling 1986:116). Leaves used to make baskets, mats, screens, 

thatching, cordage for nets and snares. The tender roots were eaten raw, roasted or 

boiled. The young shoots and leaves were boiled as a potherb. The seeds are 

nutritious and were dried and ground into a flour or boiled whole (Ebeling 

1986:116). The plant was a valuable source of ‘honey dew,’ which was dissolved 
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in water to make a sweet drink. This source of sugar was widely used in the basin 

(Ebeling 1986:142; Fowler 1990b:75; Steward 1934:245). 

 Eleocharis sp. (spike rushes) and Juncas sp (rushes): Rushes were used to 

manufacture a variety of goods, including simple bags, containers and mats 

(Fowler 1990b). Rushes had few edible applications, although the persistent seeds 

were an important source of food in the winter (Fowler 1990b) and the stems of 

both spike rushes and rushes, were used to make an “intoxicating beverage from 

the sap in the stems” (Fowler 1990b:74).  

Living by the Wetland: The Great Basin Wetland Adaptation 

Ethnographic accounts of settlement in the American Great Basin describe the use 

of cattail ‘villages’ by camp groups (Fowler 1990a:21). Consisting of three or four, up to 

as many as ten families, camp groups foraged together through most of the year and 

always wintered together in the wetland (Fowler 1982:117). Situated approximately half 

a mile from the wetlands to avoid mosquitoes (Madsen and Kelly 2008:81) and 

presumably fluctuating water levels, these ‘villages’ or camps were known to have 

contained up to 20 conical mat lodges or wickiups. These domestic structures were of a 

substantial size (10-15 feet). The frames were constructed from willow and cattail mats 

clad the outside (Fowler 1990b). Evidence for the long-term nature of these settlements, 

wickiups would be rebuilt and refurbished every two to three years (Fowler 1990a:21-22; 

Madsen and Kelly 2008:81), a substantial investment of labor and resources.  

Wetland base camps were not necessarily sedentary. Individuals and task groups 

left regularly for extended durations to gather resources in and outside of the wetland. 

Yet, neither were they mobile, with some individuals staying in the base camp 

perennially, mainly the elderly and young children. These settlements display 
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characteristics of both sedentism and mobility (Fowler 1990a:22). Camp groups were 

very flexible with individuals or families opting in and out of the group as want or need 

arose (Fowler 1982:117). Interestingly, it was customary to move the camp following a 

death (Fowler 1990a:22).  

In regards to stewardship of the landscape, Fowler (1982:117) describes the 

delineation of large home districts. The boundaries generally followed natural catchments 

or drainages and were acknowledged to be under the jurisdiction of the camp group 

members. Hunting areas, fishing places, valley dwelling localities, pine groves and even 

seed gathering areas were claimed, and visitors in the area would check in with camp 

group members to ensure they were welcome. During years of low productivity, in the 

case of a poor pine nut yield for instance, the trees would be carefully watched by 

someone in the group to deter human pests (118). However, in years of good harvest, 

groups were generally happy to share (118). Tellingly, most of the home districts were 

named after key resources in their catchment (ie. “trout-eaters” in Walker Lake, “cattail-

eaters” in Carson Lake). This practice is thought to have provided ecological information 

to distant groups. It was understood that these names referred to the resource the group 

normally had in abundance and was therefore most likely to share (127), alluding to a 

geographically vast practice of sharing in times of hardship.  

Displayed graphically, the Great Basin wetland adaptation can be summarized as 

follows in Figure 3.4. This schematic diagram emphasizes the pattern of seasonal 

exploitation of wetland and dryland ecologies. The inner rings in green describe those 

resources exploited within the wetland. Outside of this, bound by the brown rings, are all 

those resources exploited outside of the wetland, in the dryland. These resources are then 
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organized clockwise according to season of exploitation. This figure helps clarify and 

 

Figure 3.4: Schematic model illustrating seasonal wetland and dryland resource 

exploitation rounds according to Fowler (1982, 1990a. 1990b) and Madsen 

and Kelly (2008).  

make plain the choices that hunter-gatherers in the Great Basin wetlands, but particularly 

in the marshes, faced.  
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Many plant resources are highly seasonal, and therefore, so too are foraging 

strategies. Not all plant-food options are available at the same time. This is problematic 

for modeling past plant-use, as many OFT and DB models assume that foragers search 

for all resources simultaneously (MacArthur and Pianka 1966). Ethnographic examples 

of hunter-gatherer plant-use consistently demonstrate this is not the case. For example, in 

Australia edible seeds were collected in a seasonal sequence as they ripened between 

May and September. However, in the dry season, when options were more limited, 

Spinifex seeds (Troidia spp.) were relied on, a less favored but available option (Cane 

1989). Accordingly, the use of ‘low-ranked’ resources might simply reflect seasonal 

collection strategies, based on changing resource availability.  

The actual seasonal rounds undertaken would follow the schematic, with varying 

emphasis on the resources offered in the wetland or drylands, depending on the 

productivity of the wetland compared to the dryland. In dry years or periods, when the 

wetland was comparatively more productive, people would return to the winter camps 

near the wetland, rather than camp near the pine nuts, a fickle resource, particularly 

during arid periods. During less arid periods, when the difference in productivity between 

the wetland and the dryland would be at the lowest, people would take greater risks, 

moving large groups of people to the upland pine nut locations.  

While the ethnographic record adds to our understanding of the range of 

adaptation in the archaeological record, ethnographies only provide a snap shot of human 

behavior. In contrast, archaeology aims to consider shifts and transitions in human 

behavior over the long term.  
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A CRITIQUE: SHIFTING OUR PERSPECTIVE FROM CEREAL CULTIVATORS BACK TO 

HUNTER-GATHERERS 

The Levant is synonymous with the origins of agriculture. Understanding the 

processes and timings of the agricultural revolution has been the focus of extensive 

archaeological research and inquiry in the region (Bar-Yosef and Kislev 1989; Carniero 

1970; Childe 1956; Cohen 1977; Colledge 2001; Flannery 1973; Harris and Hillman 

1989; Hodder 1987, 2007; Kennett and Winterhalder 2006; Kuijt and Goring-Morris 

2002; Moore, et al. 2000; Sauer 1952; Vavilov 1926). Characterized as the link between 

hunter-gatherers and the first Neolithic farmers (ca. 11,700-6,500 cal. BP) the Late 

Epipaleolithic (Natufian period) (ca. 14,500-11,700 cal. BP) has been the subject of 

similar scrutiny (Bar-Oz, et al. 1999; Bar-Oz and Munro 2007; Bar-Yosef 1996, 1998; 

Bar-Yosef and Belfer-Cohen 1989; Barlow and Heck 2002; Belfer-Cohen 1991; Hillman, 

Colledge, et al. 1989; Maher 2005; Olszewski 1993, 2004; Rosen 1992, 1995, 2007b, 

2010; Wollstonecroft 2007). As pointed out by Rosen (2010:113; 2011:139), this focus 

on early farmers and complex collectors has meant that Late Pleistocene hunter-gatherers 

(ca. 30,000-14,500 cal. BP) have received comparatively little scholarly attention or 

study in their own right. Rather, they have been interpreted in terms of their subsequent 

development into cereal cultivators and farmers (Kislev, et al. 1992; Piperno, et al. 2004; 

Weiss, Kislev, et al. 2004; Weiss, Wetterstrom, et al. 2004a).  

This has produced a pervasive bias in the study of subsistence and plant-use 

during this period, towards identifying and modeling the dietary shift to cereals and small 

seeded grasses (SSG); and the timings appear to coincide with the LGM (Weiss, Kislev, 

et al. 2004). Coinciding with the end of the last ice age, the Late Pleistocene was a period 

of abrupt and fluctuating climate change that significantly effected the distribution of 

vegetation (Moore, et al. 2000; van Zeist and Bottema 1991) (see Chapter 2). As a 
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consequence, hunter-gatherers are thought to have expanded their diet breadth, eating a 

wider variety of less palatable resources.  This dietary expansion is interpreted as a key 

development in the economic transition from foraging to farming, as outlined in 

Flannery’s (1969, 1973) BSR.  Researchers have singled out cereals as the targets of 

dietary expansion in the Near East (Hillman, et al. 2001; Kislev, et al. 2004; McCorriston 

and Hole 1991; Wilcox 2005). However, microbotanical research consistently 

demonstrates that cereals and grasses were already at least a minor component of early 

human diet by ca. 100,000 years ago (Henry, et al. 2011, 2014; Madella and Jones 2002; 

Mercader 2009; Rosen 2003; Salazar-García, et al. 2013). Therefore, cereal use in the 

Late Pleistocene does not constitute a dietary expansion, but rather the elaboration of a 

long-practiced dietary strategy. Subsequent reappraisal based on OFT, has led scholars to 

propose that changing or increased emphasis on difficult to collect or process ‘low-

ranked’ foodstuffs like SSGs, provides evidence for a broadening of the diet (Colledge 

and Conolly 2010; Rosen 2007a; Rosen and Rivera-Collazo 2012; Weiss, Kislev, et al. 

2004; Weiss, Wetterstrom, et al. 2004a). This reinterpretation is informed by the DBM 

and assumes that resources that are difficult to process or collect, like small seeded 

plants, small seeded grasses and/or root resources, are ‘low-ranked’ compared to other 

easier to collect plant resource options, like fruits.  

This seems a reasonable assumption. However, the sweeping application of DBM 

models to paleoethnobotanical data is problematic for several reasons. Firstly, it does not 

take into account the location, structure or availability of plant-resources. Secondly, the 

rankings do not account for how human activities and innovations might impact the 

relative ranking of plant resources.  The basic assumptions of this model unconsciously 

work to ‘fit’ Late Pleistocene plant-use into the BSR and the prominent narrative of 

origins of agriculture. This framework places undue emphasis on Late Pleistocene cereal 
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use and interprets the use of these resources, by default, as the solution to environmental 

pressure, and resource uncertainty. This reasoning does not adequately consider the 

complexity of gathering strategies and the choices that hunter-gatherers faced in the Late 

Pleistocene. A shift in perspective is needed in order to challenge the undue influence of 

the origins of agriculture and the dietary shift to grains exerts over our interpretations of 

Late Pleistocene hunter-gatherer plant-use (Olszewski 2004; Rosen 2007a).  

Understanding Hunter-Gatherer Decisions 

Models of hunter-gatherer adaptation tend to share one basic assumption to 

function, that humans are rational decision-makers (Bettinger 1991; Jochim 1976; Simms 

1987). Rationale can be rooted in social as well as evolutionary ‘reason’. Yet, in the case 

of economic decisions (subsistence and settlement), we tend to favor one of two patterns 

of rationale: maximization of optimality, characteristic of optimal foraging theory; and 

maximization of fitness, characteristic of HBE more generally (Zeder 2012:15). 

However, there is growing sentiment for the idea that hunter-gatherer decisions were not 

always driven by maximization goals. Rather, they only had to be good enough to satisfy 

the range of overlapping interests and needs within the community (Zeder 2012), to 

‘satisfice’ rather than to ‘optimize’ (Simon 1956) 

In reality, the decision to exploit certain resources is made relative to the other 

available options. Accordingly, resource selection and ranking decisions were determined 

at the local level, in relation to the unique ecological mosaic (resource aggregation, 

productivity and predictability) of a region, as well as technological and social factors 

(Butzer 1982:266).  Habitats were targeted and the resources selected based on their 

appeal relative to the other options. The exploitation of specific resources or 

environments (i.e. wetlands) must be understood within the full range of resource and 
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environment options available (wetlands, woodlands, parkland, and steppe). This is 

further complicated by the location and structure of those resource options. What 

environments were located in proximity? Were they concurrently productive and 

available? These questions point to an important methodological consideration: how 

should plant resources be ranked?  

The first step to redress the problem with plant resource rankings is to focus on 

regionally specific models that set constraints based on the location and availability of 

plant and water resources. Water resources should be included in this reformulation, not 

because water resources should be directly ranked in relation to plant resources, but 

rather, to recognize that the availability of water, particularly in dry environments like 

that in the Eastern Levant during the Terminal Pleistocene, is critical to subsistence and 

settlement. Therefore, water availability and its association with, and/or distance from 

particular plant resources, might modify hunter-gatherer foraging decisions and plant 

resource rankings.  

However, plant resources are not necessarily ranked on a one to one basis (e.g. 

fruit or SSGs), but rather as a set or package of resources. For instance, SSGs may not be 

very temping to an Epipaleolithic hunter-gatherer compared to fruit on a one to one basis, 

although SSGs may have qualities that in certain situations are preferable to fruit, 

including storability, variability or certain micronutrients (Charzav, et al. 2010). Yet, 

SSGs situated next to a productive spring or wetland, with all the other resources related 

to that environment, may be more highly ranked than fruit located in dry parkland, some 

distance from water.  

Hunter-gatherers do not, for the most part, search for plant resources randomly. In 

fact, the literature on hunter-gatherer behavior widely recognizes that mobility and 

settlement patterns are related to different resource exploitation strategies, centered on the 
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concentration and seasonality of resources, particularly sessile resources (Butzer 1982). 

Rather than ‘randomly’ searching for plant resources, hunter-gatherers stratigically 

located their settlements close to important resources (Binford 1980; Butzer 1982; 

Jochim 1976; Kelly 1995; Winterhalder 2001). The relatively immobile resources (plants 

and water), which tend to be more reliable, should generally determine site locations, 

while highly mobile resources, should be less important in relation to the specific location 

of a settlement (Jochim 1976:54).  

This practice is an effective way to ensure that basic economic needs of the 

community are met and facilitate the ease of resource acquisition. This has consequences 

for the organization of labor.  

The Impact of Residential and Logistical Mobility on Archaeological Patterns of 

Diet 

In the Great Basin, when the Pinyon pine nut harvest was good people would 

camp near the pine groves. However, when the harvest was poor they would camp near 

other resources and transport the nuts back to camp (Stewart 1933:142). This seemingly 

benign ethnographic observation has major implications for explaining patterns of 

settlement and subsistence during periods of increased unpredictability and risk because 

it suggests that hunter-gatherers may turn to a ‘collector’ adaptation, or logistical 

mobility, in response to resource scarcity. Meaning, rather than moving people to 

resources, residential mobility, a ‘forager’ adaptation and a risky prospect if returns are 

not secure, hunter-gatherers might choose to maintain a site near a less desirable, but 

reliable resource, and send task groups to collect and bring back to camp what they can of 

the risky, but presumably highly desirable resources (Binford 1980). 

These idealized types exist as a spectrum of mobility (Perreault and Brantingham 

2011) and this example illustrates that the plant collecting strategies hunter-gatherers 
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used might have a significant impact on the archaeological patterns of settlement and 

subsistence. Alarmingly, this reorganization of labor towards ‘collecting’ instead of 

‘foraging’ would have a very similar archaeological signature to that of the BSR. The 

critical difference being that a shift to collecting-like behavior (logistical mobility) does 

not equate with expansion of the diet. This archaeological signature of expanding diet 

breadth is rather a byproduct of increasing sedentism and the consumption of resources 

collected far afield in the settlement site.      

Understanding the ecological opportunities in proximity to persistent sites and 

how those places were occupied is critical to modeling and investigating ancient plant-

use, as well as the broader milieu of Late Pleistocene human-environment interactions. 

While the assumption of ‘random encounter’ may help create simple testable models of 

plant-use (where the hunter-gatherers chooses randomly encountered plant resource A or 

B based on which resource provides optimal energy returns), its application in the Levant 

is fundamentally flawed and has not provided us with suitable expectations (cereal and 

SSGs use = expanding diet breadth) or appropriately nuanced interpretations (BSR).  

MODELING LATE PLEISTOCENE HUNTER-GATHERER WETLAND ADAPTATIONS IN THE 

EASTERN LEVANT 

Drawing on the American Great Basin understandings of wetland adaptations, this 

model will investigate hunter-gatherer subsistence and settlement decisions when faced 

with contrasting, wetland/dryland resource opportunities. During the LGM, a period 

characterized by an arid environment (Abed and Yaghan 2000; Baruch and Bottema 

1991, 1999; Baruch and Goring-Morris 1997; Enzel, et al. 2008), comparatively 

productive wetlands (lakes, marshes and wadis) punctuated the landscape. Based on 

Kelly’s (2001) model from the Great Basin, hunter-gatherers in the Eastern Levant would 

have employed diverse plant collection strategies that focused on those comparatively 
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abundant and reliable resources afforded by wetlands, resources that were ‘good enough’ 

(Zeder 2012). Importantly, this adaptive strategy will have been shaped not only 

according to what resources the wetlands offered, but also according to what was 

available in the surrounding region (Madsen and Kelly 2008:85). To reiterate Kelly 

(2001), resource ‘choice’ is relative.  

As previously stated, hunter-gatherers tend to settle around important sessile 

resources, like water and plant resources, and wetlands contain an abundance of both. 

While different types of wetlands will have different characteristics and resource 

opportunities, wetlands generally tend to have high degrees of resource productivity, 

diversity and reliability relative to other settings. This contrast might be more evident 

during periods of drought. During such periods, Nicholas (2013) suggests wetlands might 

have continued to support populations while the surrounding conditions worsened, 

creating a situation of local abundance in the context of regional scarcity. Nicholas’ 

(2013) suggestion also fits with Butzer’s (1982:242-243) generalizations for hunter-

gatherer subsistence and settlement. Past debates have centered on whether wetland 

resources were ‘good’ or ‘bad’, high or low quality. Both ideas are wrong. Wetlands 

contain many resources, with some providing good returns and other desirable features, 

while others provide poor returns and other undesireable features (Kelly 2001:289). 

Following Kelly’s (2001) observations, prehistoric peoples used different 

wetlands differently depending on the specific character of the wetland, and the nature of 

the non-wetland resources surrounding them. How regional adaptations manifest will 

depend on the character and structure of the resources offered by the wetland, whether 

the wetlands are deep lakes containing fish, or shallow lakes and marshes offering a 

variety of plant foods, compared to the character and structure of the resources offered in 
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the surrounding landscape, for example, whether acorns, large game and/or grass seeds 

are near or far away (sensu Kelly 2001:16).  

In the Eastern Levant during the Late Pleistocene, the surrounding landscape was 

mainly steppe or forested steppe (parkland). Landscapes that are highly sensitive to 

fluctuations in rainfall can be highly unpredictable environments. This sensitivity to 

change means that these landscapes are very important to our understanding of climate 

change and human adaptation (Miller and Moore 2011:8). Similarly, landscapes defined 

by contrasting wetland/dryland ecologies, like those in the American Great Basin and 

Eastern Levant during the Late Pleistocene, are also sensitive to changes in climate. 

However, hunter-gatherers tend to respond to changes in resources more directly than 

precipitation and temperature (Rosen 2011:139). Consequently, extreme contrasting 

wetland/dryland environments, with their dissimilar and fluctuating resource potentials – 

a microcosm of choices – provide archaeologists with a clear opportunity to explore 

hunter-gatherer adaptations to changing environments (Vayda and McCay 1975).  

The Ecological Context: Wetlands and Drylands 

In order to evaluate hunter-gatherer adaptations in wetland/dryland environments 

it is crucial to define wetland and dryland ecologies. This section will consider the range 

of characteristics wetlands and drylands possess and reflect on how fluctuations in 

ecological productivity might affect the structure and distribution (time and space) of 

resources and accordingly, influence hunter-gatherer subsistence and settlement 

decisions.  

Wetlands 

Swamps, marshes, bogs, fens, wet meadows and shallow water are all broadly 

defined as ‘wetlands’, although each have their own unique characteristics (Keddy 
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2000:18). Transitional environments, or eco-tones, between terrestrial and aquatic 

systems, are all a reliable source of biotic potential, plant and animal. However, swamps 

and marshes have particularly high primary productivity (Keddy 2000:59). Within a 

predominantly dryland setting the most probable wetland environments include marsh 

and shallow water. These types of wetlands will form the following discussion.  

Inundated soils typify marsh environments and encourage plant communities 

dominated by monocots such as cattail (Typha) and reed (Phragmites) (Keddy 2000:18). 

Covered by at least 25 cm of water, shallow water environments are dominated by 

aquatic plants. They include the littoral areas of lakes, riparian river contexts and more 

permanently flooded plains (Keddy 2000:19). The transition between terrestrial habitat 

and aquatic is critical to the productive nature of all wetlands. Shallow water, but  

 

Figure 3.5: Schematic illustrating the productive potential of different phytolittoral 

zones, a) marsh approximate and b) in-stream wetland approximate.  

specifically phytolittoral zones typical of marshes and the edges of some shallow water 

environments, are identified as the most productive (Keddy 2000:85) (Figure 3.5). The 

plants that thrive in this phytolittoral zone include some sedge varieties (Cyperaceae), 

cattail (Typha sp.) and reed (Phragmites sp.), all plants of great economic and subsistence 
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value to humans, for the fauna they attract, as well as their own nutritional and favorable 

ecological qualities.  

These ‘beds’ of monocots are a rich source of edible geophytes or underground 

storage organs (USOs). Shallow-water environments have several unique properties that 

make them a particularly advantageous source of USOs. Firstly, the thermal properties of 

water enhance the likelihood of perennial USO availability (Wrangham, et al. 2009:631). 

Secondly, USO nutrient quality is maximal in dry, low-growth periods (Wrangham, et al. 

2009:632). Thirdly, many species of shallow-water USOs show evidence of increased 

productivity under human disturbance (Wollstonecroft, et al. 2011:467). This suggests 

that wetland monocot resources, such as reeds and sedges, respond favorably to human 

disturbance, a key characteristic that would promote resource expansion and instigate 

ecological feedbacks that might reinforce hunter-gatherer wetland adaptations (see 

Chapter 6) (Smith 2011, 2015). Resilient under exploitation, during periods of poor 

climatic conditions or uncertainty, in contrast to the surrounding landscape wetlands can 

provide a rich and dependable suite of food, technological and water resources. These 

environments have long served as critical foci for human adaptation and are believed to 

have facilitated increasing levels of sedentism and complexity in the Eastern Levant.  

Drylands 

Simply defined, drylands are areas where the potential evaporative water loss 

balances, or exceeds the meager annual rainfall (Nicholson 2011:3). Common 

characteristics include, low but highly variable precipitation, seasonal water availability, 

thermal extremes (hot/cold) and sensitivity to climatic fluctuations (Nicholson 2011:4). 

This sensitivity to climatic fluctuations does not indicate low resilience. Dryland 
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environments tend to be less stable in the short-term, but highly resilient over the long-

term (Holling 1973).  

Classified mainly by their level of aridity, drylands include desert and steppe 

environments. Deserts are hyperarid zones, with annual precipitation of < 250 mm. They 

are characterized by thermal extremes and an absence of vegetation. They tend not to 

develop soils and are prone to erosion (Nicholson 2011:6). Steppe types vary from dry to 

arid, with annual precipitation ranging between < 100mm to 500 mm in moister steppe 

(Gibson 2009:166). Steppe classification is highly regional (Russia, Mongolia, China, 

North America). However, in all cases steppe environments can be seen to exist between 

two extremes, forest steppe (parkland) and desert steppe, canopy cover to sparse grass 

cover (Gibson 2009:167) (Figure 3.6).

 

Figure 3.6: Schematic illustrating the impact of precipitation on a) steppe/parkland and 

b) wetland environments. 

Situated on a transition controlled by precipitation levels, steppe can fluctuate 

greatly in terms of primary productivity. Arid steppe environments have a very low 



 96 

primary productivity, and therefore have low forage yield and grazing capacity (Gibson 

2009:168). In contrast, less arid steppe environments can have relatively high primary 

productivity with an accordingly high forage yield and animal grazing capacity (168). 

Grasses common to steppe environments include Stipa and Festuca. However, steppe 

plant communities are highly regional. In the Near East, steppe includes a variety of 

economically important cereals and SSGs. With increased precipitation, forest steppe 

(parkland) will support fruit, nut and mast ‘orchards’. Importantly, reduced aridity will 

increase the reliability and length of harvest for these favored resources.  

Hunter-Gatherer Wetland and Dryland Use: A Model for Contrasting Ecozones 

Wetland and dryland environments are broadly compared (Table 3.2) to assess 

their relative risk. This is a heuristic exercise to develop predictions regarding hunter-

gatherer decision-making in environments with fluctuating and contrasting levels of risk. 

As illustrated in the previous section, both environments vary substantially in terms of  

 

  Wetland Dryland 

Biomass† more arid same less 

less arid same more 

Risk (low, moderate, high) more arid low high 

less arid low moderate 

Contrast (high, low) more arid high 

less arid low 

† qualitative assignment of value: wetland, Keddy (2000) and dryland Nicholson (2011) 

Table 3.2: Qualitative comparison of wetland and dryland characteristics.  

resource potential, depending upon climate and a range of other factors. Risk is 

determined based on the relative level of biomass in each environment, under more and 

less arid conditions. This is appropriate because biomass is a reflection of primary 
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production, and the foundation of an ecological system. Fluctuations in primary 

productivity and therefore biomass are symptomatic of ecological stress, and will have 

implications for higher trophic levels, including humans.  

Comparison of wetland and dryland ecozones indicates that during periods of 

increased aridity (less rainfall) wetlands are a lower risk environment compared to the 

surrounding dryland, assuming they do not dry out. Due to the unique characteristics of 

wetlands and drylands, this is when the two environments are most highly contrasting or 

most different in terms of resource potential. When there is increased precipitation or less 

aridity, steppe becomes more productive and a less risky option. This is when the two 

environments are at the lowest level of contrast or the least different in resource potential.  

In addition to the impact of climate (levels of aridity) on such environments, 

hunter-gatherer adaptations are influenced by the character and structure of the resources 

in an environment (Butzer 1982; Jochim 1976). An environment’s structure is composed 

of two parts, what resources are available and how they are arranged (McGarigal and 

McComb 1995). Important questions on the structure of an environment include: Does 

the environment offer a variety of resources? Is there a heterogeneous mix of micro-

environments with different resource opportunities? Or, does the environment only offer 

a limited selection of resources? Is the environment largely homogeneous, with uniformly 

distributed resource opportunities? Accordingly, the character and structure of the 

resources offered in the wetland, compared to the character and structure of the resources 

offered in the surrounding landscape, should have an impact on hunter-gatherer 

settlement and subsistence adaptations (Figure 3.7). 

The contrasting ecozones of the dryland and the wetland provide a useful 

comparison. The extremes offer hunter-gatherers clear options in regard to what 

resources they wish to prioritize and what levels of risk they are willing to tolerate. While 
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the resource potential of the dryland will vary, due to its sensitivity to changes in climate, 

 

Figure 3.7: Schematic model of different environment structures, a) more humid 

heterogeneous, b) more arid heterogeneous, c) more humid homogeneous, 

d) more arid homogeneous.  

the wetland can provide a reliable fallback. In addition, while not factored into the 

qualitative comparison of wetland and dryland characteristics table (Table 3.2), as it does 

not result in increased primary production, there is good evidence to indicate that wetland 

resources, specifically USOs, have increased nutrient quality in dry, low-growth periods 

(Wrangham, et al. 2009:632). However, wetlands should not be construed as lush food 

producing oases or ‘Edens’. Indeed, wetland plants might be seen to provide what people 
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need (reliable, but low calories and water – to ‘satisfice’), rather than what people want 

(high calories, variability and flavor). In support of this assertion, Lee (1968:41) finds 

that the !Kung will eat as much vegetal food as they need (meeting nutritional needs) and 

then eat as much meat as they can. This pattern is likely to be expected says Lee 

wherever two or more foods are available. The population is apt to emphasize the more 

reliable resource (wetland resources), but still prize the less reliable alternative (parkland 

resources).  

This push and pull between what people need (predictable foods) and want in 

their diet (preferred foods) is central to the proposed predictions. Without this tension, 

hunter-gatherers would simply choose to stay in the wetland until forced (exhaustion of 

resources, social and/or climatic factors) to do otherwise. Human predilection towards 

preferred foods, a varied diet and importantly satisfaction (Binford 1980; Jochim 1976), 

means that during periods of climatic amelioration and increased reliability of the 

surrounding landscape, people are apt to take a calculated risk and choose to exploit 

resources outside of the wetland to a greater degree. Accordingly, during periods of 

increased aridity and decreased reliability of the surrounding landscape, hunter-gatherers 

should tend to retreat to the relative productivity and reliability of the wetlands. To 

paraphrase Bettinger (1991:120): Don’t take chances unless you have to – wait until the 

odds are in your favor. Remember of course, that hunter-gatherers will often modify their 

environments, to stack the deck in their favor! In sum, the extent and intensity to which 

wetlands are utilized will depend on the reliability of that environment compared to the 

productive potential of the surrounding landscape (Kelly 2001:16).  

Several conclusions about hunter-gatherer behavior can be drawn by detailing the 

productivity of the drylands, measured by precipitation, and the environment’s (both 
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wetland and dryland) structural complexity, measured by the level of heterogeneity or 

homogeneity of resource availability and arrangement in the environment: 

Firstly, below are points based on Kelly’s (2001) assertion for the Great Basin, 

regarding the productivity of the drylands: 

1. During periods of increased aridity, hunter-gatherers should focus on the 

relatively reliable (temporally and spatially) resources afforded by the wetlands. 

The contrast between the reliability of the wetlands and the productive potential 

of the drylands is at its most extreme. 

2. During periods of more humidity, hunter-gatherers should tend to exploit the less 

reliable (temporally and spatially) but preferred resources available in the 

drylands. The contrast between the reliability of the wetlands and the productive 

potential of the drylands is at its least extreme. 

Secondly, the following points are based on Butzer’s (1982) assertion that the 

availability and arrangement of resources, or the environment structure will impact 

hunter-gatherer adaptation: 

1. In regions where the wetland and surrounding environmental structure is more 

homogeneous, with limited micro-habitat opportunities within and beyond of the 

wetland, hunter-gatherers should engage in less mobile settlement adaptations 

(Figure 3.7d). 

2. In regions where the wetland and surrounding environment structure is more 

heterogeneous, with micro-habitat opportunities within and beyond the wetland, 

hunter-gatherers should engage in more mobile settlement adaptations (Figure 

3.7a).  
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Figure 3.8: Schematic model illustrating settlement pattern expectations under various 

conditions.  

These expectations are related and the various combinations can be visualized most 

effectively as a schematic model (Figure 3.8). 

These various conditions should encourage the following predicted archaeological 

signatures. I suggest that some of these expectations are seen in the ethnographic record 

of the American Great Basin and the archaeological record of the Eastern and Western 

Levant (Table 3.3). 
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 More Humidity More Aridity 

Heterogeneous 

Environment A 
eg.  Wadi Hasa, Middle-Late 

Epipaleolithic; Western Levant 

Geometric Kebaran (M. Epi) (Goring-

Morris 1987:18-21). 

Environment B 
eg. Wadi Hasa, Early Epipaleolithic; 

Western Levant, Kebaran (E. Epi) 

(Goring-Morris 1987:18). 

Homogeneous 

Environment C 
eg. Great Basin, more humid periods (see 

section 3.5 Living by the Wetland: The 

Great Basin Wetland Adaptation).  

Environment D 
eg. Azraq Basin, Early Epipaleolithic; 

Great Basin, more arid periods (see 

section 3.5 Living by the Wetland: The 

Great Basin Wetland Adaptation).  

Table 3.3: Summary of environmental conditions with ethnographic and archaeological 

examples. 

Environment A: More Humidity-Heterogeneous 

tendency towards residential mobility patterns. 

1. more mobile camp sites in both the dryland and wetland.  

2. context specific (narrow-breadth) food resource assemblages in sites. 

3. context specific (narrow-breadth) technological assemblages in sites. 

Environment B: More aridity-Heterogeneous 

tendency towards residential mobility patterns, but supplemented with some 

logistical mobility. 

1. more mobile camp sites in the wetland.  

2. context specific (narrow-breadth) food resource assemblages in sites. 

3. context specific (narrow-breadth) technological assemblages in sites. 

Environment C: More Humidity-Homogeneous 

tendency towards logistical mobility patterns, but with increasing investment in 

long-term task camps in the dryland. 

1. settlement sites in wetland (ie. shelters and storage facilities) and well 

developed task sites in the surrounding area (wetland and dryland).  
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2. broad-resource (plant and animal) assemblages in settlement sites, context 

specific assemblages in task sites. 

3. broad-technological assemblages in settlement sites, context specific 

assemblages in task sites. 

Environment D: More aridity-Homogeneous 

tendency towards logistical mobility patterns. 

1. more permanent settlement sites in wetlands (ie. substantial shelters and 

storage facilities) but less well developed resource extraction sites in the 

surrounding area (dryland).  

2. broad-resource (plant and animal) assemblages in settlement sites, context 

specific assemblages in task sites. 

3. broad-technological assemblages in settlement sites, context specific 

assemblages in task sites. 

These predictions are obviously simplified. However, the assumptions are 

necessary initially. A complex combination of social memory, ecological inheritance and 

innovation influence the decisions of hunter-gatherers. Notably, the predictions and 

archaeological expectations are specific to the unique ecological situation of contrasting 

wetland/dryland environments, characteristic of the American Great Basin and the 

Eastern Levant during the Late Pleistocene. Turning now to the archaeological record of 

the Azraq Basin and the Wadi al-Hasa in the Eastern Levant, the predictions will be 

further evaluated.  

Considering the ‘Fit’ with the Current Evidence from the Eastern Levant 

In the Eastern Levant, arid steppe and parkland was punctuated by an assortment 

of wetlands (see Chapter 2). Abundant reed and sedge phytoliths from Epipaleolithic sites 
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in the Western Levant indicate the critical importance of wetlands in hunter-gatherer 

subsistence strategies, especially during arid phases (Rosen 2012c, 2013). Portillo and 

colleague’s (2010) results for the later Epipaleolithic sites of Eynan near Hula marsh and 

el-Wad near the coastal marshes, contained abundant phytolith evidence demonstrating 

the extensive use of wetland plants. 

Lee (1968:12) described the use of the environment by hunter-gatherers as 

comparable to a storehouse. Following this logic, I suspect the wetlands were utilized as a 

type of natural storage in the Levant. The ‘stores’ of sedges, reeds and rushes bordering 

the wetlands would have provided a reliable source of food and craft materials. 

Accordingly, wetland exploitation is central to understanding hunter-gatherer plant-use, 

and settlement and subsistence at the end of the Pleistocene. In addition to wetland 

resources, the surrounding steppe and parkland zones would have provided a valuable 

and desirable source of food and material resources. The Late Pleistocene foraging 

decisions in the Eastern Levant were shaped not only according to what resources the 

wetlands offered, but also with respect to what was available in the surrounding steppe 

and parkland zone (sensu Madsen and Kelly 2008:85).  

In this part of the Chapter, I will assess the expectations of the contrasting 

ecozone model against the Late Pleistocene archaeological record in the Azraq Basin and 

the Wadi al-Hasa in the Eastern Levant.  The first expectation, that during periods of 

increased aridity, hunter-gatherers should focus on the plant resources in the wetland, 

whereas during periods of increased humidity, they should tend to exploit more of the 

less reliable, but desirable plant resources found in the dryland, will be generally assessed 

by correlating trends in aridity, published in the paleoenvironmental literature, with the 

patterns of Late Pleistocene settlement and subsistence data published in the 

archaeological literature.  
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To assess the second expectation, that the availability and arrangement of 

resources or the environment structure impacted hunter-gatherer adaptation, I will assess 

site size and location data to evaluate whether or not different patterns of mobility are 

employed in the coarse grained environment of the Azraq Basin and the fine grained 

environment of the Wadi al-Hasa (see Chapter 2 paleoenvironment section). Using the 

available published data concerning site location and wetland location in the Azraq Basin 

and the Wadi al-Hasa, I have divided the sites into wetland and dryland camps.  

Site data (archaeobotanical but also faunal and lithic data), from Kharaneh IV 

from the Azraq Basin, and Tor Sageer and Yutil al-Hasa from the Wadi al-Hasa will also 

be considered. These sites range from large aggregations sites (Kharaneh IV) to smaller 

rock shelter sites (Tor Sageer and Yutil al-Hasa), and I aim to understand the range of 

human-environment interactions at these sites by evaluating the archaeological evidence 

of subsistence and settlement within the context of my model.  

Assessing the ‘Fit’ of the First Expectation 

Azraq Basin 

In the Azraq Basin, sites located <3 km from the wetland are identified as wetland 

camps, while, sites located >3 km from the wetland are identified as dryland camps. In 

the Great Basin wetland base-camps are situated approximately half a mile from the 

wetlands (Madsen and Kelly 2008:81), as such 3 km is considered an appropriate 

hypothetical catchment for the designation of a site as a wetland camp.  

The Late Upper Palaeolithic-Middle Epipaleolithic sites in the Azraq Basin 

(Garrard and Byrd 2013; Richter 2009) are all centered around wetland contexts (Figure 

3.9). This was generally a cold/dry period and the emphasis on wetland camps fits the 

model. The current evidence suggests that it is only in the Late Epipaleolithic that sites  
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Figure 3.9: Map of the Azraq Basin with the Late Upper Palaeolithic-Late 

Epipaleolithic Site Locations (after Richter and Maher 2013 and Garrard 

and Byrd 2013).  

are established in the dryland environments (> 3 km from wetland contexts) (Table 3.4, 

Figure 3.10). This trend was also noted by Betts (1988), who found that while the 

evidence for Early and Middle Epipaleolithic sites falls rapidly east of Azraq into the 

basalt desert, there are a number of Late Epipaleolithic sites. The start of the Late 

Epipaleolithic coincided with a period of climatic amelioration, and the expansion of sites 

into the dryland area fits with the model. 

 



 107 

 Late Upper 

Palaeolithic 

Early/Middle 

Epipaleolithic 
Late Epipaleolithic 

 n % n % n % 

Wetland 2 100 11 100 12 63 

Dryland 0 0 0 0 6 37 

Total 2 100 10 100 18 100 

Table 3.4: Late Upper Palaeolithic and Epipaleolithic sites from the Azraq Basin 

(Garrard and Byrd 2013; Richter 2009; Richter and Maher 2013). Wetland 

sites are those sites located < 3 km from drainage or basin contexts, dryland 

sites are those sites located > 3 km from the drainage or basin contexts. 

Wadi al-Hasa  

The Wadi Hasa Survey (WHS) (MacDonald 1988) covered 8 tributary drainages 

and identified 542 sites from the Lower Palaeolithic through to the Prepottery Neolithic 

(PPN). The settlement data for this exercise is confined to a subset of 51 of the 1074 

sites, from the Upper Palaeolithic/Early Epipaleolithic and Middle-Late 

Epipaleolithic/PPN, located in the initial survey (WHS 1979-1983). The tributary 

drainages in past studies have been considered in the context of their elevation and 

classified as lowland, piedmont or upland. This was done to evaluate the settlement data 

from the WHS against Henry’s (1987) transhumance model (Clark 1992:92; 

Schuldenrein and Clark 2001, 2003) (see Chapter 2 for a review of these studies). I will 

now employ these data to evaluate my model.  

I have combined drainages 1-4 under the category of ‘wetland’. These drainages 

are all located in proximity to the ‘basin’ that would have formed the main in-stream 

wetland context (Figure 3.11). Drainages 5-8 have been combined under the category of 

‘dryland’. The term ‘dryland’ may not exactly reflect the environment in these higher 

elevation tributaries. However, these contexts are located at least 3 km from the main in- 
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Figure 3.10: Settlement patterns and approximate percentage of sites located in 

wetland/dryland settings.  
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Figure 3.11: Map of the Wadi al-Hasa with the Upper Palaeolithic-PPN site locations 

(after Schuldenrein and Clark 2001).  

stream wetland context. Therefore, the category is considered appropriate for the 

purposes of this model and the coarse grained nature of the data at hand.  

In the Wadi al-Hasa Late Pleistocene sites are generally focused on the main in-

stream wetland environment (Table 3.5, Figure 3.10). During the cold/dry Upper 

Palaeolithic/Early Epipaleolithic period there was greater emphasis on wetland contexts, 

whereas there appears to have been a slight expansion of sites beyond the in-stream 

wetland during the Middle-Late Epipaleolithic/PPN periods, roughly coinciding with 

climatic amelioration associated with the post-LGM warming, and transition to the 

warmer wetter conditions of the Holocene. This initial evidence appears to fit my model. 
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 Upper Palaeolithic/Early 

Epipaleolithic 
Middle/Late Epipaleolithic/PPN 

 n % n % 

Wetland  11 65 19 56 

Dryland 6 35 15 44 

Total 17 100 34 100 

Table 3.5: Wadi al-Hasa sites from MacDonald’s (1988) WHS. Wetland sites are those 

sites located < 3 km from the main in-stream wetland context, dryland sites 

are those sites located > 3 km from the main in-stream wetland context. 

Assessing the ‘Fit’ of the Second Expectation 

Azraq Basin 

The two Late Upper Palaeolithic sites are both small, suggesting that settlement 

during this period was more residentially mobile. During the Early and Middle 

Epipaleolithic there is marked size differences in sites, with two large aggregation sites 

(ca. 20,000 m2, Kharaneh IV and Jilat 6). This evidence suggests that settlement during 

this period was more logistically mobile (central base camps with smaller resource 

extraction camps), but still centered on wetland contexts. Logistical mobility patterns 

persist during the Late Epipaleolithic, with evidence for both large aggregation sites (e.g. 

Shubayqa 1) and smaller ‘task’ sites (eg. Ayn Qasiyya). Yet, there is a shift towards 

increasing use of dryland ‘task’ sites (Figure 3.10). 

The current evidence of settlement and subsistence from Kharaneh IV includes 

the earliest documented hut structures in Jordan (Maher 2011; Maher, Richter, 

Macdonald, et al. 2012), a subfloor burial, worked bone objects, a ground stone 

assemblage and marine shell beads (Richter, Garrard, Allcock, et al. 2011; Richter, et al. 

2013). These material remains provide evidence of increasing sedentism, the use of 
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complex trade networks and food processing. Current faunal evidence demonstrates that 

the inhabitants of Kharaneh IV predominantly exploited gazelle, with butchery patterns 

(non-selective carcass transport) suggesting a high-level of game availability in the 

immediate locale (Martin, et al. 2010). A wide range of other local animals were 

exploited, including equids, cattle, smaller canids, fox, hare, wetland birds and tortoises 

(Martin, et al. 2010). The faunal evidence does not suggest that the inhabitants at 

Kharaneh IV were hunting from task camps and transporting the most valued cuts back to 

the aggregation site (logistical pattern). Rather, the faunal remains suggest that the 

environment surrounding Kharaneh was sufficiently rich to support its occupation, and/or 

the population was small. While the current settlement evidence does suggest a pattern of 

logistical mobility, the animal subsistence evidence does not, providing only partial 

support for my model. However, botanical evidence is required to properly assess plant-

use practices (see Chapter 4 and 5, and Appendix A). 

Wadi al-Hasa 

During the Upper Palaeolithic/Early Epipaleolithic there was some differentiation 

in site sizes (one site > 9999 m2 – it is unclear from the data at hand what site this is) 

(Clark 1992:92; Schuldenrein and Clark 2001, 2003), providing evidence to tentatively 

suggest that a system with some logistical mobility may have been employed at some 

point during this broad period. Whereas, during the Middle/Late Epipaleolithic all of the 

sites are small, suggesting that a system with greater residential mobility was employed 

throughout this period. However, for the PPN, it appears that logistical mobility may 

have been increasingly employed, with numerous structures discovered at excavations at 

the Late PPNB sites of Khirbet Hammam (PI Jane Peterson) (Peterson 2004; Peterson, et 

al. 2010) and el-Hemmeh (PI Cheryl Makarewicz) (Makarewicz, et al. 2006) (Figure 
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3.10). These data are admittedly coarse-grained and greater temporal context is needed to 

effectively consider this expectation.   

The current evidence of subsistence from the Late Upper Palaeolithic and Early 

Epipaleolithic site of Tor Sageer includes a diverse lithic assemblage with four 

woodworking adzes (tentatively proposed based on their form), as well as a diverse 

faunal assemblage, including gazelle, aurochs, equids, wild goats, fox, felid, tortoise, hare 

and birds (Munro, et al. 2015). Evidence of subsistence from the site of Yutil al-Hasa 

(Early Epipaleolithic in Areas C and F) is very similar to that from Tor Sageer, with 

gazelle, aurochs, equid, wild goat, and tortoise, along with rare birds and hare (Munro, et 

al. 2015). The available evidence does not provide information on butchery practice, 

although the faunal remains do suggest the local environment was rich in animal prey. 

Current settlement and subsistence evidence indicates that these small sites were part of a 

residential mobility pattern, which tentatively supports my model. However, botanical 

evidence is required to properly assess plant-use practices (see Chapter 5 and 6, and 

Appendix A). 

SUMMARY 

This chapter has described the theoretical foundations of this dissertation and 

provided an ethnographic review of settlement, subsistence and plant-use in the Great 

Basin. This ethnographic analog is central to my model for subsistence and settlement, in 

contrasting, wetland/dryland environments. The underlying assumption of this model is 

that wetland adaptations in these contexts were based on a clear risk-minimizing goal, to 

satisfy the basic food and non-food needs of the population (see Binford 1991; Jochim 

1976; Kelly 1995). By ‘tethering’ settlements to reliable resource locales, like a wetland, 

hunter-gatherers could safely engage in a diverse range of subsistence activities to 
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supplement their reliable resources with riskier, but more desirable options. This model 

has been initially evaluated with the available settlement and subsistence evidence from 

the Azraq Basin and the Wadi al-Hasa, with promising, but mixed results. The 

subsequent data chapters (Chapter 5-7) will provide a body of new evidence that will be 

used to further evaluate the model in the final discussion (Chapter 8).  
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Chapter 4: Phytolith Methods 

This chapter provides a review of the phytolith methods employed in this 

dissertation. With three separate but related lines of evidence presented in the subsequent 

data chapters (formed as articles), and the remainder of the data presented in detail in the 

site reports (see appendix), there is some unavoidable repetition outlining the methods. 

However, the aim of this chapter is to outline clearly the details of phytolith sampling, 

processing, counting, identification and categorization methods, and to outline some 

future directions for the study of wild plant taxa phytolith morphology. 

PHYTOLITHS OR “PLANT-STONES” 

The term phytoliths is derived from the Greek meaning “plant stone” (Piperno 

2006:5). They are formed in plants through the uptake of soluble silica, or monosilicic 

acid (H4SiO4) with ground water. The silica is then deposited in the plant as generally 

amorphous (non-crystalline) solid silicon dioxide (SiO2) in the cell walls, interiors and 

intercellular spaces, through passive and active silica deposition (Piperno 1988). Often 

referred to as “opal” or “opaline silica”, phytoliths contain water (4-9%) and significant 

amounts of nitrogen and carbon. Trace amounts of aluminum, chlorine, copper, iron, 

manganese, phosphorous and titanium may also be present (Prychid, et al. 2004). Plants 

have a genetic demand for silica and the amount of silicification (or amount of silica the 

plant takes up) in a plant is due to the function of two factors, transpiration and silica 

levels in the soil (Piperno 1988). Higher transpiration rates tend to result in increased 

silicification (Piperno 2006). The rate of transpiration is regulated by humidity, 

temperature, wind, light and soil water supply. Moreover, plants silicify different cell 

types at varying levels of silica ‘saturation’ (Piperno 2006). Phytoliths are most 

commonly formed in the epidermis of plant tissues, where they serve several important 
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functions, in the growth and development of the plant (Chen and Lewin 1969; Takahashi 

and Miyake 1977) and as a deterrent to herbivores (Coley and Barone 1996) and 

pathogenic fungi (Epstein 1994; Marshner 1995). Importantly, because phytoliths are 

inorganic they are largely resistant to decay, and many of the other taphonomic factors 

that adversely affect most archaeological botanical remains, providing a durable and 

robust record of past vegetation and plant-use.   

However, phytolith production is rare or non-existent in some plant families, 

including aroids (Araceae family), Amaranthaceae and Chenodpodiaceae (Piperno 2006). 

Grasses, sedges and palms (monocotyledons), on the other hand, tend to readily produce 

phytoliths, often distinctive to plant family, genus and more rarely, species. Most woody 

trees and other herbaceous dicots produce far fewer phytoliths, with more irregular forms 

(Albert, et al. 2000). Other factors that limit the application of phytolith analysis include 

multiplicity and redundancy of plant cellular structure and, consequently, phytolith 

morphology. Multiplicity means that different parts of a single plant may produce 

different phytoliths (leaves, stems, roots and seeds). Redundancy means that different 

plants produce the same kind of phytoliths. Yet, these weaknesses help to emphasize the 

strengths of phytolith analysis.  

Phytoliths are useful uniquely for identifying delicate plant parts (stems vs. leaves 

vs. husks) and more general plant identifications (monocot vs. dicot), but also for more 

specific identifications of certain taxa (grasses in particular). Importantly, phytoliths 

provide a picture of past vegetation and plant-use which, unlike macrobotanical analysis 

is not constrained by the preservational necessity of carbonization or anaerobic 

environment (waterlogged, frozen or desiccated). Phytolith evidence may provide a 

broader understanding of vegetation and plant-use because their persistence in the 

archaeological record is not contingent upon the conditions of preservational 
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circumstance. The shape and size of morphotypes and the characteristics of the 

surrounding matrix potentially impacts phytolith preservation. Highly alkaline soils 

above pH9, can result in phytolith dissolution, although grasses and sedges tend to be 

more resistant to these pressures (Piperno 2006:19-22). Overall, phytolith data is useful 

for demonstrating in situ vegetation, as they stay generally where they are deposited. 

Although subject to transport by wind or water, these processes tend to be visible on the 

phytoliths themselves in the form of pitting and fractures (Madella 2000).  

PHYTOLITH SAMPLING  

Phytolith sampling strategies primarily take one of two forms, vertical sampling 

or horizontal sampling. Vertical sampling strategies are employed on-site and off-site to 

explore changing patterns of plant-use or paleoenvironmental change through time. 

Horizontal sampling strategies are a useful on-site technique to consider patterns of plant-

use and identify activity area. Horizontal sampling of deposits occurs as the excavation 

progresses. On-site vertical sampling strategies are best employed after the excavation 

has exposed appropriate stratigraphic sections and the wall sections have been profiled. 

Off-site vertical samples are often taken from naturally exposed sections, like cut banks. 

Sediment coring is a useful technique to access vertical sedimentary records for sampling. 

This dissertation employed vertical and horizontal sampling strategies.  

Vertical Sampling 

Vertical sampling was conducted through column sampling. While most of the 

samples analyzed in this dissertation came from sediments collected using horizontal 

sampling techniques, the samples from Ayn Qasiyya (Chapter 7) were collected from an 

exposed sediment section. The section from Ayn Qasiyya was sampled with contiguous 

vertical samples ranging from 10 cm to 5 cm. These samples were collected from 
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sediment scraped from the entire 10-5 cm unit and constitute a vertical “pinch sample”.  

The section was sampled to uncover a continuous picture of past vegetation.  

Horizontal Sampling 

Most of the sediment samples investigated in this dissertation were collected 

using a variety of horizontal sampling techniques, including point samples, pinch samples 

and bulk samples. 

Point Samples 

Point samples are small sediment samples taken from a discrete point measuring 

no more than a few millimeters in depth and only a few centimeters horizontally (2 

tablespoons). These types of samples were taken from the curated Ohalo II sediment 

blocks to limit the area impacted by sampling. This sampling technique has certain 

weaknesses in regards to constructing a general picture of past plant-use. Because point 

samples are taken from such a small sampling area, in a horizontal sampling scheme, 

such samples run the risk of being unrepresentative. The phytolith evidence from such a 

sample may only represent one plant that decayed in that specific place, rather than a 

more general picture of plant-use.  

Pinch Samples  

Pinch samples are small sediment samples (2 tablespoons), which are collected by 

taking a fine scraping over the entirety of a defined sampling area (ie. feature or unit). 

The samples from Wadi Madamagh, Yutil al-Hasa, Tor Sageer and the Kharaneh IV hut 

samples were collected using this method. At the first three sites, pinch samples were 

taken from the top of each natural, cultural or arbitrary level, from a designated quad (50 

x 50 cm). Each 1 x 1 m unit had a designated sampling quad where pollen, 

macrobotanical and phytolith samples were collected. Pinch samples were also collected 
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from a variety of different contexts, including any features (hearths and dumps), or 

sediment changes that were identified during excavation. In the case of the hut contexts at 

Kharaneh IV where finer grained samples were desired, every sub-quad (25 x 25 cm) was 

sampled at every level.  

Bulk Samples 

Sediment samples for this dissertation were collected from curated bulk sediment 

samples collected during previous excavations at Ohalo II and Kharaneh IV. These bulk 

sediment samples ranged anywhere from half a cup to several liters and were taken from 

specific loci, with good vertical and horizontal stratigraphic controls. Subsamples of 

approximately 2 tablespoons were collected for phytolith analysis. These samples provide 

a more general impression of plant-use activity at the site.  

PHYTOLITH PROCESSING AND COUNTING 

Phytolith Extraction Protocol from Sediments 

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics, before 

extracting the phytoliths. This method is the standard protocol in the phytolith 

laboratories at the Institute of Archaeology, University College, London and the 

University of Texas at Austin, and is an effective and largely non-hazardous protocol. 

The only dangerous chemical used is diluted Hydrochloric acid (HCL).  

First, the sediment was sieved though a 0.25 mm sieve to remove the coarse 

sediment fraction. A sample of approximately 800 mg was weighed using an analytical 

balance and then taken for analysis. The samples were placed in clean 50 ml PVA 

centrifuge tubes and treated with 30 ml of 10% HCL to remove the pedogenic carbonates. 

Once the samples stopped reacting, indicating the removal of the carbonates, the samples 
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were washed in reverse osmosis (RO) water, before centrifuging for 5 minutes at 2000 

rpm to concentrate the phytoliths and sediments at the bottom of the tube. The suspense 

was then poured off and this was repeated twice more to remove all the acid.   

To disperse the clays, 15-20 ml of sodium hexametaphosphate solution (lab grade 

Calgon 5% and distilled water 95%) was added to the sample. The samples were then 

poured into tall beakers (400 ml) and RO water added to a height of 8 cm. The samples 

were then mixed thoroughly with RO water and left to settle for 1 hour and 10 minutes. 

After settling, all of the particles larger than clay particles (~2 microns), including the 

phytoliths, should be resting at the bottom of the column, while the clay particles remain 

in suspense. The water and clay mixture was then poured off carefully, making sure to 

not disturb the coarse fraction with the phytoliths. RO water was then added to a height of 

8 cm and the samples were again mixed thoroughly, and allowed to settle for 1 hour 

more, before being poured off carefully. Importantly, not all of the water gets poured off 

because this would result in the loss of some of the phytolith sample. The water is poured 

off only to a height that does not disturb the sample at the base of the water column. This 

settling process was repeated until the water was clear. The water is considered clear 

enough if you can read a document on the other side of the suspense. Critically, the 

height of the water column (8 cm) and the time left to settle (1 hour and 10 minutes, then 

1 hour subsequently) has been calculated according to Stokes’ law – an equation that 

solves the settling velocities (settling time) of small spherical particles in a fluid medium. 

The last of the water was then pipetted out, before the samples themselves at the bottom 

were pipetted into ceramic crucibles (~10 ml) and left to dry in the drying oven at <50°C 

before the organic removal step. 

Once dry, the organic matter was removed by dry ashing the samples in a muffle 

furnace for 2 hours at 500°C. Once cool, the phytoliths were then extracted from the 
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remaining fraction using density separation. A sodium polytungstate (SPT) solution (with 

distilled water) calibrated to 2.3 specific gravity was used to separate the phytoliths from 

the heavier minerals. The samples were transferred from the crucibles into clean 15 ml 

PVA centrifuge tubes containing 3 ml of SPT and centrifuged at 800 rpm for 10 minutes. 

Since phytoliths have a specific gravity range between 1.5-2.3 (Prychid, et al. 2004:380), 

the phytoliths float in the heavy density liquid, while the heavier particles drop to the 

bottom of the centrifuge tube. The ‘pellet’ of phytoliths at the top of the suspension was 

then poured into a clean 15 ml PVA centrifuge tube. RO water was then added to lower 

the specific gravity of the solution and the sample was then centrifuged at 2000 rpm for 5 

minutes to concentrate the phytoliths at the bottom of the tube. The SPT and water 

dilution was then poured off and recycled, and the phytoliths washed twice more to 

remove any residue from the SPT. The clean phytoliths were then removed from the 

tubes by pipette and placed in small weighed glass beakers. Once dried and weighed, a 

sample of approximate 2 mg was mounted on slides in Entellan.  

Calculating Absolute Counts 

The phytolith slides were counted at 400x magnification using a transmitted-light 

microscope. A minimum of 300 single cells and 50 multi cells were counted on each 

slide. The absolute counts for each phytolith type was calculated using a modified 

method outlined by Albert, et al. (1999); Albert and Weiner (2001). The results are 

expressed as number per gram of sediment. 

The absolute count is determined by the following calculation: 

Phytolith count 
x No. of fields on slides = No. of phytolith type per slide 

No. of fields counted 
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The number of phytoliths per gram is then calculated with the following 

calculation: 

No. of phytolith type per slide 

x 

Total mg phytoliths 

x 1000 = 

No. of 

phytoliths per 

gram 
No. of phytoliths mounted Total mg of sediment 

See Power, et al. (2014) for more details. 

PHYTOLITH IDENTIFICATION AND CLASSIFICATION 

Phytoliths can form in individual cells, producing single-cell phytoliths; or as a 

suite of attached adjacent cells, producing multi-cell forms, also known as silica 

skeletons. By studying the anatomical orientation of these fossilized sections of plant 

tissue, it is possible to make identifications down to the plant genus or species level. 

Single cell monocot phytoliths are identified according to the ICPN classification system, 

where possible (Madella, et al. 2005), although the anatomical origin of the silica body, 

or taxonomic identification, is emphasized in this research.   

Phytolith Morphologies and Identification Criteria 

The phytolith morphologies employed in this analysis are presented below (Table 

4.1). The list is derived from the basic count sheet employed at the Environmental 

Archaeology Laboratory at the University of Texas at Austin and employs the ICPN 

terminology, with an emphasis on the anatomical terminology. Phytoliths have varying 

levels of taxonomic significance and different phytolith morphologies offer different 

scales of information. Some phytolith forms have very little interpretive value (ie. hairs) 

and are not generally discussed. However, they are counted to ensure the absolute counts 

are as accurate as possible.  
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Phytolith Morphologies ICPN alternative Ecozone-type References to identification 

criteria/comments 

Single cell forms 

Psilate long cellG~ Elongate psilate 

margin 

Most frequently found in grass stems 

(Metcalf 1960; Twiss 1992). 
Sinuate long cellG~ Elongate sinuate 

margin 

Echinate long cellM Elongate echinate  
Dendritic long cellG Elongate dendritic Steppe/Parkland Grasses Found in grass husks (Novello and 

Barboni 2015; Rosen 1992).  

Rod smooth long cellM Elongate psilate 
tenuous 

Psilate echinate asymmetrical long 

cellM 

Elongate echinate 

assymetrical 

Mostly found in the leaves rather than 

stems of grasses and sedges (Ryan 
2009). 

HairsMD Mainly found in grass epidermis 

(Metcalf 1960). 
TrichomesM Mainly found in grass epidermis 

(Metcalf 1960). 

PapillaeG Steppe/Parkland Grasses Found in grass husks. 
StomataMD 

BulliformG Found in the leaves of grasses, also 

known as motor-cells (Metcalf 1960).  
Keystone Bulliform (‘Fan-shaped’) 

(cf. reeds)G 

Cuneiform bulliform 

cell 

Wetland Commonly occur in grass species that 

favor watery habitats (Sangster and 

Parry 1969). Cf. to Lu, et al. (2006) fan-
shaped reed. 

CrenatesG 

Bilobe short cellG Generally panicoid grasses, see Twiss, 
et al. (1969). 

Polylobate short cellG Generally panicoid grasses, see Twiss, 

et al. (1969). 

Cross short cellG Generally panicoid grasses, see Twiss, 

et al. (1969). 

Saddle short cellG Generally chloridoid grasses, see Twiss, 
et al. (1969). 

Rondel short cellG Generally pooid grasses, see Twiss, et 
al. (1969). 

Sedge conesM Wetland See Ollendorf (1992), Ollendorf, et al. 

(1987), Metcalf (1971), and Le Cohu 
(1973). 

Globular echinate (spheroid) 

(cf. palms)M 

Found in palms (Rosen 1992). 

Globular granulate (spheroid)MD 

Globular psilate (spheroid)D Woodland Found mainly in dicot wood, cf. to 

Albert, et al. (2003) spheroid psilate. 
BlocksDM Woodland Found mainly in dicot wood, cf. to 

Albert, et al. (2003) parallelepiped 

block forms. 
Platey (sheet)DM Woodland See Bozarth (1993). Found mainly in 

dicot leaves, cf. to  Albert, et al. (2003) 

platelet. 
Single polyhedronD Woodland Found mainly in dicot leaves (Albert, et 

al. 2003; Bozarth 1992) 

Scalloped (after Bozarth)D Woodland See Bozarth (1992). 
Single jigsaw puzzleD Woodland See Bozarth (1992), Tsartsidou, et al. 

(2007). Found mainly in dicot leaves 

(Albert, et al. 2003; Bozarth 1992). 
VerrucateDM Woodland See Bozarth (1992). 

Table 4.1: Continued Next Page
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 Coarse Verrucate
DM

 Woodland Found mainly in dicot leaves (Bozarth 
1992). 

Irregular scrobiculateDM Woodland 

HoneycombDM Favose Woodland See Bozarth (1992). Found mainly in 
dicot leaves (Albert, et al. 2003) 

TracheidsDM Woodland Found mainly in dicot leaves, cf. to 

Albert, et al. (2003) tracheary. 
Indet dicot Woodland 

Multi cell forms 

Unident monocot leaf/stemM 

Leaf/stem psilate long cellG~ See single cell description. 

Leaf/stem sinuate long cellG~ 
Leaf/stem echinate long cellM 

Leaf/stem stomataM 

Leaf/stem bilobeG  See single cell description. 

Leaf/stem polylobateG See single cell description. 

Leaf/stem crossG See single cell description. 

Leaf/stem saddleG See single cell description. 
Leaf/stem rondelG See single cell description. 

Stacked BulliformsG Wetland Found in the leaves of grasses. Higher 

silicification may indicate a wet or 
submerged growing environment 

(Andrejko and Cohen 1984; Bremond, 

et al. 2005; Sangster and Parry 1969). 
Square cell leaf/stemMD 

Cyperaceae – rods + long cellsM Wetland Rods and long cells overlapping – 

possible to see under different foci 
under magnification. 

Cyperaceae – sedge conesM Wetland See Ollendorf (1992), Ollendorf, et al. 

(1987), Metcalf (1971), and Le Cohu 
(1973). 

Phragmites (reed) culmG Wetland See Ryan (2009). 

Phragmites (reed) leafG Wetland See Ryan (2009). 
Grass HuskG Steppe/Parkland Grasses 

cf. Wheat HuskG Steppe/Parkland Grasses See Rosen (1992). 

cf. Barley HuskG Steppe/Parkland Grasses See Rosen (1992). 
Cereal strawG Steppe/Parkland Grasses See Rosen (1992, 1993). 

AwnG Steppe/Parkland Grasses See Rosen (1992). 
PolyhedronD Woodland Found mainly in dicot leaves (Albert, et 

al. 2003; Bozarth 1992). 

Polyhedral hair baseD Woodland Found mainly in dicot leaves (Albert, et 
al. 2003; Bozarth 1992). 

Silica aggregateD 

Indet multi cell 

Key: G grasses, G~ mainly grasses, M monocot, D dicot. 

Table 4.1: Phytolith Morphologies Employed in this Study. 

Ecozone-Type 

The categorization of ecozone-type is employed to draw attention to the 

significance of particular phytolith types and their cultural and environmental interpretive 

possibilities (see Chapter 5).  It is a simple and effective method of tracing larger patterns 
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of plant-use. However, using these categories uncritically may instill a false sense of 

equivalence. Only those phytolith morphotypes that can be assigned solely to one 

environment-type are employed. Many other morphotypes that may be found in either 

wetland or parkland grasses (ie. psilate long cells) are not utilized under this simplified 

regime. Consequently, the only phytoliths that can be assigned definitively to the 

steppe/parkland grasses environment-type are the husk or cereal straw phytoliths 

(dendritics, papillae, multi-cells). This may result in the underrepresentation of this 

category. The wetland ecozone-type is made up of a range of prolific phytolith producing 

monocots that are identifiable (Cyperaceae and reeds, including Phragmites sp.). This 

category may be overrepresented, particularly in comparison to the woodland ecozone-

type, which is made up of dicots that produce far less phytoliths. However, in the 

wetland-type category, certain Cyperaceae short-cells have been shown to not preserve 

well, whereas dicot wood and bark phytoliths tend to be more taphonomically robust 

(Albert, et al. 2006). In spite of these concerns, the ecozone-type categorizations are 

useful because they effectively facilitate inter-site phytolith assemblage comparison.  

Wild Grass Husk Phytoliths and the Identification of Wild Cereals 

Identification of wild husk multi cell phytoliths is largely in its infancy. While 

Rosen’s (1992) pioneering identification protocol for domestic cereals, wheat and barley, 

has proven to be a robust method, similar studies are needed to develop and test wild 

husk identification protocols in the Levantine region. Indeed, for this reason husk 

identifications utilized in this project are more general. The next phase of research 

requires the development of wild husk identification protocols. Another factor that 

limited the diagnostic potential of the husk multi cells in this project was the general 

weathering and small number of cells preserved in the archaeological silica skeletons. It 
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is important to use several identification criteria and unfortunately, this was often simply 

not possible.  

The identification of wild wheat and barley is of particular interest at sites like 

Ohalo II, where we have macrobotanical evidence of wild cereal use. However, in the 

process of employing Rosen’s (1992) identification protocol for wheat and barley, it 

became clear that there is much greater variation in the morphology of wild cereals than 

previously thought. Therefore, at early hunter-gatherer sites where wild grasses form a 

significant component of the diet, it is very difficult to make even low confidence 

identifications for wild wheat, and in particular wild barley, because of the high level of 

morphological overlap between wild cereal and other wild grass genera.  

Wild Wheat (Triticum dicoccoides) 

Wild wheat (T. dicoccoides) was part of Rosen’s (1992) original study. 

Identification of wild wheat is based on several criteria including the long cell wave 

pattern, papillae size, number of pits, cork cell shape (D-shaped) and papillae shape 

(Table 4.2). The level of identification confidence is based on the number of criteria a 

silica skeleton meets. A husk skeleton that contains only a few of the characteristics 

would be considered a low confidence identification. A husk skeleton that contains most 

or all of the characteristics would be considered a high confidence identification. At 

agricultural sites, identification of wheat can be made strongly based on the long cell 

wave pattern alone, which is considered the most diagnostic feature of wheat. However, 

with many as yet unexamined wild grass genera, identifications in early hunter-gatherer 

contexts based on this criterion alone are highly speculative. Indeed, with great interest in 

the early use of wild cereals and the very preliminary stage of wild grass husk 

identification, wheat identifications are made only when there is a high level of 
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confidence (many if not all of the characteristics), otherwise this study employs a more 

conservative identification of ‘grass husk’. The identifications in this study may be 

refined with further study of modern wild grass comparative material. 

Wild Wheat (Triticum dicoccoides) 

Long cell wave pattern1 High rounded waves with 

irregular amplitude. 

Papillae size1 21-43 µm (variable size) 

Number of pits1 16-18 

Cork cell shape2 D-shaped (CC cork cell, SC 

short cell). 

Papillae shape2 Domed with stippled surface. 

Although, I have observed in 

modern comparative material 

(Hart, ass. No. 471) that some 

papillae also feature a 

“hershey” shaped top.  

Plan view Side view 

1 As defined in Rosen 1992; 2 As defined by Rosen in personal communication. 

Table 4.2: Wild Wheat (Triticum dicoccoides) Identification Criteria. 

Wild Barley (Hordeum marinum, H. murinum ssp. glaucum and H. spontaneum) 

Wild barley (Hordeum sp.) was not included in Rosen’s (1992) original study, but 

there are several species in the Levant. Wild taxa of this genus are particularly 

problematic to identify because there are several species, including “large-seeded” (H. 

spontaneum) and “small-seeded” varieties (H. marinum and H. murinum ssp. glaucum) 

(Weiss, Wetterstrom, et al. 2004a). Based on very preliminary observations (a general 

scan), it may be possible to develop finer identification protocols, but further analysis is 

required (Table 4.3). The preliminary observations below are offered only to demonstrate 
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the wide range of morphological characteristics in barley. At this time, these data are not 

suitable for the identification of archaeological specimens.  

Wild Barley (Hordeum sp.) 

Long cell wave pattern1, 3 Squarish waves of 

even amplitude. 

Papillae 

size3 

H. marinum 10-25 µm 

H. murinum ssp. 

glaucum 

10-18 µm 

H. spontaneum 15-25 µm 

Number 

of pits3 

H. marinum 12-20 

Plan view Side view 

H. murinum ssp. 

glaucum 

10-14 

H. spontaneum 10-14 

Cork cell shape2, 3 Kidney shaped (CC 

cork cell, SC short 

cell). 

Papillae shape2, 3 Smooth surface. Most 

papillae feature a 

“hershey” shaped  

top.  

1 As defined in Rosen 1992; 2 As defined by Rosen in personal communication; 3 

Preliminary observation of modern comparative material, H. marinum (Hart, ass. No. 

451), H. murinum (Hart, ass. No. 514), H. spontaneum (Hart, ass. No. 454; Rosen, ass. 

No. 311).  

Table 4.3: Wild Barley (Hordeum marinum, H. murinum ssp. glaucum and H. 

spontaneum) Preliminary Characteristics. 

Further complicating the identification of wild barley, there is significant 

morphological overlap between barley and Aegilops sp. (Goat Grass), another 

economically important wild grass genera in the region that also features several species, 

including A. searsii and A. bicornus, which were included in Rosen’s (1992) original 
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study. Rosen (1992) notes that both barley and goat grass feature a similar long cell wave 

pattern, but in the case of domestic barley, it is possible to differentiate these taxa based 

on the papillae size and the number of pits. However, a preliminary scan of wild barley 

complicates the picture significantly because wild barley tends to have a greater papillae 

size range, both smaller and larger than domestic barley, with a greater number of pits. 

Consequently, characteristics that can be used to differentiate domestic barley from other 

wild grass genera may not help differentiate wild barley from other wild grass genera, 

demonstrating the need for further study of modern comparative material. Accordingly, 

this study employs a more conservative identification of ‘grass husk’. The identifications 

in this study may be refined with further study of modern wild grass comparative 

material. 

MODERN REFERENCE COLLECTION AND COMPARATIVE MATERIAL 

Identification of archaeological phytoliths were made by comparison to Prof. 

Rosen’s modern comparative reference material, of 596 accessions, held at the University 

of Texas at Austin Environmental Archaeology Lab, Dr. Thomas Hart’s Near Eastern 

comparative collection, with 573 accessions mounted from Prof. Joy McCorriston’s 

herbarium collection at Ohio State University, unpublished images provided kindly by 

Dr. Allison Weisskopf from her comparative collection of over 291 specimens, as well as 

published photographs and images (see table 4.1). The author prepared two further Near 

East comparative collections over the course of the dissertation research, including the 

Hillman Collection and the Mt. Scopus Collection.  

The Hillman Collection was prepared and mounted in the spring of 2012 at the 

Institute of Archaeology, University College, London. It is a Near East grass husk 

collection that includes 46 wild and domestic grass specimens. The comparative slides 
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were mounted from plant samples collected originally by Prof. Gordon Hillman and Dr. 

Mark Nesbitt at the Institute of Archaeology, University College, London. The author 

was kindly granted access to these plant materials by Prof. Dorian Fuller and Dr. Sue 

Colledge. This phytolith collection was prepared following the protocol outlined by 

Weisskopf (2010:183). Sister collections are held at the Institute of Archaeology, 

University College, London, and at the University of Texas at Austin in the 

Environmental Archaeology Laboratory. 

The Mt. Scopus Collection is currently in the process of being mounted for 

phytolith, tissue and starch comparative slides. This collection was only made possible in 

the spring of 2014 with funding from an NSF dissertation improvement grant awarded to 

the author. This plant collection focused on wild plant taxa, and includes approximately 

148 specimens from all over Israel. Plant specimens were collected over the course of the 

year (spring, summer, fall and winter 2014) by Prof. Jotham Ziffer-Berger and his 

assistant Yoni Waitz, from the Hebrew University Herbarium in Jerusalem, Israel. 

Colleagues at the Mt. Scopus Botanical Garden in Jerusalem, who provided an 

introduction for the author to Prof. Ziffer-Berger, made this collaboration possible. The 

collection is named in recognition of this support. Given that this collection was only 

made possible near the project’s end, it has not greatly aided the identifications made in 

this dissertation. Nevertheless, reed and sedge tissue mounts were prepared in February 

2015 and these comparative slides have been highly illustrative. A sister collection will 

be mounted and stored at the University of Texas at Austin in the Environmental 

Archaeology Laboratory. This collection will be an extremely useful source for refining 

phytolith and starch identifications of Near East wild plant taxa.  
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SUMMARY 

This chapter has outlined the details of the phytolith sampling, processing, 

counting, identification, and categorization methods employed in this dissertation. 

Further specifics are covered in each of the subsequent data chapters (Chapter 5, 6 and 7). 

This chapter reviewed the current state of wild grass husk identification and discussed 

how the limited study of modern comparative material has complicated the identification 

of wild grass and cereal husks compared to the clearly defined protocol for domestic 

cereals (Rosen 1992). Accordingly, this study employs a more conservative identification 

of ‘grass husks’.  Unfortunately, it was not possible to address this clear gap in the 

research in this study because of the necessary constraints of a doctoral project (defined 

research questions, development and availability of an appropriate comparative collection 

and the dissertation completion requirements). However, it will be investigated during the 

authors post-doctoral position, utilizing the comparative collections prepared over the 

course of this dissertation research.  The grass husk identifications in this study may then 

be refined. 
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DATA AND DISCUSSION 

Chapter 5:  Wedded to Wetlands: Exploring Late Pleistocene Plant-Use 

in the Eastern Levant1 

The distribution and composition of ecological opportunities had a tremendous 

impact on Late Pleistocene (ca. 28-14.5 ka cal. BP) hunter-gatherers, influencing the 

ways they chose to adapt to the changing Levantine landscape during the Last Glacial 

Maximum (LGM) (23-19 ka cal. BP). Patterns of settlement and subsistence reflect 

regional resource opportunities and challenges; decisions were constrained by the types, 

abundance and availability of critical resources, particularly sessile resources like plants 

and water (Binford 1980; Butzer 1982; Jochim 1976; Kelly 1995; Winterhalder 2001). 

While the mosaic ecology of the Late Pleistocene Levant is referred to by many authors 

investigating the early use of wild cereals as a prelude to cultivation (Bar-Yosef 1996; 

Donald O. Henry 1989; McCorriston and Hole 1991), it has rarely been the focus of 

studies investigating hunter-gatherer adaptations and diverse wild plant collection 

strategies (Rosen 2011). Research concerning people-plant interactions in the Levant 

during this period is undermined by two factors. Firstly, most research is based on data 

solely from contexts in the Western Levant, more specifically from a limited number of 

environments, largely coastal and Mediterranean woodlands. Secondly, poor preservation 

of macrobotanical remains from site contexts has resulted in researchers being unable to 

find direct evidence of ancient plant use except in situations of exceptional preservation, 

such as the site of Ohalo II (23 ka cal. BP). 

1 A version of this Chapter has been submitted for publication with Quaternary International with Arlene 

Rosen as co-author.  
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Figure 5.1: Map showing the approximate boundaries of the Azraq Basin and Wadi al-

Hasa drainage, and site locations. 

Our paper seeks to redress this imbalance and develop a broader understanding of 

Late Upper Paleolithic-Middle Epipaleolithic (pre-Natufian) (ca. 28-14.5 ka cal. BP) 

plant-use and adaptation by investigating 100 phytolith samples from five sites located in 

a variety of environments. Significantly, we use phytolith evidence from the site of Ohalo 

II (Ramsey 2015b) as a baseline to inform our interpretation of four sites in the Eastern 

Levant; Kharaneh IV (Ramsey 2015a), Tor Sageer, Yutil al-Hasa (Ramsey 2015c) and 

Wadi Madamagh (Ramsey 2015d) (Figure 5.1). Our investigation reveals new evidence 

for how foragers used the unique local ecological opportunities in these regions to 

develop integrated and resilient adaptations, focusing subsistence and settlement around 

the reliable wetland zones. 
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LATE PLEISTOCENE PLANT-USE IN THE EASTERN LEVANT  

Climate and Vegetation Change in the Late Pleistocene 

Hunter-gatherer adaptations are structured by the types, abundance and 

availability of critical resources. The climate and environment during the Late-Upper 

Palaeolithic-Middle Epipaleolithic is important for modeling and understanding patterns 

of plant-use in the Eastern Levant. Spanning the Last Glacial Maximum (LGM) to the 

Pleistocene – Holocene transition, the Late-Upper Palaeolithic-Epipaleolithic was a 

period of acute and abrupt climate change. Pollen cores from Lake Ghab and Luke Hula 

(Baruch and Bottema 1991; Cappers, et al. 1998; Rossignol-Strick 1995; Yasuda, et al. 

2000), speleothems from Soreq Cave (Bar-Mathews, et al. 1997; Bar-Matthews and 

Ayalon 2003b), and the paleohydrology and limnological history (Bartov, et al. 2002; 

Black, et al. 2011; Hazan, et al. 2005) inform regional paleoenvironmental 

reconstructions. While specialists disagree over the exact timings and nature of late 

Pleistocene climate change, most agree that the LGM was generally cold and dry. There 

were a fluctuating series of interstadials including the post-LGM warming of the Bølling-

Allerød (BA) (ca. 15,000-13,000 cal. BP). This climatic amelioration ended with the 

Younger Dryas (YD) glacial reversal (ca. 13,000-11,500 cal. BP).  

A number of researchers have used the general trends in the proxy data to 

estimate the distribution of vegetation under the changing climatic conditions (Baruch 

and Bottema 1999; Langgut, et al. 2011; Moore, et al. 2000; van Zeist and Bottema 

1991). Warm wet conditions associated with interstadial periods are linked to the 

expansion of food-rich Mediterranean forest and parkland, and the retreat of xeric steppe 

vegetation. Likewise, cold dry conditions associated with the glacial periods are linked 

with steppe expansion, and the retreat of parkland and woodland. Although the above 

description is a constructive generalization, some researchers have noted that change did 
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not occur uniformly throughout the region (Robinson, et al. 2006). This emphasizes the 

importance of site-specific environmental data, particularly the structure and availability 

of sessile resources, such as plants and water.  

Evidence of Plant-Use in the Eastern Levant 

Direct evidence of Late Pleistocene plant-use in the Levant is limited due to poor 

macrobotanical preservation. However, exceptional cases of macrobotanical preservation 

including Ohalo II in Israel (see Kislev, et al. 1992; Nadel, et al. 1994; Snir, et al. 2015; 

Weiss, et al. 2008) and by analogy Wadi Kubbaniya on the Upper Nile in Egypt 

(Hillman, Madeyska, et al. 1989), provide evidence for the use of a highly diverse 

selection of plant-resources. Yet most sites simply do not yield macrobotanical remains, 

and in the Eastern Levant macrobotanical evidence dating to the Late Pleistocene is often 

fragmentary (Colledge 1991, 2001). As such, researchers have sought other less direct 

methods to interpret Late Pleistocene plant-use in the region such as ground stone tools.  

Ground stone tools increase in frequency through the Epipaleolithic (Wright 1991, 

1994). This has led scholars to suggest wild cereal and grass resources were an 

increasingly important component of the Epipaleolithic diet (Edwards 2007; McCorriston 

and Hole 1991; Wilcox 2005). However, interpreting ground stone function is not easy as 

ground stone tools may be used for a variety of plant-processing purposes, including root 

resource (Dubreuil and Plisson 2010; Wollstonecroft 2009; Wollstonecroft, et al. 2008) or 

fiber processing (Hurcombe 2014).  

Microbotanical residue analysis is an effective method for the extrapolation of 

ground stone function. Starch residue analysis of ground stone from Ohalo II, has 

provided evidence for the processing of wild barley (Hordeum sp.), wheat (Triticum sp.) 

and oats (Avena sp.) (Nadel, et al. 2012; Piperno, et al. 2004). The identification of 
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cellulose and the near-absence of protein on ground stone tools at the site of Wadi 

Kubbaniya, suggested that wetland roots and tubers, rather than wild cereals and grasses 

were most likely being processed (Hillman, Madeyska, et al. 1989).  This means that Late 

Pleistocene hunter-gatherers employed food processing to improve the nutrition and 

edibility of a variety of ‘low-ranked’ resources (Smith 2012; Wollstonecroft 2011; Zeder 

2012), in addition to wild cereals and grasses. Moreover, it implies that hunter-gatherers 

in the Levant employed a diverse plant-resource set and novel processing strategies to 

capitalize on their local plant-resource opportunities (Asouti and Fuller 2012; Hillman 

1996; Savard, et al. 2006; Wright 1991, 1994).  

Phytolith analyses from Late Epipaleolithic sites in the Western Levant have also 

provided direct evidence of local and flexible strategies of plant-use. The evidence 

demonstrates that Late Epipaleolithic hunter-gatherers exploited the rich resource 

mosaics available to them by integrating the use of wetland, woodland and 

steppe/parkland resources, and opportunistically shifted their exploitation emphasis 

towards wetland resources in response to increasing aridity (Portillo, et al. 2010; Rosen 

1993, 2007, 2010, 2011, 2012a, b, c, 2013).  

Focused on the Wetland: An Integrated and Resilient System of Plant-Use 

In contrast to the favorable micro-mosaic ecology of the Western Levant (Bar-

Yosef 1998), the Eastern Levant was an arid and phytogeographically marginal 

environment, except where the Pleistocene lakes, rivers and spring-fed wetlands 

punctuated the steppe and parkland expanse. Given the importance of water in arid 

regions, Byrd (1994) predicted that settlement in the Eastern Levant was organized 

around periodic wetlands. Some of these wetlands were more permanent than periodic, 

and in support of Byrd’s (1994) assessment, served as a central base for Late Pleistocene 
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peoples (Cordova, et al. 2013; Jones and Richter 2011; Olszewski 2000; Olszewski and 

Coinman 1998b; Richter, et al. 2013; Rosen 2012a, 2013).  

Building on these works, wetland exploitation is a promising way to understand 

Late Pleistocene hunter-gatherer resilience within the context of local resource 

opportunities and challenges. Wetlands can provide reliable perennially available plant 

resources, particularly seeds and roots of monocotyledons, with the additional benefit of 

an increase in nutrient quality of plant roots during dry, low-growth periods (Wrangham, 

et al. 2009:632).  However, wetlands are not all lush plant-food producing oases or 

‘Edens’ (Childe 1952). Indeed, swamps, marshes, bogs, fens, wet meadows and shallow 

water littoral zones are all broadly defined as ‘wetlands’,  but each have their own unique  

Figure 5.2: Schematic drawing of wetland margin, a. phytolittoral zone typical to marsh, 

illustrating rich resource potential, b. phytolittoral zone with steeper 

marginal grade, comparatively less resource potential.  

characteristics (Keddy 2000:18), determined mainly by the transition zones between 

terrestrial habitat and aquatic features.  

Phytolittoral zones typical of marshes and the edges of some shallow water 

environments are identified as the most productive wetland areas (Keddy 2000:85) 
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(Figure 5.2). The plants that thrive in this phytolittoral zone include some sedge varieties 

(Cyperaceae), cattail (Typha sp.) and reed grass (Phragmites sp.). These plant varieties 

are of great economic and subsistence value to humans for the fauna they attract and their 

own nutritional and favorable ecological qualities. However, compared to other plant 

resource types, the roots of these aquatic species provide the lowest nutritional return rate 

at ca. 182 kcal/h, compared to terrestrial roots (ca. 2,267 kcal/h), nuts and acorns (ca. 832 

kcal/h) and small seeds (ca. 364 kcal/h) (Bettinger and Wohlgemuth 2011:125 and 

references therein). Consequently, wetland plant foods might be shown to provide what 

people need (reliable, but low calories and water), rather than what people want (high 

calories, variability and flavor).  

Wetland environments characterized by an expansive phytolittoral zone provide a 

large-scale concentration of reliable plant resources. Marshes and lakes tend to offer such 

a coarse-grained mosaic of resource opportunities, whereas rivers, or other wetland 

environments where the phytolittoral zone is narrowly circumscribed, do not allow for the 

large-scale concentration of plant resources. However, wetlands characterized by 

narrowly circumscribed phytolittoral zones have other favorable characteristics, offering 

a mix of phytolittoral and riparian elements, a micro-mosaic environment with small-

scale plant and animal resource opportunities. Riparian environments, while not as rich in 

reliable plant resource opportunities, include a greater proportion of woody trees and 

shrubs, and serve as important corridors for the movement of larger wildlife (Kocher and 

Harris 2007). 

The character and structure of the wetland is critical to understanding how 

regional adaptations developed. For example, the deep lakes contained fish, riparian areas 

funneled game, and shallow lakes and marshes offered a variety of plant foods. These 

resource opportunties must then be compared to the character and structure of the 
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resources offered in the broader surrounding landscape, for instance, whether acorns, 

large game and/or grass seeds were near or far away. Even in the driest areas of the 

Levantine steppe there was a diversity of edible plant species. In the Azraq Basin up to 

70% of the vegetation was edible, but was only available in very low densities (Hillman 

1996).  

Despite lacking the food-rich mosaic of the Western Levantine Mediterranean 

forest, in the Eastern Levant wetland systems may have been an equivalent focus for Late 

Pleistocene hunter-gatherer resource exploitation (Olszewski and Coinman 1998b).  Yet 

diverse wetland forms, and their productivity relative to the surrounding steppe/parkland, 

would have largely determined the ecological opportunities on offer in the Eastern Levant 

during the late Pleistocene. Accordingly, we expect foraging decisions were shaped not 

only according to what resources the wetlands offered, but also in respect to what was, or 

was not available in the surrounding steppe/parkland and woodland zone (sensu Madsen 

and Kelly 2008:85).  

TOWARDS AN UNDERSTANDING OF PLANT EXPLOITATION STRATEGIES 

This investigation capitalizes on the unique macrobotanical preservation of Ohalo 

II by using the phytolith evidence from this site as a relative benchmark for the sites in 

the Eastern Levant, which do not benefit from good macrobotanical preservation. Our 

paper is guided by the following questions: Firstly, is there direct botanical evidence to 

suggest that wetland plant resources were a focal point for Late Pleistocene exploitation 

in the Eastern Levant? Secondly, do hunter-gatherers in coarse-grained (i.e. marshes, 

lakes) and fine-grained (i.e. stream-bank riparian) wetlands exhibit different adaptations 

(Winterhalder 1981), particularly in their use of wetland plant resources? Lastly, by 

employing phytolith indicators of ecozone-type (reeds and sedges indicate wetlands, wild 
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grasses and cereals indicate steppe and parkland, and woody plants indicate woodlands), 

can we reveal broad evidence for how foragers used the unique local ecological 

opportunities in these regions?  

SITES, SAMPLES AND METHODS 

Sites and Samples 

To address our research questions we conducted phytolith analyses on 100 

sediment samples from five sites, Ohalo II in the Western Levant, and four sites from the 

Eastern Levant, Kharaneh IV, Tor Sageer, Yutil al-Hasa, and Wadi Madamagh. These 

sites are located in a variety of environments in proximity to a range of wetlands (Table 

5.1) and collectively span the entire Late Upper Palaeolithic-Middle Epipaleolithic 

(Figure 5.3), providing a broad picture of hunter-gatherer plant-use.    

 

Site Location Environment Zone Wetland Form 
Sediment  

Samples 

Ohalo II 
Israel,  

Lake Kineret 
Open Parkland Lake 28 

Kharaneh IV 
Jordan,  

Azraq Basin 

Semi-Arid 

Steppe/Parkland 
Marsh 34 

Tor Sageer 
Jordan,  

Wadi al-Hasa 
Semi-Arid Steppe Riparian Wetland 16 

Yutil al-Hasa 
Jordan,  

Wadi al-Hasa 
Semi-Arid Steppe Riparian Wetland 11 

Wadi 

Madamagh 

Jordan,  

Wadi Musa region 

Mediterranean 

Forest 

Unidentified 

Wetland 
11 

    Total: 100 

Table 5.1: Summary of site locations, environment descriptions and number of 

samples. 
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Figure 5.3: Figure comparing site occupation periods. Dates from published sources, 

Ohalo II (Nadel et al., 1995), Kharaneh IV (Richter et al., 2013), Tor Sageer 

and Yutil al-Hasa (Olszewski and al-Nahar, submitted for review), Wadi 

Madamagh (Olszewski, in press). 

Ohalo II 

Ohalo II is a multi-component Early Epipaleolithic (23 ka cal. BP) site (Nadel, et 

al. 1995) situated on the shore of Lake Kinneret (Sea of Galilee), Israel, in an open 

parkland setting (Kislev and Simchoni 2002; Nadel 2004). The site has an area of more 

than 2,000 m2 (Weiss, Kislev, et al. 2004). Excavations uncovered the in situ remains of 

six hut structures, several open-air hearth concentrations, a dumping zone, a pit, a stone 

installation and a burial. The repeated use of Ohalo II in a consistent and organized 

pattern lead the investigators to conclude that the site represents the remains of a camp 

visited several times by the same group (Nadel, et al. 1995). Indeed, the floral and faunal 

remains suggest that there may have been year round occupation at the camp (Kislev, et 

al. 1992; Snir, et al. 2015; Weiss, et al. 2008).  

The site is unique due to its exceptional organic preservation that was caused by 

two related events: charring by fire before the site was abandoned, followed by 

inundation by rising water levels and lake sediments (Weiss, et al. 2011). The extensive 
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macrobotanical assemblage has been studied by a number of specialists in peer reviewed 

publications (Kislev, et al. 1992; Nadel, et al. 2004; Snir, et al. 2015; Weiss, Kislev, et al. 

2004; Weiss, et al. 2008) and unpublished doctoral dissertations (Simchoni 1998; Weiss 

2002). The macrobotanical assemblage at the site is highly diverse and includes wild 

barley, wild emmer wheat, a significantly large number of small-grained wild grass seeds, 

acorns (Tabor oak), and a variety of fruits, berries and nuts (Christ’s thorn, wild fig, wild 

grape, almond, pistachio, and wild olive) (Weiss, Kislev, et al. 2004; Weiss, Wetterstrom, 

et al. 2004b). Wetland resources were also a component of the diet, as evidenced by the 

presence of sedge nutlets (Scirpus litoralis, and Cyperaceae cf.) and pond weed nutlets 

(Potemogeton sp.) (Weiss 2002). The remains are representative of a mosaic habitat, 

which included a local saline microenvironment, a nearby lakeshore and a Mediterranean 

open park-like forest (Nadel, et al. 2004), likely located further from the site (Nadel, 

Gringberg, et al. 2006).  

A total of 28 sediment samples were analyzed for this study (Table 5.1). The 

samples were taken from a variety of onsite contexts, including hearths, dumps and huts. 

Early recognition of the significance of the site facilitated a thorough sediment-sampling 

program (Nadel, et al. 2012). The samples examined for phytoliths were collected during 

the summer of 2012 from stored bulk sediments (varying volumes, tablespoon to liters) 

and 1m x 1m sediment blocks that were exhumed from the site hut deposits. These intact 

site sediments provided the opportunity to take pin-point samples from some of the most 

informative contexts.  

Kharaneh IV 

Kharaneh IV is a multi-component Early to Middle Epipaleolithic (19.9-18.6 ka 

cal. BP) site in the Azraq Basin, Jordan (Richter, et al. 2013). It is one of two large Early-
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Middle Epipaleolithic aggregation sites in the region (Garrard and Byrd 1992; Richter, et 

al. 2013). The site was situated on the periphery of a large marsh, surrounded by semi-

arid steppe/parkland (Garrard, Baird, Colledge, et al. 1994; Garrard, et al. 1987; see Hunt 

in Garrard and Byrd 2013; Jones and Richter 2011; Montague, et al. 1988). Today, the 

Azraq wetland is fed by several springs, which are filled by surface runoff and 

groundwater (Jones and Richter 2011). A low discharge-to-replenishment ratio means the 

springs provide a secure supply of water, even under arid conditions (Jones and Richter 

2011; Macumber 2001). Consequently, in the past, the wetland would have been a 

reliable resource rich environment relative to the surrounding semi-arid steppe/parkland 

(see Hillman, Madeyska, et al. 1989), particularly during periods of greater aridity. This 

characteristic of the Azraq Basin has attracted human groups to the region since the 

Lower Palaeolithic (Copeland and Hours 1989; Cordova, et al. 2013; Rollefson 1983b; 

Rollefson, et al. 1997). 

Kharaneh IV has an area of  21,000 m2 and a depth of ca. 1.5 m,  distinguishing it 

by its large size. To account for the size and density of the cultural material, Kharaneh IV 

was originally interpreted as an aggregation site that was repeatedly revisited over the 

long-term course of ca. 3,000-5,000 years. However, new radiocarbon evidence 

demonstrates that the site was occupied during the shorter time frame of 1,225 years 

(Richter, et al. 2013). This suggests that the site was visited by larger numbers of people 

than previously thought. These inhabitants likely resided at the site for long periods of 

time (Richter, et al. 2013), on a multi-seasonal or possibly year-round basis (Jones 2012). 

Kharaneh IV also features the earliest documented hut structures in Jordan (Maher 2011; 

Maher, Richter, Macdonald, et al. 2012), a subfloor burial, worked bone objects, a ground 

stone assemblage and marine-shell beads (Richter, Garrard, Allcock, et al. 2011; Richter, 

et al. 2013). These material remains provide evidence of increasing sedentism, the use of 
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complex trade networks, sophisticated food processing, personal adornment practices and 

possibly ritual behavior.  

The Early Epipaleolithic occupation (Area B) covers an area that is approximately 

44.5 m2 and is over 1.5 m deep (Maher, et al. 2009; Maher, et al. 2010). However, a 

sounding (Area F) located north of Area B demonstrated that the Early Epipaleolithic 

occupation of the site is even greater than previously thought (Maher, et al. 2010). The 

deposits in Area B are complex, and characterized by several overlapping and 

superimposed occupational surfaces, two hut structures, and a number of hearths and ash 

pits. The occupation surfaces are at times thin and ephemeral (ca. only 2-3 cm thick). 

However, the remains are largely in situ and continuous, with a high density of artifacts 

(including several small caches of blades and bladelets), faunal remains and charcoal 

(Maher, et al. 2009; Maher, et al. 2010; Martin, et al. 2010).  

The Middle Epipaleolithic occupation (Area A) is approximately 30 m2 in area 

and between 40-45 cm deep (Maher, et al. 2009). This area includes several occupation 

surfaces, two hearth deposits and a series of dark brown sediment deposits that are 

interpreted to be post-holes. These remains provide evidence of repeated cooking events 

and the construction of ephemeral structures, thought to be cooking structures or drying 

racks (Maher, et al. 2010).  

A total of 34 sediment samples were analyzed for this study (Table 5.1). The 

samples were taken from a variety of onsite contexts, including occupation surfaces and 

features (hearths, dumps and post-holes). Excavations were conducted on a 1 x 1 m grid. 

However, these squares were further divided into 50 x 50 cm quads when finer controls 

were needed. The site was excavated by natural and cultural layers, which were further 

divided into 5-10 cm arbitrary spits. All of the excavated sediment was subject to 

flotation or was stored for micro-artifacts, micro-fauna, micromorphology, and sediment 
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analysis (Maher, et al. 2010). The phytolith samples for this analysis were collected from 

the sediment samples taken during the 2008, 2009 and 2010 excavation seasons.  

The Wadi al-Hasa: Tor Sageer and Yutil al-Hasa 

The Late Upper Paleolithic and Early Epipaleolithic site of Tor Sageer (ca. 

27,200-26,580 cal. BP; ca. 24,600-24,150 cal. BP) and Early Epipaleolithic site of Yutil 

al-Hasa (ca. 25,300-22,400 cal. BP) are located in the Wadi al-Hasa, west-central Jordan 

(Eastern Levant) Olszewski and al-Nahar, this issue). The Wadi al-Hasa has been the 

focus of several archaeological surveys since the late 1970s (Clark, et al. 1992b; Clark, 

Olszewski, et al. 1994; MacDonald 1988; MacDonald, et al. 1980; MacDonald, et al. 

1983; MacDonald, et al. 1982). This arid steppe region is of considerable archaeological 

interest because it is thought to have been the site of a large Pleistocene lake/marsh (70-

20 kyr), and a foci of late Pleistocene human activity (Clark 1984; Clark, et al. 1992a; 

Olszewski and Coinman 1998b; Schuldenrein and Clark 1994, 2001, 2003). 

Unsurprisingly, the majority of Late Upper Paleolithic and Epipaleolithic sites in the 

region are situated in direct proximity to the ancient wetland (Olszewski and Coinman 

1998b:188). However, a recent reinterpretation of the Wadi al-Hasa Pleistocene 

‘lake/marsh’ deposits suggests this was actually a stream riparian wetland environment, 

fed by fresh running water from a precipitation-dominated spring-system (Winer 

2010:38). This has major implications for our understanding of human adaptation and 

plant-use in this otherwise steppic region.  

Tor Sageer is a small rock shelter occupation, with an area of approximately 24 

m2, situated 17 m above the modern wadi floor. The site is located on a tributary, 

approximately 3 km upstream from the Wadi al-Hasa, and has ready access to the Kerak 

Plateau, immediately north of the Wadi al-Hasa (Olszewski in press). Excavation was 
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done in arbitrary 5 cm levels. The archaeological assemblage notably includes the distal 

portion of a carved bone projectile (Kennerty 2010), a diverse lithic assemblage that 

includes four woodworking adzes (tentatively proposed based on their form), as well as 

ochre and several hearths. The archaeological deposits are approximately 85 cm thick. 

The uppermost layer (Stratum I) is Early Epipaleolithic (Nebekian), and post-dates ca. 

24,631-24,151 cal. BP, as indicated by a radiocarbon date taken from the top of Stratum 

II. The lower strata II, III and V are all Late Upper Paleolithic and date to ca. 27,216-

24,295 cal. BP.  

Preliminary pollen analysis of Stratum I indicates riparian elements within an 

otherwise steppic environmental context.  Previous phytolith analysis by A. Rosen on 

four samples supports this interpretation. Rosen identified panicoid (C4) and pooid (C3) 

grass sub-families as well as some wild grass inflorescences or glumes. Many dicot wood 

phytoliths were recovered. Sedge and reed phytolith types were also identified 

(Olszewski 2003; Olszewski, al-Nahar, et al. 1998). In this present study, we analyzed a 

total of 16 sediment samples from Tor Sageer (Table 5.1). The samples were taken from a 

variety of onsite contexts, including features and general site sediments. Phytolith 

samples were taken at the top of each arbitrary 5 cm level and from archaeological 

features.  

Yutil al-Hasa is a multi-component site with at least one rock shelter on the main 

Wadi al-Hasa channel. The site is situated in a natural constriction of the drainage, 

approximately 10 m above the wadi floor, and faces out onto what may have been some 

kind of wetland setting, serving to attract and contain the movement of game (Olszewski 

and Coinman 1998b). Intensive excavation at the site has revealed Late Upper 

Paleolithic, Early Epipaleolithic and Late Epipaleolithic deposits (Clark, et al. 1988; 

Coinman, et al. 1999; Olszewski, et al. 1990; Olszewski, Cooper, et al. 1998; Olszewski, 



 146 

et al. 1994). However, only the Early Epipaleolithic Nebekian deposits found in Area C 

of the rock shelter (dated to between 25,300 to 22,380 cal. BP) were sampled for this 

research. This context (area C and F) covered approximately 90m2. A total of 11 

sediment samples from Yutil al-Hasa were analyzed for this study (Table 5.1). Phytolith 

samples were taken from every natural level beginning with level 2.  

Wadi Madamagh 

Wadi Madamagh is a 50 m2 rock shelter located in the Wadi Musa region, north of 

Petra in Jordan. It dates to the Late Upper Paleolithic-Early Epipaleolithic transition (ca. 

25,300-22,800 cal. BP). During this period, the region was characterized by 

Mediterranean woodland. This paleoenvironmental interpretation is based on a remnant 

oak forest, today in close proximity to the site (Cordova 2007).  

Archaeological evidence indicates that Wadi Madamagh was repeatedly occupied, 

likely on a seasonal basis. The archaeological remains can be divided into two strata 

based on the stratigraphy and tool typology (Olszewski and al-Nahar 2011; Schyle and 

Uerpmann 1988). The lower layers date to the Late Upper Paleolithic, while the upper 

layers date to the Early Epipaleolithic. Consequently, Wadi Madamagh is of considerable 

importance for investigating the Paleolithic-Epipaleolithic transition (Schyle and 

Uerpmann 1988).  

Previously excavated by Kirkbride (1958) and Schyle (reported in Schyle and 

Uerpmann 1988), the most recent investigation of the site was conducted by Olszewski 

and al-Nahar (2011). Excavation was complicated by damage from sediment slump and 

erosion. Most of the upper deposits (Early Epipaleolithic) were missing. However, 

brecciated Early Epipaleolithic deposits adhering to the rock shelter wall and a small area 

in the north end of the rock shelter were still intact. Notably, a ground stone boulder 
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mortar was uncovered in these Early Epipaleolithic deposits (Olszewski and al-Nahar 

2011). Sediments from this mortar were analyzed for phytoliths. In the south area of the 

site a larger excavation block was set up. These deposits are Late Upper Paleolithic in 

origin.  The stratigraphy is complicated in this part of the site by a variety of 

superimposed contexts, including ash dumps and hearth areas (Olszewski and al-Nahar 

2011). This block has also been subject to rodent activity. However, identified 

disturbances were excavated and screened separately (Olszewski and al-Nahar 2011). A 

total of 11 sediment samples were analyzed for this study (Table 5.1). The site was 

excavated in arbitrary 3 cm levels within natural levels. Sediment samples were collected 

from each 3 cm level (Olszewski and al-Nahar 2011). Sediment samples were also taken 

from the brecciated deposits (breccia) adhering to the rock shelter wall (Olszewski and al-

Nahar 2011).  

Phytolith Methods  

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics before 

extracting the phytoliths. First, the sediment was sieved though a 0.25 mm mesh sieve to 

remove the coarse sediment fraction. A sub-sample of approximately 800mg was 

weighed and taken for analysis. The sample was treated with 30ml of 10% HCI to 

remove the carbonates. To disperse the clays, a solution of sodium hexametaphosphate 

(lab grade Calgon and distilled water) was added to the sample. The clays were removed 

from the sample by decanting after settling the fine sands and silts in an eight cm column 

of water for one hour. This process was repeated until the suspense was clear. Organic 

matter was removed by dry ashing the samples in a muffle furnace for 2 hours at 500 

degrees Celsius. The phytoliths were then extracted from the remaining fraction using 
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heavy density separation. A sodium polytungstate (SPT) solution (with distilled water) 

calibrated to 2.3 specific gravity was used to separate the phytoliths from the heavier 

minerals. The phytoliths were then poured off into a clean centrifuge tube, washed in 

distilled water, dried, weighed and then mounted in Entellan. The phytolith slides were 

counted at 400 x magnification using a transmitted-light microscope (Nikon Eclipse 

E200). A minimum of 300 single cells and 50 multi-cells (whenever possible) were 

counted on each slide. The results are expressed as number per gram of sediment. The 

absolute counts (number per gm sediment) for each phytolith type were calculated using a 

modified method outlined by Albert, et al. (1999); Albert and Weiner (2001); see Power, 

et al. (2014) for details. 

RESULTS AND DISCUSSION 

Phytolith Assemblage and Ecozone-types 

Phytoliths are microscopic silt-sized particles of opaline silica. They are formed 

when plants take up soluble silica from the ground water. The silica is then deposited in 

and around the intracellular and extracellular spaces, creating durable inorganic silica 

‘casts’ of the plants’ cells. This process is genetically and environmentally determined 

(Liu, et al. 2013; Madella, et al. 2009). Grasses, sedges and palms (monocotyledons) 

readily produce phytoliths, often distinctive to plant family, genus and more rarely, 

species. Woody trees and other herbaceous dicots also produce phytoliths, although far 

fewer and with more irregular forms (Albert, et al. 2000). Indeed, grasses produce 20 

times more phytoliths than dicot wood and 16 times more than dicot leaves (Albert and 

Weiner 2001).  

In grasses and other monocots, silica is deposited both passively and actively in 

the cells of the plant. As a result, phytoliths can form in individual cells, producing 
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single-cell phytoliths,  or as a suite of attached adjacent cells, producing multi-cell forms, 

also known as silica skeletons. By studying the anatomical orientation of these fossilized 

sections of plant tissue, it is possible to make identifications down to the plant genus or 

species level. Single cell monocot phytoliths are identified according to the ICPN 

classification system, where possible (Madella, et al. 2005).   

Two common monocot phytolith types, ‘psilate long cells’ and ‘rondel’-shaped 

short cells, dominate all of the samples. Psilate long cells are found in all grasses and 

sedges, and they have limited diagnostic utility, except as indicators of grass shoots rather 

than inflorescences. The dominance of ‘rondel’ short-cells however, is important for the 

reconstruction of the local environmental background. Rondels (generally from pooid 

grasses) are formed in C3 grasses, indicating a prevailing temperate climate. However, C3 

grasses tend to have higher moisture requirements than C4 grasses and the prevalence of 

C3 grasses appears to support suggestions that the LGM, while cool, may have been only 

mildly dryer than the climate in the region today (Weinstein-Evron 1993). While both 

cell types are important for discussing general trends in the assemblage, due to the sheer 

numbers of them, they obscure other patterns of plant-use. Accordingly, neither is used 

when trying to determine the ecozone-types exploited by Late Pleistocene hunter-

gatherers. 

To develop a picture of which ecozone-types were being exploited, the phytoliths 

are grouped in the following categories to identify wetland, steppe/parkland grasses, and 

woodland ecozone-types (Table 5.2, Figure 5.4). These categories do not necessarily 

conform to traditional vegetation zones, but rather provide a broad picture of plant-use 

categories. 
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Ecozone-type Phytolith Microfossils 

Wetland Cyperaceae ‘cones’ (Ollendorf 1992; 

Ollendorf, et al. 1987), ‘fan-shaped 

bulliforms’ (Keystone bulliforms) (cf. 

reeds), reed culm and leaf, Phragmites sp. 

culm and leaf (Ryan 2011) 

Woodland Sheet (platelet), honeycomb, coarse 

verrucate, polyhedron (Bozarth 1992), all 

irregular dicots 

Steppe/Parkland Grasses Dendritic long-cells, papillae, cereal straw 

(A. M. Rosen 1993), all husk multi-cells 

(Rosen 1992) 

 Table 5.2: Phytolith microfossils organized according to ecozone-type. 

Categorizing the phytolith types into ecozone-types is a simple and effective 

method of tracing larger patterns of plant-use. However, using these categories 

uncritically may instill a false sense of equivalence. Only those phytolith forms that can 

be assigned solely to one ecozone-type are employed. A range of other phytolith types 

that may be found in either wetland or parkland grasses are not utilized under this 

simplified classification. Consequently, the only phytoliths that can be definitively 

assigned to the steppe/parkland grasses ecozone-type are the husk or cereal straw 

phytoliths. The result may be the underrepresentation of this category. The wetland 

ecozone-type is made up of a range of profuse phytolith-producing monocots that are 

identifiable to family and/or genus (Cyperaceae and reed grasses, including Phragmites 

sp.). This category may be overrepresented, particularly in comparison to the woodland 

ecozone-type, which is made up of dicots that produce far fewer phytoliths. However, in 

the wetland-type category, certain Cyperaceae short-cells have been shown to not 
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Figure 5.4: Images of phytoliths recovered, organized by environment-type: 1. Wetland-type phytoliths, 1a. stacked ‘fan-

shaped bulliform’ (cf. reeds) (Kharaneh IV), 1b. sedge cones cf. Scirpus (Ohalo II), 1c. Phragmites culm (Ohalo 

II); 2. Woodland-type phytoliths, 2a. coarse verrucate (dicot leaf) (Kharaneh IV), 2b. platelet (dicot leaf) (Wadi 

Madamagh), 2c. scalloped (dicot leaf) (Kharaneh IV); 3. Parkland-type phytoliths, 3a. wild grass husk (Ohalo II), 

3b. cereal straw (Ohalo II); 3c. wild grass husk (Kharaneh IV). 
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preserve well, whereas dicot wood and bark phytoliths tend to be more taphonomically 

robust (Albert, et al. 2006).  

In spite of these concerns, the ecozone-type categorizations are useful because 

they effectively facilitate inter-site phytolith assemblage comparison. Perhaps most 

critically, this method of categorization provides a simplified characterization of the 

Ohalo II phytolith assemblage, which can then be compared to the other sites. Extensive 

macrobotanical investigation at Ohalo II has resulted in a long list of identified plant taxa 

that were utilized at this site. Accordingly, the phytolith assemblage at Ohalo II provides 

important contextualization for the representativeness of these categories. 

Phytolith Results 

The ecozone-type phytolith results illustrate clearly that wetland resources were 

consistently employed at all of the sites and were a particular focus in the lake and marsh 

settings that characterized Ohalo II and Kharaneh IV (Figure 5.5). High phytolith 

densities at Ohalo II and Kharaneh IV compared to Tor Sageer, Yutil al-Hasa and Wadi 

Madamagh, reflect the intense use of phytolith rich reed and Cyperaceae resources 

(Figure 5.6), but also indicate the intensity of occupation that could be sustained in these 

lake and marsh settings. However, the high ratio of woodland-type resources at Tor 

Sageer and Yutil al-Hasa is interpreted to represent the use of local riparian plants, and 

along with the consistent use of wetland-type plants, suggests that river-bank wetland 

resources were a focal point for hunter-gatherers in the Wadi al-Hasa sites. Wetland-type 

resources were also regularly employed at Wadi Madamagh, to an extent however, more 

similar to the Wadi al-Hasa sites. This may indicate that the wetland in proximity to Wadi 

Madamagh was more similar to the riparian wetland found in the Wadi al-Hasa. 

Woodland resources were also heavily employed at Wadi Madamagh. It is unclear if 
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Figure 5.5: Histogram comparing ecozone-type phytoliths. Absolute counts presented 

below, with percentages displayed above. 

these woody remains reflect riparian woody vegetation, or Mediterranean woodland 

vegetation, although no diagnostic Oak (Quercus sp.) leaf phytoliths were identified in 

the assemblage. The results provide direct botanical evidence that hunter-gatherers in the 

coarse-grained lake and marsh settings (Ohalo II and Kharaneh IV) exploited the 
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Figure 5.6: Histogram comparing Cyperaceae and reed phytoliths. Absolute counts 

presented below, with percentages displayed above. 

wetland-type resources to a greater extent than the hunter-gatherers in the fine-grained 

micro-mosaic riparian wetland settings (Tor Sageer, Yutil al-Hasa and Wadi Madamagh). 

This marked dissimilarity may indicate that very different adaptation strategies were 

being employed in the coarse versus the fine-grained wetland environments. The patterns 

of settlement at these sites support this interpretation. Ohalo II and Kharaneh IV display 

evidence for increasing sedentism with the construction of hut structures (Maher, Richter, 
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Macdonald, et al. 2012; Nadel, et al. 2004; Nadel and Werker 1999), whereas the Wadi 

al-Hasa sites and Wadi Madamagh were occupied as part of a more mobile strategy (with 

short-term and more long-term occupations), based on the repeated use of persistent sites 

(but see Olszewski and al-Nahar submitted for review).  

The coarse-grained structure of the marsh and lake wetland environments 

provided an expansive phytolittoral zone. This resource base could have served as a form 

of ‘natural storage’ (Lee 1968:12). At the sites of Ohalo II and Kharaneh IV, this reliable 

phytolittoral larder may have supported the dietary and craft/technological needs of the 

highly intense and increasingly sedentary occupation of these sites. Whereas in the Wadi 

al-Hasa and at Wadi Madamagh, the inhabitants were able to effectively and sustainably 

exploit the varied small-scale micro-mosaic environments provided by the riparian 

wetland, by maintaining their higher mobility to avoid exhausting their resource base. 

Use of high-ranked adult ungulates and large-bodied tortoises in the Wadi al-Hasa 

support this interpretation of a more mobile, light occupation strategy (Munro et al. 

2015). The repeated occupation of these sites over several millennia suggests this strategy 

was a successful and resilient adaptation in these environments.  

By categorizing the phytoliths into ecozone-type, it is also possible to discern 

broad evidence for how foragers used the unique local resource opportunities. At Wadi 

Madamagh, Tor Sageer and Yutil al-Hasa, the prevalence of woodland-type resources 

supplemented by wetland-type resources, suggests a reliance on local plant-foods and/or 

materials and implies characteristic ‘forager’ behavior (Binford 1980) which assumes 

people will travel to the resources (but see Olszewski and al-Nahar submitted for review); 

whereas, a different pattern appears at Ohalo II and Kharaneh IV. These sites have 

greater access to large-scale phytolittoral zones, and therefore a dependable natural food-

storage repository. This may have facilitated more sedentary adaptations, from which a 
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higher density and proportion of steppe/parkland grasses were employed to enhance and 

supplement the wetland resources. This may suggest increased use of regional resources 

and characteristic ‘collector’ behavior (Binford 1980) – bringing resources to base camps 

– was a corollary of employing a risk adverse, wetland-oriented adaptation. By tethering 

their sites to dependable resource-rich lake and marsh wetlands, the inhabitants at Ohalo 

II and Kharaneh IV may have allowed greater risk-taking strategies for other types of 

plant and animal exploitation beyond the wetland zones. 

Closer inspection of the dendritic phytoliths (from grass-seed husks) versus the 

long-cell psilates (from grass and sedge stems) reveals that small-seeded grass and wild 

cereal grains were being exploited to a greater extent at Ohalo II than Kharaneh IV 

(Figure 5.7). This phytolith evidence supports our suggestion that Late Pleistocene 

foraging decisions were shaped not only according to what resources the wetlands 

offered, but also by what was available in the surrounding steppe/parkland and woodland 

zone (sensu Madsen and Kelly 2008:85). The increased use of wild small-seeded grass 

and wild cereal grains likely reflects the more varied and mosaic ecology of the lake-

parkland ecozones at Ohalo II. Whereas, the comparatively conservative use of wild 

small-seeded grass and cereal resources at Kharaneh IV likely reflects the less varied and 

uniform ecology of the marsh-steppe/parkland ecozones. These patterns may also indicate 

that the contrast between the productive potential of the wetland, relative to the 

surrounding landscape (steppe/parkland), was greatest at Kharaneh IV. Consequently, the 

inhabitants of Kharaneh IV focused their activities towards the reliable wetland resources 

on offer, whereas the inhabitants at Ohalo II were more inclined to take calculated risks 

by foraging to a greater extent in the surrounding mosaic landscape.  
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Figure 5.7: Histogram comparing long-cell psilate (stem) and long-cell dendritic (husk) 

phytoliths. Absolute counts presented below, with percentages displayed 

above (scale 50%-100%). 

Wedded to Wetlands  

Hunter-gatherers tend to settle around important sessile resources, such as water 

and plant communities – and importantly, wetlands contain an abundance of both. While, 

different types of wetlands will have diverse characteristics and resource opportunities, 

wetlands generally tend to have high degrees of resource productivity, diversity and 



 158 

reliability relative to other settings. This contrast might be made even more evident 

during periods of increased aridity. Wetlands could have continued to support 

populations while the surrounding conditions worsened, creating a situation of local 

abundance in the context of regional scarcity (Nicholas 2013).  

Throughout the arid environmental conditions of the Late Pleistocene, wetland-

oriented adaptations were employed as a risk management strategy. Wetland, 

steppe/parkland and woodland zones formed an integrated resilient system of plant-use, 

with wetlands providing an especially important focal point.  By wedding their settlement 

and subsistence to the different wetland zones in the region, hunter-gatherers were able to 

develop resilient and persistent sites in the Wadi al-Hasa and Wadi Musa region, and 

more permanent and constructed sites (with earliest evidence of huts) by Lake Kineret or 

in the Azraq Basin (Maher, Richter, Macdonald, et al. 2012; Nadel and Werker 1999). 

Our study demonstrates clearly that Late Pleistocene peoples in the Eastern Levant used 

the diverse wetlands differently depending on the specific character of the wetland, and 

the nature of the non-wetland resources surrounding them. 

Future Work 

In order to clarify how hunter-gatherers employed plant resources during the Late 

Pleistocene, further work should focus on evaluating the extent to which wetland 

resources were utilized in the diet. Lines of inquiry currently ongoing include: 1) more 

focused microbotanical (phytolith and starch) analyses of site features (huts, hearths, 

dumps, pits); and 2) expanded starch analyses of ground stone artifacts at Ohalo II and 

Kharaneh IV. Further work should evaluate how ‘wetland form’ impacts hunter-gatherer 

adaptations in the Eastern Levant. Lines of inquiry currently ongoing include: 1) more in 

depth study of modern wetland comparative plant materials with the aim of refining 
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phytolith identifications; 2) investigating the use of saddle short-cell widths as a proxy-

indicator for local wetland conditions (aquatic, seasonal or more arid) (Liu, et al. 2013); 

and 3) more off-site phytolith analyses in combination with geoarchaeology to provide a 

more detailed picture of wetland form and environment.  

SUMMARY 

From the Late Upper Paleolithic through the Middle Epipaleolithic our evidence 

indicates that strategic exploitation of wetland, steppe/parkland and woodland ecozones 

formed an integrated resilient system of plant-use, with wetlands providing an especially 

important focal point. Using the phytolith evidence from Ohalo II as a relative benchmark 

for the other sites, we found that the phytolith assemblage at Kharaneh IV is the most 

similar. Ohalo II and Kharaneh IV were both situated next to ‘coarse-grained’ wetlands 

that may have hosted extensive phytolittoral storage larders, and the phytolith 

assemblages at both sites reflect this with high densities of wetland resources. Wadi 

Madamagh, Tor Sageer and Yutil al-Hasa, were situated in ‘fine-grained’ micro-mosaic 

riparian wetland settings that would not have had extensive phytolittoral larders. The 

phytolith assemblages at these sites reflect this clearly, with far lower densities of 

wetland resources and a greater emphasis on woodland resources, interpreted to represent 

the use of local riparian plants.  

Foraging decisions were shaped not only according to what resources the 

wetlands offered, but also in respect to what was, or was not available in the surrounding 

steppe/parkland and woodland zone (sensu Madsen and Kelly 2008:85). Our 

investigation supports this concept by revealing broad evidence for how foragers used the 

unique local ecological opportunities in the different regions. At Wadi Madamagh and the 

Wadi al-Hasa sites, subsistence activities were focused on the local riparian resources. At 



 160 

Ohalo II and Kharaneh IV, subsistence activities were tethered to the reliable lake and 

marsh wetlands. These resource bases provided a dependable natural food-storage 

repository and may have allowed greater risk-taking strategies for other types of plant and 

animal exploitation beyond the wetland zones. However, the phytolith evidence shows 

that small-seeded grass and wild cereal-grain resources were exploited to a greater extent 

at Ohalo II than Kharaneh IV. This trend in wild grass and cereal exploitation is thought 

to reflect the differing levels of ecological contrast at these sites, between the productive 

potential of the wetland, relative to the surrounding landscape. Foraging outside of the 

wetland was a riskier prospect for the inhabitants at Kharaneh IV, than it was for the 

inhabitants at Ohalo II.  
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Chapter 6: Sheltered by Reeds and Settled on Sedges: Construction and 

Use of a Twenty Thousand-Year-Old Hut According to Phytolith 

analysis from Ohalo II, Israel and Kharaneh IV, Jordan 

‘We shape our buildings and afterwards our buildings shape us’ – Winston Churchill 

Late Pleistocene hunter-gatherers lived in a world largely unrecognizable from 

our own. Yet, we have inherited the consequences of a constructed environment rooted in 

the legacy of Epipaleolithic (ca. 23-11.5 ka cal. BP) innovation, including some of the 

earliest domestic architecture (Goring-Morris and Belfer-Cohen 2008). Earlier 

Epipaleolithic (Early and Middle, ca. 23-14.5 ka cal. BP) structures are conceived 

generally as being flimsy, perishable short-term builds or ‘huts’, compared to the durable 

stone architecture or ‘homes’ of the Late Epipaleolithic or Natufian period (Late, 14.5-

11.5 ka cal. BP) (Maher, Richter, Macdonald, et al. 2012; Valla 1995). However, the 

relative ephemeral nature of Early and Middle Epipaleolithic structures does not reflect 

the permanence of their occupation or their long-term use (Nadel 2003a). Indeed, two 

sites (Ohalo II and Kharaneh IV) from this period contain evidence for repeated long-

term occupation (Maher, Richter, Macdonald, et al. 2012). However, little evidence of the 

organic hut construction or perishable interior furnishings has survived at Kharaneh IV 

because of the poor botanical preservation from this period. The site of Ohalo II on the 

Sea of Galilee, Israel, is an unique exception (Nadel 2003a).  

This paper employs phytolith analysis to reveal how Early Epipaleolithic people 

at the site of Kharaneh IV in the Azraq Basin used local plant resources to construct their 

huts, and consider how they structured their indoor space. Phytoliths are microscopic silt 

sized silica particles. They are formed when plants take up soluble silica from ground 

water. The silica is then deposited in and around the intracellular and extracellular spaces, 

creating durable inorganic silica ‘casts’ of the plants’ cells. Framing this new phytolith 



162 

evidence with ethnographic evidence from the Great Basin and macrobotanical and 

microbotanical evidence from Ohalo II provides a new perspective on Late Pleistocene 

domestic architecture. 

Figure 6.1: Map of the Azraq Basin and the location of Kharaneh IV, with map of the 

Levant inset. 

Kharaneh IV is the largest Late Pleistocene site in the Levant (Figure 6.1). Three 

identified hut structures at Kharaneh IV are the earliest of their kind identified in the 

Eastern Levant (Maher and Macdonald 2013; Maher, Richter, Macdonald, et al. 2012). 

Researchers suggest that the wetland/marsh environment in the Azraq Basin during the 

Late Pleistocene facilitated increasingly sedentary adaptations and the development of 

large aggregation sites such as Kharaneh IV (Garrard and Byrd 2013; Jones and Richter 
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2011; Richter, et al. 2013). Indeed, wetlands are being increasingly recognized as a 

central focus for Levantine hunter-gatherer settlement and subsistence (Jones and Richter 

2011; Olszewski 2000; Olszewski and Coinman 1998b; Ramsey and Rosen 2014; 

Richter, et al. 2013; Rosen 2012a, 2013). Yet, the use of wetland resources in hut 

construction has received little consideration. Instead, emphasis has been placed on brush 

hut construction, guided by ethnographic analogy to dryland hunter-gatherers in the 

African Kalahari Desert (Yellen 1976) and the Central Australian Desert (Spencer and 

Gillen 1998 [1898]).  

In the Eastern Levant, particularly in the Azraq Basin, I suggest that analogs 

based on hunter-gatherers who focused on wetland/marsh environments and adaptations 

may provide additional insights, and therefore, I also draw on ethnographic analogy from 

the American Great Basin, with an emphasis on Northern Paiute ‘tule technology’ 

(Fowler 1990b). Tule technology refers to the technological use of tules (sedges, reeds 

and cattails), a hallmark of Great Basin material culture (Fowler 1990b).  

Structure 1 from Kharaneh IV provides samples for this preliminary analysis. The 

structure dates between 19.2-18.8 ka cal. BP (Maher, Richter, Macdonald, et al. 2012). 

By comparing the superstructure and floor contexts, I investigate what types of perishable 

plant materials were employed in the hut construction, while a fine-grained horizontal 

sampling strategy provides a unique opportunity to consider the use of domestic space 

and identify activity areas (see  Rosen 2003; Ryan 2011; Sullivan and Kealhofer 2004). 

Admittedly, the horizontal sample coverage of the floor deposits in this study is 

incomplete. The main concern of this paper is to test the merit of conducting a more 

comprehensive microbotanical spatial analysis of this early structure. Lastly, I will 

consider the broader impacts and feedbacks associated with the construction of hut 

structures in the Azraq Basin, on the ecological and social landscape.  
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DOMESTIC ARCHITECTURE IN THE LEVANT DURING THE LATE PLEISTOCENE 

The remains of hut structures are rare in the Late Pleistocene (Nadel and Werker 

1999). However, huts or shelters have been identified at several early sites in the Levant. 

These sites include Ein Gev I, Azariq XIII, Jiita II, and Ohalo II in the Western Levant, 

and Kharaneh IV and Jilat 6 in the Eastern Levant (Garrard and Byrd 2013; Goring-

Morris and Belfer-Cohen 2003; Maher, Richter, Macdonald, et al. 2012; Melki 2004; 

Nadel and Werker 1999; Stekelis and Bar-Yosef 1965). Besides Kharaneh IV and Ohalo 

II, evidence of dwelling structures from this early period is limited to partially preserved 

floors and post-holes (Goring-Morris and Belfer-Cohen 2008).   

Botanical Evidence of Architecture at Ohalo II 

Ohalo II located on the Sea of Galilee, Israel, has unparalleled organic 

preservation and has been the focus of several comprehensive macrobotanical analyses 

(Nadel, et al. 2004; Nadel and Werker 1999; Snir, et al. 2015; Weiss, et al. 2008). The 

exceptional organic preservation at Ohalo II is the result of two successive events, 

charring by fire before site abandonment, followed by inundation by rising water levels 

and lake sediments (Weiss, et al. 2011). Four of the six huts were fully excavated and two 

were sampled comprehensively. Hut 1, the largest and best preserved, featured three 

major components, a hearth, specific working locales, and a sleeping area (Nadel, et al. 

2004). 

The base of Hut 1 is constructed of thick fragments (up to 5 cm in diameter) of 

tamarisk (Tamarix), willow (Salix), oak (Quercus ithaburensis), and smaller elements of 

a variety of species, including orach/seidlitzia (Atriplex/Seidlitzia) and mesquite 

(Prosopis), as well as unidentified leaves and grasses (Nadel, et al. 2004; Snir, et al. 

2015). In addition, the remains of tens of thousands of seepweed (Suaeda 
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palaestina/fruticosa) seeds were recovered in the huts, remains which are thought to 

originate from branches that formed the hut walls (Nadel and Werker 1999).  

Hut floors represent the continuous accumulation of debris within the structure. 

Floor cleaning was infrequent and may not have occurred at all (Nadel 2003a). Grass 

bedding consisting of Puccinellia convoluta bundles were recovered in Hut 1, at the 

bottom of floor III (Nadel, et al. 2004; Tsatskin and Nadel 2003). The macrobotanical 

preservation of delicate grasses is extremely unique. It is possible that when the hut 

superstructure was burned on abandonment, the collapsed hut remains served to deprive 

the fire of oxygen, therein helping to protect the deposits below (Ramsey 2015b).  

With evidence for the use of a variety of plant species in the construction of the 

hut and no evidence for central poles, these huts are best described as brush huts or fond 

de cabanes (Goring-Morris and Belfer-Cohen 2003; Goring-Morris and Belfer-Cohen 

2008). This interpretation is also drawn critically from ethnographic evidence of the 

!Kung in the Kalahari (Yellen 1976) and Aborigines in Central Australia (Spencer and 

Gillen 1998 [1898]). Due to the excellent botanical preservation of the hut construction 

materials at Ohalo II, these remains are utilized to characterize structures in other sites 

where there is poor botanical preservation (Goring-Morris and Belfer-Cohen 2008). 

Accordingly, Late Pleistocene dwelling structures are understood to be semi-subterranean 

(ca. 20-40 cm deep), kidney-shaped or oval in outline, between 3-5m in diameter, with 

internal floor spaces not exceeding 12 m2 (Goring-Morris and Belfer-Cohen 2008).   

While, Ohalo II benefits from excellent preservation, it suffers from botanical 

preservation biases. This means the remains that persist in the archaeological record were 

first subject to, and most importantly, survived charring. Accordingly, the macrobotanical 

remains provide good evidence for the more robust structural elements (branches and 

twigs), but arguably, more limited/haphazard evidence of delicate plant parts (monocot 
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leaves and stems). Phytolith analysis of these early structures will help address the bias in 

the botanical assemblage, providing evidence of delicate botanical construction and 

furnishing. 

Phytolith Evidence from Hut 1 (Loc. 1) at Ohalo II 

Recent phytolith analysis of sediments from Hut 1 (Loci 1) at Ohalo II have tried 

to address this bias, and in so doing have demonstrated the importance of wetland plant 

resources, particularly reeds and sedges, to the construction and/or ‘furnishing’ of Hut 1 

(Ramsey 2015b; Ramsey and Rosen manuscript submitted for publication.; Ramsey, et al. 

in prep).  In particular, ten phytolith samples from floor III, and one sample from below 

floor III of Hut 1 feature large amounts of reed phytoliths, and a general high proportion 

of wetland-type taxa (Ramsey and Rosen manuscript submitted for publication.), 

including sedges (Table 6.1, Figure 6.2). Reed culms and leaves in  

Sample ID Interpretation Sample Provenience 

OH.14.8 Hut, floor III Loc. 1, D80d, -212.5 

OH.14.12 Hut, floor III Loc. 1, E78d, -212.5 

OH.14.15 Hut, floor III Loc. 1, D81b, NW*, -212.44 

OH.14.17 Hut, floor III Loc. 1, D81b NE*, -212.44  

OH.14.18 Hut, floor III Loc. 1, D81b SW*, -212.44 

OH.14.40 Hut, floor III Loc. 1, E80b, -212.45-50 

OH.14.45 Hut, floor III, grass bedding layer Loc. 1, F79d, -212.51-.54 

OH.14.46 Hut, floor III, grass bedding layer Loc. 1, F79b, -212.49 

OH.14.48 Hut, floor III, grass bedding layer Loc. 1, F79b, -212.49-51 

OH.14.49 Hut, floor III, bedding layer Loc. 1, D80d SW*, -212.45 

OH.14.5 Hut, below floor III Loc. 1, D81b, -212.5 

* Point samples taken from curated sediment blocks. All other samples were taken from

previously collected bulk sediment samples. 

Table 6.1: Ohalo II, Hut 1 Phytolith Sample List. 
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Figure 6.2: Ohalo II, Hut 1 (loci 1), comparison of Cyperaceae (sedge) and reed 

phytoliths (top), comparison of ecozone-type phytoliths (bottom) (see 

Chapter 5 regarding ecozone-type).  

particular, may have been a significant component in the structure, and reed leaves and 

sedges may also have been employed as thatching and/or loose floor covering and 

bedding in the hut. This evidence demonstrates that wetland plant resources, such as 

reeds and sedges featured more prominently in Early Epipaleolithic hut construction than 

macrobotanical remains alone suggest.  

KHARANEH IV 

At 21,000 m2 in area and ~1.5 m in depth, Kharaneh IV is notable for its 

phenomenal size. Kharaneh IV is one of several large Early-Middle Epipaleolithic 

aggregation sites (including Jilat 6) in the Azraq Basin (Garrard and Byrd 1992; Richter, 
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et al. 2013). The site was situated on the periphery of a large wetland/marsh, surrounded 

by semi-arid steppe/parkland (Garrard, Baird, Colledge, et al. 1994; Garrard, et al. 1987; 

see Hunt in Garrard and Byrd 2013; Jones and Richter 2011; Montague, et al. 1988). The 

Azraq wetland is fed by several springs, which are filled by surface runoff and 

groundwater (Jones and Richter 2011). A low discharge-to-replenishment ratio means 

that the springs provide a secure supply of water, even under arid conditions (Jones and 

Richter 2011; Macumber 2001). Consequently, the wetland would have been a reliable 

resource rich environment relative to the surrounding arid-steppe/parkland (see Hillman, 

Madeyska, et al. 1989), particularly during arid periods. This characteristic of the Azraq 

Basin has attracted human groups to the region since the Lower Palaeolithic (Copeland 

and Hours 1989; Cordova, et al. 2013; Rollefson 1983b; Rollefson, et al. 1997). 

In addition to the earliest documented hut structures in Jordan (Maher 2011; 

Maher and Macdonald 2013; Maher, Richter, Macdonald, et al. 2012), Kharaneh IV 

features a subfloor burial, worked bone objects, a ground stone assemblage and marine 

shell beads (Richter, Garrard, Allcock, et al. 2011; Richter, et al. 2013). These material 

remains provide evidence of increasing sedentism, the use of complex trade networks, 

sophisticated food processing, personal adornment practices and possibly ritual behavior.   

The Early Epipaleolithic occupation of the site includes the three hut structures, 

and is characterized by several overlapping and superimposed occupational surfaces and 

a number of hearths and ash pits, with complex deposits (Maher and Macdonald 2013). 

The occupation surfaces are at times ephemeral (~2-3 cm thick). However, the remains 

are largely in situ and continuous, with a high density of artifacts (including several small 

caches of blades, bladelets, ochre and pierced shell) and faunal remains (Maher, et al. 

2009; Maher, et al. 2010).  
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During the 2010 field season two huts were uncovered (Maher, et al. 2010). 

Evidence for a third structure was found during the 2013 season (Maher and Macdonald 

2013). This third feature appears to crosscut structure 1. Future excavations are planned 

to investigate these deposits and establish the hut boundaries (Maher and Macdonald 

2013).  

Structure 1 

Structure 1 contains superstructure and fill/floor deposits. All of the hut deposits 

were rich in cultural material (lithics, faunal, ochre, pierced shell), suggesting that, like 

Ohalo II, floor cleaning was infrequent, or possibly not practiced (Maher and Macdonald 

2013; Nadel 2003a). The hut is semi-subterranean (ca. 40 cm deep) and kidney-shaped in 

outline, measuring ~2.5 m (E/W) by ~5 m (N/S). In the north east of the hut are the 

remnants of a potential hearth (L.268). In the north west section of the hut a piece of 

ground stone was recovered, associated with a concentration of unmodified rocks of a 

similar size. Another rock concentration was recovered in the south west section of the 

hut (Maher and Macdonald 2013). The superstructure deposits all tend to have high 

organic and charcoal concentrations, while the floor deposits all contain a high density of 

artifacts (Maher and Macdonald 2013) (Table 6.2, Figure 6.3). 

Loci Interpretation Description 

220 Superstructure Dark brown/black, loose, powdery sediment.  

254 Superstructure Compact reddish sediment patch with average density 

of finds. Differential burning of superstructure (mottled 

deposit within 220). 

257, 

271, 

256 

Superstructure Compact grey/brown sediment patch with average 

density of finds. Differential burning of superstructure 

(overlies 232).  

Table 6.2: Continued Next Page.
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232 Floor Dark reddish/brown loose sediment. Very frequent 

density of artifacts. 

258 Floor Compact dark orange/brown sediment with very 

frequent density of artifacts.  

270 Floor Compact orange sediment with very frequent density of 

artifacts.  

261 Floor Compact light, buff-colored clayey sediment with very 

frequent density of artifacts.  

268 Hearth Charred compact sediment with average density of 

artifacts. May represent the remnants of a hearth 

(overlies 261). 

Table 6.2: Structure 1 Deposit Descriptions (Maher and Macdonald 2013). 

Figure 6.3: Profile of Structure 1 (image base provided courtesy of the Epipaleolithic 

Foragers in Azraq Project). 

METHODS 

Excavation and Sampling 

A total of 45 sediment samples were analyzed for this study (Table 6.3). The 

samples were taken from the hut deposits (Structure 1), including superstructure and floor 

contexts. Excavations were conducted on a 1 x 1 m grid. However, these squares were 
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further divided into 25 cm x 25 cm sub-quadrants. The structure was excavated by 

cultural layers, which ranged from between 1 cm and 4 cm thick. Artifacts located on the 

surface of each context were recorded individually. Phytolith samples were taken from 

every context and every sub-quadrant. The samples analyzed in this paper represent only 

a fraction of the available material. Samples for this preliminary analysis were selected 

arbitrarily, with the aim of providing a general vertical and horizontal coverage of the hut 

and to investigate whether or not hut construction and use patterns might be identified. 

The phytolith samples for this analysis were taken during the 2013 excavation season.  

Loci Interpretation Sample ID Provenience 

220 Superstructure KH.14.1 AZ73.55.I 

KH.14.2 AZ74.55.O 

KH.14.3 AZ73.55.N 

KH.14.4 AY74.55.D 

KH.14.5 AY74.55.L 

KH.14.6 AY75.55.M 

KH.14.7 AY75.55.I 

KH.14.8 AX75.55.P 

KH.14.9 AX75.55.A 

254 Superstructure KH.14.10 AX75.22.G 

KH.14.11 AX75.22.L 

KH.14.12 AY74.57.C 

257, 

271, 

256 

Superstructure KH.14.13 AY74.56.M 

KH.14.14 AW74.72.H 

KH.14.16 AX74.61K 

232 Floor KH.14.17 AY75.60.M 

KH.14.18 AZ74.60.P 

KH.14.19 AY73.60.F 

KH.14.20 AY73.60.H 

KH.14.21 AZ74.60.L 

KH.14.22 AX74.60.K 

KH.14.23 AY74.60.J 

KH.14.24 AX75.60.L 

KH.14.25 AX75.60.F 

KH.14.26 AW74.60.K 

Table 6.3: Continued Next Page.
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258 Floor KH.14.36 AX74.61.I 

KH.14.37 AX74.61.O 

KH.14.38 AX74.61.F 

KH.14.39 AY74.61.J 

KH.14.40 AZ74.61.O 

KH.14.41 AY73.61.H 

KH.14.43 AZ73.61.N 

270 Floor KH.14.27 AZ73.71.I 

KH.14.28 AZ73.71.F 

KH.14.29 AZ74.71.P 

KH.14.30 AY73.71.G 

KH.14.31 AX74.71.F 

KH.14.32 AY73.71.A 

KH.14.33 AX74.71.E 

KH.14.34 AY74.71.N 

KH.14.35 AY74.71.H 

261 Floor KH.14.46 AZ74.66.P 

KH.14.47 AZ74.66.L 

KH.14.48 AY74.66.D 

268 Hearth KH.14.45 AZ74.68.K 

Table 6.3: Structure 1 Phytolith Sample List. 

Phytolith Methods 

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics, before 

extracting the phytoliths. First, the sediment was sieved though a 0.25 mm mesh to 

remove the coarse sediment fraction. A sample of approximately 800 mg was taken for 

analysis. The sample was treated with 30 ml of 10% HCI to remove the carbonates. To 

disperse the clays, a sodium hexametaphosphate solution (lab grade Calgon and distilled 

water) was added to the sample. The clays were removed from the sample by decanting 

after settling the fine sands and silts. This process was repeated until the suspense was 

clear. Organic matter was removed by dry ashing the samples in a muffle furnace for two 

hours at 500 degrees Celsius. The phytoliths were then extracted from the remaining 

fraction using density separation. A sodium polytungstate (SPT) solution (with distilled 

water) calibrated to 2.3 specific gravity was used to separate the phytoliths from the 
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heavier minerals. The phytoliths were then poured off, cleaned, weighed and the mounted 

in Entellan.  

The phytolith slides were counted at 400x magnification using a transmitted-light 

microscope. A minimum of 300 single cells and 50 multi cells were counted on each 

slide. The results are expressed as number per gram of sediment. The absolute counts for 

each phytolith type was calculated using a modified method outlined by Albert, et al. 

(1999); Albert and Weiner (2001); see Power, et al. (2014) for details.  

Grasses, sedges and palms (monocotyledons) readily produce phytoliths, often 

distinctive to plant family, genus and more rarely, species. Woody trees and other 

herbaceous dicots also produce phytoliths, although far fewer and with more irregular 

forms (Albert, et al. 2000).  

In grasses and other monocots, silica is deposited actively in the cells of the plant. 

As a result, phytoliths can form in individual cells, producing single-cell phytoliths; or as 

a suite of attached adjacent cells, producing multi-cell forms, also known as silica 

skeletons. By studying the anatomical orientation of these fossilized sections of plant 

tissue, it is possible to make identifications down to the plant genus or species level. 

Single cell monocot phytoliths are identified according to the ICPN classification system, 

where possible (Madella, et al. 2005).   

RESULTS AND DISCUSSION 

Phytolith Results 

The phytoliths in the Structure 1 appear to be well preserved, with the presence of 

delicate morphotypes such as hairs, and some large multi-cells, suggesting favorable 

preservational conditions. The phytolith assemblage contains single-cell and multi-cell 

phytolith morphotypes for several plant types and parts. Key morphotypes employed in 
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this analysis include: monocot leaves and stems, indicated by single-cell and multi-cell 

psilate long cells; a variety of grass husks, indicated by dendritic long cells, both single-

cell and multi-cell (Rosen 1992). Other important identified taxa include, pooid grasses, 

indicated by rondel phytoliths, chloridoid grasses, indicated by saddles, and panicoid 

grasses, indicated by bilobes, quadralobes (crosses) and polylobes (Twiss, et al. 1969). 

Single-cell and multi-cell keystone bulliforms compare favorably with reeds (Ryan 2009, 

2013). Phragmites sp. leaves and stems, are indicated by characteristic multi-cell forms 

(Ryan 2009, 2013). Cyperaceae (sedges), are indicated by single-cell and multi-cell cone 

morphotypes, and long cell and rod multi-cell forms (Ollendorf 1992; Ollendorf, et al. 

1987). The sedge cone assemblage contains a promising variety of cone forms. 

Preparation of a regional wetland comparative plant collection is currently ongoing and 

may provide finer grained identifications in the near future. Dicot taxa are indicated by 

sheets, honeycomb and other irregular single-cell and multi-cell forms.  

The phytolith results are discussed first by comparing the phytoliths from the 

superstructure and the floor deposits to investigate what kinds of plant materials were 

used to construct Structure 1. The phytolith densities from the floor deposits are then 

arranged on a hut plan view map to identify key activity areas. These activity areas are 

investigated with the aim of determining how the Early Epipaleolithic inhabitants divided 

space and used the interior of the hut.   

Hut Construction According to Phytolith Evidence from Kharaneh IV 

The phytolith evidence demonstrates that the superstructure deposits tend to have 

a slightly lower phytolith density than the floor deposits (Figure 6.4). Yet, the 

superstructure deposits contained more visible charcoal than the floor deposits, 

emphasizing that visible charcoal is not necessarily a good indicator of phytolith density. 
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The presence of pooid, panicoid and chloridoid grasses demonstrates the use of grass 

resources in both the superstructure and floor deposits (Figure 6.5). Notably, there does 

appear to be a slight increase in the absolute count of the grass morphotypes in the floor 

deposits. Moreover, by comparing the reed and sedge morphotypes, it is apparent that the 
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Figure 6.4: Histogram illustrating the total count of phytoliths from Structure 1.  

sedges make up a much greater component of the floor deposits than the superstructure 

deposits (Figure 6.6). These patterns suggest that grasses and sedges may have been 

placed on the hut floor as a loose floor covering, or even matting or bedding, similar to 

Ohalo II (Nadel, et al. 2004). Although at Ohalo II, unlike Kharaneh IV, phytolith 

evidence suggests that grasses and reeds were employed to a greater degree than sedges 

(Figure 6.2).  

The use of plant materials to increase the comfort of the hut interior may help 

explain the high concentration of cultural material incorporated in the floor deposits. If 

the hut floors were covered with a loose layer of soft plant materials, including grasses 
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Figure 6.5: Histogram comparing the pooid, chloridoid and panicoid grasses from 

Structure 1.  

and sedges, the accumulation of debris from indoor activities may have been simply 

‘swept under the rug’. A similar phenomenon was noted by Binford (1987) during his 

time with the Nunamiut. He describes the willow floors in the Nunamiut structures as an 

‘artifact trap’ and a structural barrier for sweeping indoors. It is clear that the hut at 

Kharaneh IV was not swept clean daily (see O'Connell, et al. 1991 on the Hadza), but 

rather, accumulated large quantities of cultural and plant materials.   
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Figure 6.6: Histogram comparing the reed and sedge (Cyperaceae) phytoliths from 

Structure 1.  

As previously noted, the phytolith evidence demonstrates that the hut 

superstructure was composed of a variety of plant materials, including grasses, sedges 

and reeds (Figures 6.4, 6.5 and 6.6). Diagnostic Phragmites sp. culm and leaf multi-cells 
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Figure 6.7: Histogram comparing Phragmites sp. culm and leaf phytoliths from 

Structure 1.  

appear to be concentrated in the superstructure deposits compared to the floor deposits 

(Figure 6.7), suggesting that Phragmites sp. were also a component of the superstructure. 

While the evidence demonstrates that the inhabitants at Kharaneh IV utilized monocot 

resources, including grasses and wetland reeds and sedges in the construction and 

furnishing of Structure 1, dicot resources also were utilized (Figure 6.8). Combining all 

of the monocot phytoliths and comparing their density to the dicot phytoliths, indicates 

that both monocot and dicot resources feature prominently in the hut superstructure and 

floor deposits (Figure 6.8). This interpretation is based on the fact that monocots tend to 

produce far more phytoliths than dicots, so while the dicot densities are far less, they may 

in fact represent a much larger proportion of the actual plant materials utilized.  

In sum, the phytolith evidence suggests that Structure 1 was constructed from a 

variety of plant species. The superstructure, like that from Ohalo II, was likely composed 

of a woody dicot frame, and covered with a variety of shrubby herbaceous dicots. This 
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Figure 6.8: Histogram comparing the monocot and dicot phytoliths from Structure 1.  

interpretation fits the pattern described for other huts from this period (Goring-Morris and 

Belfer-Cohen 2003; Goring-Morris and Belfer-Cohen 2008). However, phytolith analysis 

demonstrates that a great variety of grasses and wetland reeds and sedges were used in 

the construction at Kharaneh IV and Ohalo II, likely as thatching to cover the dicot frame, 

although Phragmites sp. culms may also have been used to frame the structure. 

Moreover, the phytolith evidence also indicates that the floors of Structure 1 (Kharaneh 

IV) were covered in a layer of soft vegetation, which included grasses and sedges. This 

vegetation may represent purposeful floor covering and furnishing of the hut interior, 

perhaps even formal matting and bedding. These findings demonstrate the important 

contribution that phytolith analysis can make. At most Pleistocene sites, phytolith 

evidence is the only source of evidence for such delicate plant remains. The distribution 

of phytoliths on the floor of Structure 1 will now be considered in greater detail.  
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Hut Use and Activity Areas According to Phytolith Evidence at Kharaneh IV 

In this section I query the preliminary data set to determine whether or not there is 

phytolith evidence for distinct activity areas. However, because of the relatively limited 

horizontal coverage of the hut floor contexts in this study, I have collapsed all of the floor 

loci, considering the phytolith densities across these different floor contexts collectively. 

The floor deposits in Structure 1 are uninterrupted, which suggests that their formation 

represent a gradual accumulation, rather than distinct occupation events. This 

interpretation is further supported by the preliminary phytolith data. By plotting the total 

phytolith densities from the floor contexts on a plan view map of Structure 1, it is 

possible to discern three general activity zones (Figure 6.9). These activity areas appear 

to be consistent vertically through the floor contexts, suggesting a similar use of space 

throughout the hut’s tenancy.  

The samples are divided into five categories based on their phytolith density 

(Figure 6.10). These categories are represented by a color, ranging from green (lower 

density) to red (higher density). The highest phytolith densities are concentrated in 

activity area 1, in the northwest section of the structure. Activity area 2 is focused around 

the hearth remnants in the northeast section of the hut. It features a generally lower 

phytolith density, with some higher density concentrations. The southern half of the hut is 

also characterized by a generally low phytolith density compared to activity area 1, and is 

classed currently as the third activity area (Figure 6.9 and 6.10).  

Activity area 1 is associated with the only identified ground stone artifact in the 

structure and is in close proximity to the hearth. The presence of the ground stone artifact 

suggests that this area of the hut was associated with food processing activities. 

Supporting this, activity area 1 does contain the sample with the highest density and 
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Figure 6.9: Histogram illustrating the total phytolith counts by activity area.  

proportion of dendritic (husk) phytoliths (KH.14.43) (Figure 6.11). However, the density 

of grass husks is otherwise very low and inconsistent in this area of the hut. The samples 

from the immediate vicinity of the hearth (activity area 2) have a low phytolith density, 

although the proportion of husk to long-cell psilate phytoliths in some of the samples, 

particularly the hearth sample (KH.14.45), is comparatively high.  

Activity area 3 in contrast, has a much more consistent density of husk phytoliths, 

while still admittedly low (Figure 6.11), as well as a similarly consistent density of wild 

grass husk multi-cells (Figure 6.12). Notably, while dendritic long-cells and psilate long-

cells are only moderately correlated (0.59), wild husk multi-cells and psilate long-cells 

are strongly positively correlated (0.97) in activity area 3. This is important, particularly  

in comparison to the decidedly negative correlation between dendritic long-cells and 
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Figure 6.10: Plan view of Structure 1 illustrating the density of phytoliths from each 

sampled floor deposit subsquare (image base provided courtesy of the 

Epipaleolithic Foragers in Azraq Project). 
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Figure 6.11: Histogram comparing the psilate long-cell and dendritic long-cell phytoliths 

by activity area.  

psilate long-cells in activity area 1 (-0.10) and activity area 2 (-0.21), suggesting that the 

grass husks in the southern section of the hut (activity area 3) were introduced to the site 

with the stem and leaf parts, perhaps as part of the matting or bedding. In activity area 1 

and 2, the strongly negative correlation suggests that the wild grass husk and stem/leaf 

parts had different routes of entry (Harvey and Fuller 2005), and may indicate that the 

husks were being brought into the hut as part of some kind of food processing 
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Figure 6.12: Histogram of wild grass husk phytoliths by activity area.  

activity. Overall, the evidence as it stands does lend some support to the interpretation of 

wild grass husk processing occurring in the northern half of the hut, although future 

analysis may clarify this interpretation. 

Another possible indicator of food processing in activity area 1 is the 

comparatively high concentration of sedge phytoliths (Figure 6.13). Notably, some of the 

sedge cones compare favorably with nut grass (Cyperus rotundus) (Figure 6.14). Nut 

grass tubers were an important carbohydrate staple for many recent and prehistoric 

hunter-gatherers (Buckley, et al. 2014; Hillman, Madeyska, et al. 1989; Latz 1995; 

Vincent 1985), and perhaps even earlier Pliocene hominins (Wrangham, et al. 2009). 

However, the sedge phytolith concentration may simply reflect their use as matting or 

bedding. This interpretation finds support due to the areas close proximity to the hearth 

(see Yellen 1977:143).  Future starch and phytolith analysis will clarify this pattern.  

Activity area 2 notably contains the only two floor samples where the 

concentration of reed phytoliths is greater than sedge phytoliths (KH.14.45 and 

KH.14.18) (Figure 12). Sample KH.14.45 is from the hearth (L.268) and the other sample 
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Figure 6.13: Histogram comparing sedges (Cyperaceae) and reed phytoliths by activity 

area.  

is in close proximity. This may tentatively indicate a preference towards the use of reeds 

for fuel, rather than sedges. Although, this suggestion requires caution, as only keystone 

bulliforms (cf. reeds) were identified in the hearth sample, and neither Phragmites sp. 

culm nor leaf multi-cells were identified. Interestingly, besides one sample (KH.14.40), 

which has a relatively high phytolith density, the samples in this area tend to have the 

lowest phytolith densities in the structure. This is particularly clear with the sedge and 

reed phytoliths (Figure 6.12) and may reflect periodic cleaning and ash removal from the 

hearth deposit. It is also possible that the area immediately surrounding the hearth was 

kept relatively free of flammable vegetative matting or bedding, as this could have been a 

fire hazard.  

Phragmites sp. culm and in particular leaf phytoliths, appear to be concentrated in 

the southwest section of the hut, in activity area 3 (Figure 6.15). It is possible that the 

recovery of these diagnostic multi-cell forms in the southwest section of the hut reflects 
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Figure 6.14: Image of sedge cone from Kharaneh IV (top) and Cyperus rotundus 

(comparative material) (bottom). 
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Figure 6.15: Histogram comparing Phragmites sp. culm and leaf phytoliths by activity 

area.  

some kind of low traffic activities, including a sleeping area or storage area, because of 

the association with Phragmites sp., a craft manufacturing activity. Yet, these 

interpretations are tentative and require a more complete spatial analysis to trace out and 

isolate the phytolith patterns.  

Based on this preliminary study of Structure 1’s floor deposits, it is clear that 

phytolith analysis can provide evidence that facilitates the identification of activity areas 

and the use of space in Pleistocene hut structures. While more complete spatial coverage 

of the floor deposits is necessary, at this point it is possible to make several preliminary 

interpretations that may help guide further analysis. Firstly, the phytolith evidence from 

activity area 1, including the general association of the groundstone with both wild grass 

husk and sedge phytoliths, possibly even the starchy food staple nut grass (Cyperus 

rotundus), suggests that this area may have been used as a central activity hub for plant 

food processing. However, the high sedge and grass concentrations may also represent 

the remains of a sleeping area. Secondly, the high proportion of dendritic (husk) to psilate 

long-cells (leaf/stem) phytoliths in the hearth (KH.14.45) suggest that activity area 2 may 

have been employed for food processing and may actually be part of activity area 1. 



 189 

Moreover, the comparatively low phytolith densities in this area tentatively suggest that 

this hearth area may have been cleaned out regularly. Lastly, the Phragmites sp. culm and 

leaf multi-cell evidence from activity area 3, tentatively suggest this area may have been 

employed in some lower traffic activities, perhaps a sleeping area, storage area or craft 

manufacturing area; but, further investigation is required.   

Additional Insights from the Great Basin: Tule Architecture  

The phytolith evidence from Structure 1 demonstrates that the Early 

Epipaleolithic inhabitants at Kharaneh IV built their homes from a variety of local plant 

resources. In line with Ohalo II, the only other example of hut construction during this 

period in the Levant with direct botanical evidence (Nadel, et al. 2004; Nadel and Werker 

1999; Ramsey 2015b; Ramsey and Rosen manuscript submitted for publication.; Ramsey, 

et al. in prep), the phytolith analysis indicates that at Kharaneh IV, woody and shrubby 

dicots were used, likely to construct a frame. Phytolith evidence demonstrates that a 

variety of grasses, and wetland reed and sedge resources, were used as part of the hut 

superstructure, likely as bundled thatching to cover the frame, and in the interior, likely as 

a loose floor covering or matting to increase the comfort of the living space. The extent to 

which grass, but more importantly, wetland reed and sedge resources were utilized, 

suggests that ethnographic examples drawn from the Great Basin, a region that employs 

‘tule technology’, may provide additional insights.  

Structures in the Great Basin were composed of two main parts, including a 

framework and a framework cover, very similar to our understanding of how huts were 

constructed in the Late Pleistocene Levant (Goring-Morris and Belfer-Cohen 2003; 

Goring-Morris and Belfer-Cohen 2008). While the framework was very consistent in 

form, the framework cover was more variable across the region (Fowler 1990b). To 
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construct the framework, the long poles, measuring between ten and fifteen feet, and 

between one to three inches in diameter at the base, would first be arranged in a circle. 

The base of each long pole would be set eight to twelve inches into the ground. As a 

general rule, a hut meant to house five to seven people usually required a similar number 

of poles. Once the long poles were upright and set, three or four horizontal willow rings 

would be tied to the uprights to secure them. At the top of the hut, the last willow ring 

would serve as a smoke hole. Because of the scarcity of wood building materials for the 

house frames, especially the long upright poles, the house might be dismantled and 

reassembled if the family decided to move to another location (Fowler 1990b:113).  

In the Levant, particularly the Eastern Levant, it is possible that the long wood 

poles for constructing the frame were at times difficult to obtain. It is plausible that 

similar curatorial behavior was practiced, although this is not possible to investigate 

archaeologically. While the Great Basin structures are circular, evidence shows huts in 

the Levant tended to be oval or kidney shaped in outline, which may suggest that the 

frame was constructed differently, perhaps with shorter poles, or poles of varying lengths. 

Yet, it is important to note that unlike the Great Basin structures, no postholes were 

identified in or around the hut structures at Ohalo II or Kharaneh IV.  

In the Great Basin, the framework could be covered in a variety of different ways, 

depending upon the availability of local resources. Throughout most of the Great Basin, 

sedges, reeds and cattails were usually gathered into bunches, along with grass, sagebrush 

and other vegetation, and then individually tied to the willow crossbars of the framework 

(Fowler 1990b:125). The bundles would then be held in place with a further set of 

horizontal willow rings (Fowler 1989; Stewart 1941). Another technique for covering the 

framework was to use mats, manufactured from cattail, sedges or reeds (Fowler 

1990b:114). In the Plateau region, to the north west of the Great Basin, some groups 
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would use multiple mat layers to cover their hut frames. For example, the Klamath and 

Modoc would first cover the frame with reed mats (Phragmites sp.), followed by two 

different types of sedge mats, Scirpus robustus, followed by Scirpus acutus (Fowler 

1990b:126-127). It is clear from the ethnographic sources that huts in the Great Basin 

could be covered with a variety of materials, but sedges, reeds and cattails were preferred, 

likely due to their inherent water repellant qualities (Fowler 1990b:132). Therefore, it is 

plausible that Late Pleistocene hunter-gatherers in the Levant also recognized the 

favorable characteristics of these wetland resources. Moreover, in wetland/marsh 

environments, like the Azraq Basin, these resources would have been available in 

abundance. However, phytolith analysis does indicate that a variety of monocot and dicot 

resources were employed in the hut thatching at both Ohalo II and Kharaneh IV. The 

phytolith evidence suggests that construction practices at Ohalo II and Kharaneh IV may 

have been more similar to the Great Basin huts covered with bundled thatching, rather 

than tule matting, although there is evidence at Ohalo II to suggest this technology was 

available (Nadel, et al. 1994). 

In any case, a vast quantity of tule and plant material would have been necessary 

to cover a hut frame. Nicholas (2007b) suggests that 1000 tule or cattail plants would 

have been used to construct a small Plateau hut (wikiup). Observing that approximately 

20 plants grow on an average per square meter, he estimates that one structure would 

require approximately 200 square meters of dense tule/cattail bed. The impacts of such 

extensive tule harvesting would have been immediately apparent in the wetland. At 

Kharaneh IV, where three huts have been identified, we can estimate that harvesting up to 

600 square meters of dense tule bed may have been necessary. At Ohalo II, where six 

huts have been identified, we can estimate that up to 1,200 square meters of tule may 
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have been necessary. This estimate assumes that tules were the preferred thatching 

material, an interpretation the phytoliths appear to support.  

In the Great Basin, the hut interior was arranged for sleeping, cooking and 

storage. Cattail leaves and grasses provided a cover for the floor, especially in cooler 

weather. Cattail leaves and grasses would also serve as bedding, which would be rolled 

against the wall during the day. In a clear space, usually in the center of the structure, a 

pit about 6 inches deep and 2 feet in diameter was dug to contain the fire (Fowler 

1990b:117-118). The interior floor deposits in Structure 1 appear to have featured a tule 

(sedge and reed) and grass cover for the floor. These same materials may also have been 

used as bedding. Moreover, the phytolith evidence in Structure 1 supports the description 

of a clear space around the interior hearth, as observed in the Great Basin.  

Interestingly, in the Great Basin the entire house and camp were either abandoned 

or burned in the case of a death (Fowler 1990b:121). While we generally tend to conceive 

of hunter-gatherer settlement decisions as being motivated by resource availability, there 

is increasing evidence at sites like Kharaneh IV and Ohalo II for symbolic and ritualistic 

behavior, complex trade networks and increasing territoriality (Maher, Richter, 

Macdonald, et al. 2012; Maher, Richter and Stock 2012; Nadel 2006; Richter, Garrard, 

Allock, et al. 2011). These behaviors reflect a growing investment in place and suggest 

that social pressures, as much as environmental ones, may have increasingly impacted 

hunter-gatherer decisions.  

We Shape our Wetlands, and Afterwards our Wetlands Shape Us  

The construction of these huts and the impact of these structures, visually as a 

building on the landscape and ecologically on the landscape due to the harvesting of 

materials to build the structures, would have been acute. Expanding on Winston 
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Churchill’s words “we shape our buildings and afterwards our buildings shape us”, it is 

now recognized that we shape our environments, and afterwards our environments shape 

us… We then subsequently shape our environments… And this interaction continues 

(Laland and O'Brien 2010; Laland, et al. 2001; Odling-Smee, et al. 2003). Accordingly, 

prehistoric evidence for increasing investment in place provides us with the opportunity 

to investigate and consider the dynamics and reactions initiated by the intensification of 

human-environment interactions within a circumscribed area. Wetland resources may 

have been extremely valuable because of their critical importance to the construction of 

these communities, both in building the structures and in supplying a reliable source of 

food and water. Rather fortuitously, sedge and reed resources tend to respond favorably 

to anthropogenic disturbance (Chambers, et al. 1999; Chambers, et al. 2003; Cronk and 

Fennessy 2001; Keddy 2000; Keller 2000; Ryan 2009). Accordingly, the collection of 

material and food resources from the wetland would have enhanced the ecological 

productivity of the landscape, and overtime, may have imbued that landscape with 

increasing economic and social meaning. Indeed, evidence for territoriality during this 

period, may be related to establishing ownership or stewardship over these predictable 

wetland resource locations (Smith 2013:11).  

SUMMARY 

Framed by ethnographic analogy, and macrobotanical and microbotanical 

evidence from Ohalo II, phytolith analysis was employed at Kharaneh IV to reveal how 

Early Epipaleolithic peoples in the Azraq Basin used local plant resources to construct 

their huts and considered how they structured their indoor space. The phytolith evidence 

suggests that Structure 1 was constructed from a variety of plant species. The 

superstructure, like that from Ohalo II, was likely composed of a woody dicot frame, and 
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covered with a variety of shrubby herbaceous dicots. This interpretation fits the pattern 

described for other huts from this period (Goring-Morris and Belfer-Cohen 2003; Goring-

Morris and Belfer-Cohen 2008). However, this phytolith analysis demonstrates that a 

great variety of grasses and wetland reeds and sedges were used in the construction, 

likely as bundled thatching to cover the dicot frame, similar to construction practices in 

the Great Basin.  

Moreover, the phytolith evidence indicates that the floors of Structure 1 featured a 

loose layer of soft vegetation, which included grasses and sedges. This vegetation may 

represent purposeful floor covering and furnishing of the hut interior, perhaps even 

formal matting and bedding; analogous behaviors have been observed in the Great Basin. 

These findings demonstrate the important contribution of phytolith analysis to our 

understanding of material culture and construction practices in the Late Pleistocene. Even 

at sites with exquisite organic preservation (Ohalo II), phytolith evidence can provide 

important evidence for delicate plant resources.  

Phytolith evidence was employed in this paper to investigate activity areas in the 

hut interior at Kharaneh IV. Based on this preliminary study from Structure 1’s floor 

deposits, three activity areas were tentatively identified. Based on the density of different 

phytolith taxa, food processing, craft manufacturing, storage areas and sleeping areas 

were proposed. While these interpretations are preliminary, it is clear that phytolith 

analysis can provide evidence that facilitates the identification of activity areas and the 

use of space in Pleistocene hut structures. More complete spatial coverage and starch 

analysis of the floor deposits at Kharaneh IV are planned.  
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Chapter 7: Modifying the marsh: Evaluating Early Epipaleolithic 

hunter-gatherer impacts in the Azraq wetland, Jordan2 

The ecological impacts of human activities have infiltrated the whole of the 

“natural world” and precipitated calls for a newly defined geological epoch – the 

Anthropocene. Paul Crutzen (2002) originally suggested the term and proposed the 

industrial revolution as the tipping point and start of the Anthropocene. However, while 

scholars discuss alternative tipping-points and scale (Ellis, et al. 2013), viewed over the 

long term, it is clear that we have inherited the compounding consequences of a 

constructed environment embedded in the legacy of persistent and sustained small-scale 

anthropogenic impacts; the roots of such behaviors, likely reaching as far back as one 

million years ago when fire was discovered by Homo ergaster (Glickson 2014:3). 

Accordingly, we must ask the question, why is it useful or necessary to distinguish a 

specific moment, often called the “golden-spike,” after which we are in the 

Anthropocene?  

Smith and Zeder (2013) suggest that we should be focusing on the cause (human 

behavior) rather than the effect (golden-spike). From an archaeological perspective, 

Smith and Zeder’s (2013) suggestion makes sense. Yet, it must be recognized that when 

it comes to deconstructing the complex dynamics of past human behavior and 

environmental change, causation, in either direction, is not automatically demonstrated by 

correlations, however strong. In any case, an archaeological perspective on the 

Anthropocene should seek material evidence of the ‘cause’ – evidence of past human 

behavior that has since lead to this newly defined epoch. Archaeological case studies may 

                                                 
2 A version of this Chapter has been accepted for publication in the journal Holocene, with M. Jones, T. 

Richter and A. Rosen as co-authors (DOI: 10.1177/0959683615594240).  
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not provide evidence at a global or geological scale, but such studies can help us build a 

greater understanding of the scale and antiquity of human manipulation of their 

surroundings – behaviors that eventually lead to the Anthropocene (Braje, et al. 2014), 

however it is defined.  With these ideas in mind, this paper aims to identify and evaluate 

evidence of human-environment interactions and impacts during the Early Epipaleolithic 

(23,000-17,400 cal BP) in the Azraq wetland, at the site of Ayn Qasiyya located in the 

Eastern Levant, current day Jordan (Figure 7.1).  

Figure 7.1: Area map showing the approximate boundaries of the Azraq basin, and the 

location of the site of Ayn Qasiyya 
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EARLY EPIPALEOLITHIC ENVIRONMENTS 

The distribution and composition of ecological opportunities is likely to have had 

a significant impact on Early Epipaleolithic hunter-gatherers, influencing the ways they 

used, and potentially modified and managed the changing Levantine landscape. 

Coinciding with the end of the last ice age, the Early Epipaleolithic was a period of 

abrupt and fluctuating climate change that significantly affected the distribution of 

vegetation (Bar-Matthews and Ayalon 2003b; Hillman 1996; van Zeist and Bottema 

1991) and other resources such as water sources (Black, et al. 2011; Hazan, et al. 2005).  

In contrast to the favorable micro-mosaic ecology of the Western Levant (Bar-

Yosef 1998), the Eastern Levant during the LGM is considered to have been a marginal, 

arid environment (Bar-Yosef 1996). Most of the Early Epipaleolithic sites in the region 

are small, and are interpreted to represent short-term occupations with highly mobile 

patterns of use. This fits with the accepted idea of increased mobility during this period in 

response to resource scarcity caused by the LGM (Boyd 2006). However, in the Eastern 

Levant, Pleistocene lakes and spring fed wetlands punctuated the open parkland steppe. 

Acutely aware of the importance of water in arid regions, Byrd (1994) predicted that 

settlement in the East would have been organized around periodic wetlands. More recent 

research has shown that some of these wetlands were more permanent than periodic, and 

in support of Byrd’s (1994) assessment, served as central foci for Epipaleolithic peoples 

(Byrd and Garrard 1989; Cordova, et al. 2013; Garrard and Byrd 2013; Jones and Richter 

2011; Olszewski 2000; Olszewski and Coinman 1998b; Richter, et al. 2013; Rosen 

2012a, 2013). 

The Azraq Basin (Figure 7.1) is the location of an extensive spring-fed marsh 

system, which attracted very large aggregated settlements, including Jilat 6 (19, 000 m2) 

and Kharaneh IV (21, 000 m2). These sites show evidence for increasing cultural and 
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economic complexity, more similar, to the Late Epipaleolithic (Natufian) (14,700-11,500 

cal BP) than previously thought (Maher, Richter and Stock 2012).  Hut structures have 

been identified at Kharaneh IV and Jilat 6 (Byrd 1988, 1994; Garrard and Byrd 1992; 

Maher, Banning, et al. 2011), suggesting these sites were used as seasonal aggregation 

camps (Garrard and Byrd 1992). Sites in the region have also yielded numerous ground 

stone, marine shell beads, ochre, thermal hot rock features and bone point artifacts 

(Garrard, Baird, Colledge, et al. 1994; Garrard, et al. 1987; Garrard and Byrd 1992; 

Olszewski 2008; Richter, Garrard, Allcock, et al. 2011), indicating the existence of 

complex exchange networks and social interactions, sophisticated food processing, 

personal adornment practices and possibly ritual behavior. There is also increasing 

evidence of complex mortuary practices during this period, suggestive of a growing 

engagement and long term connection with landscape and ‘place’ (Maher 2011). Burial 

places may have been used to legitimize rights to territories or resources (Byrd and 

Monahan 1995; Kuijt 1996). In line with the overwhelming evidence from cultural 

material, it might be possible to trace increasingly complex Early Epipaleolithic cultural 

practice and use of ‘persistent places’ (pers. com. Olszewski 2013) through evidence of 

human impact on the environment. However, we must first consider which resources 

were available in the Azraq Basin marsh system at the close of the Pleistocene.  

AN IMPORTANT RESOURCE BASE: WETLANDS AND THE PHYTOLITTORAL ZONE 

Wetlands form an important resource base for hunter-gatherer groups around the 

world (Nicholas 1998, 2007a, b, 2013). They can provide reliable perennially available 

plant resources, both food and other resources’, such as building and technological 

materials, fuel, and water. However, wetlands in arid regions should not always be 

construed as lush oases or ‘Edens’ (Childe 1952). Indeed, swamps, marshes, bogs, fens, 
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wet meadows and shallow water are all broadly defined as ‘wetlands’ – although each has 

its own unique characteristics (Keddy 2000:18), determined mainly by the transition 

between terrestrial and aquatic habitats. Shallow water, but specifically phytolittoral 

zones typical of marshes and the edges of some shallow water environments, are the most 

vegetatively productive of these environments (Keddy 2000:85) (Figure 7.2). The plants 

that thrive in this phytolittoral zone include some sedge varieties (Cyperaceae), cattails 

(Typha sp.) and reeds (Phragmites sp.), all plants are of great economic and subsistence  

Figure 7.2: Schematic drawing of wetland margin, a. phytolittoral zone typical to marsh, 

illustrating rich resource potential, b. phytolittoral zone with steeper 

marginal grade, comparatively less resource potentialvalue to humans.  

for the fauna they attract as well as their own nutritional and favorable ecological 

qualities.  

Wetlands, and phytolittoral plants in particular, are often undervalued as a past 

resource base. Yet, there is compelling comparative archaeological, ethnographic and 

experimental ethnobotanical evidence to suggest that phytolittoral resources could have 
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been a critical source of craft and food materials in the Levant during the early as well as 

later Epipaleolithic as suggested by Rosen (2010, 2013). A particularly relevant 

ethnographic analogy can be found in the American Great Basin, where Scirpus sp. 

(bulrushes), Typha sp. (cattails), Phragmites australis (Cav.) Trin. Ex Steud. (common 

reed), Eleocharis sp. (spike rushes) and Juncas sp. (rushes) were employed as part of a 

technological complex known as “Tule Technology” (Fowler 1990b). Tule products were 

used to manufacture cordage, baskets, bags, sandals, duck decoys, cattail houses and tule 

bulsa boats (Fowler 1990b:67, 75), and they were central to resource exploitation in the 

American Great Basin, both as a material good and as a food resource.  

Great Basin peoples also transformed phytolittoral plant-resources into a diverse 

array of edible food sources through the use of simple processing methods. For example, 

the roots of the bulrush, cattails and reeds were eaten raw, roasted, or pounded into a 

meal or flour; the young cattail and reed shoots and stems were eaten fresh; the cattail 

pollen was roasted; and the seeds of all of these plants, including the rushes were ground 

into a flour or consumed whole (see Ebeling 1986:115-119; Fowler 1990b:69-75).  

Sea club-rush (Bolboschoenus maritimus (L.) Palla,), a wetland sedge, is often 

recovered from ancient sites in the Levant and Anatolia. Wollstonecroft’s  experimental 

work with this plant determined that pulverizing its roots greatly increased their 

nutritional accessibility by disrupting the cell walls, facilitating the softening of the 

tissues and providing access to intracellular nutrients (2009; Wollstonecroft, et al. 2008; 

Wollstonecroft, et al. 2011). Her work emphasizes the importance of processing methods 

for phytolittoral plant-food resources. Wollstonecroft’s findings have led her and her 

colleagues (2008:20) to argue that accumulating archaeological evidence for plant-food 

processing, including increasing numbers of ground stone assemblages (Wright 1991, 

1994) through the Epipaleolithic, suggests that hunter-gatherers were willing to invest 
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more time and labour in plant-processing because “they recognized that it could promote 

abundance” (Wollstonecroft, et al. 2008:20). This argument is highly relevant to the 

transformation of phytolittoral resources into edible food staples. Macrobotanical 

evidence of wetland plant-use in the Early Epipaleolithic provides further support for the 

importance of phytolittoral resources.  

ARCHAEOBOTANICAL EVIDENCE OF EARLY EPIPALEOLITHIC WETLAND PLANT-USE IN 

THE NEAR EAST  

While there is only limited macrobotanical evidence of plant-use from Early 

Epipaleolithic sites in the Near East, two broadly contemporaneous sites with excellent 

botanical preservation, Ohalo II (ca. 23,000 cal. BP), in Israel and Wadi Kubbaniya (ca. 

21,000 cal. BP), in Egypt, demonstrate the importance of phytolittoral plant-resources for 

food and craft purposes.  

At Ohalo II the remains of sedge nutlets (Scirpus littoralis Schrad.) and pond 

weed nutlets (Potemogeton sp.) suggest these resources were a component of the diet 

(Weiss 2002). The recovery of reed (Phragmites sp.) culm fragments (Weiss 2002), reed 

leaves (identified as Phragmites sp. or Arundo sp.) (Nadel, Grinberg, et al. 2006), as well 

as three twisted fiber fragments, which may have been made from a wetland reed, sedge 

or rush (Nadel, et al. 1994), suggests that phytolittoral resources were also employed for 

craft purposes.  

At Wadi Kubbaniya, the remains of root tissue, including nut grass (Cyperus 

rotundus L.) and sea club-rush suggest the importance of phytolittoral resources to diet, 

however the recovery of sea club-rush tubers and nutlets from charred human feces 

provides indisputable evidence of their dietary use (Hillman, Madeyska, et al. 1989).  

In addition, abundant reed and sedge phytolith evidence from the site of Kharaneh 

IV in the Azraq Basin provides important evidence in the region of study for the central 
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importance of phytolittoral plant-resources during the Early Epipaleolithic (Ramsey and 

Rosen 2014).  

DETECTING MARSH MODIFICATION 

Building on these works, wetland exploitation appears to be a promising new 

avenue through which to understand Epipaleolithic subsistence and settlement decisions. 

Wetlands provide a habitat for several plant species that in theory could be used to trace 

anthropogenic impacts. Phragmites sp. has the potential to be invasive (Keddy 2000; 

Ryan 2009), and aggressive expansion of Phragmites australis has been linked to 

anthropogenic disturbance (Chambers, et al. 1999; Chambers, et al. 2003; Cronk and 

Fennessy 2001; Keddy 2000; Keller 2000; Ryan 2009). Reed grasses and sedges are 

common plant taxa found in marsh environments. Importantly, they produce large 

amounts of phytoliths including both multicell and single cell forms - some of which are 

diagnostic to genus and/or species (Metcalf 1960; Ollendorf 1992; Ollendorf, et al. 1987; 

Ryan 2009). Accordingly, it might be possible to use the abundance trends in reed-grass 

phytoliths, as part of a multi-proxy approach to identify anthropogenic disturbance in 

wetland environments.  

Micro-charcoal analysis, the study of microscopic charcoal particles, has been 

employed around the globe to reconstruct fire events (Power, et al. 2008). Fire events 

produce a pulse in charcoal, which is transported away from the fire site by wind and 

water wash. Microscopic charcoal (ie. particles less than 180 micrometers) provides a 

robust indicator of past fire activity due to its resistance to chemical and biological 

mechanisms of degradation (Turner 2007).  Turner (2007:58) notes that sustained peaks 

in microscopic charcoal which are considerably larger than the background level of 

charcoal may reflect fires occurring within the vicinity of the core location, providing 
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evidence of the spatial resolution of the fire event. Unlike phytolith assemblages, which 

are formed by the in situ deposition of plants providing a highly localized reconstruction, 

micro-charcoal assemblages are subject to complex dispersal processes (Patterson, et al. 

1987). However, the main agents of dispersal, wind and water, are largely mitigated when 

the source of the charcoal is the vegetation growing on or in the basin in which it is 

preserved (Patterson, et al. 1987). Such is the case for those phytolittoral plants in a 

marsh setting, such as reeds and sedges.  

Combining phytolith and micro-charcoal analyses to identify human impact in a 

marsh setting is a promising approach because it plays to the strengths of both data sets. 

Unlike other archaeobotanical methods, phytoliths can provide evidence of leaf and stem 

plant parts, and are therefore sensitive indicators of impact in the reed beds. Phytoliths 

decay and preserve largely in situ, which means that the phytolith record is highly 

localized. Moreover, phytoliths preserve in both charred and non-charred contexts, 

allowing us to consider a wider range of anthropogenic disturbance possibilities (disposal 

of trash, collection of plant and animal marsh resources including gathering for food, 

basketry, thatching, or fuel resulting in unintentional marsh trampling). While micro-

charcoal signatures are strongly regional, pulses in micro-charcoal quantities can suggest 

a local fuel source. By correlating the trends in the phytolith data, which provide 

evidence of the local vegetation, with the pulses in the micro-charcoal assemblage, which 

provide evidence of local and regional fire activity, it might be possible to identify local 

fire events.  

This paper presents the preliminary results from a phytolith and micro-charcoal 

study conducted on a geoarchaeological section (section 1) located on the site of Ayn 

Qasiyya (Figure 7.3), an Early Epipaleolithic site in the Azraq Basin. Employing a multi-

proxy approach, we identify trends in the local marsh ecology (via phytoliths), and 
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Figure 7.3: Detailed plan of Ayn Qasiyya showing location of excavation trenches and 

sections (Redrafted from Richter 2009:137).  

construct the fire history (via micro-charcoal). The methods employed in this study were 

inspired by several recent papers, including Turner, et al. (2010) and  Cordova, et al. 

(2013), that use a correlation between phytolith and micro-charcoal data to infer past 

human impact on the environment. With that in mind, we will first investigate the data to 

determine whether or not there is evidence for local fire events or other disturbance in the 

marsh during the Early Epipaleolithic. Secondly, we will assess the possible sources of 

disturbance, with the view to identifying anthropogenic impacts on the marsh during the 

Early Epipaleolithic period.  

REGIONAL SETTING 

The Azraq Basin is characterized by a series of wadi tributaries, spring-fed 

contexts and depressions totalling ca. 12,000 km2. The region receives an average yearly 

rainfall of 84 mm, with mean annual rainfall declining from the northwest towards the 
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southeast. The Azraq Oasis itself is fed by a number of springs. According to spring 

discharge data and groundwater levels there appears to be a clear relationship in the basin 

between groundwater level in the aquifers and discharge in the Azraq oasis (Jones and 

Richter 2011:365). Indeed, the water in this system has a very long residence time, or a 

low discharge to recharge ratio. This means that changes in spring flow intensity in part 

reflect changes in rainfall thousands of years prior. Until the early 1990s, these springs 

were associated with two extensive marsh areas. The North Azraq Marshes, the smaller 

of the two covering about 1.8 km2 and the Southern Marsh, fed by the springs at Ayn 

Soda and Ayn Qasiyya, covered a total area of ca. 5.6 km2. Surface water in the Azraq 

Basin is collected within mudflats, the largest of which is the Azraq Qa’, which can 

extend to an area of 50 km2 and can reach depths of 2 m (Nelson 1973; Richter, et al. 

2007). Under present conditions this shallow lake dries quickly due to increasing 

evaporation caused by rising spring temperatures and usually disappears by mid to late 

spring or early summer. It also turns increasingly saline in the process (Yogeshwar, et al. 

2013). 

The Azraq Oasis has a long history of human occupation throughout the 

Pleistocene. Scholars have suggested that the many springs and marshes may have served 

as a refuge during and shortly after the LGM and at other points during the Paleolithic 

(Copeland and Hours 1989; Cordova, et al. 2013; Garrard and Byrd 2013; Jones and 

Richter 2011). Such wetland environments are believed to have provided hunter-gatherers 

with reliable water and food resources during the climatic duress of the various glacial 

periods. In support, recent geoarchaeological studies in the Southern Marsh (Cordova, et 

al. 2013; Jones and Richter 2011) have demonstrated that during the Early Epipaleolithic, 

particularly during the LGM, the locale was host to a rich marsh environment, 

comparable to the recent oasis (Figure 7.4). The implication being that during the height 
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Figure 7.4: Azraq wetland reserve, 2012. This restored wetland illustrates what the 

environment around the site of Ayn Qasiyya might have looked like during 

the Early Epipaleolithic.  

of the LGM, a period characterized by cold conditions with variable precipitation (Hunt 

and Garrard in Garrard and Byrd 2013), this shallow water habitat would have been a 

zone of more predictable resources as compared with the surrounding semi-arid steppe 

zone. Moreover, the marsh would have provided an ideal environment for the 

exploitation of diverse wetland resources, both plant and animal.   

Ayn Qasiyya 

The archaeological site of Ayn Qasiyya (Figure 7.3) is named after the second 

largest spring in the Southern Azraq Marshlands. It is situated ca. 150 m north of the 

largest south Azraq spring, Ayn Soda. Dating to 22,564-20,648 cal BP and 19,473-17,405 

cal BP, an occupation period spanning c. 2,500 years (Richter, et al. 2013), Ayn Qasiyya 

offers a rare opportunity to gain a more detailed insight into Early Epipaleolithic 

exploitation of the Azraq wetland during the LGM.  

The site was excavated in three seasons between October 2005 and August 2007 

(Richter et al 2007, 2010a, 2010b, Richter and Röhl 2006). As part of this research, the 
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site was subject to a geoarchaeological study (see Jones and Richter 2011), which has 

provided a well-dated sequence and information on the paleoenvironment, water level 

and spring flow at the site. To generalize from top to bottom, the sequence consists of a 

very compact carbonate-concreted topsoil of varying thickness, followed by a series of 

clayey-silts with a highly organic content (marsh deposits). They contain abundant lithic 

artefacts and animal bone, none of which appeared sorted, ordered, orientated or laid 

down at a horizontal incline. However, the clayey-silt marsh deposits are associated with 

an exclusive Early Epipaleolithic chipped stone industry (Richter, et al. 2007). The marsh 

deposits overlie a substantial laminated silty-clay deposit, which is of lacustrine origin 

and appears to be associated with a substantial lake present in the area prior to human 

occupation.  

The archaeologically-rich marsh deposit is not horizontally continuous throughout 

the site. Richter (2014b) suggests this discontinuity may reflect the edge of the wetland 

environment, or a stable land surface in some places, perhaps small islands or raised 

areas, which may have provided suitable occupation zones. It seems unlikely that a marsh 

itself would have formed the principal occupation area for inhabitants at Ayn Qasiyya. 

Richter (2014b) describes the accumulation of archaeological material within the marsh 

deposit as reflecting sporadic use of the inundated wetland, combined with dumping or 

waste disposal from the adjacent terrestrial surfaces that he suggests formed the actual 

occupation zones. In addition to artifacts, the semi-articulated remains of a 35-45 year old 

male human were recovered from the final stage of marsh deposits, indicating the 

importance of this site to its Early Epipaleolithic inhabitants (Richter et al., 2010).  
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DATA AND METHODS 

Dating, chronology and sampling: Section 1 

The geoarchaeological section (Figure 7.5) was chosen for this preliminary study 

for several reasons: Firstly, it is a well-dated sequence, with several OSL and radiocarbon  

Figure 7.5: Section 1 profile (Redrafted from Richter 2009:156).  

dates (see Jones and Richter 2011); secondly, contiguous samples were taken from 

section 1 to allow for sedimentological analysis; and thirdly, the section clearly shows 

that during the Early Epipaleolithic, the period of interest for this study, there was a well-

developed marsh environment. This setting provides us with the opportunity to 

potentially observe small-scale anthropogenic impacts on the marsh, with the marsh 
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itself, protecting and accumulating evidence of the immediate plant ecology (phytolith 

record), and the local to regional fire history (micro-charcoal assemblage). 

Section 1 was classified by Jones and Richter (2011) according to four 

stratigraphic units which indicate different micro-environmental conditions. Unit I and II, 

dated to the Middle Palaeolithic, correspond to a period of increased spring activity and 

open water at the site. Water levels then fell during the LGM, suggesting that the spring 

output was reduced or reducing, facilitating the development of a marsh (Unit III) 

through the Early Epipaleolithic (22,564-20,648 cal BP and 19,473-17,405 cal. BP) 

(Richter, et al. 2013). Between 16 and 10.5 ka BP, there was an hiatus in sediment 

deposition, suggesting the onset of a less favorable environment. It is possible that the 

springs dried out during this period. Unit V has been relatively dated to the late Holocene. 

This is corroborated by an OSL age determination on this same unit from ‘Ayn Soda 

(Cordova et al., 2008). Carbonate concentrations in this unit suggest warm conditions and 

spring activity (see Jones and Richer 2011 for more details).  

The archaeological deposits at Ayn Qasiyya are contained within Unit III, a 

former marsh deposit, analogous to those forming in the present day wetland reserve. The 

stratigraphy of Unit III is described by Jones and Richter (2011). The base of the unit 

contains a series of banded black to dark grey organic-rich sandy to silty sediments, over 

which there is a layer of lighter colored fine sand. The top of the unit, like the base, is 

composed of a black to dark grey organic-rich sandy to silty sediment, but additionally 

includes larger flint and bone fragments (>5 cm). The intrusion of the lighter-colored fine 

sand sediments may reflect a period of increased fluvial or spring activity. The coarser 

sand particles suggest a moderately higher-energy depositional environment. The marsh 

environment of Unit III was inundated by shallow water over extended periods of time, 

creating an ecological ‘trap,’ that accumulated evidence of both human and 
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environmental inputs. This geoarchaeological context has provided a rare record for this 

time period in the Eastern Levant that allows us to investigate the evidence for local fire 

events and other disturbances in the marsh, and perhaps ultimately identify anthropogenic 

impacts on the marsh during the Early Epipaleolithic period.  

Phytolith Analysis 

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics before 

extracting the phytoliths. First, the sediment was sieved though a 0.25 mm mesh to 

remove the coarse sediment fractions. An aliquot of approximately 800 mg was then 

taken for analysis. The sample was treated with 30 ml of 10% hydrochloric acid (HCl) to 

remove the carbonates. To disperse the clays, a sodium hexametaphosphate solution (lab 

grade Calgon and distilled water) was added to the sample. The clays were removed from 

the sample by decanting after settling the fine sands and silts. This process was repeated 

until the suspense was clear. Organic matter was removed by dry-ashing the samples in a 

muffle furnace for two hours at 500 degrees Celsius. The phytoliths were then extracted 

from the remaining fraction using heavy density separation. A sodium polytungstate 

(SPT) solution (with distilled water) calibrated to 2.3 specific gravity was used to 

separate the phytoliths from the heavier minerals. The phytoliths were then poured off, 

cleaned, weighed and the mounted in Entellan. The phytolith slides were counted at 400x 

magnification using a transmitted-light microscope. Absolute counting methods were 

employed, and a minimum of 300 single cells was counted on each slide. The results are 

expressed as number per gram of sediment. Because there were so few multi-cell 

phytoliths in the Ayn Qasiyya sediments, the multi-cell evidence is referenced in a 

qualitative, rather than quantitative manner.  
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Micro-charcoal Analysis 

Micro-charcoal was extracted from the sediment following Turner’s (2007) 

density separation method, which Turner, et al. (2008) found experimentally to have a 

higher recovery than other published methods for the fine charcoal fraction, and more 

than 10 times the recovery of the standard pollen preparation method. Two grams of 

sediment were disaggregated overnight in 100 ml distilled water in a 400 ml beaker. The 

samples were then wet sieved (0.18 mm) and treated with 30ml of 10% HCl for 30 

minutes. Two Lycopodium tablets (18,583 spores per tablet, batch 483216) were then 

added to the sediment as a counting spike. To clean the HCl from the samples, 200 ml of 

distilled water were added. Once the sediments settled, the water was pipetted off. Using 

a hot plate the excess water was evaporated off without letting the sample dry out. The 

samples were then washed out of the beakers into a 15 ml centrifuge tube with 10 ml of 

SPT calibrated to a specific gravity of 2.5 and centrifuged for 10 minutes at 800 rpm. The 

top pellet, which contained the micro-charcoal was then poured into a 400 ml beaker and 

200 ml of distilled water was added. Once the sample settled, the water was pipetted off. 

This was repeated twice. After the last pipetting, the samples were transferred to 5 ml 

vials and glycerol was added at a 1:1 ratio. A sample of the solution was then mounted. 

The micro-charcoal slides were counted at 200x magnification using a transmitted-light 

microscope. Micro-charcoal was counted until a predetermined number of Lycopodium 

spores were recorded.  Turner (2007:59) found that reliable counts were obtained with a 

count of 100 spores. The raw counts were converted to absolute counts per gram of soil 

using the following equations: 

Charcoal concentration (whole sample) = (exotic spore added x charcoal counted)/exotic spore counted 

Charcoal concentration per 1 gm = (1/sample weight) x charcoal concentration (whole sample) 
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Micro-charcoal was identified based on a set of diagnostic criteria, mainly the 

requirement that they had to be jet black in color, with straight edges and with the 

presence of a blue hue on the edge (Turner, et al. 2008). Following Innes, et al. (2004), 

charcoal particles of about 30 micrometers in diameter were considered the basic 

measurement unit (30 micron = one). Being similar in size to the Lycopodium spike this 

made for a quick and easy estimate while counting. Larger fragments were counted 

according to how many 30 micrometer ‘portions’ they contained (e.g. 90 micrometer 

portions = three); smaller fragments were aggregated to form this measurement (two 15 

micrometer portions = one). However, particles smaller than approximately five 

micrometers were not counted. This method of counting was employed as a time-

effective compromise to avoid overrepresentation of charcoal as a result of potential 

fragmentation.  

RESULTS AND DISCUSSION 

Phytolith and Micro-charcoal Analysis 

A total of 23 sediment samples were analyzed for phytoliths in this study. All of 

the samples were taken in vertically contiguous 5 cm units, except for the uppermost four 

samples (AQ.14.1-4) that were taken in contiguous 10 cm units. 18 of the samples 

(AQ.14.5-22) were processed and analyzed for micro-charcoal. This high-resolution 

sampling (5 cm units aside from AQ.14.1-4) provides a general picture of the plant 

ecology from a broad chronological horizon.  

The phytoliths throughout the section show some minor signs of pitting and 

dissolution. This suggests that the phytoliths may have been subject to certain 

taphonomic effects, which could include mechanical breakage, perhaps from alluvial or 

fluvial forces, and some chemical dissolution. Since the depositional environment was 
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most likely low energy (Jones and Richter 2011), it is therefore more likely that the 

phytoliths were exposed to periods of higher pH, perhaps the result of increasingly saline 

or brackish conditions. Phytoliths can preserve indefinitely in most environments, 

however they are sensitive to highly alkaline conditions of pH 9+ (Mulholland and Rapp 

1992). The Azraq Basin is currently prone to becoming saline or alkaline during periods 

of increased evaporation. It is possible that the wetland was subject to similar dynamics 

in the past. However, we believe that the level of pitting/dissolution is not pronounced 

enough to have significantly affected the phytolith assemblage.  

More general effects of sedimentation and taphonomy might also have influenced 

the phytolith and micro-charcoal assemblages in this geoarchaeological section. Indeed, 

in open-water environments such as those in Unit I and II, these microbotanical remains 

may accumulate in several ways. Firstly, they could have been deposited through Aeolian 

transport, as part of the silt movement in the region; secondly, through the deposition of 

plant debris in the water column; or thirdly, through the output from vegetation fires.  

However, in a shallow-water environment where plants are growing, such as Unit III, 

only the first and third mechanisms might apply. But, the growth of vegetation in this unit 

introduces a new in situ source of phytoliths and micro-charcoal. Lastly, human activity 

provides another layer of complexity that bears consideration. The impact of this myriad 

of complicating factors requires further exploration, beyond the scope of our current data 

set.  However, the main purpose of this analysis is to identify and trace general wetland 

processes and dynamics, a task the current data set is situated to address.  

Figure 7.6 shows the trends in micro-charcoal, key phytolith morphotypes, and 

the total phytolith density per gram of sediment throughout section 1. The densities of 

significant phytolith morphotypes plotted include: buliforms, keystone bulliforms (also 
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Figure 7.6: Section 1 phytolith and micro-charcoal data. Horizontal axis indicates the number per gram of sediment.
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known as ‘fan-shaped’ bulliforms) (cf. reeds); ‘cones’ (from sedges); ‘rondels’ 

(C3 grasses); ‘sheets’ (dicot leaves); and ‘silica aggregates’ (dicot wood).  

Unit I and II (AQ-14-23 to AQ-14-15) spans the period prior to the development 

of the marsh deposits, from the Middle Paleolithic through to the Early Epipaleolithic 

(OSL evidence 16-65 ka BP), during which time, the density of phytoliths remain 

comparatively low, although there are some fluctuations in the phytolith densities  (600-

10,000 phytoliths per gram of sediment) amongst the samples. All of the samples are 

primarily composed of phytoliths derived from monocots, and in particular rondels, 

clearly demonstrating a predominance of cool season C3 grasses (see percentages in 

Figure 7). However, there is also a large proportion of sheets, as well as an increase 

through time in the buliforms and keystone bulliforms.  

Unit III (AQ-14-14 to AQ-14-5) spans the Early Epipaleolithic period (artifact 

evidence 22-17 ka BP, radiocarbon evidence 24-19 ka BP). The phytolith density ranges 

between approximately 2,400 phytoliths per gram of sediment (AQ-14-14), and spikes to 

around 150,000 (AQ-14-8). The spike in phytoliths seen in AQ-14-8 is the result of an 

overall increase in all of the main phytolith morphotypes. However, bulliform and 

keystone bulliforms dominate all of the samples in unit III. Bulliforms are not necessarily 

diagnostic as they are found in the leaves of all grasses, including reeds. However, the 

bulliform and keystone bulliform (cf. reeds) phytoliths are highly correlated (0.85) in 

Unit III, which suggests that all of the bulliforms originate mainly from reed vegetation.  

The overwhelming number of bulliforms and keystone bulliforms marks a clear transition 

from the previous units.  

The peak in micro-charcoal, associated with the earlier portion of Unit III (Early 

Epipaleolithic) is charted horizontally across Figure 7.6 by the grey trend band. This peak 

suggests that there was an increase in local fire activity during this period. However, the 
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trends in micro-charcoal (Table 7.1) do not clearly correlate with any particular phytolith 

morphotype, suggesting that the fire events were non-discriminate, burning the local 

vegetation generally – and not only the reed beds.  

 
 Total 

Bulliforms 
Cone Rondel Sheet 

Silica 

Aggregate 

 

Micro-charcoal 

 

0.45 0.48 0.32 0.20 0.56 

Table 7.1: Micro-charcoal and phytolith correlation coefficient results 

Yet, following this peak in micro-charcoal, there is a clear peak in phytolith 

density in Unit III, the Early Epipaleolithic marsh environment. This peak, demonstrates 

a rapid expansion of vegetation. While a significant increase in vegetation it is not 

unexpected with the development of a marsh environment since marshes have 

particularly high primary productivity (Keddy 2000:59), due to their typically extensive 

phytolittoral zones, it is notable that this accelerated peak of vegetation follows a period 

of increased fire activity. While all of the phytolith morphotypes contribute to the 

vegetation expansion, it is clear that bulliforms and keystone bulliforms from reed grasses 

overwhelm the assemblage in Unit III.  

Unit V (AQ-14-4 to AQ-14-1) is dated to the late Holocene. In this final unit the 

proportion of phytolith morphotypes changes significantly from unit III, with keystone 

bulliforms largely disappearing from the assemblage. Notably however, bulliforms 

remain a significant portion of the assemblage. Importantly, in Unit V, keystone 

bulliforms and bulliforms are very poorly correlated (0.11), suggesting that in this unit, 

the bulliforms originate from other grass taxa. The density of phytoliths also drops 
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dramatically in unit V, ranging between approximately 400 and 1,200 phytoliths per gram 

of sediment.  

Marsh History Reconstruction  

Figure 7.7 draws together the various lines of evidence employed in this paper. 

The bottom graph compares the absolute counts (n per gram sediment), and the middle 

graph presents the percentages of the different phytolith morphotypes in each sample. 

Percentages are useful in illustrating general vegetation shifts through time. In so doing, it 

is possible to identify five ‘zones’ of interest. The zones have been marked and labeled in 

Figure 7 and will now be described: 

Zone 1 corresponds to the lower portion of the section, dating to the Middle 

Paleolithic. The phytoliths indicate that during this period the environment was composed 

mainly of cool season grasses and dicots, suggestive of a dry steppic/parkland 

environment. However, with the development of the marsh, there was an increase in 

wetland vegetation, mainly reeds, indicated by the highly correlated (0.85) bulliform and 

keystone bulliform phytoliths.  

Zone 2 corresponds with the earliest level of the marsh, which dates to the Early 

Epipaleolithic. The microcharcoal results indicate it is characterized by increased 

evidence of local fire event(s). Natural fires can occur in marsh environments, 

particularly during both drier and wetter periods (Keddy 2000:291). Indeed, ‘banding’ 

apparent in the section profile is suggestive of a series of pedogenic horizons, and might 

suggest fluctuating water levels in the marsh. However, this spike in charcoal is also a 

possible signal of human land-use in the marsh, coinciding as it does, with increasing 

intensity of human occupations in the region (Garrard and Byrd 2013). Phytolith evidence 

indicates that the marsh vegetation included a balance of reeds, sedges and dicots (woody 
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The bottom graph compares the phytolith and micro-charcoal counts (number per gram of sediment). The 

upper graph presents the percentages of the different phytolith morphotypes in each sample. In the bottom 

graph, the n per gram for the bulliforms is displayed as a combination of the highly correlated bulliforms 

and keystone bulliforms, but keystone bulliforms are also displayed separately. In the upper graph, the 

bulliforms and the keystone bulliforms are displayed separately. 

Figure 7.7: Five ‘zones’ of interest are identified using the section 1 profile, 

stratigraphic units, phytolith and micro-charcoal data.  
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shrubs), although the reed beds were expanding. It is possible that the invasive and 

aggressive characteristics of reed-type vegetation, such as Phragmites, facilitated the 

expansion of the reed bed under the increasing fire disturbance, as evidenced by the 

micro-charcoal assemblage. Burning (natural or anthropogenic) may have hindered the 

expansion of dicot and sedge vegetation (Keddy 2000:295), providing the reed beds the 

opportunity to develop into dense, deep-rooted, stands that could then continue to out-

compete the smaller plant varieties, including many dicots and sedges.   

Zone 3 also dates to the Early Epipaleolithic, and corresponds with the 

interruption of lighter colored fine-sand sediments observed in the section profile. The 

phytolith assemblage suggests a clear recession in the vegetation. It is possible that the 

depositional forces that resulted in the sandier deposit also disturbed the general 

vegetation. However, the reed beds increase in proportion to the other plant taxa during 

this period, indicating that the increased depositional energy could have been the result of 

amplified spring activity. The micro-charcoal assemblage suggests a continued decrease 

in fire events.  

Zone 4 also dates to the Early Epipaleolithic, and is composed of a black to dark 

grey organic-rich sandy to silty soil, and includes larger flint and bone fragments (>5 

cm). This suggests more intensive human activity in the marsh. The phytoliths indicate an 

increasingly dynamic environment throughout this zone, with a substantial peak in the 

reed beds, indicated by the bulliform and keystone bulliforms (AQ.14.8), and an 

appreciable rise in the C3 grasses and woody dicots as well. There is then a drop in the 

reed bed (AQ.14.7), and then another peak in the reeds (AQ.14.6), followed by a final 

drop in the reeds (AQ.14.5) and a slight increase in the sedges. It is possible that the 

pronounced peaks and troughs in the vegetation and the reeds in particular, are the result 

of increasing human land-use practices in the marsh; perhaps reflecting a range of 
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anthropogenic disturbance possibilities, including exploitation of the reed beds for food, 

basketry, thatching, or fuel. The micro-charcoal density continued to drop, suggesting a 

sustained decrease in fire events throughout this zone. Zone 4 culminates with a rise in 

the dicots, as indicated by the sheet phytoliths - perhaps the result of decreasing fire 

activity. This peak marks the transition to Zone 5, and the recession of the marsh.   

In Zone 5 the vegetation drops dramatically. This may be linked to the complex 

depositional environment that prevailed after the recession of the Epipalaeolithic marsh. 

Periods of sediment deflation and deposition accompanied by changing water levels 

against the warmer climate of the Holocene would have resulted in the re-modeling of the 

marsh’s edge. The drop in phytolith density suggests that although the spring was re-

established and modern marsh conditions prevailed in the late Holocene, the vegetation 

did not re-colonize to the same extent as during the LGM.  

Evaluating Disturbance: findings and future work 

The findings in this paper suggest that there is evidence for local fire events and 

other disturbance in the marsh during the Early Epipaleolithic. Examples of potentially 

large-scale human impacts on the environment, including anthropogenic burning and 

vegetation clearance, have been suggested for even earlier periods than those discussed 

here, for example between ~50-35 ka BP in South East Asia and Australasia (Hunt, et al. 

2007; Kershaw, et al. 2003; Summerhayes, et al. 2010). However, distinguishing between 

natural or anthropogenic fires is a difficult, if not impossible task.  

Whatever the cause at Ayn Qasiyya, the potential ramifications of increasing fire 

disturbance on the marsh, such as facilitating the expansion of invasive reed beds, would 

have had clear benefits for Early Epipaleolithic hunter-gatherers. Reed bed expansion 

would have provided a valuable and reliable source of thatching, basketry, fuel and food. 
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Many of the plant species that characteristically form the reed bed, including Phragmites 

sp., have edible roots and stems. Reed beds also form an important habitat for wetland 

birds and other game. These valuable characteristics, along with the spring itself, might 

have encouraged the repeated occupation of Ayn Qasiyya (~2,500 years). Increasing 

lithic and faunal evidence in Zone 2-4 suggests escalating use of the marsh. Correlated 

phytolith trends, including dramatic peaks and troughs in the bulliforms and keystone 

bulliforms provides for the compelling possibility that increasingly intensive human 

activity, including exploitation of the reed bed, resulted in both the suppression and 

expansion of the reed bed at different times, ultimately developing into an increasingly 

complex anthropogenic-driven dynamic in the marsh.   

The Azraq Basin has long served as a desert refuge (Copeland and Hours 1989; 

Cordova, et al. 2013; Garrard and Byrd 2013; Jones and Richter 2011). Accordingly, it is 

probable that increasingly regional arid conditions at the height of the LGM encouraged 

Early Epipaleolithic settlement in the wetlands (Cordova, et al. 2013; Garrard and Byrd 

2013; Jones and Richter 2011). Our data presented here provide an interesting hypothesis 

to be tested by ongoing work in the region. Through their exploitation of the marsh for 

reliable resources, Early Epipaleolithic peoples may have triggered ecological feedbacks 

in the wetland, including reed bed development. Expansion of this critical resource might 

have facilitated and fostered continued Epipaleolithic exploitation and settlement in and 

around the marsh. Within this increasingly intensified anthropogenic landscape, the social 

and cultural connection to certain locales, might have promoted the development of 

‘persistent places’ (Olszewski 2013), and eventually large aggregation settlements. 

Significantly, this hypothesis suggests that the origin of ‘persistent places’ and larger 

aggregation settlements in the Azraq Basin was in part facilitated by earlier human-

environment interactions that consequently enhanced the economic, and subsequently, 
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social meaning of that landscape; a landscape that was increasingly impacted by 

subsequent generations of people.  

SUMMARY 

Our evidence from Ayn Qasiyya raises the possibility that through their 

exploitation of the marsh, and in particular the anthropogenically sensitive reed beds, 

Epipaleolithic hunter-gatherers were modifying the marsh and initiating long-term 

changes to the already dynamic and changing landscape at the close of the Pleistocene. 

These findings support growing recognition of the importance of wetlands for 

Epipaleolithic subsistence and settlement, and in so doing provide another example of 

behavioral continuity between earlier and later Epipaleolithic periods (Maher et al 2012) 

and beyond. This continuum challenges us to continue to critically reconsider the way we 

see early hunter-gatherers in the prehistory of the Levant and in the development of the 

Anthropocene.  
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FINAL DISCUSSION AND CONCLUSIONS 

Chapter 8: The Importance of Wetlands to Late Pleistocene Hunter-

Gatherer Adaptations in the Eastern Levant 

The phytolith data presented in this dissertation demonstrate clearly that wetlands 

are vital to understanding Late Pleistocene hunter-gatherer adaptations in the Eastern 

Levant during the late Upper Palaeolithic through to the Middle Epipaleolithic periods 

(ca. 28-14.5 ka cal. BP), which coincided with and post-dated the Last Glacial Maximum 

(ca. 23-19 ka cal. BP). This new direct botanical evidence demonstrates that Late 

Pleistocene hunter-gatherers employed flexible local systems of plant-use that focused on 

wetland resources. Through their exploitation of anthropogenically sensitive phytolittoral 

resources, Late Pleistocene hunter-gatherers may have facilitated the development and 

expansion of those resources and contributed to the social and ecological feedbacks that 

aided the ‘upward mobility’ of wetland resources. In providing a dependable food and 

craft resource repository, wetland plant resources may have facilitated increasingly 

sedentary adaptations in certain locales and perhaps permitted increasing experimentation 

with grass and cereal resources.  

This understanding of Late Pleistocene plant-use and human-environment 

dynamics veers significantly from previous perspectives on hunter-gatherer plant-use in 

the region. Firstly, in considering the local ecological opportunities, this work emphasizes 

the complexity of gathering strategies and the choices hunter-gatherers faced in the Late 

Pleistocene. Secondly, by seeking a new ethnographic analog in the American Great 

Basin, a region defined by it characteristic wetland/dryland landscape, it was possible to 

hypothesize about the many types of hunter-gatherer wetland adaptation in the Eastern 

Levant. Thirdly, by employing phytolith analysis a different picture of plant-use emerges, 
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from that which focuses on macrobotanical remains alone. Moreover, because 

macrobotanical remains are so rare in most Epipaleolithic contexts, these phytolith data 

constitutes the most complete botanical record for this important period in the Eastern 

Levant. This new perspective helps shift the emphasis from cereal and small seeded grass 

(SSG) use and the Broad-Spectrum Revolution (BSR) narrative that has overbearingly 

dominated our understanding of Late Pleistocene hunter-gatherers. Lastly, informed by 

an understanding of human-environment interactions based in Historical Ecology and 

Human Niche Construction (HNC), this work recognizes that Late Pleistocene hunter-

gatherers did not just react to their environments, but created and modified their 

environments. In addition to contributing new evidence of plant-use and of the related 

human-environment interactions, this dissertation uses the phytolith data to consider the 

model of hunter-gatherer adaptation presented in Chapter 3 – the contrasting ecozone 

model.  

In this final chapter, I first summarize the main findings of the data chapters 

(Chapter 5-7) then outline the main interpretations from the phytolith evidence. I then 

consider the results in the broader context of Late Pleistocene Human-Environment 

interactions in the Eastern Levant. The critical contribution of phytoliths analysis to the 

archaeology of Late Pleistocene hunter-gatherers in the Eastern Levant will be made 

clear. This will prefigure a discussion considering how the phytolith data contributes to 

the contrasting ecozone model (Chapter 3), and outline the other kinds of evidence that 

are needed moving forward in order to comprehensively test, evaluate and refine this 

model. 
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THE PHYTOLITH EVIDENCE  

In this section I summarize the highlights from the three main data chapters 

(Chapters 5-7).  

Regional Plant-Use Trends: Wedded to Wetlands (Chapter 5) 

This chapter employed phytolith evidence from 100 sediment samples to explore 

how hunter-gatherers used the unique local ecological opportunities in the Azraq Basin, 

Wadi al-Hasa, at the site of Wadi Madamagh in the Eastern Levant, and the site of Ohalo 

II, in the Western Levant. The phytolith microfossils were grouped into ecozone-types 

(wetland, woodland, and steppe/parkland grasses) to highlight the larger plant-use trends. 

The phytolith evidence demonstrated that Late Pleistocene peoples in these regions used 

the diverse wetlands differently depending on the specific character of the wetland, and 

the nature of the non-wetland resources surrounding them. 

High densities of sedge and reed phytoliths at Ohalo II and Kharaneh IV suggest 

that the coarse-grained structure of marsh and lake wetland environments provided an 

expansive phytolittoral zone, and may have served as a form of ‘natural storage’. This 

reliable phytolittoral larder may have supported the dietary and craft/technological needs 

of the highly intense and increasingly sedentary occupations. Far lower densities of sedge 

and reed phytoliths and a greater emphasis on dicot resources, interpreted to represent 

local riparian plants, at Wadi Madamagh, Tor Sageer and Yutil al-Hasa suggests that 

varied small-scale micro-mosaic environments provided by the in-stream wetlands 

facilitated a more mobile adaptation, focused on repeated occupation of these key sites. 

By tethering their sites to dependable large-scale phytolittoral rich wetlands, the 

inhabitants at Ohalo II and Kharaneh IV may have allowed greater risk-taking strategies 

for other types of plant and animal exploitation beyond the wetland zones. However, wild 

grass and cereal resources were exploited to a greater extent at Ohalo II than Kharaneh 
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IV. This trend reflects the differing levels of contrast at these sites, between the 

productive potential of the wetland, relative to the surrounding landscape. Consequently, 

foraging outside of the wetland was a riskier prospect for the inhabitants at Kharaneh IV, 

than it was for the inhabitants at Ohalo II.  

Direct Botanical Evidence of Hut Structures: Sheltered by Reeds (Chapter 6) 

Phytolith evidence from 45 sediment samples revealed how Early Epipaleolithic 

people at Kharaneh IV used local plant resources to construct their huts, and their indoor 

space. Importantly, the phytolith evidence indicates that a great variety of grasses and 

wetland reeds and sedges were used in the construction, likely as bundled thatching to 

cover the dicot frame, similar to construction practices in the American Great Basin. 

Phytolith evidence also demonstrates that the floors of the structures featured a 

layer of soft vegetation, which included grasses and sedges. This vegetation may 

represent purposeful floor covering and furnishing of the hut interior. The use of some 

kind of loose floor covering might help explain the high concentrations of cultural 

material incorporated in the floor deposits. Binford (1987) noted a similar phenomenon 

during his time with the Nunamiut. He describes the willow floors in the Nunamiut 

structures as an ‘artifact trap’ and a structural barrier for sweeping floors. Accordingly, 

the sedge and grass floor cover may have allowed the accumulation of debris to be simply 

‘swept under the rug’.  

Three activity areas have been tentatively identified, based on the densities of 

different phytolith taxa. These areas have been identified as a combination of food 

processing, craft manufacturing, storage areas and sleeping areas. This preliminary 

evidence demonstrates the utility of phytolith analysis for investigating the use of space 

in these ancient hunter-gatherer structures. Further work will be undertaken to completely 
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reconstruct the floor deposits. Phytolith evidence indicating the heavy use of sedge and 

reed materials in the hut construction, combined with ethnographic evidence from the 

Great Basin/Plateau recounting the extensive scale of harvesting (200 square meters of 

dense tule bed per structure (Nicholas 2007b)) required to construct analogous structures, 

suggests the impact of constructing these huts would have been acutely apparent in the 

wetland.  

This demonstrated need for vast amounts of wetland phytolittoral resources 

highlights the vital importance of wetland resources to the construction of these 

communities, in building the structures and in supplying a reliable source of food and 

water. Sedge and reed resources were shown to respond favorably to anthropogenic 

disturbance (Chambers, et al. 1999; Chambers, et al. 2003; Cronk and Fennessy 2001; 

Keddy 2000; Keller 2000; Ryan 2009). As such, the collection of material and food 

resources from the wetland would have enhanced the ecological productivity of the 

landscape, and overtime, may have imbued the landscape with increasing economic and 

social meaning.  

Identifying the Wider Impacts of Human-Environment Interactions: Modifying the 

Marsh (Chapter 7) 

Employing 23 phytolith and 18 microcharcoal samples taken contiguously from a 

section in the Azraq marsh, this chapter considers general marsh impacts and dynamics 

around the Early Epipaleolithic site of Ayn Qasiyya. The findings suggest that there is 

increasing evidence for local fire events and other disturbance in the local marsh 

environment during the Early Epipaleolithic period. This amplified disturbance regime 

may have facilitated the expansion of the reed beds, as demonstrated by the phytoliths. 

However, it is not possible currently to distinguish these fires as natural or anthropogenic 
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in origin. Yet, whatever the cause of increasing fire disturbance, it would have had a clear 

benefit for Early Epipaleolithic peoples, like facilitating the expansion of the reed beds.  

The evidence raises the possibility that through their exploitation of the marsh, in 

particular the sensitive phytolittoral zone, Early Epipaleolithic hunter-gatherers were 

modifying the marsh and initiating long-term changes to the landscape at the close of the 

Pleistocene. Within this increasingly prolific anthropogenic landscape, the social and 

cultural connections to certain locales, may have promoted the development of ‘persistent 

places’, and eventually, larger aggregation settlements. This hypothesis suggests, that the 

origin of ‘persistent places’ and larger aggregation settlements in the Azraq Basin was in 

part, facilitated by earlier human-environment interactions that consequently enhanced 

the economic and subsequently, the social meaning of that landscape. The data presented 

provide an interesting hypothesis to be tested by ongoing work in the region. 

Key Interpretations from the Phytolith Evidence 

Based on these summaries, several interpretations require emphasizing:  

 Phytolith evidence demonstrated that wetland, steppe/parkland and 

woodland zones formed an integrated resilient system of plant-use, 

with reliable wetland resources providing an especially important 

focal point. 

Here, I interpret the focus on wetland resources during the Late Pleistocene, as 

evidenced in both the settlement patterns and new phytolith results as being driven by 

risk minimization goals, to satisfy the basic food and non-food needs of the population. 

While this dissertation provides direct evidence of wetland plant use, wetlands are also 

rich in animal resources, and this resource base was likely a major attraction for Late 

Pleistocene hunter-gatherers (Martin, et al. 2010; Munro, et al. 2015). Ultimately, by 
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‘tethering’ settlements to reliable resource locales, like the wetlands, hunter-gatherers in 

the Eastern Levant could engage safely in a diverse range of subsistence activities to 

supplement their reliable plant resources, with riskier but more desirable options. Indeed, 

the reliable ‘natural storage’ of resources provided by certain wetlands may have 

permitted increasing use of grass and cereal resources.  

However, it must be emphasized that following Kelly’s (2001) observations for 

the Great Basin, hunter-gatherers in the Eastern Levant used different wetlands 

differently depending on the specific character of the wetland, and the nature of the non-

wetland resources surrounding them. For example, the different settlement strategies in 

the Azraq Basin versus the Wadi al-Hasa show this clearly. This observation is strongly 

supported by the phytolith evidence presented in this dissertation, with the site of 

Kharaneh IV featuring a much greater density of phytolittoral reed and sedge resources, 

whereas, the sites in the Wadi al-Hasa feature a greater proportion of riparian dicot 

resources.  

 Emphasizing the importance of wetland plant resources to Late 

Pleistocene hunter-gatherers, the phytolith evidence also suggests that 

large quantities of wetland reed and sedge resources were employed in 

the construction of hut structures at Kharaneh IV.  

Phytolith evidence from Kharaneh IV demonstrates heavy use of reed and sedge 

resources. This combined with ethnographic evidence from analogous hut structures in 

the American Great Basin/Plateau, which are recorded to require as much as 200 square 

meters of tule per hut, suggests the impact of building these structures would have been 

acutely apparent on the landscape. Significantly, it is possible that the anthropogenic 

impacts associated with reed and sedge resource harvesting enhanced the ecological 

productivity of the landscape, and over time may have imbued the landscape with 
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increasing economic and social meaning. This interpretation is supported by 

archaeological evidence at Kharaneh IV for increasing sedentism and potentially, 

growing connection to place, including hut features, a subfloor burial and a sizeable 

ground stone assemblage (Maher, Richter, Macdonald, et al. 2012; Richter, Garrard, 

Allcock, et al. 2011; Richter, et al. 2013).  

 Microcharcoal evidence suggests that there was increasing fire 

disturbance in the Azraq Marsh during the Early Epipaleolithic, 

around the site of Ayn Qasiyya. This disturbance appears to be 

correlated with the expansion of the reed bed (phytolith evidence).  

It is not possible at this time to distinguish these fires as natural or anthropogenic 

in origin. However, these results suggest the possibility that because of their wetland-

focused adaptation, Early Epipaleolithic hunter-gatherers were modifying the marsh. 

Persistent small-scale disturbances may have facilitated the creation of a prolific 

anthropogenic landscape at the close of the Pleistocene, and encouraged increasing 

settlement near such ‘persistent places’. Consequently, as previously argued, in the Azraq 

Basin the development of larger aggregation sites may have been facilitated by earlier 

human-environment interactions that enhanced the economic and subsequently, the social 

meaning of that landscape. This hypothesis requires further testing, to evaluate the 

intensity and extent of possible prehistoric human disturbance on the wetland margins. 

Importantly, this promising new line of research requires us to reconsider how we view 

early hunter-gatherers in the prehistory of the Levant.  

PHYTOLITH EVIDENCE AND THE BROADER CONTEXT: LATE PLEISTOCENE HUMAN-

ENVIRONMENT INTERACTIONS  

This new body of phytolith data demonstrates clearly that wetlands are vital to 

understanding Late Pleistocene hunter-gatherer adaptations in the Eastern Levant. Lee 
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(1968:12) described the use of the environment by hunter-gatherers as comparable to a 

storehouse. Following this logic, I suggest the wetlands in the Eastern Levant were 

utilized as a type of natural storage. The ‘stores’ of sedges, reeds and rushes bordering 

the wetlands would have provided a reliable source of food and craft materials. 

Moreover, I suspect that wetland plant resources (phytolittoral zone) may have had a 

critical role in supporting the development of increasingly sedentary adaptations during 

and after the LGM.  

However, the relationship between wetland resources and human adaptation is not 

unidirectional and people did not simply react to the ecological opportunities in their 

surroundings. In fact, the natural storage provided by the phytolittoral zone, may not 

have been so prolific naturally, but rather aided by anthropogenic disturbance. 

Accordingly, earlier anthropogenic disturbance may have facilitated phytolittoral 

development, and the ‘upward mobility’ (Smith 2012:269) of wetland resources.  

Importantly, in providing a dependable food and craft resource-storage repository, 

I contend that the wetland plant resources may have allowed greater risk-taking strategies 

for other types of resources or behaviors, beyond the wetland zones, like increasing use 

of grass and cereal resources. Moreover, the upward mobility of the wetland zone may 

have facilitated the origin of ‘persistent places’ and eventually, even the increasingly 

sedentary large aggregation settlements in the Azraq Basin. Underlying this dynamic is a 

powerful feedback loop, whereby increasing human impacts in the marsh may have 

increased the yield and predictability of ‘low-ranking’ phytolittoral resources. This in 

effect may have increased hunter-gatherer reliance and use of phytolittoral resources, 

which in turn may have helped make the wetland and in particular, the phytolittoral zone, 

a highly valued resource location. 
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Resilient under exploitation, during periods of poor climatic conditions or 

uncertainty, in contrast to the surrounding landscape, wetlands can provide a rich and 

dependable suite of food, technological and water resources. In the Eastern Levant, 

hunter-gatherers employed diverse plant collection strategies that focused on those 

comparatively abundant and reliable resources afforded by wetlands. Importantly, this 

adaptive strategy was shaped not only according to what resources the wetlands offered, 

but also according to what was available in the surrounding region (sensu Madsen and 

Kelly 2008:85). To paraphrase Kelly (2001), resource ‘choice’ is relative.  

A SUMMARY OF THE CONTRASTING ECOZONE MODEL 

As outlined in Chapter 3, wetlands should not be construed as lush food 

producing oases or ‘edens’. Indeed, wetlands, particularly plant resources, might be seen 

to provide what people need (reliable, but low calories and water – to ‘satisfice’), rather 

than what people want (high calories, variability and flavor). As a result, hunter-gatherers 

in the Eastern Levant should emphasize the more reliable wetland plant resources, but 

still prize the less reliable parkland alternatives. This push and pull between what people 

need (predictable foods) and want in their diet (preferred foods) is central to the 

contrasting ecozone model predictions put forth in Chapter 3. It must be emphasized that 

the expectations are specific to the unique ecological situation of contrasting 

wetland/dryland ecozones, characteristic of the Eastern Levant during the Late 

Pleistocene.  

In Chapter 3, the model was evaluated against the Late Pleistocene archaeological 

record in the Azraq Basin and the Wadi al-Hasa in the Eastern Levant. The two key 

expectations were assessed with the following result (see Chapter 3 for more details): 
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Firstly, that during periods of increased aridity, hunter-gatherers should 

focus on the resources in the wetland, whereas during periods of increased 

humidity, they should tend to exploit more of the less reliable, but desirable 

resources found in the dryland. 

Azraq Basin: paleoenvironment and settlement evidence appears to fit the model 

expectations. 

Wadi al-Hasa: paleoenvironment and settlement evidence appears to fit the 

model expectations. 

Secondly, that the availability and arrangement of resources impacted 

hunter-gatherer adaptation. 

Azraq Basin: settlement evidence (site size, location) and available onsite data 

(faunal, lithic and botanical), partially support the model. The current settlement 

evidence suggests a pattern of logistical mobility, as expected. However, the animal 

subsistence evidence does not (Martin, et al. 2010).  

Wadi al-Hasa: settlement evidence (site size, location) and available onsite data 

(faunal, lithic and botanical), partially support the model. As expected, the current 

settlement evidence suggests a pattern of residential mobility, as does the animal 

subsistence evidence (Munro, et al. 2015).     

Assessing the ‘Fit’ of the Model with the Phytolith Evidence 

At present, the evidence from the Azraq Basin and the Wadi al-Hasa appears to 

conform largely to the model expectations. The new phytolith evidence will now also be 

used to assess the expectations. In regards to the first expectation – that during periods of 

increased aridity, hunter-gatherers should focus on resources in the wetland, whereas 

during periods of decreased aridity, they should tend to exploit more of the less reliable, 
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but desirable resources found in the dryland – the phytolith evidence appear to be in 

support. The period under consideration, the Late Pleistocene, is overall arid (barring the 

Bølling-Allerød) (see chapter 2) and the phytolith evidence from the Azraq Basin and 

Wadi al-Hasa sites all indicate that wetland resources (or riparian in the Wadi al-Hasa) 

were central to hunter-gatherer adaptations (see Chapter 5 and 6).  

In regards to the second expectation – that the availability and arrangement of 

resources impacted hunter-gatherer adaptations – the phytolith evidence appears to be in 

support. This expectation is demonstrated very clearly in the phytolith evidence at 

Kharaneh IV (in the Azraq Basin) compared to Yutil al-Hasa and Tor Sageer (in the Wadi 

al-Hasa) (see Chapter 5).  

High densities of sedge and reed phytoliths at Kharaneh IV suggest that the 

coarse-grained marsh environment in the Azraq Basin provided an expansive 

phytolittoral zone (see Chapter 5). Surrounded by a comparatively arid and risky steppe 

environment, dependable wetland resources were exploited heavily for craft and 

construction purposes and perhaps plant food resources too (see Chapter 6). This 

comparatively dependable, large-scale phytolittoral rich wetland appears to have 

facilitated an increasingly sedentary hunter-gatherer adaptation.  

Whereas, at the Wadi al-Hasa sites, far lower densities of sedge and reed 

phytoliths and a greater emphasis on dicot resources, interpreted to represent local 

riparian plants, suggests that the in-stream wetland provided a more varied, small-scale 

micro-mosaic environment. It is plausible, that without a large-scale aggregation of 

reliable phytolittoral plant resources, hunter-gatherers employed a more mobile 

adaptation in this region, focused on repeated occupation of key sites (see Chapter 5).  



 235 

Suggestions for Future Investigation of this Model 

The phytolith evidence clearly provides further support for the contrasting 

ecozone model expectations. However, to further assess this model a wider geographical 

and temporal range of sites need to be investigated. It would be of particular interest to 

examine later Epipaleolithic sites, such as but not limited to, Shubayqa in the Azraq 

Basin and Tabaqa in the Wadi al-Hasa, as the Late Epipaleolithic persisted through the 

Bølling-Allerød interglacial and the Younger Dryas glacial reversal, and is consequently 

a dynamic climatic period (analysis planned by author).  

Moving forward, it is important to consider what other kinds of evidence is 

needed to further test, evaluate and comprehensively refine this model. While the 

phytolith results would benefit from further integration and detailed comparison with the 

faunal and lithic data from the sites investigated in this dissertation, the data are not 

available currently (ongoing research). However, collaborative studies will be 

forthcoming. Elaborating on the benefits of multiple lines of evidence, starch analysis 

would be another important and complimentary line of botanical evidence. For example, 

investigations relating to prehistoric diet at the site of Kharaneh IV would be aided 

greatly by starch analysis of hut sediments and ground stone residues (analysis ongoing 

by author). 

FUTURE RESEARCH DIRECTIONS AND CONCLUSIONS 

This chapter has reviewed, summarized and contextualized the main findings of 

the data chapters (Chapter 5-7), demonstrating the critical contribution of phytoliths 

analysis to the archaeology of Late Pleistocene hunter-gatherers in the Eastern Levant. 

These new phytolith data were then used to assess the fit of the contrasting ecozone 

model in the Azraq Basin and Wadi al-Hasa (Chapter 3), and was found to broadly 

support the model expectations. Going forward, the model needs to be evaluated with an 
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expanded data set, both temporally and regionally. Other lines of evidence need to be 

incorporated and integrated into a comprehensive and collaborative review of the model.   

This dissertation has demonstrated the important contribution that phytolith 

analysis can make to Late Pleistocene archaeology. Yet, the results generated by this 

investigation only scratch the surface and much more work is required. Accordingly, the 

following research directions are suggested: expanding the time periods under 

investigation into the Late Epipaleolithic; preparation and review of comparative 

collection material to refine wild grass husk and wetland plant identifications (Hillman 

Collection and Mt. Scopus Collection); inclusion of other microbotanical techniques such 

as starch analysis; continued analysis of hut sediments at Kharaneh IV to provide 100% 

coverage of floor deposits and comprehensively assess the use of space; and expansion of 

the multi-proxy marsh section analysis in the Azraq Basin. 

The findings and interpretations generated in this dissertation and summarized in 

this final chapter provide a new and important contribution to our understanding of Late 

Pleistocene hunter-gatherer archaeology in the Eastern Levant. Employing flexible local 

plant-use strategies, Late Pleistocene hunter-gatherers formed an integrated resilient 

system of plant-use, with reliable wetland resources that provided an especially important 

focal point. Through their exploitation of anthropogenically sensitive phytolittoral 

resources, Late Pleistocene hunter-gatherers may have facilitated the development and 

expansion of those resources and consequently contributed to the social and ecological 

feedbacks that aided the ‘upward mobility’ of wetland resources. In providing a 

dependable food and craft resource repository (a form of ‘natural storage’), wetland plant 

resources may have facilitated increasingly sedentary adaptations in certain locales and 

perhaps permitted increasing use of grass and cereal resources. In summary, the data and 
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interpretations presented in this dissertation demonstrate clearly that wetlands are vital to 

understanding Late Pleistocene hunter-gatherer adaptations in the Eastern Levant. 
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APPENDIX A: SITE REPORTS
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Kharaneh IV Phytolith Report 

This report presents the results of a phytolith analysis conducted on sediment 

samples from the Early and Middle Epipaleolithic site of Kharaneh IV (19.9-18.6 ka cal. 

BP) in the Azraq Basin, Jordan. Phytoliths are microscopic silt sized silica particles. They 

are formed when plants take up soluble silica from the ground water. The silica is then 

deposited in and around the intracellular and extracellular spaces, creating durable 

inorganic silica ‘casts’ of the plants’ cells. Grasses, sedges and palms (monocotyledons) 

readily produce phytoliths, often distinctive to plant family, genus and more rarely, 

species. Woody trees and other herbaceous dicots also produce phytolith, although far 

fewer and with less diagnostic forms. In grasses and other monocots, silica is actively 

deposited in the cells of the plant. As a result, phytoliths can form in individual cells, 

producing single-cell phytoliths; or as a suite of attached adjacent cells, producing multi-

cell forms, also known as silica skeletons. By studying the anatomical orientation of these 

fossilized sections of plant tissue it is possible to make identifications down to the plant 

genus or species level. Single cell monocot phytoliths are identified according to the 

ICPN classification system when possible (Madella, et al. 2005).   

KHARANEH IV 

Kharaneh IV is one of several large Early-Middle Epipaleolithic aggregation sites 

(Jilat 6) in the Azraq Basin (Garrard and Byrd 1992; Richter, et al. 2013). The site was 

situated on the periphery of a large wetland/marsh, surrounded by semi-arid 

steppe/parkland (Garrard, Baird, Colledge, et al. 1994; Garrard, et al. 1987; see Hunt in 

Garrard and Byrd 2013; Jones and Richter 2011; Montague, et al. 1988). The Azraq 
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wetland is fed by several springs, which are filled by surface runoff and groundwater 

(Jones and Richter 2011). A low discharge-to-replenishment ratio means that the springs 

provide a secure supply of water, even under arid conditions (Jones and Richter 2011; 

Macumber 2001). Consequently, the wetland would have been a reliable resource rich 

environment relative to the surrounding arid-steppe/parkland (see Hillman, Madeyska, et 

al. 1989), particularly during arid periods. This characteristic of the Azraq Basin has 

attracted human groups to the region since the Lower Palaeolithic (Copeland and Hours 

1989; Cordova, et al. 2013; Rollefson 1983b; Rollefson, et al. 1997). 

At 21,000 m2 and ~1.5 m in depth, Kharaneh IV is notable for its phenomenal 

size. To account for the size and density of the cultural material, the site was originally 

interpreted as a repeatedly revisited long-term (ca. 3,000-5,000) aggregation site. New 

radiocarbon evidence demonstrates however, that it was only occupied for 1,225 years 

(Richter, et al. 2013). This suggests that the site was visited by large numbers of people, 

staying at the site for long periods of time (Richter, et al. 2013), likely on a multi-

seasonal, or possibly year-round basis (Jones 2012).  

Kharaneh IV also features the earliest documented hut structures in Jordan (3) 

(Maher 2011; Maher and Macdonald 2013; Maher, Richter, Macdonald, et al. 2012), a 

subfloor burial, worked bone objects, a ground stone assemblage and marine shell beads 

(Richter, Garrard, Allcock, et al. 2011; Richter, et al. 2013). These material remains 

provide evidence of increasing sedentism, the use of complex trade networks, 

sophisticated food processing, personal adornment practices and possibly ritual behavior.  

Garrard and Price first surveyed the site in the 1970’s. Small test excavations 

were subsequently undertaken in 1981 and 1985 by Muheisen, who excavated two areas 

totaling ~15 m2 (area A and area B). Muheisen (1988) documented four occupational 
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phases, labeled A-D. These phases included two later Geometric Kebaren phases (C and 

D), and two earlier Kebaren phases (A and B).  

In 2008 the Early Epipaleolithic Foragers in Azraq Project (EFAP), led by PI 

Maher and Richter, renewed excavations at the site; work is still ongoing (Maher and 

Macdonald 2013; Maher, et al. 2009; Maher, et al. 2008, 2010).  EFAP excavations have 

focused on two areas of the site, an Early Epipaleolithic occupation (Area B, equivalent 

to Muheisen’s Kebaren phase A and B) and a Middle Epipaleolithic occupation (Area A, 

equivalent to Muheisen’s Geometric Kebaren phase C and D). Excavation of these 

occupations has provided the samples for this analysis. 

Early Epipaleolithic Occupation: Area B  

Area B (called R/S2/60 by Muheisen) is approximately 44.5 m2  and over 1.5 m 

deep (Maher, et al. 2009; Maher, et al. 2010). However, a sounding (Area F) located 

north of Area B demonstrated that the Early Epipaleolithic occupation of the site is larger 

than previously thought (Maher, et al. 2010). Characterized by several overlapping and 

superimposed occupational surfaces, three hut structures, and a number of hearths and 

ash pits, the deposits in Area B are complex (Maher and Macdonald 2013). The 

occupation surfaces are at times ephemeral (~2-3 cm thick), however, the remains are 

largely in situ and continuous, with a high density of artifacts (including several small 

caches of blades and bladelets), faunal remains and charcoal (Maher, et al. 2009; Maher, 

et al. 2010).  

Middle Epipaleolithic Occupation: Area A 

Area A is approximately 30 m2 and between 40-45 cm deep (Maher, et al. 2009). 

This area includes several occupation surfaces, two hearth deposits and a series of dark 

brown sediment deposits that are interpreted to be post-holes. These remains provide 
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evidence of repeated cooking events and the construction of ephemeral structures, 

interpreted to be cooking structures or drying racks (Maher, et al. 2010).  

SAMPLES AND METHODS 

Excavation and Phytolith Samples 

A total of 34 sediment samples were analyzed for this study (Tables a1 and a2). 

The samples were taken from a variety of onsite contexts, including occupation surfaces 

and features (hearths, dumps and post-holes). Excavations were conducted on a 1 x 1 m 

grid. However, these squares were further divided into 50 x 50 cm quads when finer 

controls were needed. The site was excavated by natural and cultural layers, which were 

further divided into 5-10 cm arbitrary spits. All of the excavated sediment was subject to 

flotation or were stored for micro-artifacts, micro-fauna, micromorphology, and soil 

analysis (Maher, et al. 2010). The phytolith samples for this analysis were collected from 

these sediment samples taken during the 2008, 2009 and 2010 excavation seasons.  

Phytolith Analysis 

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics before 

extracting the phytoliths. First, the sediment was sieved though a 0.25 mm sieve to 

remove the coarse sediment fraction. A sample of approximately 800 mg was taken for 

analysis. The sample was treated with 30 ml of 10% HCI to remove the carbonates. To 

disperse the clays, a sodium hexametaphosphate solution (lab grade Calgon and distilled 

water) was added to the sample. The clays were removed from the sample by decanting 

after settling the fine sands and silts. This process was repeated until the suspense was 

clear. Organic matter was removed by dry ashing the samples in a muffle furnace for 2 

hours at 500 degrees Celsius. The phytoliths were then extracted from the remaining
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Area B Loci Loci description Sample context 
Field 

Number 

Lab 

Number 

Occupation 

Surfaces 

033 Base of Early Epipaleolithic occupation. Light 

brown lacustrine clay sediments, indicating 

significantly moister conditions during the initial 

human occupation. Lithic, faunal and charcoal 

remains in deposit.  

R/52/60.P1.52 0552055 1B.14.1 

 032 Part of a series of alternating ‘occupation surfaces’ 

and refuse/ eroded deposits in this area. Thin 1-2 cm 

clay deposit. Has a chalky appearance. 10YR 3/3 

(wet) dark yellowish brown (=031).  

R/51/60.P1.51 0552078 1B.13.1 

 031 Part of a series of alternating ‘occupation surfaces’ 

and refuse/ eroded deposits in this area. Thin 1-2 cm 

clay deposit, which contained significantly less 

charcoal then the deposit above. Has a chalky 

appearance. 10YR 3/3 (wet) dark yellowish brown 

(=032).  

R/52/60.P1.51 0552076 1B.12.1 

 030 Part of a series of alternating ‘occupation surfaces’ 

and intermediate deposits in this area. 10 YR 5/6 

(wet) yellowish brown, silty clay. More faunal than 

chipped stone. High number of finds and their 

jumbled up nature suggests a refuse area or eroded 

surface.  

R/52/60.P1.46 332018 1B.11.1 

 048 7.5 YR 2.5/3 dark brown loam. Flat lying artifacts, 

very thin, less than 1 cm occupation surface.  

AZ73.13.048 545303 1B.1.1 

 227 Compact yellow/brown layer (surface?) AX74.24 545371 1B.18.1 

 217 10 YR 2/2 greyish brown, compact clay layer. It is 

equal to 049 which is interpreted as a occupational 

surface. It overlies 218. 

AX73.21 545264 1B.17.1 

Hut Prep. 243 White clay underneath 218. Largely devoid of AX74.54M 545581 1B.9.1 
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And 

Surrounding 

Surface 

cultural material, except for several caches of ochre, 

pierced shell beads and burnt lithics. 

218/197 Orange sand, fill deposit. The boundary between 

218 and 238 is diffuse, so they may have been 

similar deposits. No artifacts other than burnt lithics. 

AX75.50A 545415 1B.7.1 

238 Very loose sandy deposit, similar to 218, but not in 

color. The sand is a light brown color, there were 

some burnt lithics (silty sand). 238 is above 218. 

AX75.51A 545492 1B.8.1 

Feature 

(dumps) 

165 Brown loose deposit containing concentration of 

large pieces of fragmented bone. 10 YR 5/3 silty 

sand. Bone dump (fill), large quantities of faunal 

material were deposited along with associated lithics 

and lithic debitage.  

AT71.6 544996 1B.15.1 

 179 This loci extends into AT73 and lies under 160 and 

cuts 165. It is a mottled deposit with bits of lighter 

clay and spots of orange-brown material. Artifacts 

were not very frequent except for 7 large, special 

finds (stone, flint and five large bones including a 

horn core).  

AT73.13 545043 1B.2.1 

 206 Dark loose, silty deposit. Few pieces of burnt bone, 

charcoal, noticeably darker spot isolated within 043. 

Possibly a dump.  

AZ72.11 545198 1B.5.1 

 211/214 Dark brown organic rich sediment. Loamy clay. 7.5 

YR 3/3. Loose compaction (large hearth or dump).  

AX72.23 545206 1B.6.1 

 193 Sandy loose pit fill, below 002 and cut into 088 

bone layer.  

AY75.2 545284 1B.4.1 

Feature  

(pit fill) 

176 Compact grey pit fill = 172. Below 185, above 234. 

This context has lots of charcoal and bone, as well 

as some scrappers. Good sealed deposit. Dated.  

Several interesting faunal finds, including Gazelle 

AV71.15 545118 1B.16.1 
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mandible, canid mandible and an equid skull with 

two tortoise shell fragments near the eye sockets.  

 187 Sediment associated with fox skull (Light brown 

soil with clay inclusions), within 172, grey, charcoal 

and faunal pit fill. 

AU72.16 545142 1B.3.1 

Table a1: Kharaneh IV Area B Phytolith Sample List. 

 

Area A Loci Loci Description Sample Context 
Field 

Number 

Lab 

Number 

Occupation 

Surfaces 

004 Compact brown sediments. AP42.9C 

AQ42.14A 

AQ42.14B 

0552160 

0552047 

0552045 

1A.9.2 

1A.26.1 

1A.27.1 

 008 Compact light brown sediments. AT40.110 

AR40.12A 

AR40.12C 

AP42.12A 

AP42.12C 

871339 

0552006 

0553201 

0551997 

0551994 

1A.10.1 

1A.29.1 

1A.30.1 

1A.31.1 

1A.32.1 

 100 Compact mottled undulating deposit with high 

concentrations of charcoal (same as 008, under 034). 

AT36.9 871151 1A.15.2 

 132 Dark brown sediments AP36.54 871425 1A.18.1 

 003 Dark brown sediment with lots of charcoal AQ42.10 0552175 1A.25.1 

 080 Compact sediment with lots of charcoal, flat lying 

artifacts, bone and shell beads (beneath 100). 

AQ36.47 871666 1A.13.1 

Feature 

(hearth) 

034 Loamy sand (10 YR 4/4), compact soil, with bones 

and bits of charcoal. Large ashy feature (beneath 

003). 

AT38.10 871335 1A.11.1 

 065 Dark brown stain, overlapping hearth deposit (067). AP35.20 871253 1A.12.1 

 101 Loose brown sediment patch near hearth (065), cuts 

057. 

AQ36.17 871133 1A.16.1 

Feature 097 Dark brown sediment patch, cuts 035. AP35.13 871081 1A.14.1 
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(post-hole) 

 105 Dark brown sediment patch, cut 057. AQ36.16 871132 1A.17.1 

Table a2: Kharaneh IV Area A Phytolith Sample List. 
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fraction using density separation. A sodium polytungstate (SPT) solution (with distilled 

water) calibrated to 2.3 specific gravity was used to separate the phytoliths from the 

heavier minerals. The phytoliths were then poured off, cleaned, weighed and the mounted 

in Entellan. The phytolith slides were counted at 400x magnification using a transmitted-

light microscope. A minimum of 300 single cells and 50 multi cells were counted on each 

slide. The results are expressed as number per gram of sediment. The absolute counts for 

each phytolith type was calculated using a modified method outlined by Albert, et al. 

(1999); Albert and Weiner (2001); see Power, et al. (2014) for details. 

PHYTOLITH RESULTS 

The phytoliths throughout the site appear to be well preserved with the presence 

of delicate morphotypes such as hairs, and some large multi-cells suggesting favorable 

preservational conditions. The phytolith assemblage at Kharaneh IV contains single-cell 

(SC) and multi-cell (MC) phytolith morphotypes for several plant types and parts, 

including: monocot leaves and stems, indicated by SC and MC psilate long cells; a 

variety of grass husks, indicated by dendritic long cells, both SC and MC. It is important 

to note that at this time, our ability to differentiate between wild grass and cereal varieties 

is limited. Further work is in process to develop effective multi-cell identification 

protocols. As such, identifications in this report are limited to wild grass husks; pooid 

grasses, indicated by rondels, a type of short cell; chloridoid grasses, indicated by 

saddles; panicoid grasses, indicated by bilobes, quadralobes (crosses) and polylobes, 

types of short cells; reeds, indicated by SC and MC keystone bulliforms; Phragmites sp. 

leaves and stems, indicated by characteristic MC forms; Cyperaceae (sedges), indicated 

by SC and MC cones, and long cells with rods (MC); woody dicots, indicated by blocks 
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and smooth spheroids (SC), and dicot leaves indicated by honeycomb and other irregular 

SC and MC forms.  

Two common monocot phytolith types, psilate LCs and rondels, inundate all of 

the contexts at Kharaneh IV. Psilate LCs are found in all monocots, as such, they have 

limited diagnostic utility. The dominance of rondel short-cells however, is important for 

the reconstruction of the local environmental background. Rondels (pooid grasses) are 

formed in C3 grasses, indicating a prevailing cool climate. However, C3 grasses tend to 

have higher moisture requirements than C4 grasses, as such, the prevalence of C3 grasses 

appears to support suggestions that the LGM, while cool, may only have been mildly 

dryer than the climate in the region today (Weinstein-Evron 1993).  

While both morphotypes are important for discussing general trends in the 

assemblage, due to the sheer number of them, they obscure other patterns of plant-use. 

Accordingly, neither is used when trying to determine the environment-types exploited 

by the inhabitants at Kharaneh IV.  

To develop a picture of what ecozone-types the inhabitants at Kharaneh IV were 

exploiting, the phytoliths are grouped in the following sections to identify wetland, 

parkland grasses, and woodland ecozone-types (Table a3). These categories do not 

necessarily conform to traditional vegetation zones, but rather provide a broad picture of 

plant-use.  

Ecozone-type Phytolith morphotypes 

Wetland Keystone bulliforms (cf. reeds), Cones 

(sedges), Reed culm and leaf, Phragmites 

sp. culm and leaf, Cyperaceae 

Parkland Grasses Dendritic, papillae, cereal straw, all husk 

multi-cells  

Woodland Sheet, honeycomb, polyhedron, all indet 

dicots 

Table a3: Phytolith Evidence of Ecozone-types. 
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Pooid, chloridoid and panicoid short-cell ratios are also tentatively employed as a 

relative proxy for temperature and level of aridity. High ratios of pooid to total pooid, 

chloridoid and panicoid grasses indicate cool temperatures. Because chloridoid grasses 

tolerate arid conditions better than panicoid grasses, the ratio of chloridoid to chloridoid 

and panicoid grasses may be use as a proxy for aridity, with higher ratios indicating more 

arid conditions, and lower ratios indicating less arid conditions (Twiss 1992, 2001). 

These proxies must be interpreted with caution. While human adaptation and plant use is 

constrained by plant availability, and therefore reflects environmental opportunities, the 

assemblages are from on-site contexts, as such, their composition is determined by 

human behavior.  

Early Epipaleolithic Contexts: Area B 

The contexts in Area B that were subject to phytolith analysis in this report 

include occupation surfaces, hut preparation and surrounding surfaces (the hut structure 

and floor contexts will be reported on in a forthcoming interim report), dumps and pit 

fills. These contexts include the top four highest phytolith densities at the site 

(occupational surfaces, L. 30, L. 227; dump L. 165; pit fill L. 176) (Figure a1).  

Of the phytoliths that indicate ecozone-type, wetland resources dominate (Figure 

a2), although in two samples (1B.11.1, L.30; 1B.15.1, L.165) parkland grasses account 

for more than 60% of the environment-type assemblage (Figure a3). The samples in Area 

B feature several peaks in Cyperaceae and reed phytoliths (Figure a4), these include the 

two earliest occupation surfaces (L. 033 and L. 032). While the introduction of these 

phytoliths are mainly attributed to human activity, in these earlier samples the occupation 

surfaces are located directly on top of lacustrine deposits, suggesting that the lake/marsh 

had only recently receded. As such it is possible that reed bed vegetation from the earlier 
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deposits became incorporated into the site sediments through human trampling and 

disturbance. However, later occupation surfaces (L. 227, L. 217) display clear peaks in 

Cyperaceae and reed phytoliths that, because of their contexts, can be clearly attributed to 

human-use.   

Dendritic LCs (husks) are a consistent aspect of the feature (dumps, pit fills) 

context assemblages (7 of 7 samples), in contrast to the occupation surface assemblages 

(3 of 7 samples) (Figure a5). The ubiquity of dendritic LCs in these features may suggest 

that the remains represent the bi-products of wild grass food processing, consumption and 

discard. Notably, dendritic LC (husks) and LC psilates (stems) are correlated (0.72) in the 

Early Epipaleolithic deposits (Figure a5), indicating these resources were generally 

brought to the site together. This has potential ramifications for interpreting wild grass 

use and collection practices at the site.  

On the use of dicot resources, the Early Epipaleolithic contexts tend to have lower 

wood and leaf phytolith densities, however, sample 1B.18.1 from L. 227, an occupational 

surface in Area B, features one of the highest density of dicot wood and leaf phytoliths at 

the site (Figure a6).  

The Early Epipaleolithic deposits also feature higher densities of saddle 

(chloridoid grasses), bilobe/polylobe and cross (panicoid grasses) short cells (Figure a7).  

However, high saddle (chloridoid grasses) counts result in a higher chloridoid to 

chloridoid and panicoid ratio, and suggest more arid conditions (Figure a8). The 

anomalous low ratio in the hut preparation and surrounding surface are interpreted to 

reflect the specialized nature of these deposits. The steady high pooid to total pooid, 

chloridoid and panicoid ratio suggests the persistence of cool conditions (Figure a8).  
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Occupation Surfaces in Area B 

The occupation surfaces in Area B have a variable density of phytoliths (Figure 

a1) and provide evidence for a range of plant resources, which suggests a more 

generalized pattern of use. These resources include, wild grasses (husks) (Figure a5 and 

a6), pooid grasses, chloridoid grasses, panicoid grasses (Figure a7), Cyperaceae, reeds, 

including Phragmites culm (Figure a4) and dicot leaves and wood (Figure a6). Of the 

phytoliths that indicate ecozone-type, wetland resources dominate (Figure a2 and a3). 

Occupation Surfaces Sample by Sample: 

1B.14.1: This sample has a total of 555,896 phytoliths per gram of sediment 

(Figure a1).  The assemblage is dominated by monocots, with rondels (108,109), LC 

psilates (92,664) and bulliforms (165,473) forming a large portion of the assemblage. 

Reeds indicated by keystone bulliforms and Phragmites culm form the bulk of the 

wetland resources. Cyperaceae, indicated by both single cells (cones) and multi-cells (cf. 

sedges) also contribute to the assemblage (Figure a4). Of the phytoliths that indicate 

ecozone-type, wetland resources dominate (~95%) (Figure a2 and a3). 

1B13.1: This sample features a total of 567,106 phytoliths per gram of sediment 

(Figure a1). The assemblage is dominated by monocots, with rondels (151,215), LC 

psilates (141,957) and bulliforms (38,575) present. Bilobes/polylobes (panicoid grasses) 

(24,688) and saddle (chloridoid) (12,344) SCs increase (Figure a7). Cyperaceae (86,409) 

form a large portion of the wetland resources compared to the reeds (12,344) (Figure a4). 

Of the phytoliths that indicated ecozone-type wetland resource dominate, although 

woodland resources increase (Figure a2 and a3).  

1B.12.1: This sample features the second lowest density of phytoliths (438,910) 

of the Area B occupation surfaces (Figure a1). Rondels (96,184), LC psilates (119,933) 

and bulliforms (77,185) are present. Saddles (chloridoid grasses) (24,688) increase, while 
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bilobes/polylobes (panicoid) (28,499) decrease. Crosses (panicoid grasses) (2,375) are 

present (Figure a7). This sample contains dendritic LCs (husks) (8,312) (Figure a5). Of 

the phytoliths that indicate environment-type, wetland resources dominate, although 

parkland grasses account for just over 30% of the ecozone-type assemblage (Figure a2 

and a3).  

1B.11.1: This sample features the highest density of phytoliths (1,124,094) in the 

entire site (Figure a1). Rondels (438,101), psilate LCs (276,879), bulliforms (252,346), 

saddles (chloridoid grasses) (31,543) and bilobes/polylobes (panicoid grasses) (21,028) 

are present (Figure a7). This sample also has the highest density of cross SCs (panicoid) 

(3,504) (Figure a7) at the site. There are 28,038 dendritic LCs (husks) (Figure a5). 

Notably, of the phytoliths that indicate environment-type, parkland grasses dominate 

(Figure a2). Wetland resources only account for just under 30% of the ecozone-type 

assemblage (Figure a3).  

1B.1.1: This sample contains a relative low phytolith density per gram of 

sediment (163,100) (Figure a1). Rondels (33,146), psilate LCs (68,659) and bulliforms 

(17,520) are present. Of the phytoliths that indicate ecozone-type, wetland resources 

dominate, although woodland resources do increase (Figure a2 and a3). 

1B.18.1: This sample features the second highest density of phytoliths 

(1,072,180) at the site (Figure a1). Rondels (252,331), psilate LCs (218,117), and 

bulliforms (143,273) are present. This sample has the third highest density of saddle SCs 

(chloridoid grasses) (42,768) (Figure a7) and the highest density of Cyperaceae 

(164,657), reeds (164,457) (Figure a4), and dicot wood (12,830) and leaves (29,937) 

(Figure a6). Of the phytoliths that indicate ecozone-type, wetland resources clearly 

dominate (Figure a2). 



 253 

1B.17.1: This sample has a total of 678,165 phytoliths per gram of sediment 

(Figure a1). Rondels (201,009), psilate LCs (149,688) and bulliforms (91,951) are 

present. Saddles (chloridoid grasses) (12,830) and crosses (panicoid grasses) (2,138) are 

also present. This sample still has high Cyperaceae (96,228) and reed counts (35,284) 

(Figure a4). Dendritic LCs (2,138) are present (Figure a5), as are dicot wood (8,553) and 

leaves (5,403) (Figure a6). Of the phytoliths that indicate ecozone-type, wetland 

resources dominate. 

Hut Preparation and Surround Surfaces in Area B 

These samples all feature relatively low densities (Figure a1). Of the phytoliths 

that indicate ecozone-type, wetland resources dominate, although woodland resources 

contribute more than 20% of the environment-type phytoliths indicators in all of the 

samples in this context. Yet, dicot wood and leaf phytoliths are relatively sparse, except 

for L. 218, which contains a small peak in dicot leaves (Figure a6). These samples also 

contain a small number of bilobe/polylobe SCs (panicoid grasses), but only a few to no 

saddle (chloridoid grasses) or cross SCs (panicoid) (Figure a7). The low saddle count is 

reflected in the inconsistent low chloridoid to chloridoid and panicoid ratio for this 

context (Figure a8).  

Hut Preparation and Surrounding Surfaces Sample by Sample: 

1B.9.1: This sample features a total of 370,243 phytoliths per gram of sediment 

(Figure a1). Rondels (124,286), psilate LCs (100,509) and bulliforms (98,348) are 

present. This sample is the only sample in this context that includes saddles (chloridoid 

grasses) (2,161), it also has bilobe/polylobes (panicoid grasses) (3,242) (Figure a7). The 

sample contains some wild grass husks (1,464) (Figure a6), and some dendritic LCs 

(1,081) (Figure a5). There are also a few Cyperaceae (488) and reed (3,242) phytoliths 
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(Figure a4). Dicot leaves (5,403) are present (Figure a6). Of the phytoliths that indicate 

ecozone-type, wetland resources dominate (Figure a2).  

1B.7.1: This sample features a total of 378,006 phytoliths per gram of sediment 

(Figure a1). Rondels (41,246) and psilate LCs (66,210) are present. This sample features 

a comparatively high bulliform (170,410) count. This sample has the highest 

bilobe/polylobe (8,683) and cross (1,085) (panicoid grasses) count in this context (Figure 

a8), as well as the highest dendritic LC (3,256) (Figure a5), reed (10,854), Cyperaceae 

(6,061) (Figure a4), and dicot leaf (14,110) counts (Figure a6). Of the phytoliths that 

indicate ecozone-type, wetland resources dominate (Figure a2).  

1B.8.1: This sample feature a total of 257,037 phytoliths per gram of sediment 

(Figure a1). Rondels (60,104), psilate LCs (65,053), bulliforms (84,852) and 

bilobes/polylobes (panicoid grasses) (2,828) are present (Figure a7). Dendritic LCs 

(1,414) are present (Figure a5). Reeds (5,656) and Cyperaceae (1,156) are present in 

small quantities (Figure a4), as are dicot leaves (6,106) (Figure a6). Of the phytoliths that 

indicate ecozone-type, wetland resources dominate (Figure a2).  

Features (dumps and pit fill) in Area B 

The features (dumps and pit fill) in Area B tend to have a similar density of 

phytoliths per gram of sediment as the occupation surfaces (Figure a1). However, unlike 

the occupation surfaces, of the phytoliths that indicate ecozone-type, the features contain 

a greater proportion of parkland grasses (Figure a2 and a3). The saddles (chloridoid 

grasses), bilobes/polylobes and crosses (panicoid grasses) vary considerable amongst the 

loci (Figure a7), although saddles always predominate. However, there are different 

phytolith patterns apparent between the dumps and the pit fill, for example, the dumps 
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have very low Cyperaceae and reed densities, by comparison, the pit fill contexts have 

much more.  

 

Features (dumps) Sample by Sample: 

1B.15.1: This sample has the third highest phytolith density 980,927 per gram of 

sediment of all the site samples (Figure a1). Rondels (311,877), psilate LCs (245,262) 

and bulliforms (224,067) are present. This sample has very few Cyperaceae (782) and a 

limited number of reeds (9,083) (Figure a4). However, it does have the greatest density of 

saddles (chloridoid grasses) (57,530) and the second greatest density of bilobes/polylobes 

(panicoid grasses) (21,195) (Figure a7). It also contains the greatest density of dendritic 

LCs (45,419) (Figure a5). Of the phytoliths that indicate ecozone-type, this sample is 

dominated by parkland grasses (over 60%), followed by wetland resources (Figure a2 and 

a3).  

1B.2.1: This sample has a total of 336,456 phytoliths per gram of sediment. 

Rondels (116,317), psilate LCs (99,847) and bulliforms (33,968) are present. This sample 

has very few Cyperaceae (807) and a limited number of reeds (14,411) (Figure a4). 

Dendritic LCs  (11,322) (Figure a5) decrease. Saddle (chloridoid grasses) (4,117) and 

bilobe/polylobe (panicoid grasses) (2,058) short-cells both drop significantly from the 

previous sample (Figure a7). Dicot leaves (10,293) increase (Figure a6). Of the phytoliths 

that indicate ecozone-type, wetland resources form the majority of the assemblage, 

however, parkland grasses and woodland resources balance out the assemblage.  

1B.5.1: This sample has a total of 112,109, the lowest density of all the site 

samples (Figure a1). Rondels (20,415), psilate LCs (46,100) and bulliforms (10,866) are 

present. Dendritic LCs (2,305) (Figure a5) decrease, as do wild grass husks (207) (Figure 
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a6). Cyperaceae (3,064) and reeds (2,963) have similarly low densities (Figure a4). 

Saddle (3,951) (chloridoid grasses) bilobe/polylobe (987) and cross (392) (panicoid 

grasses) short-cells are present. Dicot leaves (3,135) decrease (Figure a6). Of the 

phytoliths that indicate ecozone-type, wetland resources dominate (Figure a2 and a3).  

1B.6.1: This sample has a total of 169,889 phytoliths per gram of sediment 

(Figure a1). Rondels (38,471), psilate LCs (68,982) and bulliforms (19,014) remain 

relatively low. Dendritic LCs increase slightly (3,095) (Figure a5). Cyperaceae (1,907) 

and reeds (9,514) have a low phytolith density (Figure a4). Saddles (5,306) (chloridoid 

grasses) and bilobe/polylobes (884) (panicoid grasses) are present (Figure a7). Dicot 

leaves (2,210) decrease from the previous sample (Figure a6). Of the phytoliths that 

indicate ecozone-type, wetland resources dominate (Figure a2 and a3).  

1B.4.1: The total phytoliths per gram of sediment increases in this sample to 

428,886 (Figure a1). Rondels (126,482), psilate LCs (142,142) and bulliforms (43,365) 

increase as well. Dendritic LCs increase to 10,841 (Figure a5). Cyperaceae (7,015) and 

reeds (10,338) remain low (Figure a4). Saddles (20,478) (chloridoid grasses) increased 

notably, while bilobes/polylobes (3,613) (panicoid grasses) remain low (Figure a7). This 

sample has the highest density of dicot leaves (15,156) of the dump contexts (Figure a6). 

Of the phytoliths that indicate ecozone-type, wetland resources dominate (Figure a2 and 

a3). 

Features (pit fill) Sample by Sample: 

1B.16.1: This sample has a total phytolith density of 890,223 per gram of 

sediment (Figure a1). Rondels (280,554), psilate LCs (203,821) and bulliforms (76,732) 

increase significantly. Dendritic LCs have a density of 14,387 (Figure a5). The density of 

Cyperaceae (141,475) is the second highest in the site, and reeds (40,764) also increase 
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(Figure a4). Saddles (9,591) (chloridoid grasses) and bilobes/polylobes (2,397) (panicoid 

grasses) decrease slightly (Figure a7). This sample has the highest density of dicot wood 

(11,989) and leaves (14,387) of the pit fill contexts (Figure a6). Of the phytoliths that 

indicate ecozone-type, wetland resources dominate (Figure a2 and a3).  

1B.3.1: This sample has a total phytolith density of 600,499 per gram of sediment 

(Figure a1). Rondels (159,933), psilate LCs (196,584) and bulliforms (34,985) are 

present. Dendritic LCs increase to 29,987 (Figure a5), and wild grass husks increase in 

density to 3,415 (Figure a6). Saddles (chloridoid grasses) increase three-fold (43,315), 

bilobes/polylobes (8,329) also increase, as do crosses (1,666) (panicoid grasses) (Figure 

a7). Dicot wood (0) and leaves (11,661) decrease (Figure a6). Of the phytoliths that 

indicate ecozone-type, parkland grass resources form the majority of the assemblage, 

followed closely by wetland and woodland resources (Figure a2 and a3).  

Middle Epipaleolithic Contexts: Area A 

The contexts in Area A that were subject to phytolith analysis in this report 

include occupational surfaces, hearths and post-holes. These contexts tend to contain 

lower phytolith densities than the Early Epipaleolithic contexts (Figure a1). Of the 

phytoliths that indicate environment-type, wetland resources dominate (Figure a2), 

although in one hearth sample (1A.12.1, L. 065) parkland grasses account for more than 

60% of the ecozone-type assemblage (Figure a3).  

The occupation surfaces in Area A tend to feature high densities of Cyperaceae 

(Figure a4), particularly L. 008, indicating Cyperaceae resources may have been a key 

material resource in craft or construction activities. Notably, dendritic LC (husks) and LC 

psilates (stems) are not correlated (0.07) in the Middle Epipaleolithic deposits (Figure 

a5), indicating that husk and stem resources were not brought to the site together. This 
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has potential ramifications for interpreting wild grass and cereal collection practices at 

the site. On the use of dicot resources, the Middle Epipaleolithic contexts tend to have 

higher wood and leaf phytolith densities (Figure a6). 

The Middle Epipaleolithic deposits feature lower densities of saddle (chloridoid 

grasses), bilobe/polylobe and cross (panicoid grasses) short cells (Figure a7). A lower 

chloridoid to chloridoid and panicoid ratio, suggest less arid conditions (Figure a8). The 

steady high pooid to total pooid, chloridoid and panicoid ratio suggests the continuation 

of persistent cool conditions (Figure a8).  

Occupation Surfaces in Area A 

The occupation surfaces in Areas A all tend to have higher dicot wood and leaf 

densities (Figure a6). Samples from loci 008 are particularly distinct. They include a 

notable increase in Cyperaceae phytoliths (Figure a4), and they also tend to have a higher 

count of bilobes/polylobes (panicoid grasses) to saddles (chloridoid) (Figure a7).  

Occupation Surfaces Sample by Sample: 

1A.9.1: This sample is from L. 004 and has the lowest phytolith density of all the 

site samples (113,327). Rondels (29,554), psilate LCs (49,146) and bulliforms (11,954) 

are present. This sample has a low density of dendritic LCs (4,981) (Figure a5). Saddles 

(664) (chloridoid grasses) and bilobe/polylobes (1,992) (panicoid grasses) are present 

(Figure a7). Cyperaceae (332) and reed (1,992) phytoliths have a very low density 

(Figure a4), as do dicot wood (0) and leaves (5,313) (Figure a6). Of the phytoliths that 

indicate ecozone-type, woodland resources dominate, followed closely by parkland 

grasses and then wetlands (Figure a2 and a3). Notably, this is one of only three samples 

at the site where wetland resources are ranked last.  
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1A.26.1: This sample is from L. 004, and it has a phytolith density of 209,864 per 

gram of sediment (Figure a1). Rondels (64,256), psilate LCs (64,874) and bulliforms 

(17,299) are present. Saddle (1,853) (chloridoid grasses) and bilobe/polylobe (3,089) 

(panicoid grasses) short-cell densities remain low (Figure a7). Cyperaceae (10,091) and 

reed (12,357) increase in count (Figure a4). Dicot wood (4,324) and leaves (9,885) 

increase as well (Figure a6). Of the phytoliths that indicate ecozone-type, wetland 

resources dominate (Figure a2 and a3).  

1A.27.1: This sample is from L. 004, and it has a phytolith density of 292,235 per 

gram of sediment (Figure a1). Rondels (95,284), psilate LCs (86,793) and bulliforms 

(29,245) are present. Dendritic LCs (1,886) are present (Figure a5). The density of 

saddles (5,660) (chloridoid grasses) and bilobes/polylobes (1,886) remains low, but 

crosses (943) (panicoid grasses) are present (Figure a7). Cyperaceae (38,693) increases in 

density, while the reed (4,717) density remains low (Figure a4). Dicot wood (3,773) and 

leaves (8,490) are present (Figure a6). Of the phytoliths that indicate ecozone-type, 

wetland resources dominate (Figure a2 and a3).  

1A.10.1: This sample is from L. 008, and it has a phytolith density of 314,477 per 

gram of sediment (Figure a1). Rondels (54,312), psilate LCs (137,793) and bulliforms 

(19,110) are present. Dendritic LCs (15,086) increase from the previous loci (Figure a5). 

Saddles (9,052) (chloridoid grasses), bilobes/polylobes (1,005) and crosses (2,011) 

(panicoid grasses) all remain low (Figure a7). Reeds (13,075) remain low as well (Figure 

a4). Dicot  leaves (11,063) are present (Figure a6). Of the phytoliths that indicate 

ecozone-type, woodland resources dominate (Figure a2 and a3).  

1A.29.1: This sample is from L. 008, and it has a phytolith density of 823,825 per 

gram of sediment (Figure a1). Rondels (270,653), psilate LCs (238,373) and bulliforms 

(44,695) are present. Saddles (2,483) (chloridoid grasses) remain low, but 
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bilobes/polylobes (9,932) (panicoid grasses) increase (Figure a7). Cyperaceae (98,425) 

and reeds (37,245) increase significantly in this sample (Figure a4). In this sample the 

density of dicot wood (34,762) and leaves (22,347) is the highest of all the samples 

(Figure a6). Of the phytoliths that indicate ecozone-type, wetland resources dominate 

(Figure a2 and a3).  

1A.30.1: This sample is from L. 008, and it has a phytolith density of 622,807 per 

gram of sediment (Figure a1). Rondels (169,576), psilate LCs (215,824) and bulliforms 

(21,582) are present. Saddle (1,541) (chloridoid grasses) and bilobe/polylobe (1,541) 

(panicoid grasses) remain equally low (Figure a7). Reeds (16,957) decrease from the 

previous sample, while Cyperaceae (120,244) increases (Figure a4). Dicot wood (12,332) 

and leaves (16,958) are present (Figure a6). Of the phytoliths that indicate ecozone-type, 

wetland resources dominate (Figure a2 and a3). 

1A.31.1: This sample is from L. 008, and it has a phytolith density of 500,115 per 

gram of sediment (Figure a1). Rondels (158,264), psilate LCs (136,740) and bulliforms 

(39,249) are present, as are dendritic LCs (1,266) (Figure a5). Bilobes/polylobes (3,798) 

(panicoid grasses) are present (Figure a7). Reeds (15,193) and Cyperaceae (60,773) 

decrease from the previous sample (Figure a4). Dicot wood (18,991) increases from the 

previous sample, while dicot leaves (7,956) decrease (Figure a6). Of the phytoliths that 

indicate ecozone-type, wetland resources dominate (Figure a2 and a3).  

1A.32.1: This sample is from L. 008, and it has a phytolith density of 431,450 per 

gram of sediment (Figure a1). Rondels (148,116), psilate LCs (107,099) and bulliforms 

(37,598) are present. Dendritic LCs (1,139) are present in a small quantity (Figure a5). 

Saddles (2,278) (chloridoid grasses) and bilobe/polylobes (5,696) (panicoid grasses) 

increase in density (Figure a7). Reeds (12,108) and Cyperaceae (57,431) are present 
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(Figure a4). Dicot wood (12,532) and leaves (6,836) decrease slightly (Figure a6). Of the 

phytoliths that indicate ecozone-type, wetland resources dominate (Figure a2 and a3).  

1A.15.2: This sample (236,485) has a lower density of phytoliths than all of the 

samples in L.008 (Figure a1). Rondels (64,906), psilate LCs (81,864) and bulliforms 

(11,694) are present. A small number of dendritic LCs (1,169) are present (Figure a5). 

Saddles (8,771) (chloridoid grasses), bilobes/polylobes (4,093) and crosses (1,169) 

(panicoid grasses) all increase (Figure a7). Reeds (12,933) remain relatively high, while 

Cyperaceae (1,376) drops in density (Figure a4). The density of dicot wood drops (0), 

while dicot leaves (12,864) increases slightly (Figure a6). Of the phytoliths that indicate 

ecozone-type, wetland resources and woodland resources account for a more or less equal 

portion of the assemblage (~45%) (Figure a2 and a3).  

1A.18.1: This sample has a total density of phytoliths of 300,684 per gram of 

sediment (Figure a1). Rondels (44,427), psilate LCs (145,464) and bulliforms (22,930) 

are present. Dendritic LCs (4,299) increase in density (Figure a5). Saddles (1,433) 

(chloridoid grasses), bilobes/polylobes (2,149) and crosses (716) (panicoid grasses) are 

all present in low densities (Figure a7).  Reeds (15,413) remain relatively high, while 

Cyperaceae (1,827) remains relatively low (Figure a4). Dicot wood (1,433) and leaves 

(4,760) decrease in density (Figure a6). Of the phytoliths that indicate ecozone-type, 

wetland resources dominate (Figure a2 and a3).  

1A.25.1: This sample features a total of 139,888 per gram of sediment (Figure 

a1). Rondels (47,919), psilate LCs (32,369) and bulliforms (10,789) are present. This 

sample includes a low density of bilobe/polylobe (1,586) (panicoid grasses) short-cells. 

Cyperaceae (21,610) increases in density, while reeds (6,346) decrease (Figure a4). Dicot 

wood (4,760) and leaves (2,856) are present (Figure a6). Of the phytoliths that indicate 

ecozone-type, wetland resources dominate (Figure a2 and a3).  
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1A.13.1: This sample features a total of 388,887 per gram of sediment (Figure 

a1). Rondels (96,249), psilate LCs (134,166) and bulliforms (68,055) are present. 

Dendritic LCs increase (19,444) (Figure a5). Saddles (4,861) (chloridoid grasses) and 

bilboes/polylobes (3,888) (panicoid grasses) increase (Figure a7). Reeds (7,777) remain 

unchanged, but Cyperaceae (1,620) drops (Figure a4). Of the phytoliths that indicate 

ecozone-type, parkland grass and wetland resources account for approximately 50% and 

48% of the respective assemblage (Figure a2 and a3).  

Features (hearths and post-holes) in Area A 

The features (hearths and post-holes) in Area A include a greater proportion of 

dendritic LCs (Figure a5). More over, a peak in wild husk and cereal multi-cells in one of 

the hearths (L.065) suggests this feature was a focal point for wild grass and cereal food 

processing or discard.  

Features (hearths) Sample by Sample: 

1A.11.1: This sample has a total phytolith count of 188,309 per gram of sediment. 

Rondels (18,615), psilate LCs (94,140) and bulliforms (28,189) are present. Dendritic 

LCs (6,382) (Figure a5) are present. This sample includes a low density of saddles 

(1,595) (chloridoid grasses) and bilobes/polylobes (1,063) (panicoid grasses) (Figure a8). 

Reeds (1,063) and Cyperaceae (1,294) have equally low densities (Figure 4), as do dicot 

wood (0) and leaves (3,723) (Figure a6). Of the phytoliths that indicate ecozone-type, 

parkland grass resources dominate, followed closely by wetland and woodland resources 

(Figure a2 and a3).  

1A.12.1: This sample has a total density of 349,948 phytoliths per gram of 

sediment (Figure a1). Rondels (53,154), psilate LCs (148,832) and bulliforms (21,261) 

are present. This sample also features a higher density of dendritic LCs (24,161) (Figure 
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a5), and a significant peak in wild grass husks (8,052) (Figure a9). Saddles (2,899) 

(chloridoid grasses), bilobes/polylobes (1,932) and crosses (1,932) (panicoid grasses) are 

all present in low densities (Figure a6). Reeds (3,865) increase slightly, while Cyperaceae 

(953) remains low (Figure a4). The density of dicot wood (0) is very low in this sample, 

particularly in relation to dicot leaves (10,630) (Figure a6). Of the phytoliths that indicate 

ecozone-type, parkland grass resources clearly dominate (Figure a2 and a3). 

1A.16.1: This sample has a total phytolith count of 472,076 per gram of sediment 

(Figure a1). Rondels (83,692), psilate LCs (206,199) and bulliforms (48,517) are present. 

Dendritic LCs have a density of 3,618 (Figure a5). Saddles (1,212) (chloridoid grasses) 

have a low density of phytoliths, while the bilobes/polylobes (6,064) (panicoid grasses) 

increase (Figure a7). Reeds (8,975) and Cyperaceae (5,336) increase in this sample 

(Figure a5). This sample features the highest density of dicot wood (1,212) and leaves 

(13,342) of the hearth features (Figure a6). Of the phytoliths that indicate ecozone-type, 

wetland resources dominate, but are closely followed by woodland resources (Figure a2 

and a3).  

Features (post-holes) Sample by Sample: 

1A.14.1: This sample features a total phytolith density of 368,590 per gram of 

sediment (Figure a1). Rondels (76,580), psilate LCs (152,364) and bulliforms (37,492) 

are present. Dendritic LCs have a density of 3,150 (Figure a5). Saddles (8,774) 

(chloridoid grasses) and bilobes/polylobes (7,977) (panicoid grasses) both increase 

(Figure a7). Reeds (7,027) and Cyperaceae (2,240) are present (Figure a4). Dicot wood 

(1,595) and leaves (3,190) also feature a low density per gram of sediment (Figure a6). 

Of the phytoliths that indicate ecozone-type, wetland resources form the majority of the 

assemblage (Figure a2 and a3).  
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1A.17.1: This sample features a total phytolith density of 517,954 per gram of 

sediment (Figure a1). Rondels (98,164), psilate LCs (179,083) and bulliforms (46,428) 

are present. Dendritic LCs have a density of 3,979 (Figure a5). Bilobes/polylobes (5,306) 

(panicoid grasses) are present (Figure a7). Reeds (28,972) increase in density, while 

Cyperaceae (5,577) remains low (Figure a4). Dicot wood (2,653) and leaves (10,612) 

increase in density from the previous sample (Figure a6). Of the phytoliths that indicate 

ecozone-type, wetland resources dominate (Figure a2 and a3).  

INTERPRETATION AND DISCUSSION 

 The ratios of pooid, to pooid, chloridoid and panicoid grasses suggest the 

persistence of cool conditions throughout the Early and Middle Epipaleolithic (Figure 

a8).  While the chloridoid to chloridoid and panicoid ratio suggests there was a transition 

from the Early to Middle Epipaleolithic occupation from more to less aridity (Figure a8). 

Several lines of phytolith evidence bolster this tentative trend. 

Firstly, wetland-type phytolith indicators demonstrate that wetland resources were 

extensively employed throughout the Early Epipaleolithic occupation (Figure a2 and a3). 

This fits with the hypothesis, that during arid periods, when the wetlands would have 

been their most productive relative to the surrounding landscape, people would have 

focused their activities towards the reliable resources on offer. The coarse-grained 

structure of the marsh environment would have facilitated the development of an 

expansive reed bed. This resources base could have served as a form of ‘natural storage’ 

– particularly in the case of wetland plant resources. At the site of Kharaneh IV, this 

reliable phytolittoral larder may have supported the dietary and craft/technological needs 

of the highly intense and increasingly sedentary occupation of the site.   
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The phytolith evidence also indicates that people were not solely focused on the 

resources offered by the wetlands. The addition of parkland grass and woodland 

resources suggests that people used a range of material and food resources. More 

tenuously, it is possible that Early and Middle Epipaleolithic hunter-gatherers sought 

variety in their diet, and wanted to supplement their reliable wetland resources with other 

riskier non-wetland options. Along this line of reasoning, there is evidence to suggest that 

grass resource collection methods, and the types of grass resources exploited, changed 

from the Early to Middle Epipaleolithic periods. Husk evidence (dendritic LCs) (Figure 

a5) suggests that during the Early Epipaleolithic wild grasses were collected and brought 

back to the site with their stem parts (dendritic LC and psilate LC are correlated 0.72) 

where they were processed/discarded, in and around the dump and pit fill features. In the 

Middle Epipaleolthic the phytolith evidence indicates that wild grass husks were 

collected and brought back to site on their own (dendritic LCs and psilate LCs are not 

correlated 0.07). This evidence suggests that the grass and cereal resource collection 

methods changed, from collection of the whole plant in the Early Epipaleolithic, to hand 

stripping or use of beater baskets in the Middle Epipaleolthic (Figure a5 and a6).  

The increased use of grass and cereal resources in the Middle Epipaleolithic 

provides further corroborating evidence for climatic amelioration. Increased rainfall 

(moderate as it may have been) would have improved the productive potential of the 

surrounding steppe/parkland. Evidence for increasing use of dicot resources (Figure a6), 

suggests that people were expanding their exploitation focus to resources beyond the 

wetland. Although wetland resources use is slightly depressed in the Middle 

Epipaleolithic compared to the Early Epipaleolithic occupation (result of expanding 

exploitation focus to the surrounding steppe/parkland), the phytolith evidence suggests 
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that Middle Epipaleolithic inhabitants at Kharaneh IV were still employing wetland 

resources to a great extent (Figure a2 and a3).  

Future work should include more off-site and on-site phytolith analysis. 

Importantly, off-site work would help clarify local paleoenvironmental records – this is a 

critical to the interpretation of broader adaptation patterns through the Early-Middle 

Epipaleolithic. This site is very large, and there are many more on-site contexts that 

warrant investigation. On-site, phytolith analysis should also be supplemented by starch 

analysis in appropriate contexts (focused on features and ground stone tools), to explore 

how wetland and steppe/parkland starchy resources may have been employed in the diet. 

Forthcoming phytolith investigation of the hut features will help address these 

suggestions.  
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Ayn Qasiyya Phytolith Report 

Phytoliths are microscopic silt sized silica particles. They are formed when plants 

take up soluble silica from the ground water. The silica is then deposited in and around 

the intracellular and extracellular spaces, creating durable inorganic silica ‘casts’ of the 

plants’ cells. Grasses, sedges and palms (monocotyledons) readily produce phytoliths, 

often distinctive to plant family, genus and more rarely, species. Woody trees and other 

herbaceous dicots also produce phytoliths, although far fewer and with less diagnostic 

forms. In grasses and other monocots, silica is actively deposited in the cells of the plant. 

As a result, phytoliths can form in individual cells, producing single-cell phytoliths; or as 

a suite of attached adjacent cells, producing multi-cell forms, also known as silica 

skeletons. By studying the anatomical orientation of these fossilized sections of plant 

tissue it is possible to make identifications down to the plant genus or species level.  

Single cell monocot phytoliths are identified according to the ICPN classification 

system when possible (Madella, et al. 2005).   

AYN QASIYYA 

The archaeological site of Ayn Qasiyya (Figure 7.1 and 7.3) is named after the 

second largest spring in the southern Azraq marshlands. It is situated ca. 150m north of 

the largest south Azraq spring, Ayn Soda. Dating to 22,564-20,648 cal BP and 19,473-

17,405 cal BP, an occupation period spanning c. 2,500 years (Richter, et al. 2013), the 

site of  Ayn Qasiyya is preserved in an archaeological-rich Epipaleolithic marsh deposit, 

offering a rare opportunity to gain a more detailed insight into the marsh side ecology of 

the Azraq wetland during the LGM. The information gained from the study of phytoliths 
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both complements and supplements the data obtained from other sources of botanical 

data from the site. Indeed, phytolith analysis of these deposits also provides vital 

information unavailable to other botanical methods, such as the types of monocot plant 

resources available in the immediate site vicinity.  

SAMPLES AND METHODS 

The site was excavated between October 2005 and August 2007 under the 

direction of Dr. Tobias Richter. As part of this research, the site was subject to a 

geoarchaeological study (see Jones and Richter 2011), which has provided a well dated 

sequence and information on the paleoenvironment, lacustrian activity and spring flow at 

the site. In general, the sequence consists of a very compact carbonate-concreted topsoil 

of varying thickness, followed by a series of clayey-silts of highly organic content (marsh 

deposits), which have undergone pedogenesis in the past. They contain abundant lithic 

artifacts and animal bone, none of which appeared sorted, ordered, orientated or laid 

down at a horizontal incline in any way. However, the clayey-silt marsh deposits are 

exclusively associated with an Early Epipalaeolithic chipped stone industry (Richter 

2014a:12-13). The marsh deposits overlie a substantial laminated silty-clay deposit, 

which is of lacustrine origin and appears to be associated with a substantial lake present 

in the area prior to human occupation.  

Section 1 (Figure 7.5) was chosen for this phytolith study for several reasons: 

Firstly, it is a well dated sequence, with several OSL and radiocarbon dates (see Jones 

and Richter 2011); secondly, contiguous samples were taken from section 1 to allow for 

sedimentological analysis; and thirdly, the section clearly shows that during the Early 

Epipaleolithic, the period of interest for this study, there was a well-developed marsh 

environment. The marsh deposits provide us with the opportunity to observe shifts in the 
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marsh ecology, and perhaps even identify small-scale anthropogenic impacts on the 

marsh, with the marsh itself, protecting and accumulating evidence of the immediate 

plant resources (phytolith record). 

Section 1 was classified by Jones and Richter (2011) according to four 

stratigraphic units which correspond to certain environmental conditions. Unit I and II, 

dated to the Middle Palaeolithic, correspond to a period of increased spring activity and 

the development of a substantial lake. Water levels then fell during the LGM, suggesting 

that the spring output was reduced or reducing, facilitating the development of a marsh 

(Unit III) through the Early Epipaleolithic (22,564-20,648 cal BP and 19,473-17,405 cal 

BP) (Richter, et al. 2013). Between 16 and 10.5 ka there was a hiatus in sediment 

deposition, suggesting the onset of a less favorable environment. It is possible that the 

springs dried out during this period. Unit V, represents the transition to historic/modern 

conditions (see Jones and Richer 2011 for more details).  

The archaeological deposits at Ayn Qasiyya are contained within Unit III, a 

former marsh deposit (Richter 2014a) (Figure 7.5). The stratigraphy of Unit III is 

described by Jones and Richter (2011). The base of the unit contains a series of banded 

black to dark grey organic-rich sandy to silty soils, over which, there is a layer of lighter 

colored fine sand to sand. The top of the unit, like the base of the unit, is composed of a 

black to dark grey organic-rich sandy to silty soil, but additionally includes larger flint 

and bone fragments (>5 cm). The interruption of lighter colored fine sandy sediments 

may reflect a period of increased fluvial or spring activity. The coarser sand particles 

suggest a higher energy depositional environment. Inundated by shallow water over 

extended periods of time, the marsh environment of Unit III was an ecological ‘trap,’ 

accumulating evidence of both human and environmental inputs, providing a unique 

record of the marsh during the Early Epipaleolithic period.  
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Phytolith Analysis 

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics before 

extracting the phytoliths. First, the sediment was sieved though a 0.25 mm sieve to 

remove coarse sediment fraction. A sample of approximately 800mg was taken for 

analysis. The sample was treated with 30ml of 10% HCI to remove the carbonates. To 

disperse the clays, a sodium hexametaphosphate solution (lab grade Calgon and distilled 

water) was added to the sample. The clays were removed from the sample by decanting 

after settling the fine sands and silts. This process was repeated until the suspense was 

clear. Organic matter was removed by dry ashing the samples in a muffle furnace for 2 

hours at 500 degrees Celsius. The phytoliths were then extracted from the remaining 

fraction using density separation. A sodium polytungstate (SPT) solution (with distilled 

water) calibrated to 2.3 specific gravity was used to separate the phytoliths from the 

heavier minerals. The phytoliths were then poured off, cleaned, weighed and the mounted 

in Entellan. The phytolith slides were counted at 400x magnification using a transmitted-

light microscope. A minimum of 300 single cells were counted on each slide. The results 

are expressed as number per gram of sediment. The absolute counts for each phytolith 

type was calculated using a modified method outlined by Albert, et al. (1999); Albert and 

Weiner (2001); see Power, et al. (2014) for details. Because there were so few multi-cell 

phytoliths in the Ayn Qasiyya sediments, this report will focus on the evidence from 

single-cell phytoliths.  
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PHYTOLITH RESULTS 

A total of 23 sediment samples were analyzed for this study (Table a4). All of the 

samples were taken in contiguous 5 cm units, except for the upper most four samples (1-

4) that were taken in contiguous 10 cm units. Taken in contiguous units (aside from 1-4) 

the samples provide us with the opportunity to construct a general picture of the plant 

ecology from a broad period in time.  

 

Lab Number Depth 

  

AQ-14-1 -40/-30 cm 

AQ-14-2 -30/-20 cm 

AQ-14-3 -20/-10 cm 

AQ-14-4 -10/0 cm 

AQ-14-5 0/5 cm 

AQ-14-6 5/10 cm 

AQ-14-7 10/15 cm 

AQ-14-8 15/20 cm 

AQ-14-9 20/25 cm 

AQ-14-10 25/30 cm 

AQ-14-11 30/35 cm 

AQ-14-12 35/40 cm 

AQ-14-13 40/45 cm 

AQ-14-14 45/50 cm 

AQ-14-15 50/55 cm 

AQ-14-16 55/60 cm 

AQ-14-17 60/65 cm 

AQ-14-18 65/73 cm 

AQ-14-19 73/79 cm 

AQ-14-20 79/84 cm 

AQ-14-21 84/89 cm 

AQ-14-22 89/94 cm 

AQ-14-23 94/99 cm 

Table a4: Ayn Qasiyya Phytolith Sample List.  

The phytoliths throughout the section have a very low number of multi-cells and 

show some minor signs of pitting and dissolution. This suggests that the phytoliths may 

have been subject to certain taphonomic pressures. Mechanical breakage, perhaps from 
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bioturbation (root activity), may have reduced the number of multi-cell phytoliths. 

Alluvial or fluvial forces are unlikely to have been contributing factors however as the 

depositional environment has been demonstrated to have been low energy (Jones and 

Richter 2011). Regarding the dissolution, phytoliths can preserve nearly indefinitely in 

most environments, however, they are sensitive to highly alkaline conditions (Mulholland 

and Rapp 1992), environments with a pH greater than 9 (Power, et al. 2014:55).  It is 

possible that the phytoliths have been exposed to periods of higher pH, perhaps the result 

of increasingly saline or brackish conditions. The basin is currently prone to becoming 

saline or alkaline during periods of increased evaporation. It is possible that the wetland 

was subject to similar dynamics in the past. However, the level of pitting/dissolution is 

not believed to have significantly affected the phytolith assemblage. 

The phytolith assemblage at Ayn Qasiyya contains single-cell phytolith 

morphotypes for several plant types and parts, including: monocot leaves and stems, 

indicated by psilate long cells; grass husks, indicated by dendritic long cells; pooid 

grasses, indicated by rondels, a type of short cell (Twiss, et al. 1969); grasses generally, 

indicated by bulliforms; reeds, indicated by keystone bulliforms; sedges, indicated by 

cones; and dicots, indicated by sheets.  

The lower portion of the section, Unit I & II (AQ-14-23 to AQ-14-15) (Figure 

a10) (please note that the phytolith densities fluctuate significantly between Units, 

accordingly the graphs feature different scales), spans a period from the Middle 

Palaeolithic through to the Early Epipaleolithic (OSL evidence 16-65 ka), prior to the 

development of the marsh deposits. During this period the density of phytoliths remains 

comparatively low, although there is some fluctuations (600-10,000 phytoliths per gram 

of sediment) amongst the samples. All of the samples are primarily composed of 

monocots, and in particular rondels, clearly demonstrating a predominance of cool season 
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C3 grasses. However, there is also an increase through time in the keystone bulliforms (cf. 

reeds) and sheets (dicots).  

Unit I & II Sample by Sample: 

AQ-14-23: At five hundred and seventy-seven (577) phytoliths per gram, this 

sample has the lowest phytolith density, not only, of all the samples for these units, but 

the entire section. Rondels are the main phytolith morphotype, with some sheets, and 

long cells.  

AQ-14-22: The density of phytoliths per gram of sediment rises significantly in 

this sample (8,679). The distribution of morphotypes is similar to the previous sample, 

dominated by rondels, although bulliforms appear in this sample for the first time.  

AQ-14-21: The phytolith density decreases slightly in this sample (6,187). The 

distribution of morphotypes is unchanged, except for the exclusion of bulliforms. 

AQ-14-20: The phytolith density decreases again in this sample (2,609). The 

distribution of morphotypes remains the same, with the addition of bulliforms. 

AQ-14-19: The phytolith density increases slightly in this sample (2,869). The 

distribution of morphotypes remains the same.  

AQ-14-18: The phytolith density for unit’s I and II peaks in this sample (10,238). 

The distribution of morphotypes remains the same. Bulliforms form 3% of the 

assemblage.  

AQ-14-17: The phytolith density decreases significantly, dropping to the second 

lowest level in unit’s I and II (1,138). The distribution of morphotypes remains the same 

although the bulliforms increase, forming 5% of the assemblage. 
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AQ-14-16: The phytolith density begins to rise (3,364). There is a substantial 

increase in the ratio of bulliforms (10%) and keystone bulliforms (cf. reeds) also appear 

for the first time, otherwise the distribution of morphotypes remains the same.  

AQ-14-15: The phytolith density continues to rise (8,606). The absolute number 

of bulliforms increases appreciably (from 348 to 917).  

Unit III (AQ-14-14 to AQ-14-5) (Figure a11) spans the Early Epipaleolithic 

period (artifact evidence 22-17 ka, radiocarbon evidence 24-19 ka). The phytolith density 

ranges between approximately 8,142 phytoliths per gram of sediment (AQ-14-14), and 

spikes to around 295,037 (AQ-14-8). The spike in phytoliths seen in AQ-14-8 is the 

result of an overall increase in all of the main phytolith morphotypes. However, keystone 

bulliforms (cf. reeds) and bulliforms dominate all of samples in unit III. The 

overwhelming number of keystone bulliforms (cf. reeds) and bulliforms combined, marks 

a clear transition from the previous units.  

Unit III Sample by Sample: 

AQ-14-14: This sample has the lowest density of phytoliths in unit III (8,142). 

However, the distribution of morphotypes marks a significant transition, with the ratio of 

keystone bulliforms (cf. reeds) and bulliforms reaching a combined 30% of the 

assemblage. 

AQ-14-13: The density of phytoliths rises significantly (91,456), and the 

combined ratio of keystone bulliforms (cf. reeds) and bulliforms forms 44% of the 

assemblage. 

AQ-14-12: The density of phytoliths remains relatively steady (114,626), 

however the combined ratio of keystone bulliforms (cf. reeds) and bulliforms decreases 

slightly to form 31% of the assemblage.  
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AQ-14-11: The density of phytoliths nearly doubles (179,564). The distribution 

of morphotypes remains the same.  

AQ-14-10: The density (46,744) drops significantly in this sample, however the 

distribution of morphotypes remains largely unchanged.  

AQ-14-9: The phytolith density rises (237,200). The distribution of morphotypes 

remains the same. 

AQ-14-8: The density of phytoliths spikes in this sample to 295,037; the greatest 

number of phytoliths of any of the samples in the entire section. The keystone bulliforms 

(cf. reeds) and bulliforms notably form 51% of the assemblage. There are some dendritics 

(grass husk), although they constitute less than 1% of the assemblage. 

AQ-14-7: The density of phytoliths drops (280,613), as does the combined 

percentage of keystone bulliforms (cf. reeds) and bulliforms (40%).  

AQ-14-6: The density of phytoliths rises to 219,401. The keystone bulliforms (cf. 

reeds) and bulliforms forms 46% of the assemblage. 

AQ-14-5: The density of phytoliths drops in this sample (134,408). The 

distribution of morphotypes remains approximately the same, although keystone 

bulliforms (cf. reeds) are no longer apart of the assemblage. Bulliforms form 27%, and 

cones (sedges) form 6% of the assemblage.  

Unit V (AQ-14-4 to AQ-14-1) (Figure a12) is considered to be historic/modern. 

In this final unit the proportion of phytolith morphotypes remains largely unchanged from 

unit III, with one significant exception, a notable absence of keystone bulliforms (cf. 

reeds). The density of phytoliths drops dramatically in unit V, ranging between 

approximately 1,400 and 5,700 phytoliths per gram of sediment.  
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Unit V Sample by Sample: 

AQ-14-4: The density of phytoliths drops significantly in this sample (3,928). The 

distribution of morphotypes remains similar to the previous sample (AQ-14-5) in Unit III, 

though cones (sedges) drop to less than 1% of the assemblage.   

AQ-14-3: The density of phytoliths drop to their lowest level in this sample 

(1,460). The distribution remains relatively unchanged.  

AQ-14-2: The density of phytoliths rises slightly (5,724). There are some 

dendritics (husks) although they only form approximately 1% of the assemblage. 

Bulliforms notably form only 22% of the total assemblage.  

AQ-14-1: The density of phytoliths rises slightly (3,055). Bulliforms dominate 

the assemblage (34%).  

INTERPRETATION AND DISCUSSION 

Figure a13 shows the total phytolith density per gram of sediment throughout 

section 1. There is a clear peak in phytolith density associated with Unit III, the Early 

Epipaleolithic marsh environment. This peak, demonstrating an explosion of vegetation, 

while of clear interest, is not unexpected with the development of a marsh environment. 

Marshes have particularly high primary productivity (Keddy 2000:59), an artifact of their 

typically extensive phytolittoral zones.  

The phytolittoral zones (Figure 7.2) typical of marshes and the edges of some 

shallow water environments tend to be dominated by monocots including some sedge 

varieties (Cyperaceae), cattail (Typha sp.) and reed (Phragmites sp.), all plants of great 

economic and subsistence value to humans for the fauna they attract as well as their own 

nutritional and favorable ecological qualities. Importantly, reeds and sedges produce 

large amounts of phytoliths, some of which are diagnostic (Metcalf 1960; Ollendorf 

1992; Ollendorf, et al. 1987; Ryan 2009, 2013). Accordingly, it might be possible to use 
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the trends in these phytoliths to identify ecological dynamics in the wetlands, and perhaps 

even anthropogenic impacts. However, the site formation processes at Ayn Qasiyya are 

complicated. The marsh environment of Unit III was an ecological ‘trap,’ accumulating 

evidence of both human and environmental inputs. Teasing these two sources of 

patterning apart is beyond the scope of this study.  

Figure a14 compares the densities of significant phytolith morphotypes: keystone 

bulliforms (cf. reeds); bulliforms (grasses); sheets (dicots); and cones (sedges). 

Immediately apparent, is the overwhelming combined density of keystone bulliforms (cf. 

reeds) and bulliforms. Figure a15 compares the distribution of keystone bulliforms (cf. 

reeds) and bulliforms to all dicots. To determine the relationship between these 

morphotypes the correlation coefficient was calculated. The distribution of bulliforms and 

dicots were found to be highly correlated (0.91), which suggests these resources were 

responding to similar opportunities and pressures. However, the sheer density of 

bulliforms and keystone bulliforms (cf. reeds) suggests that the reed bed would have been 

a dominating resource in the marsh. Figure a16 compares the distribution of bulliforms 

and keystone bulliforms (cf. reeds), versus cones (sedges); these morphotypes were not 

correlated (0.48). It is possible that the sustained rise in combined bulliforms between 

AQ-14-14 and AQ-14-9 represents the gradual marsh development, with the peaks in 

keystone bulliforms (cf. reeds) representing periods of invasive reed bed expansion in the 

marsh. The cones (sedges) peak in AQ-14-11 and AQ-14-5, before and after there is a 

dramatic rise in bulliforms and keystone bulliforms (cf. reeds). It is possible that this 

‘recession’ in the reed bed permitted increasing competition, allowing the sedges to 

briefly expand.  

Reeds, such as Phragmites, tend to dominate wetland communities to the 

detriment of other species (Keddy 2000:53). Aggressive expansion of Phragmites sp. has 
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been linked to anthropogenic disturbance (Chambers, et al. 1999; Chambers, et al. 2003; 

Cronk and Fennessy 2001; Keller 2000; Ryan 2009). Accordingly, it is possible that the 

proliferation of keystone bulliforms (cf. reeds) represents an expansion of the reed beds, 

possibly linked to increasing human activity in the marsh, including exploitation of the 

reed bed for food, basketry, thatching, or fuel. Likewise, anthropogenic disturbance 

dynamics may be affecting the dicot resources on the marshes edge. However, with the 

current data set, the cause of these patterns is little more than speculation. Yet, the 

exploitation of wetland resources, and in particular reed beds during the Epipaleolithic 

period in the Eastern Levant represents a promising new focus for paleobotanical and 

microbotanical analysis.  

In the Eastern Levant, arid steppe and parkland was punctuated by an assortment 

of wetlands, which have only recently been recognized as vital for our understanding of 

hunter-gatherer adaptation. Abundant reed and sedge phytoliths from Epipaleolithic sites 

in Israel, for example, indicate the critical importance of wetlands in hunter-gatherer 

subsistence strategies, especially during arid phases (Rosen 2012c, 2013). From the end 

of the Pleistocene through the Early Holocene, wetland, steppe and woodland zones 

formed an integrated resilient system of plant-use, with wetlands providing an especially 

important and predictable focal point. Accordingly, wetland exploitation must be central 

to our understanding of hunter-gatherer plant-use within the dynamic environment at the 

end of the Pleistocene. Supporting this, Rosen’s (2012b, 2013) and  Portillo and 

colleague’s (2010) results for the later Epipaleolithic sites of Eynan near Hula marsh and 

el-Wad near the coastal marshes, contained abundant phytolith evidence demonstrating 

the extensive use of wetland plants. Initial phytolith results from a variety of sites in the 

Eastern Levant (Nicolaides 2012; Ramsey and Rosen 2014) corroborate these trends.  
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Other comparable phytolith research is ongoing in nearby Ayn Soda in the Druze 

Marsh (C. Cordova and colleagues). Cordova, et al. (2013) note in a recent publication 

that their preliminary phytolith evidence (only referred to, these results are not available 

in the publication) suggests a correlation between the phytolith and microcharcoal trends, 

and they use these trends to infer past human impacts on the landscape. This is a 

promising avenue of research that is also being explored for this section (Ramsey, et al. in 

press.). 

CONCLUSIONS 

The phytolith evidence presented in this report demonstrates the utility of 

phytolith research for understanding the marsh side plant ecology during the 

Epipaleolithic period.  The Epipaleolithic marsh deposits at Ayn Qasiyya, and other sites 

in the Azraq Basin provide a unique preservational opportunity, and present us with a 

promising new avenue for understanding how hunter-gatherers at the end of the 

Pleistocene were exploiting, interacting with and potentially modifying their 

environment. Further work needs to be undertaken, in particular, the addition of other 

environmental proxy methods, notably microcharcoal and pollen analysis, would help 

clarify local ecological trends. It is also critical that additional Epipaleolithic marsh 

sections are studied. Resources’ should be focused on sampling multiple sections that 

bisect the Epipaleolithic marsh from a range of proximities from the site of Ayn Qasiyya 

(on site, periphery of site, off site), and other locales throughout the Azraq Basin.  
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Figure a10 

 



 290 

 

Figure a11 
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Figure a12 
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Figure a14 
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Wadi al-Hasa Phytolith Report 

This report presents the results of a phytolith analysis conducted on sediment 

samples from the Late Upper Palaeolithic and Early Epipaleolithic site of Tor Sageer (ca. 

27,200-26,580 cal. BP; ca. 24,600-24,150 cal. BP) and Early Epipaleolithic site of Yutil 

al-Hasa (ca. 25,300-22,400 cal. BP) in the Wadi al-Hasa, Jordan (Eastern Levant). 

Phytoliths are microscopic silt sized silica particles. They are formed when plants take up 

soluble silica from the ground water. The silica is then deposited in and around the 

intracellular and extracellular spaces, creating durable inorganic silica ‘casts’ of the 

plants’ cells. Grasses, sedges and palms (monocotyledons) readily produce phytoliths, 

often distinctive to plant family, genus and more rarely, species. Woody trees and other 

herbaceous dicots also produce phytolith, although far fewer and with less diagnostic 

forms. In grasses and other monocots, silica is actively deposited in the cells of the plant. 

As a result, phytoliths can form in individual cells, producing single-cell phytoliths; or as 

a suite of attached adjacent cells, producing multi-cell forms, also known as silica 

skeletons. By studying the anatomical orientation of these fossilized sections of plant 

tissue it is possible to make identifications down to the plant genus or species level. 

Single cell monocot phytoliths are identified according to the ICPN classification system 

when possible (Madella, et al. 2005).   

WADI AL-HASA 

The Wadi al-Hasa, located in west-central Jordan has been the focus of several 

archaeological surveys since the late 1970s (Clark, et al. 1992b; Clark, Olszewski, et al. 

1994; MacDonald 1988; MacDonald, et al. 1980; MacDonald, et al. 1983; MacDonald, et 

al. 1982). This arid steppe region is of considerable archaeological interest because it is 
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thought to have been the site of a large Pleistocene lake/marsh (70-20 kyr), and a foci of 

late Pleistocene human activity (Clark 1984; Clark, et al. 1992a; Olszewski and Coinman 

1998b; Schuldenrein and Clark 1994; Schuldenrein and Clark 2001, 2003). 

Unsurprisingly, the majority of Late Upper Palaeolithic and Epipaleolithic sites in the 

region are situated in direct proximity to the ancient wetland (Olszewski and Coinman 

1998b:188). Lacking the food rich mosaic Mediterranean forest of the Western Levant, in 

the Eastern Levant, lake or marsh systems are thought to have been an equivalent focus 

for Late Pleistocene hunter-gatherer resource exploitation (Olszewski and Coinman 

1998b).  Yet, the ecological opportunities on offer during the late Pleistocene in the Wadi 

al-Hasa would have been largely determined by the type and character of the wetland 

system and its productivity relative to the surrounding steppe. Consequently, recent 

reinterpretation of the Wadi al-Hasa Pleistocene lake/marsh deposits as in-stream wetland 

deposits (riparian environment), fed by a precipitation-dominated spring-system with 

fresh running water (Winer 2010:38), is of considerable interest for archaeological and 

paleoecological interpretations.  

In-stream wetlands include riparian and wetland elements. Riparian environments 

include a greater proportion of woody trees and shrubs, and serve as important corridors 

for the movement of larger wildlife (Kocher and Harris 2007). Whereas wetlands, defined 

by Keddy (2000:18) to include swamps, marshes, bogs, fens, wet meadows and shallow 

water, are vegetated primarily by herbaceous plants, including sedge (Cyperaceae), 

cattail (Typha sp.) and reed (Phragmites sp.). These resources form the phytolitorral 

zone. These plants have great economic and subsistence value to humans; for the fauna 

they attract as well as their own nutritional and favorable ecological qualities. The 

combination of these ecological elements within the confines of the Hasa drainage and 

tributaries would have facilitated the development of micro-mosaic environments, 
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characterized by varied local, small-scale plant and animal resource opportunities. This 

circumscribed in-stream wetland environment would not have allowed for the large-scale 

concentration of plant resources, typical of marsh environments in other regions of the 

Eastern Levant (i.e. Azraq Basin) (Ramsey, et al. in press.). As a consequence, I suggest 

that hunter-gatherers in the fine grained Wadi al-Hasa environments and the coarse 

grained Azraq Basin environments should exhibit different adaptations (Winterhalder 

1981), particularly in regards to their use of wetland plant resources.  

Late Pleistocene pollen evidence and settlement patterns tend to support the 

reinterpretation of the Wadi al-Hasa as an in-stream wetland characterized by small-scale 

micro-mosaic environments. Pollen evidence from Tor at Tareeq and Yutil al-Hasa 

exhibit general riparian elements, including willow and cattail. However emphasizing the 

varied micro-mosaic environments, the pollen also shows localized distributions of alder 

and oak (Olszewski and Coinman 1998b:188-190).  Archaeological evidence of Late 

Pleistocene settlement at the sites of Tor Sageer (Olszewski, al-Nahar, et al. 1998), Yutil 

al-Hasa (Clark, Cooper, et al. 1994; Olszewski and al-Nahar 2010a; Olszewski, et al. 

1990; Olszewski, Cooper, et al. 1998; Olszewski, et al. 1994) and Tor at-Tareeq 

(Olszewski and al-Nahar 2012) suggest a long-term pattern of residential mobility 

(Binford 1980; Kelly 1983; Yellen 1976) with repeated short-term occupation of key sites 

(i.e. persistent sites). This pattern is consistent with the constraints of exploiting localized 

small-scale plant and animal resources, reflecting a flexible strategy, prepared to respond 

to resource stress and changing ecological conditions.  

From this perspective, human-environment interactions in the Wadi al-Hasa can 

be seen as an adaptation to the Late Pleistocene in-stream wetland characterized by small-

scale micro-mosaic environments. Further consideration on the nature of artifact, faunal 

and plant assemblages at specific sites will clarify this ecologically based interpretation 
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of hunter-gatherer adaptation in the region. In particular, the addition of phytolith 

evidence will provide direct evidence of the types of environments and plant-resources 

hunter-gatherers were exploiting.  

Tor Sageer 

Tor Sageer is a small rock shelter occupation, at approximately 24m2, situated 17 

m above the modern wadi floor. The site is located on a tributary, approximately 3 km 

upstream from the Wadi al-Hasa, and has ready access to the Kerak Plateau, immediately 

north of the Wadi al-Hasa (Olszewski in press). The archaeological assemblage notably 

includes the distal portion of a carved bone projectile (Kennerty 2010), a diverse lithic 

assemblage that includes four woodworking adzes (tentatively proposed based on their 

form), as well as,  ochre and several hearths. The archaeological deposits are 

approximately 85 cm thick. The uppermost layer (Stratum I) is Early Epipaleolithic 

(Nebekian) and post-dates 24,631-24,151 cal. BP (date taken from the top of stratum II). 

The lithic assemblage from stratum I broadly resembles that from Ayn Qasiyya in the 

Azraq Basin (Olszewski in press). The lower stratum II, III and V are all Late Upper 

Palaeolithic and date to 27,216-24,295 cal. BP. The Late Upper Paleolithic lithic 

assemblage broadly resembles that from the lower occupation at Wadi Madamagh 

(Olszewski in press).  The faunal assemblage includes gazelle, aurochs, equids, wild goat, 

fox, felid, tortoise, hare, and bird (Munro, et al. 2015).No marine shell beads or portable 

ground stone items were recovered (Olszewski and al-Nahar submitted for review).  

Preliminary pollen analysis of Stratum I indicates riparian elements within an otherwise 

steppic context.  Previous phytolith analysis by A. Rosen on four samples supports this 

interpretation. Rosen identified panicoid (C4 grasses) and pooid (C3 grassses) sub-

families as well as some wild grass-husks. Dicot phytoliths were recovered. Sedge and 
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reed morphologies were also identified (Olszewski 2003; Olszewski, al-Nahar, et al. 

1998).  

Yutil al-Hasa 

Yutil al-Hasa is a large multi-component site, with at least one rock shelter, on the 

main Wadi al-Hasa channel. Located in a natural constriction of the drainage, the site is 

situated approximately 10 m above the wadi floor and faces out onto what would have 

been a pond or marsh setting, serving to attract and contain the movement of game 

(Olszewski and Coinman 1998b). Intensive excavation at the site has revealed Late Upper 

Palaeolithic, Early Epipaleolithic and Late Epipaleolithic deposits (Clark, et al. 1988; 

Coinman, et al. 1999; Olszewski, et al. 1990; Olszewski, Cooper, et al. 1998; Olszewski, 

et al. 1994), however, only the Early Epipaleolithic (Nebekian) deposits (Area C), dated 

to between 25,300 to 22,380 cal. BP were sampled for this research; these are from a 

rockshelter context covering approximately 90m2. In the bedrock ledge above the site 

there are a series of bedrock mortars and cupmarks, some of which are patinated and may 

be of great antiquity, although they cannot be directly associated with any particular 

occupation period at the site (Olszewski and al-Nahar 2010a). The most recent season of 

excavation at the site (Olszewski and al-Nahar 2010b) primarily uncovered lithics and 

some poorly preserved faunal and charcoal remains. The faunal assemblage includes 

gazelle, aurochs, equid, wild goat and tortoise, along with rare birds and hare (Munro, et 

al. 2015). No marine shell beads or portable ground stone items were recovered 

(Olszewski and al-Nahar submitted for review).  

Tor at Tareeq and KPS-75: Sites that did not Yield Phytoliths 

A total of 30 samples were processed from Tor at Tareeq, and 16 samples from 

KPS-75. These samples yielded little to no phytoliths. This result is particularly 
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disappointing for Tor at Tareeq, a site that was previously subject to a successful 

phytolith analysis by a different analyst (although it was a different part of the site). 

Consequently, the site was thoroughly sampled for this phytolith analysis. Because of the 

unexpected dearth of phytoliths I plan to process another set of samples from Tor at 

Tareeq to rule out the possibility of processing errors.  

SAMPLES AND METHODS 

Phytolith Analysis 

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics before 

extracting the phytoliths. First, the sediment was sieved though a 0.25 mm sieve to 

remove the coarse sediment fraction. A sample of approximately 800mg was taken for 

analysis. The sample was treated with 30 ml of 10% HCI to remove the carbonates. To 

disperse the clays, a sodium hexametaphosphate solution (lab grade Calgon and distilled 

water) was added to the sample. The clays were removed from the sample by decanting 

after settling the fine sands and silts. This process was repeated until the suspense was 

clear. Organic matter was removed by dry ashing the samples in a muffle furnace for 2 

hours at 500 degrees Celsius. The phytoliths were then extracted from the remaining 

fraction using density separation. A sodium polytungstate (SPT) solution (with distilled 

water) calibrated to 2.3 specific gravity was used to separate the phytoliths from the 

heavier minerals. The phytoliths were then poured off, cleaned, weighed and the mounted 

in Entellan. The phytolith slides were counted at 400x magnification using a transmitted-

light microscope. A minimum of 300 single cells and 50 multi cells (whenever possible) 

were counted on each slide. The results are expressed as number per gram of sediment. 

The absolute counts for each phytolith type was calculated using a modified method 
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outlined by Albert, et al. (1999); Albert and Weiner (2001); see Power, et al. (2014) for 

details. 

PART I: TOR SAGEER 

PHYTOLITH RESULTS 

A total of 16 sediment samples from Tor Sageer were analyzed for this study 

(Table a5). The samples were taken from a variety of onsite contexts, including features 

and general site sediments. Excavation was done in arbitrary 5 cm levels. Phytolith 

samples were taken at the top of each arbitrary level and from features. The phytoliths 

appear to be well preserved with the presence of delicate morphotypes such as hairs, and 

wild grass husk multi-cells suggesting favorable preservational conditions.  

 

Lab 

Number 
Context 

Sample 

location 
Stratum Period 

TS.14.12 E4.254.L2 se quad Stratum I Early Epipaleolithic/Nebekian 

TS.14.2 B4.153.L4 ne quad Stratum I Early Epipaleolithic/Nebekian 

TS.14.13 E4.270.L4 se corner 

(near unit 

center) 

Stratum I Early Epipaleolithic/Nebekian 

TS.14.7 D3.163.L4 north edge, 

central 

Stratum I Early Epipaleolithic/Nebekian 

TS.14.3 B4.171.L6 north edge, 

central 

Stratum I Early Epipaleolithic/Nebekian 

TS.14.8 D3.177.L6 sw quad Stratum I Early Epipaleolithic/Nebekian 

TS.14.14 E4.280.L6 nw quad Stratum II Late Upper Palaeolithic, ca. 

24,600-24,150 cal. BP 

TS.14.9 D3.194.L8 sw quad Stratum II Late Upper Palaeolithic, ca. 

24,600-24,150 cal. BP 

TS.14.15 E4.314.L10 nw quad Stratum II Late Upper Palaeolithic, ca. 

24,600-24,150 cal. BP 

TS.14.10 D3.225.L12 south edge, 

central 

Stratum II Late Upper Paleolithic 

TS.14.5 C4.92.L12 north, central 

(nearly at unit 

mid-point) 

Stratum II Late Upper Palaeolithic, ca. 

24,600-24,150 cal. BP 
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TS.14.11 D3.234.L14 sw quad Stratum III Late Upper Paleolithic 

TS.14.16 E4.380.L14 nw quad Stratum III Late Upper Paleolithic 

TS.14.6 C4.114.L17 sw quad (rest 

of unit is 

bedrock) 

Stratum III Late Upper Paleolithic 

TS.14.4 B4.244.L16 

Fea-03 

se quad (north 

half of unit is 

bedrock at 

this point) 

Stratum V 

(feature 3) 

or stratum 

III 

Late Upper Palaeolithic ca. 

27,200-26,580 cal. BP 

TS.14.1 B3.389.L14 

Fea-03 

se quad Stratum V 

(feature 3, 

hearth) 

Late Upper Palaeolithic, ca. 

27,200-26,580 cal. BP 

Table a5: Tor Sageer Phytolith Sample List 

The phytolith assemblage at Tor Sageer contains single-cell (SC) and multi-cell 

(MC) phytolith morphotypes for several plant types and parts, including: monocot leaves 

and stems, indicated by SC and MC psilate long cells; a variety of grass husks, indicated 

by dendritic long cells, both SC and MC. It is important to note that at this time, our 

ability to differentiate between wild grass and cereal varieties is limited. Further work is 

in process to develop effective multi-cell identification protocols. As such, secure 

identifications in this report are limited to wild cereal, wild grass husk and unidentified 

husk; pooid grasses, indicated by rondels, a type of short cell; chloridoid grasses, 

indicated by saddles; panicoid grasses, indicated by bilobes, quadralobes and polylobes, 

types of short cells; reeds, indicated by SC keystone bulliforms; Cyperaceae (sedges), 

indicated by SC and MC cones, and long cells with rods (MC); woody dicots, indicated 

by blocks and smooth spheroids, and dicot leaves indicated by coarse verrucate and other 

irregular SC and MC forms.  

Two common monocot phytolith types, psilate LCs and rondels, are found in all 

of the contexts at Tor Sageer. Psilate LCs are found in all monocots, as such, they have 

limited diagnostic utility. The dominance of rondel short-cells however, is important for 

the reconstruction of the local environmental background. Rondels (pooid grasses) are 
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formed in C3 grasses, indicating a prevailing cool climate. However, C3 grasses tend to 

have higher moisture requirements that C4 grasses, as such, the prevalence of C3 grasses 

appears to support suggestions that the LGM, while cool, may only have been mildly 

dryer than the climate in the region today (Weinstein-Evron 1993).  

To develop a picture of what ecozone-types the inhabitants at Tor Sageer were 

exploiting, the phytoliths are grouped in the following sections to identify wetland, 

parkland grasses, and woodland environment-types (Table a6). These categories do not 

necessarily conform to traditional vegetation zones, but rather provide a broad picture of 

plant-use.  

 

Ecozone-type Phytolith morphotypes 

Wetland Keystone bulliforms (cf. reeds), Cones 

(sedges), Reed culm and leaf, Phragmites 

sp. culm and leaf, Cyperaceae 

Parkland Grasses Dendritic, papillae, cereal straw, all husk 

multi-cells  

Woodland Sheet, honeycomb, polyhedron, all indet 

dicots 

Table a6: Phytolith Evidence of Ecozone-Types 

Late Upper Palaeolithic Contexts 

The Late Upper Palaeolithic contexts include a hearth (Stratum V) that was dated 

to ca. 27,200-26,580 cal. BP, and general site sediments from two further strata (III, II). 

The samples from this context tend to have a greater density of phytoliths per gram of 

sediment (Figure a17). Perhaps related to this, of the phytoliths that indicate ecozone-

type, these samples also tend to have a greater proportion of wetland resources than the 

samples from the Early Epipaleolithic. However, of the phytoliths that indicate ecozone-

type, woodland plants dominate in the Late Upper Palaeolithic contexts (Figure a18). 
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Stratum V (Feature 3) Sample by Sample: 

TS.14.1: This sample is from feature 3, a hearth, and has a total of 24,467 

phytoliths per gram of sediment (Figure a17). The assemblage features rondels (3,693), 

LC psilates (8,968) and bulliforms (2,185). This sample also includes saddle SC 

(chloridoid grasses) (150) (Figure a19). This sample includes wild grass husk MCs (653) 

(Figure a20) and delicate hairs (1,507) (Figure a21), which suggests the sample is well 

preserved. Dicot leaves (3,165) and wood (452) (Figure a22) counts are among the lowest 

at the site. Yet, of the phytoliths that indicate ecozone-type, woodland resources dominate 

(~80%) (Figure a18). 

TS.14.4: This sample is from feature 3, a hearth, and has a total of 33,808 

phytoliths per gram of sediment (Figure a17). The assemblage features rondels (4,875), 

LC psilates (11,640) and bulliforms (2,189). The sample also includes the highest density 

of bilobes/polylobes (panicoid grasses) (596) at the site, as well as some saddles 

(chloridoid) (99) (Figure a19). The sample contains Cyperaceae (2,636) and reed 

(keystone bulliforms) (497) forms (Figure a23). Wild grass husks (166) (Figure a20), LC 

dendritics (796) (Figure a24) and hairs (796) (Figure a21) are all present. Dicot leaves 

(3,863) and wood (698) (Figure a22) counts are among the lowest at the site. Of the 

phytoliths that indicate ecozone-type, woodland resources dominate (~60%), although 

wetland resources form a greater portion of the assemblage than in the previous sample 

(~28%) (Figure a18).  

Stratum III Sample by Sample: 

TS.14.6: This sample has the lowest density of phytoliths of the entire site (7,622) 

(Figure a17) – this is a very low phytolith count for a gram of sediment. The assemblage 

includes rondels (515), LC psilates (3,090) and bulliforms (271). Cyperaceae (824) and 

reed (keystone bulliforms) (103) are present (Figure a23). The dicot leaves (1,854) and 
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wood (0) are the lowest recorded at the site (Figure a22). Yet, of the phytoliths that 

indicate ecozone-type, woodland resources dominate (~70%). Wetland-type resources 

form the remainder of the assemblage (~30%), this is the second highest proportion of 

wetland-type resources at the site (Figure a18).  

TS.14.16: The density of phytoliths per gram of sediment increases significantly 

in this sample (72,010) (Figure a17), this is the third highest density of phytoliths at the 

site. Rondels (24,183), LC psilates (16,928) and bulliforms (4,837) form a large 

proportion of the sample. This sample features the highest density of crosses (268) and 

the second highest density of bilobes/polylobes (panicoid grasses) at the site (537) 

(Figure a19). Dicot leaves (23,645) are the third highest at the site (Figure a22). Of the 

phytoliths that indicate ecozone-type, woodland resources dominate (~100%) (Figure 

a18) – the reader is cautioned that this figure only considers those phytolith morphotypes 

that can be solely attributed to a particular ecozone-type. The presence of Rondels, LC 

psilates, bulliforms, but particularly the panicoid grasses indicates that monocot resources 

also contribute to this sample.  

TS.14.11: The phytolith density drops slightly in this sample (44,443) (Figure 

a17). Rondels (7,157), LC psilates (16,700) and bulliforms (3,181) are all present in the 

sample. There are Cyperaceae  (2,568) (Figure a23) and hair (795) morphotypes (Figure 

a21). Dicot leaves (12,405) drop slightly from the previous sample (Figure a22). Of the 

phytoliths that indicate ecozone-type, woodland resources dominate at over 80% (Figure 

a18).  

Stratum II Sample by Sample: 

TS.14.5: This sample features the lowest phytolith density in Stratum II (23,170) 

(Figure a17). Rondels (2,470), LC psilates (5,331), and buliforms (3,901) are present. 



 307 

This sample contains the third highest count for bilobes/polylobes (panicoid grasses) 

(455) (Figure a19). Notably, this sample features the highest density of reeds (keystone 

bulliforms) of all the samples (1,690), as well as some Cyperaceae (2,093) (Figure a23). 

The sample also includes wild grass husks (260) (Figure a20) and hair (975) morphotypes 

(Figure a21). Dicot leaves (1,820) and dicot wood (65) are present (Figure a22). Of the 

phytoliths that indicate ecozone-type, wetland resources form over 50%, while woodland 

resources account for around 40% (Figure a18).  

TS.14.10: This sample has the fourth highest phytolith density of all the samples, 

and the third highest in Stratum II (72,428) (Figure a17). Rondels (19,481) and LC 

psilates (21,479) are present. This sample features the highest concentration of bulliform 

phytoliths (5,994), and the second highest concentration of Cyperaceae (2,747) (Figure 

a23). This sample features in increase in dicot leaves (22,477) (Figure a22). Of the 

phytoliths that indicate ecozone-type, woodland resources dominate (nearly 90%) (Figure 

a18).  

TS.14.15: This sample has the highest density of phytoliths of all the samples 

(154,168) (Figure a17). LC psilates (35,884) and bulliforms (2,658) are present. This 

sample features a clear peak in Cyperaceae (9,303) (Figure a23) and rondel (51,168) 

phytoliths. Dicot leaves (49,838) in this sample have the highest density in Stratum II 

(Figure a22). Of the phytoliths that indicate ecozone-type, woodland resources dominate 

with a clear peak. This sample also notably features the highest density of wetland 

resources (Figure a18).   

TS.14.9: This sample has a phytolith density of 46,734 per gram of sediment 

(Figure a17). Rondels (10,775), LC psilates (10,905) and bulliforms (1,817) are present. 

This sample also features some bilobe/polylobe (panicoid grasses) (129) (Figure a19) and 

Cyperaceae (130) morphotypes (Figure a23). This sample features dicot leaves (21,938) 
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(Figure a22). Of the phytoliths that indicate ecozone-type, woodland resources dominate 

(Figure a18). 

TS.14.14: This sample features the second highest density of phytoliths at the site 

(86,374) (Figure 1a17). Rondels (32,441), LC psilates (19,262) and bulliforms (3,650) 

form much of the assemblage. Cyperaceae (1,217) phytoliths are also present (Figure 

a23). Dicot wood (608) and leaves (28,588) are present (Figure a22). Of the phytoliths 

that indicate ecozone-type, woodland resources dominate (Figure a18).  

Early Epipaleolithic Contexts 

The Early Epipaleolithic contexts post-date ca. 24,600-24,150 cal. BP. The 

samples from this context tend to have greater density of husk phytoliths (Figure a20). 

Perhaps related to this, of the phytoliths that indicate ecozone-type, these samples also 

tend to have a greater proportion of parkland grass resources than the samples from the 

Late Upper Paleolithic. However, of the phytoliths that indicate ecozone-type, woodland 

plants dominate in the Early Epipaleolithic contexts (Figure a18). 

Stratum I Sample by Sample: 

TS.14.8: This sample has a total phytolith count of 34,542 per gram of sediment 

(Figure a17). Rondels (2,940), LC psilates (9,701) and bulliforms (1,764) are present in 

the assemblage, as well as LC dendritics (294) (Figure a24). This sample contains the 

highest density of dicot leaves (18,373) in stratum I, but a low count of dicot wood (147) 

(Figure a22). Of the phytoliths that indicate ecozone-type, woodland plants dominate the 

assemblage (Figure a18).  

TS.14.3: This sample has a total phytolith count of 36,384 per gram of sediment 

(Figure a17). Rondels (3,020), LC psilates (10,957) and bulliforms (1,124) are present, 

along with saddles (chloridoid grasses) (70) and bilobe/polylobes (panicoid grasses) 
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(140) (Figure a19). This sample contains the second highest density of LC dendritics 

(1,405) (Figure a24) and wild grass husks (1,335) (Figure a20) from all of the contexts, 

the highest density of hairs (4,354) (Figure a21) from all of the contexts, and the highest 

density of Cyperaceae (2,458) (Figure a23) in Stratum I. Of the phytoliths that indicate 

ecozone-type, woodland plants predominate, however parkland grasses followed by 

wetland plants follow closely behind.   

TS.14.7: This sample has the highest density of phytoliths in Stratum I (43,328) 

(Figure a17). Rondels (6,151), LC psilates (13,345) and bulliforms (1,564) are present. 

There is still a large quantity of Cyperaceae (1,877) (Figure a23) and hairs (1,251) 

(Figure a21). Dicot wood (417) and leaves (14,491) (Figure a22) are present. Of the 

phytoliths that indicate ecozone-type, woodland plants dominate (Figure a18). 

TS.14.13: This sample has a total phytolith count of 37,337 per gram of sediment 

(Figure a17). Rondels (9,469) and LC psilates (11,093) are present. This sample features 

the highest density of bulliforms (3,382) in Stratum I. Cyperaceae counts (406) (Figure 

a23) are among the lowest at the site. Dicot leaves (12,580) (Figure a22) decrease 

compared to the previous sample. Of the phytoliths that indicate ecozone-type, woodland 

plant dominate (Figure a18).  

TS.14.2: This sample has a total phytolith count of 25,909 per gram of sediment 

(Figure a17). Rondels (398), LC psilates (6,163), bulliforms (861) and Cyperaceae 

(1,126) (Figure a23) are present. This sample features the highest density of LC 

dendritics (2,054) (Figure a24) and wild grass husk phytoliths (3,511) (Figure a20) from 

all of the contexts. Compared to LC psilates, the LC dendritics account for over 20% of 

the assemblage (Figure a25). The hairs match the peak in LC dendritics; at 3,975 this is 

the second highest density of this morphotype at the site (Figure a21). This sample also 

features some crosses (66) and bilobe/polylobes (66) (panicoid) (Figure a19). Dicot wood 
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(132) and leaves (3,048) are present (Figure a22). Of the phytoliths that indicate ecozone-

type, parkland grasses dominate (Figure a18). This is the only sample at the site where 

this is the case.  

TS.14.12: This sample has a total phytolith count of 39,761 per gram of sediment 

(Figure a17). Rondels (8,946), LC psilates (9,816), bulliforms (2,982) and Cyperaceae 

(373) (Figure a23) are present. Of the phytoliths that indicate ecozone-type, woodland 

dicots dominate (Figure a18).  

INTERPRETATION AND DISCUSSION 

While both the Late Upper Palaeolithic and Early Epipaleolithic contexts at Tor 

Sageer display a primary emphasis on the use of woodland resources, a trend supported 

by the four wood working adzes recovered in the lithic assemblage, there is a shift in 

secondary emphasis from the use of wetland resources in the Late Upper Palaeolithic to 

the use of parkland grasses in the Early Epipaleolithic. While the sample size is relatively 

small, this trend is clearly of interest and worth further consideration.  

Hairs may originate from a range of monocots, as well as dicot leaves. However, 

at Tor Sageer the hairs are correlated (0.72) with the grass husks (MC and LC dendritic), 

which suggests the hairs may enter the site assemblage via the grasses. Evidence of husk 

and hair phytoliths are primarily localized in and around the hearth (unit B3 and B4), this 

trend persists with husk phytoliths mainly concentrated at the mouth of the rock shelter 

throughout the Late Upper Palaeolithic and Early Epipaleolithic period, suggesting 

repeated use of the entrance of the rock shelter for food preparation activities. Notably, it 

is possible that the peak in Cyperaceae phytoliths found in the hearth (TS.14.4) is 

evidence for the preparation of sedge (tubers and/or nutlets), a demonstrated food 

resource in the Near East during the Early Epipaleolithic at sites like Wadi Kubbaniya in 
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the Nile Delta and Ohalo II in Israel (Hillman, Madeyska, et al. 1989; Weiss 2002; 

Wollstonecroft 2007, 2009; Wollstonecroft, et al. 2008).  

Dicot wood and leaves are negatively correlated (-0.14) which suggests that these 

resources were being collected and brought to site separately. Leafy shrubs and greenery 

may have been employed as fuel and/or a type of floor cover or bedding in the rock 

shelter. Notably, the highest dicot leaf densities as well as the highest Cyperaceae 

densities are recorded from units located near the back of the shelter (D3 and E4), in both 

the Late Upper Palaeolithic and Early Epipaleolithic periods, which may indicate in these 

areas, that the dicot leaves, and Cyperaceae were being utilized as bedding material. This 

evidence suggests that the rock shelter was being revisited, and over the course of nearly 

3,000 years a clear division of space was adhered to, with food preparation and perhaps 

other activities localized at the mouth of the shelter, and sleeping arrangements organized 

near the back of the shelter. This preliminary observation regarding the use and division 

of space should be corroborated with the artifact and faunal assemblages from Tor 

Sageer.  

Yet, this division of space is perhaps unsurprising given the structure of the rock 

shelter; the mouth of the shelter would have offered light and ventilation for food 

preparation, hearth activity and daily tasks, while the back of the cave would have 

provided increased protection from the elements. But, it is a pattern of use that persisted 

for over 3,000 years. Consequently, the phytolith evidence at Tor Sageer suggests that by 

employing a strategy of residential mobility, based on the use of persistent sites 

(Olszewski and al-Nahar submitted for review), like Tor Sageer, the inhabitants were able 

to effectively and sustainably exploit the varied small-scale micro-mosiac environments 

provided by the in-stream wetland. The repeated occupation of Tor Sageer over three 

millennia suggests this strategy was a successful and resilient adaptation.  
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PART II: YUTIL AL-HASA 

PHYTOLITH RESULTS 

A total of 11 sediment samples from Yutil al-Hasa were analyzed for this study 

(Table a7). Phytolith samples were taken from every natural level beginning with level 2. 

The phytoliths appear to be adequately preserved showing little signs of dissolution, or 

pitting.   

 

Lab 

Number 

Context Excavation 

Block 

Period 

3.12.1 T50.271.L7 C2010-1 Early Epipaleolithic 

3.7.1 T49.209.L6 C2010-1 Early Epipaleolithic 

3.10.1 T50.271.L5 C2010-1 Early Epipaleolithic 

3.5.1 T50.270.L4 C2010-1 Early Epipaleolithic 

3.13.1 T50.269.L3 C2010-1 Early Epipaleolithic 

3.9.1 T50.268.L2 C2010-1 Early Epipaleolithic 

3.11.1 T50.267.L1 C2010-1 Early Epipaleolithic 

3.6.1 V53.141.L1 C2010-2 Early Epipaleolithic 

3.3.1 V53.142.L2 C2010-2 Early Epipaleolithic 

3.8.1 V53.143.L2 (dark) C2010-2 Early Epipaleolithic 

3.1.1 X53.45.L2 C2010-2 Early Epipaleolithic 

Table a7: Yutil al-Hasa Phytolith Sample List 

The phytolith assemblage at Yutil al-Hasa contains mainly single-cell (SC) 

morphotypes. Because there were so few multi-cell phytoliths in the Yutil al-Hasa 

sediments, this report will focus on the evidence from single-cell phytoliths.  

The assemblage includes: monocot leaves and stems, indicated by psilate long 

cells; pooid grasses, indicated by rondels, a type of short cell; chloridoid grasses, 

indicated by saddles; panicoid grasses, indicated by bilobes, types of short cells; reeds, 

indicated by keystone bulliforms; Cyperaceae (sedges), indicated by cones; woody dicots, 

indicated by blocks and smooth spheroids, and dicot leaves indicated by scalloped and 

other irregular dicot forms.  
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Common monocot phytolith types including psilate LCs and rondels are found in   

all of the contexts at Yutil al-Hasa. Psilate LCs are found in all monocots, as such, they 

have limited diagnostic utility. The dominance of rondel short-cells however, is important 

for the reconstruction of the local environmental background. Rondels (pooid grasses) are 

formed in C3 grasses, indicating a prevailing cool climate. However, C3 grasses tend to 

have higher moisture requirements that C4 grasses, as such, the prevalence of C3 grasses 

appears to support suggestions that the LGM, while cool, may only have been mildly 

dryer than the climate in the region today (Weinstein-Evron 1993).  

To develop a picture of what ecozone-types the inhabitants at Yutil al-Hasa were 

exploiting, the phytoliths are grouped in the following sections to identify wetland, 

parkland grasses, and woodland environment-types (Table a6). These categories do not 

necessarily conform to traditional vegetation zones, but rather provide a broad picture of 

plant-use.  

Early Epipaleolithic Contexts  

The Early Epipaleolithic contexts include excavation block C2010-1 and C2010-

2. The stratigraphy of these excavation blocks is not the same. However, Olszewski and 

al-Nahar (2010b) suggest that level 3 in block C2010-2 is roughly equivalent to level 3 

and 4 in C2010-1. Accordingly, that means that levels 1-2 in C2010-2 if not the same, as 

levels 1-2 in C2010-1 are at least more recent than C2010-1 level 3. This is an important 

distinction when interpreting the phytolith assemblage, as there seems to have been a 

distinct change between levels 4 and 3 in block C2010-1. After which, it seems that the 

phytolith trends in C2010-1 (levels 1 and 2) are more similar to C2010-2 (1 and 2), than 

the previous levels (7-4) in C2010-1. Samples in C2010 levels 7-4 tend to have a lower 

density of phytoliths (Figure a26), they also tend to be dominated by woodland 
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environment resources to the exclusion of other resources, whereas the samples from 

C2010-1 levels 1 and 2, and C2010-2 levels 1-2, include a greater proportion of wetland 

resources (Figure a27). Based on the phytolith data, the stratigraphy from these two 

excavation blocks is broadly grouped (Table a8). The blue levels represent an earlier 

period, and the green levels represent a later period.  

 

C2010-1 C2010-2 

1 - 

2 - 

- 1 

- 2 

- 2d 

3 3? 

- 4? 

4 - 

5 - 

6 - 

7 - 

Table a8: Correlation of Stratigraphy and Phytolith Trends at Yutil al-Hasa  

Excavation Block C2010-1 Sample by Sample: 

3.12.1: This sample has a total phytolith count of 6,403 per gram of sediment 

(Figure a26). Rondels (455), LC psilates (1,870), bulliforms (131) (Figure a28) and 

keystone bulliforms (cf. reeds) (26) (Figure a29) are present. Dicot leaves (3,214) and 

wood (79) form the majority of the assemblage (Figure a31). Of the phytoliths that 

indicate ecozone-type, woodland dicots dominate (Figure a27).  

3.7.1: This sample has a total phytolith count of 7,389 per gram of sediment 

(Figure a26). Rondels (1,129), LC psilates (1,604) and bulliforms (435) (Figure a28) are 

present. Dicot leaves (3,823) and wood (118) form the majority of the assemblage (Figure 

a31). Of the phytoliths that indicate ecozone-type, woodland dicots dominate (Figure 

a27).  
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3.10.1: The total phytolith count decreases slightly in this sample (4,813) (Figure 

a26). As do the rondels (169), LC psilates (1,112), bulliforms (411) (Figure a28) and 

dicot leaves (2,563) and wood (217) (Figure a31). A small number of saddles (chloridoid 

grasses) (48) (Figure a30) and keystone bulliforms (cf. reeds) (72) were recovered 

(Figure a29). Notably, Phragmites reeds typically have saddle SCs. Of the phytoliths that 

indicate ecozone-type, woodland resources dominate (Figure a27).  

3.5.1: This sample has the lowest density of phytoliths of all the samples (2,917) 

(Figure a26). Rondels (1,367), LC psilates (182) and Bulliforms (546) are present (Figure 

a28). This sample also contains the lowest density of dicot leaves (820) and wood (0) 

(Figure a31). Of the phytoliths that indicate ecozone-type, woodland resources dominate 

(Figure a27).  

3.13.1: This sample contains the second highest density of phytoliths per gram of 

sediment (27,411). Buliforms (1,062) and rondels (1,912) increase considerably, and this 

sample features the second highest density of LC psilates (6,799) (Figure a28). Keystone 

bulliforms (cf. reeds) (2,124) (Figure a29), and dicot leaves (12,324) and wood (849) 

peak in this sample (Figure a31). Of the phytoliths that indicate ecozone-type, woodland 

resources dominate, however, this sample does see an increase in the proportion of 

wetland resources (Figure a27).  

3.9.1: This sample has a total phytolith count of 16,533 per gram of sediment 

(Figure a26). Bulliforms (4,249), LC psilates (4,031) and rondels (1,743) are present 

(Figure a28). This sample has the second highest density of keystone bulliforms (cf. 

reeds) (1,961), and also includes some Cyperaceae (108) (Figure a29). Bilobes (panicoid 

grasses) (27) and saddles (chloridoid grasses) (54) are also included in the assemblage 

(Figure a30). Notably, this sample contains the only evidence for wild grass husks (27). 

The number of dicot leaves (3,023) and wood (326) drops in this sample (Figure a31). Of 
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the phytoliths that indicate ecozone-type, woodland resources dominate, however, only 

slightly, over the wetland resources (Figure a28).  

3.11.1: This sample features the highest density of phytoliths (29,753) per gram of 

sediment (Figure a26). Bulliforms (2,392), LC psilates (8,114) and rondels (4,161) are 

present (Figure a28). This sample contains the third highest density of keystone 

bulliforms (cf. reeds) (1,664), and the second highest density of Cyperaceae (312) (Figure 

a29). This sample also has the second highest density of dicot wood (936) and leaves 

(10,507) (Figure a31). Of the phytoliths that indicate ecozone-type, woodland resources 

dominate, although wetland resources are present (Figure a27). 

Excavation Block C2010-2 Sample by Sample: 

3.6.1: This sample has a total phytolith count of 14,913 per gram of sediment 

(Figure a26). Rondels (1,809), LC psilates (2,546), bulliforms (1,843) (Figure a28), 

keystone bulliforms (cf. reeds) (1,005) and reeds (167) (Figure a29) are present. This 

sample features the highest density of bilobe SC (panicoid grasses) (67) (Figure a30). 

Dicot leaves (4,792) and wood (871) form the majority of the assemblage (Figure a31). 

Of the phytoliths that indicate ecozone-type, woodland dicots dominate, although wetland 

resources are present (Figure a27). 

3.3.1: This sample features the highest density of phytoliths (19,561) in 

excavation block C2010-2 (Figure a26). Buliforms (1,721) and LC psilates (2,180) are 

present, and this sample features the highest density of rondels (8,088) of all the samples 

(Figure a28). Notably, this sample does not contain any keystone bulliforms (cf. reeds), 

however, it does include the third highest density of Cyperaceae (287) (Figure a29). This 

sample also features the highest density of dicot leaves (5,564) in excavation block 
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C2010-2 (Figure a31). Of the phytoliths that indicate ecozone-type, woodland resources 

dominate, although wetland resources are present (Figure a27).  

3.8.1: This sample features the lowest density of phytoliths in excavation block 

C2010-2 (6,441) (Figure a26). Bulliforms (742), LC psilates (451) and rondels (2,005) 

are present (Figure a28), along with keystone bulliforms (cf. reeds) (106) and Cyperaceae 

(265) (Figure a29). Dicot leaves (3,525) are present (Figure a31). Of the phytoliths that 

indicate ecozone-type, woodland resources dominate (Figure a27). 

3.1.1: This sample has a total phytolith count of 9,760 per gram of sediment 

(Figure a26). Bulliforms (1,828), LC psilates (914) and rondels (2,005) are present 

(Figure a28). This sample has the highest density of Cyperaceae (855), and also includes 

keystone bulliforms (cf. reeds) (147). Dicot wood (353) and leaves (2,948) form the 

majority of the assemblage (Figure a31). Of the phytoliths that indicate ecozone-type, 

woodland resources dominate (Figure a27).  

INTERPRETATION AND DISCUSSION 

While the phytolith interpretations are limited by sample size, they do contribute 

several key findings. Firstly, the phytolith data indicates that the environment around 

Yutil al-Hasa became ‘wetter’ at some point during the Early Epipaleolithic. Several 

phytolith indicators including a general increase in phytolith density between level 4 and 

3 (Figure a26) and an increase in the proportion of wetland resources (Figure a27 and 

a29) provide evidence for this shift. Notably however, the samples from C2010-1 (L.1 

and 2) have a higher density of keystone bulliforms (cf. reeds), whereas the samples from 

C2010-2 (L.1 and 2) have a higher density of Cyperaceae (Figure a29). This dissimilarity 

may be the result of human behavior or changing resource availability, perhaps a 

consequence of changes to the in-stream wetland. Because these excavation blocks do not 
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have the same stratigraphy, and these contexts were not directly dated, they may not be 

contemporaneous.  

Secondly, the phytoliths from Yutil al-Hasa also provide persuasive evidence for 

the reinterpretation of the Wadi al-Hasa Pleistocene lake/marsh deposits as in-stream 

wetland deposits (riparian environment) (Winer 2010:38). With little evidence of wetland 

resource use, and a general emphasis on woodland resources, it seems unlikely that the 

Early Epipaleolithic inhabitants at Yutil al-Hasa had access to large concentrations of 

phytolittoral resources, such as that offered by a marsh or lake environment. Yet, the 

shifting emphasis from woodland resources’ to include wetland resources may reflect 

changing boundaries between the riparian dicot resources, and developing in-stream 

wetlands offering the hunter-gatherers at Yutil al-Hasa additional exploitation 

opportunities in the changing small-scale riparian/wetland mosaics.  

Lastly, the phytolith evidence from Yutil al-Hasa suggests that Early 

Epipaleolithic hunter-gatherers at this site preferred to exploit local plant-resources. With 

little evidence for the use of parkland grasses (one sample, 3.9.1), it would seem that 

plant-resources in the direct vicinity of the site were chosen. The lack of grass husks may 

also indicate seasonality. It is possible that the contexts analyzed in this study were not 

occupied in the late summer or early fall when grasses may have been exploited. Another 

related possibility is, that during the Early Epipaleolithic, Yutil al-Hasa was revisited not 

for its plant-resources, but rather, for it’s strategic location on the main Wadi al-Hasa 

drainage, where it narrows and the topography steepens, a potential bottleneck where 

large game may have been targeted (Olszewski and Coinman 1998b). Further reflection 

on the nature of the artifact and faunal assemblages may provide answers.  
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Ohalo II Phytolith Report 

This report presents the results of a phytolith analysis conducted on sediment 

samples from the Late Upper Palaeolithic site of Ohalo II (23,000 cal B.P.), in Israel. 

Phytoliths are microscopic silt sized silica particles. They are formed when plants take up 

soluble silica from the ground water. The silica is then deposited in and around the 

intracellular and extracellular spaces, creating durable inorganic silica ‘casts’ of the 

plants’ cells. Grasses, sedges and palms (monocotyledons) readily produce phytoliths, 

often distinctive to plant family, genus and more rarely, species. Woody trees and other 

herbaceous dicots also produce phytoliths, although far fewer and with less diagnostic 

forms. In grasses and other monocots, silica is actively deposited in the cells of the plant. 

As a result, phytoliths can form in individual cells, producing single-cell phytoliths; or as 

a suite of attached adjacent cells, producing multi-cell forms, also known as silica 

skeletons. By studying the anatomical orientation of these fossilized sections of plant 

tissue it is possible to make identifications down to the plant genus or species level. 

Single cell monocot phytoliths are identified according to the ICPN classification system 

when possible (Madella, et al. 2005).   

OHALO II 

Ohalo II is situated by Lake Kinneret  (Sea of Galilee) in an open parkland setting 

(Nadel 2004). The site is unique due to its exceptional organic preservation, the result of 

two successive events, charring by fire before site abandonment, followed by inundation 

by rising water levels and lake sediments (Weiss, et al. 2011). Notably, the majority of 

the site’s recovered macrobotanical remains are charred, only 152 uncharred seeds have 

been recovered (Kislev, et al. 1992; Simchoni 1998; Weiss 2002), suggesting that 

charring was an integral factor to the preservation of the sites macrobotanical assemblage. 
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This also indicates that although Ohalo II benefits from excellent preservation, it also 

suffers from botanical preservation biases; which means that those remains that persist in 

the archaeological record were first subject to charring. Accordingly, phytolith analysis 

may help address this bias in the botanical assemblage.    

Excavations recovered evidence of six hut structures with intact floors, several 

open air hearth concentrations, a dumping zone, a pit, a stone installation and a burial, in 

addition to several extraordinary finds, including cordage and a rich macrobotanical 

assemblage (Kislev, et al. 1992; Nadel, et al. 1994; Nadel, et al. 2004; Weiss, Kislev, et 

al. 2004; Weiss, et al. 2008). The repeated use of the site in a consistent and organized 

pattern has lead the investigators to conclude that Ohalo II represents the remains of a 

camp visited several times by the same group (Nadel, et al. 1995). Indeed, the floral and 

faunal remains suggest that there may have been year round occupation at the camp 

(Kislev, et al. 1992; Snir, et al. 2015; Weiss, et al. 2008). The site is approximately 

2,000m2 and dates to 23 ka cal. BP (Weiss, Kislev, et al. 2004).  

The extensive macrobotanical assemblage at Ohalo II has been studied by a 

number of specialists, the results of which are available in peer reviewed publications 

(Kislev, et al. 1992; Nadel, et al. 2004; Snir, et al. 2015; Weiss, Kislev, et al. 2004; 

Weiss, et al. 2008), and unpublished doctoral dissertations (Simchoni 1998; Weiss 2002). 

In sum, more than 150,000 specimens have been studied (Nadel, et al. 2012). A brief 

summary of the botanical (macro and micro) results to date is presented below.  

Plant food remains 

The hut floors and hearths contain a similar, highly diverse, plant food 

assemblage, and includes, but is not limited to, wild barley, wild emmer wheat, acorns 

(Tabor oak), and a variety of fruits and berries (Christ’s thorn, wild fig, wild grape, 
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almond, pistachio, and wild olive) (Weiss, Kislev, et al. 2004). The remains represent a 

mosaic of habitats, including a locale saline habitat, a nearby lakeshore habitat and a 

Mediterranean open park-like forest (Nadel, et al. 2004), likely located further from the 

site (Nadel, Gringberg, et al. 2006).  

Large seeded grasses (LSGs) and wild cereals are an important aspect of the 

assemblage, but importantly, small seeded grasses, chiefly brome (Bromus 

psuedobrachytachys/tigridis) but also barley (Hordeum marinum/hystrix, H. spontaneum) 

and common saltmarsh-grass (Puccinellia cf. convoluta), account for 15% of the total 

plant remains studied by Weiss and colleagues (2004). Interestingly, all of the small-

grained grasses have been found to feature comparatively wide ventral grooves, which 

would have allowed them to be cleanly dehusked. Accordingly, very few of these remains 

were recovered with husks or husk fragments (Weiss, Kislev, et al. 2004). In addition to 

the macrobotanical remains, starch evidence recovered from ground stone artifacts, 

identified as barley (Hordeum sp.), wheat (Triticum sp.) and oats (Avena sp. – poorly 

represented in the macrobotanical assemblage) also attests to the importance of cereals 

and SSGs grasses to the diet at Ohalo II (Nadel, et al. 2012; Piperno, et al. 2004).  

Wetland resources were also a component of the diet, as evidenced by the remains 

of sedge nutlets (Scirpus litoralis, and Cyperaceae cf.) and pond weed nutlets 

(Potemogeton sp.) (Weiss 2002). Weiss (2002) lists a botanical category, ‘bulbets,’ which 

may refer to root or more specifically bulb tissues. If this category does not refer to root 

tissues than the absence of root tissues is notable considering the excellent site 

preservation and the importance of root resources, particularly wetland root resources, to 

Late Upper Palaeolithic/Epipaleolithic subsistence, both modeled (Wollstonecroft, et al. 

2008), and evidenced at sites such as Wadi Kubbaniya (Hillman, Madeyska, et al. 1989). 

If Weiss’ (2002) category is root tissue, then the recovery of over 100 fragments in Hut 1 
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is very interesting and deserves further discussion – I am particularly interested in the 

use of reliable wetland resources (i.e. roots) to buffer the use of preferable risky 

resources (i.e. cereals).  

Hut construction and craft remains 

Four of the six huts were fully excavated and two were comprehensively sampled. 

Hut 1, the largest and best preserved, features three major components, a hearth, specific 

working locales, and a sleeping area (Nadel, et al. 2004). This hut contains the remains of 

three successive floors separated by irregular layers of bright clay and silt between 3-5 

cm thick, with very few cultural remains (Nadel, et al. 2004). It is thought that between 

each floor occupation, the hut was burned down, and ‘re-floored’ with clean sediment 

(Nadel, et al. 2004). The upper floor is only partially preserved, but the lower floors (II 

and III) were found intact (Snir, et al. 2015). Two previous studies have focused on the 

distribution of seeds and other plant remains on floors II and III (Snir, et al. 2015; Weiss, 

et al. 2008), and it has most recently been suggested that the two floors might represent 

two different seasons of occupation, with floor III in winter and floor II in summer (Snir, 

et al. 2015).  

In addition, Hut 1 featured a nearly continuous wall base, constructed of thick 

fragments (up to 5 cm in diameter) of tamarisk (Tamarix), willow (Salix), oak (Quercus 

ithaburensis), and smaller elements of a variety of species, including orach/seidlitzia 

(Atriplex/Seidlitzia) and mesquite (Prosopis), as well as unidentified leaves and grasses 

(Nadel, et al. 2004; Snir, et al. 2015). In addition, the remains of tens of thousands of 

seepweed (Suaeda palaestina/fruticosa) seeds were also recovered in the huts, it is 

thought that these remains originate from branches that formed the walls of the huts 

(Nadel and Werker 1999). It is of interest to note that Weiss (2002) identified the remains 
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of 86 Phragmites culm fragments in Hut 1, floor II. It is possible that these remains 

represent part of the hut superstructure. Phragmites sp. culm and leaves would have been 

a readily available superstructure and thatching materials.  

Eight wooden objects were also recovered from the site (Nadel, Gringberg, et al. 

2006). In Hut 15 a Salix or Populus bark plank associated with several leaves, identified 

as either Phragmites australis or Arundo donax – may have been used as a simple basket, 

net, mat or trap that incorporated the plank; two other wooden objects were identified as 

being made of tamarisk (Tamarix genesariensis), and possibly oak (Quercus?). The 

authors note that ethnographic evidence shows that hunter-gatherer’s rarely leave wooden 

tools, basketry, and cordage utensils at abandoned camps, and suggest that the wooden 

remains recovered at Ohalo II were likely abandoned because they were broken or very 

simple, and therefore easily re-manufactured (Nadel, Gringberg, et al. 2006). However, 

contrary to this assertion, there is direct evidence of cordage (Nadel, et al. 1994), a 

potential Phragmites sp. or Arundo sp. craft item (Nadel, Gringberg, et al. 2006) as well 

as strong indirect evidence of basketry or containers  (Nadel, et al. 1994).  

The contribution of Phytoliths 

While the exceptional macrobotanical assemblage may cast doubt on the potential 

contribution of phytolith analysis to the already well-studied plant assemblage at Ohalo 

II, there are a number of unique contributions that phytoliths can provide. Phytolith 

analysis can, firstly, investigate plant activities in non-charred contexts. Although the 

plant remains at Ohalo II were waterlogged, which helped their preservation, they were 

firstly charred. As such, the assemblage still suffers from botanical preservation biases 

associated with charring. Secondly, phytolith analysis can more frequently identify 

delicate leaf and stem plant parts. So, while the assemblage at Ohalo II does include more 
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fragile botanical materials, phytoliths should help broaden the picture of plant use. 

However, the most important contribution of the phytolith analysis at Ohalo II is actually 

the use of this assemblage in concert with the macrobotanical assemblage as a 

comparative baseline to shed light on plant use at contemporaneous sites in the Levant 

that do not benefit from a well preserved macrobotanical assemblage.  

SAMPLES AND METHODS 

Early recognition of the significance of this site facilitated a thorough sediment-

sampling program (Nadel, et al. 2012). The samples for this project were collected from 

stored sediments during the summer of 2012. In addition to sediment samples of varying 

volumes (tablespoon to liters) D. Nadel gave me permission to collect samples from 1m x 

1m blocks that were exhumed from the site hut deposits. These intact site sediments 

provided the opportunity to take pin-point samples from some of the most sensitive 

contexts. 

Phytolith Analysis 

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics before 

extracting the phytoliths. First, the sediment was sieved though a 0.25 mm sieve to 

remove the coarse sediment fraction. A sample of approximately 800mg was taken for 

analysis. The sample was treated with 30ml of 10% HCI to remove the carbonates. To 

disperse the clays, a sodium hexametaphosphate solution (lab grade Calgon and distilled 

water) was added to the sample. The clays were removed from the sample by decanting 

after settling the fine sands and silts. This process was repeated until the suspense was 

clear. Organic matter was removed by dry ashing the samples in a muffle furnace for 2 

hours at 500 degrees Celsius. The phytoliths were then extracted from the remaining 
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fraction using density separation. A sodium polytungstate (SPT) solution (with distilled 

water) calibrated to 2.3 specific gravity was used to separate the phytoliths from the 

heavier minerals. The phytoliths were then poured off, cleaned, weighed and the mounted 

in Entellan. The phytolith slides were counted at 400x magnification using a transmitted-

light microscope. A minimum of 300 single cells and 50 multi cells were counted on each 

slide. The results are expressed as number per gram of sediment. The absolute counts for 

each phytolith type was calculated using a modified method outlined by Albert, et al. 

(1999); Albert and Weiner (2001); see Power, et al. (2014) for details. 

PHYTOLITH RESULTS 

A total of 28 sediment samples were analyzed for this study (Table a9). The 

samples were taken from a variety of onsite contexts, including hearths, dumps and huts. 

The phytoliths throughout the site appear to be well preserved with the presence of 

delicate morphotypes such as hairs, and some large multi-cells suggesting favorable 

preservational conditions.  

 

Lab ID Context Site Context Remarks 

 

OH.14.1 Hearth 

(outside) 

Loc. 9  

C92c/C93a 

-212.05 

series of hearths 

 

OH.14.13 Hearth 

(outside) 

Loc. 9 

C93a 

-212.05 

series of hearths, 

clean up ash 

OH.13.14 Hearth 

(outside) 

Loc. 9 

C94b 

-212.05 

series of hearths,  

ash in hearth 

OH.13.28 Hearth 

(outside) 

Loc. 9 

D93a 

-212.05 

series of hearths,  

top ash layer 

OH.14.51 Hearth 

(outside) 

Loc. 7 

H94b 

open area with hearths and 

charred concentrations 
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212.30 

OH.14.27 Hearth 

(indoor) 

Loc. 15 

N79c 

-212.9 

hearth from hut (Loc. 15) 

 

OH.14.34 Dump Loc. 10 

M86c 

-212.53-58 

 

 

OH.14.41 Dump Loc. 10 

L79c 

-212.45-5 

 

 

OH.14.29 Dump Loc. 10 

K79c 

-212.53 

 

OH.14.24 Pit Loc. 8 

H87a 

-212.20-35 

small pit  

 

OH.14.30 Other AK71 

-212.40 

paleosurface, sample taken 

from tractor trench, black 

OH.14.33 Other Loc. 16 

P79b 

-212.88 

immediately outside hut (L.15) 

 

OH.14.32 Hut Loc. 12 

B96a 

-212.10-12 

 

OH.14.20 Hut Loc 12 

B98a 

-212.06-08 

 

OH.14.36 Hut Loc. 1 

E78b 

-212.20-30 

floor I 

 

OH.14.3 Hut Loc. 1 

E80b 

-212.35-40 

floor II 

OH.14.8 Hut Loc. 1 

D80d 

-212.5 

floor III 

OH.14.12 Hut Loc. 1 

E78d 

-212.5 

floor III 

OH.14.15 Hut Loc. 1 

D81b, NW* 

-212.44 

floor III 

 

OH.14.17 Hut Loc. 1 floor III 
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D81b NE* 

-212.44  

OH.14.18 Hut Loc. 1 

D81b SW* 

-212.44 

floor III  

OH.14.40 Hut Loc. 1 

E80b 

-212.45-50 

floor III 

OH.14.45 Hut Loc. 1 

F79d 

-212.51-.54 

grass bedding layer, base of 

floor III 

OH.14.46 Hut Loc. 1 

F79b 

-212.49 

grass bedding layer, base of 

floor III 

OH.14.48 Hut Loc. 1 

F79b 

-212.49-51 

grass bedding layer, base of 

floor III 

OH.14.49 Hut Loc. 1 

D80d SW* 

-212.45 

 

grass bedding layer, base of 

floor III 

OH.14.5 Hut Loc. 1 

D81b 

-212.5 

below floor III 

 

OH.14.2 Other D79d 

-212.38-41 

white ash taken from the 

periphery of the hut 

 

* sampled from curated 1m x 1m sediment blocks.  

Table a9: Ohalo II Phytolith Sample List.  

The phytolith assemblage at Ohalo II contains single-cell (SC) and multi-cell 

(MC) phytolith morphotypes for several plant types and parts, including: monocot leaves 

and stems, indicated by SC and MC psilate long cells; a variety of grass husks, indicated 

by dendritic long cells, both SC and MC. It is important to note that at this time, our 

ability to differentiate between wild grass and cereal varieties is limited. Further work is 

in process to develop effective multi-cell identification protocols. As such, identifications 

in this report are limited to cf. wild wheat (Plate 1) and wild grass husk (Plate 1), 

identified following Rosen (1992); cereal straw (Plate 1) identified following A. Rosen 
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(1993); pooid grasses, indicated by rondels, a type of short cell; chloridoid grasses, 

indicated by saddles; panicoid grasses, indicated by bilobes, quadralobes and polylobes, 

types of short cells; reeds, indicated by SC and MC keystone bulliforms (Plate 1); 

Phragmites sp. leaves and stems, indicated by characteristic MC forms (Plate 1); 

Cyperaceae (sedges) (Plate 1), indicated by SC and MC cones, and long cells with rods 

(MC); woody dicots, indicated by blocks and smooth spheroids (SC), and dicot leaves 

indicated by sheets, honeycomb and other irregular SC and MC forms.  

Two common monocot phytolith types, psilate long cells (LC) and rondels, 

inundate all of the contexts at Ohalo II. Psilate LCs are found in all monocots, as such, 

they have limited diagnostic utility. The dominance of rondel short-cells however, is 

important for the reconstruction of the local environmental background. Rondels (pooid 

grasses) are formed in C3 grasses, indicating a prevailing cool climate. However, C3 

grasses tend to have higher moisture requirements that C4 grasses, as such, the prevalence 

of C3 grasses appears to support suggestions that the LGM, while cool, may only have 

been mildly dryer than the climate in the region today (Weinstein-Evron 1993).  

While both morphotypes are important for discussing general trends in the 

assemblage, due to the sheer number of them, they obscure other patterns of plant-use. 

Accordingly, neither is used when trying to determine the ecozone-types exploited by the 

inhabitants at Ohalo II.  

To develop a picture of what ecozone-types the inhabitants at Ohalo II were 

exploiting, the phytoliths are grouped in the following sections to identify wetland, 

parkland grasses, and woodland ecozone-types (Table a10). These categories do not 

necessarily conform to traditional vegetation zones, but rather provide a broad picture of 

plant-use. 
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Plate 1 

 

Ecozone-type Phytolith morphotypes 

Wetland Keystone bulliforms (cf. reeds), Cones 

(sedges), Reed culm and leaf, Phragmites 

sp. culm and leaf, Cyperaceae 

Parkland Grasses Dendritic, papillae, cereal straw, all husk 

multi-cells  

Woodland Sheet, honeycomb, polyhedron, all indet 

dicots 

Table a10: Phytolith Evidence of Ecozone-types 

Hearth Contexts 

The hearths at the site are generally shallow concentrations composed of many 

partially overlapping features, oriented around the hut structures (Nadel, et al. 1995). The 

phytoliths indicate different patterns of use for the hearth loci. Of the phytoliths that 

indicate ecozone-type, the phytolith evidence demonstrates that L. 9 is focused on 

wetland resources, the phytolith evidence from L. 7 is centered on woodland resources, 
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and the hearth in L. 15 contains a balance of wetland, parkland grasses and woodland 

resources.  

L.9 tends to have a larger concentration of phytoliths per gram of sediment than 

either L.7 or the hearth in L. 15 (Figure a32). This makes sense considering L. 9 is 

dominated by prolific phytolith producing wetland taxa (Figure a33), evidenced by cones 

(cf. sedges, Cyperaceae) and keystone (cf. reeds) phytoliths (Figure a34 and a41). While 

rondels (pooid grasses) dominate the SC assemblage in all of the samples, three of the 

four samples from L. 9 also contain saddle (Chloridoid grasses) and polylobe SCs 

(Panicoid grasses) (Figure a35). Notably, while single-cell saddle SCs in isolation are not 

diagnostic, as part of an assemblage with a variety of other wetland indicators, it is of 

interest to note that they are characteristically found in Phragmites sp.  

In addition to the wetland emphasis in this feature, cereal straw was recovered 

from one of the samples in this feature (Figure a36), and two of the four samples from 

this feature also contain a high proportion of dendritic (husk) LCs compared to psilate 

(leaf and stem) LCs, at approximately 18%, whereas the other samples from this feature, 

and indeed the other hearths (L. 7 and L. 15) contain less than 3% (Figure 6, 7 and 8). To 

further illustrate the patterning in the husk and stem phytoliths we can consider the ratio 

of husk to stem phytoliths. By dividing the LC psilates by the dendritics we can 

determine the husk to stem ratio. Using a ratio value facilitates comparison across 

contexts by highlighting the difference between these phytolith categories. The larger the 

value, the larger the difference is between the husk and stem phytoliths (Figure a38). This 

figure helps highlight activity foci having to do with husks, such as seed processing, 

eating or discard, and suggests that L. 9 may have been modestly utilized for such 

activities.  
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Another distinctive pattern is found in L. 7, the largest hearth feature; it is 

composed mainly of woodland resources (Figure a33), and although further samples may 

be warranted to clarify the pattern, it is clearly different from L. 9. Likewise, the hearth 

situated in L. 15 (hut 15 – not mentioned in publications, may just be a sample from the 

hut, but context information does say hearth) also features a different pattern from either 

L. 9 or L. 7, with a more balanced distribution of wetland, parkland grasses and woodland 

resources, suggesting a more generalized pattern of use (Figure a33).  

Hearths Sample by Sample: 

OH.14.1: This sample has the lowest density of phytoliths from L. 9 (154,158). 

The assemblage is dominated by monocots, with rondels (59,173), LC psilates (29,895), 

dendritics (6,780) and bulliforms (9,554) forming a large portion of the assemblage. 

Cyperaceae, indicated by both single cells (cones) and multi-cells (cf. sedges) form the 

bulk of the wetland resources, but the assemblage also includes a small number of 

keystone bulliforms (cf. reeds). Of the phytoliths that indicate ecozone-type, wetland 

resources dominate (~69%). 

OH.14.13: This sample is from L. 9, and it has a greater density of phytoliths per 

gram of sediment than the previous sample (335,065), however the proportional 

distribution of the phytoliths is broadly similar to the last sample, dominated by 

monocots, with rondels (89,262), LC psilates (95,923), and bulliforms (27,978) 

dominating the assemblage. But, there is a clear increase in dendritics (21,982) (Figure 

a40). Cyperaceae, indicated by both single cells (cones) and multi-cells (cf. sedges) form 

the bulk of the wetland resources. Of the phytoliths that indicate ecozone-type, wetland 

resources dominate (~47%), but are closely followed by parkland grasses (~43%). The 

proportion of parkland grasses increased significantly in this sample because of an 
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increase in dendritics (husks) and perhaps more importantly, the presence of cereal straw 

(13,989).  

OH.14.14: This sample has the greatest density of phytoliths per gram of 

sediment for L. 9 (809,493). The proportional distribution of the phytoliths is largely 

consistent with rondels (249,456), LC psilates (124,728) and bulliforms (52,966), while 

dendritics have decreased (3,417). There is a dramatic peak in Cyperaceae in this sample, 

indicated by both single cells (cones) and multi-cells (cf. sedges). Of the phytoliths that 

indicate ecozone-type, wetland resources overwhelming dominate (~93%).  

OH.14.28: This sample from L. 9 has the second highest density of phytoliths 

from this loci, although it is considerably less than the previous sample (392,264). The 

sample is dominated by monocots with rondels (202,679), LC psilates (75,150), and 

bulliforms (33,020) dominating the assemblage, while dendritics phytoliths as a 

proportion of the assemblage have diminished (1,138). Notably, while the single-cell 

cones (sedges), an important aspect of the wetland assemblage is negligible, the multi-

cell cones and psilate LCs with rods make up the majority of the wetland-type taxa. Of 

the phytoliths that indicate ecozone-type, wetland resources still dominate (~65%). But, 

woodland resources increase in proportion (~28%) due to an increase in sheet phytoliths. 

OH.14.51: This sample from L. 7 has the lowest phytolith count out of all of the 

samples from hearth contexts (131,780). This is no doubt related to the clear emphasis on 

woodland resources, specifically dicot wood. Of the phytoliths that indicate environment-

type, woodland resources overwhelmingly dominate (~93%). However, while the 

absolute counts are significantly less than the samples from L. 9, the key monocots, 

including rondels (13,922), LC psilates (16,040), dendritics (302) and bulliforms (4842) 

conform to a similar pattern proportionally.  
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OH.14.27: This sample is from a hearth in L. 15, a hut context. The sample 

features a relatively low phytolith count at 167,670. The sample is predominately 

composed of rondels (83,835) and LC psilates (31,710), with bulliforms (6,516) and 

dendritics (869) contributing to a lesser extent. Of the phytoliths that indicate ecozone-

type, the sample is fairly evenly distributed between the woodland (~55%), wetland 

(~27%) and parkland grass (~18%) resources. 

Dump Contexts 

One dump context (L. 10) was identified at Ohalo II (Figure 1). Featuring a 

North-South trending orientation, the Dump is strewn across the site, and appears to have 

been an area of general garbage disposal (Nadel and Werker 1999). The phytolith 

evidence supports this interpretation of general disposal, with the samples from this 

contexts displaying broadly similar assemblages – although, the samples do vary in subtle 

ways. For example, OH.14.34, includes more keystone bulliforms (cf. reeds) (Figure 

a41), as well as several cautiously identified reed culm and leaf multi-cells that do not 

have typical Phragmites sp. characteristics (further comparative material analysis is 

required to refine these identifications). Sample OH.14.41 contains an abundance of 

bilobes, and well-preserved multi-cells, including Phragmites sp. leaves and culms, 

Scirpus sp, as well as wild grass husks. Lastly, sample OH.14.29 has an interesting 

emphasis on parkland grasses, where as the other samples (OH.14.34; OH.14.41) have an 

emphasis on wetland resources.  

Dumps Sample by Sample: 

OH.14.34: This sample from L. 10 contains 109,028 phytoliths per gram of 

sediment. The sample is dominated by monocots with rondels (26,676), LC psilates 

(24,947), and bulliforms (8,892). But there is a variety of other LCs and SCs 
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morphotypes well represented including dendritics (6,422), saddles (988), bilobes (741) 

and polylobes (494). Compared to the hearth contexts there are far less cone (sedge) 

single-cells and multi-cells, however keystone phytoliths (cf. reeds) and Phragmites sp. 

culms increase as a proportion of their respective assemblages (Figure a35). Of the 

phytoliths that indicate ecozone-type there is a fairly even distribution of wetland 

(~60%), parkland grasses (~18%) and woodland resources (~22%).  

OH.14.41: This sample has the highest phytolith count out of all of the samples 

from the Dump context (681,172). The sample is dominated by monocots, including 

rondels (206,102), LC psilates (173,855), and bulliforms (36,453). As a percentage of the 

LC morphotypes, the sample features a fairly low percentage of dendritic LCs (~3%, 

8,412). Amongst the SCs, there is a notable increase in bilobes compared to the other SC 

morphotypes. This sample notably features one of the highest counts in the entire site for 

Phragmites leaves (16,824) and culm (9,814), as well as some sedge cones that compare 

favorably with Scirpus sp. (1,402). This sample also features some of the best examples 

of wild grass husk multi-cells. Of the phytoliths that indicate ecozone-type there is a 

fairly even distribution of wetland (63%), parkland grasses (~7%) and woodland 

resources (~30%).  

OH.14.29: This sample has the second highest phytolith count of the samples 

from this feature (410,990). The sample is dominated by monocots, including rondels 

(113,460), LC psilates (143,318), and bulliforms (43,507). Of the phytoliths that indicate 

ecozone-type there is an interesting emphasis on parkland grasses (~60%). 

Pit Context 

This context (L. 8) is represented by one sample. It is described as a small pit full 

of debris (Nadel, et al. 1995).  
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OH.14.24: This sample taken from a pit filled with debris has a total phytolith 

count of 323,971. This sample is dominated by monocots, in particular LC psilates 

(92,476) and rondels (142,677). While the absolute counts are low, the presence of 

polylobes (1,982) and bilobes (1,321) (Panicoid grasses) and saddles (1,321) (Chloridoid 

grasses) reflect a diverse grass assemblage.  The sample features a low to moderate 

proportion of dendritics to psilate LC (~12%). There is also a moderately even 

distribution wetland MCs including, Phagmites sp. culms and leaves as well as keystone 

buliforms (cf. reeds) and Cyperaceae. This sample also notably includes cereal straw. Of 

the phytoliths that indicate ecozone-type there is, to some extent, an even distribution 

between the parkland grasses, woodland and wetland resources, with the latter, somewhat 

surprisingly with the least represented.  

 

Other Contexts 

Phytolith samples were taken from a further two contexts, a paleosurface and 

L.16 (unsure as to what kind of context this is from published literature). All of these 

contexts contained generally less phytoliths than the hearths and huts (Figure a32), but as 

with the rest of the site’s samples, they were dominated by monocots, particularly LC 

psilates and rondels. Interestingly, these samples generally featured a higher proportion of 

dendritics to psilate LCs than the hearth samples (Figure a37, a38 and a39), and as a 

corollary, parkland grass resources were better represented than wetland resources on the 

paleosurface (OH.14.30) context (Figure a33).  

Other Contexts Sample by Sample: 

OH.14.30: This sample was taken from a paleosurface that was exposed in the 

trench cut. The sample has a fairly low total phytolith count (311,424). While dominated 
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by LC psilates (99,276) and rondels (85,794), this sample also contains a notable number 

of bilobe SCs (10,418). The sample features a moderate proportion of dendritics to psilate 

LCs (~21%). There is also a notable ratio of Phragmites sp. culm and leaf phytoliths 

compared to Cyperaceae. However, of the phytoliths that indicate environment-type, 

there is a clear emphasis on parkland grasses, followed by wetland, then woodland 

resources.   

OH.14.33: This sample from L.16 has a total number of 512,009 phytoliths. It is 

dominated by monocots, mainly LC psilates (91,169) and rondels (215,489). The sample 

features a moderate to high proportion of dendritics to psilate LCs (~29%).  There is also 

a notable ratio of Phragmites sp. culm, reed leaf and keystone bulliform (cf. reeds) 

phytoliths compared to Cyperaceae. Of the phytoliths that indicate environment-type 

there is a moderately equal emphasis on wetland (~47%) and parkland grass resources 

(~40%).  

Hut Contexts 

Ohalo II features 6 huts. In this study, two huts (L. 12 and L.1) provide a total of 

sixteen samples, two from Hut 12, and fourteen from Hut 1.  

Hut 12 (L.12) samples tend to have lower total phytolith counts than the samples 

from Hut 1 (Figure a33). While Hut 12 shares many characteristics with Hut 1, including 

a focus on monocot phytoliths, particularly LC psilates and rondel SCs, the limited 

samples from this hut have a distinct pattern from the samples from Hut 1 and the site at 

large.  Firstly, compared to other contexts on the site, Hut 12 tends to have a higher 

representation of parkland grass resources (Figure a33). Notably, at this time, sample 

OH.14.32 is the only sample that features securely identified wheat multi cells, while 

both samples feature cereal straw, a relatively rare morphotype (Figure a36). Secondly, 
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the assemblage from Hut 12 appears to have less Cyperaceae phytoliths than Hut 1 and 

L.9 (hearth) (Figure a34).   

Hut 1 (L.1) samples tend to share a clear emphasis on wetland resources (Figure 

a33). But, this context can be further divided into three sub-contexts, Floor I, II and III. In 

addition, one samples from this hut is actually ash from the periphery of the hut 

(OH.14.2). Clear trends between the floor contexts can be discerned. Hut 1 Floor I is only 

represented by one sample, yet, while it is very similar to the other floor contexts, the 

sample does appear to have a broader array of SCs, with a number of bilobes, saddles and 

crosses (Figure a35).  

Hut 1 Floor II is represented by only one sample. However, this sample is 

relatively distinct from the other Hut 1 samples due to its low counts (Figure a32), low 

representation of dendritic SCs or MCs (husks) (Figure a37), and clear emphasis on 

woodland dicot resources (Figure a33). 

Hut 1 Floor III is represented by ten samples. These samples all tend to have 

relatively high phytolith counts (Figure a32), an emphasis on wetland resources (Figure 

a33), represented by both reed and Cyperaceae phytoliths (Figure a34 and a41). Samples 

from this context also tend to have a dendritic to psilate LCs (husks) ratio of more than 

10% (Figure a37, a38 and a39).  

Huts Sample by Sample: 

OH.14.32: This sample, from Hut 12 (L.12) has a total phytolith count of 

558,394. The sample is dominated by monocots, including rondels (102,677) and LC 

psilates (144,873), but features a significant number of dendritic SCs (husks) (119,555). 

Comparing the dendritic and psilate LCs, dendritic phytoliths account for 45% of the 

assemblage; this is the highest ratio of dendritics in the entire site assemblage. This 
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samples also features cereal straw (18,285). Accordingly, of the phytoliths that indicate 

ecozone-type there is a clear emphasis on parkland grasses (almost 90%). 

OH.14.20: This sample from Hut 12 (L.12) has a total phytolith count of 360,526. 

The sample is dominated by monocots, including rondels (109,123) and LC psilates 

(120,920). Dendritics decrease in this sample, but echinates increase notably. This sample 

also includes cereal straw, although far less than the previous sample (2,607). Of the 

phytoliths that indicate ecozone-type there is an emphasis on wetland resources (~50%), 

followed by parkland grasses. 

OH.14.36: This sample from Hut 1 (L.1 Floor I) has a total phytolith count of 

183,340. The sample is dominated by monocots, including LC psilates (143,318) and 

rondels (35,173), but also features bilobes (5,275) and crosses (879) (both Panicoid 

grasses), and saddles (3,077) (Chloridoid grasses). The sample features Phragmites sp. 

culm, reed leaves and keystone bulifoms.  Of the phytoliths that indicate ecozone-type 

there is a clear emphasis on wetland resources (more than 80%). 

OH.14.3: This sample from Hut 1 (L.1 Floor II) has a total phytolith count of 

169,482. The sample is dominated by monocots, including LC psilates (26,033), rondels 

(38,253) and bulliforms (11,157). This sample notably features a high proportion of cone 

(sedge) SC and MC phytoliths. There are very few SC or MC husk phytoliths. However, 

of the phytoliths that indicate ecozone-type, while there is an emphasis on wetland 

resources (~50%), woodland (dicot) resources account for almost 45% of the assemblage.  

OH.14.8: This sample from Hut 1 (L.1 Floor III) has a total phytolith count of 

1,009,971, significantly more than any of the Floor I or II samples. The sample is 

dominated by monocots, particularly LC psilates (120,419) and rondels (264,146), but 

also features a range of other morphotypes including bilobes (36,902) and saddles 

(42,729), as well as a high proportion of dendritics to psilate LC (30%). Of the phytoliths 
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that indicate ecozone-type there is an emphasis on wetland resources at just over 50%, 

closely followed by parkland grasses at approximately 35%.  

OH.14.12: This sample from Hut 1 (L.1 Floor III) has a total phytolith count of 

1,697,453, significantly more than any other Hut context. The sample is dominated by 

monocots, particularly LC psilates (260,669) and rondels (710,634). The sample also 

features a high proportion of dendritics to psilate LCs (over 25%). While there are 

Phragmites sp. and reed MCs, Cyperaceae tend to overwhelm the wetland MCs. Of the 

phytoliths that indicate ecozone-type there is an emphasis on wetland resources at just 

over 50%, closely followed by parkland grasses at approximately 33%.  

OH.14.15: This sample from Hut 1 (L.1 Floor III) has a total phytolith count of 

434,060. The sample is dominated by monocots, particularly LC psilates (113,831) and 

rondels (133,207). The sample features a moderate proportion of dendritics to psilate LC 

(~12%). This sample notably features some cereal straw. While there are Phragmites sp. 

and reed MCs, Cyperaceae tend to overwhelm the wetland MCs. Of the phytoliths that 

indicate ecozone-type there is an emphasis on wetland resources at just over 50%, with 

parkland grasses and woodland resources split respectively at 25%.  

OH.14.17: This sample from Hut 1 (L.1 Floor III) has a total phytolith count of 

936,813. The sample is dominated by monocots, particularly LC psilates (144,277) and 

rondels (304,365), indeed while there are some saddle and bilobe SC, they only account 

for 5% of the SC assemblage, while rondels account for 95%. The sample features a 

moderate proportion of dendritics to psilate LC (~18%), and the highest count of husk 

MCs of all the Hut 1 contexts (19,763, indet husk). While there are Phragmites sp. and 

reed MCs, Cyperaceae tend to overwhelm the wetland MCs. Of the phytoliths that 

indicate ecozone-type there is an emphasis on wetland resources at approximately 68%.  
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OH.14.18: This sample from Hut 1 (L.1 Floor III) has a total phytolith count of 

648,017. The sample is dominated by monocots, particularly LC psilates (114,995), and 

rondels (247,085), with cones (sedge) (20,201), saddle (15,539) and bilobe (15,539) 

phytoliths further contributing to the broad assemblage. The sample features a moderate 

proportion of dendritics to psilate LC (~15%). While there are Phragmites sp. and reed 

MCs, Cyperaceae tend to overwhelm the wetland MCs. Of the phytoliths that indicate 

ecozone-type there is an emphasis on wetland resources at approximately 66%.  

OH.14.40: This sample from Hut 1 (L.1 Floor III) has a total phytolith count of 

523,170. The sample is dominated by monocots, particularly LC psilates (120,883), and 

rondels (247,085). The sample features a low proportion of dendritics to psilate LC 

(~9%). This sample has a notably increase in keystone bulliforms compared to the other 

Hut contexts. Yet, Cyperaceae overwhelms the wetland MCs. Of the phytoliths that 

indicate ecozone-type there is a clear emphasis on wetland resources, but also a notable 

increase compared to the other Hut 1 Floor III samples in woodland resources.  

OH.14.45: This sample from Hut 1 (L.1 Floor III, B) comes from the identified 

grass bedding layer on Floor III. This sample has a total phytolith count of 980,987. The 

sample is dominated by monocots, particularly LC psilates (145,168), and rondels 

(318,930), and features a high proportion of keystone bulliforms (cf. reeds). Of the 

phytoliths that indicate ecozone-type there is a clear emphasis on wetland resources 

(85%).  

OH.14.46: This sample from Hut 1 (L.1 Floor III, B) comes from the identified 

grass bedding layer on Floor III. This sample has a total phytolith count of 596,389. The 

sample is dominated by monocots, particularly LC psilates (100,515), and rondels 

(207,731). The sample features a moderate to high proportion of dendritics to psilate LC 
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(~26%). Of the phytoliths that indicate ecozone-type there is an emphasis on wetland 

resources (65%).  

OH.14.48: This sample from Hut 1 (L.1 Floor III, B) comes from the identified 

grass bedding layer on Floor III. This sample has a total phytolith count of 637,727. The 

sample is dominated by monocots, particularly LC psilates (144,297), and rondels 

(283,183). The sample features a low proportion of dendritics to psilate LCs (~9%). This 

sample has the third highest count for grass husks amongst the hut contexts. Of the 

phytoliths that indicate ecozone-type there is a fairly even distribution between the 

wetland (~44%), parkland grasses (~36%) and woodland resources (~20%).  

OH.14.49: This sample from Hut 1 (L.1 Floor III, B) comes from the identified 

grass bedding layer on Floor III. This sample has a total phytolith count of 731,106. The 

sample is dominated by monocots, particularly LC psilates (96,150), and rondels 

(315,663). The sample features a low proportion of dendritics to psilate LCs (~13%). 

While there are reed phytoliths, Cyperaceae account for around half of the wetland MCs. 

Of the phytoliths that indicate ecozone-type there appears to be an emphasis on wetland 

resources.  

OH.14.5: This sample from Hut 1 (L.1 below Floor III) has the lowest total 

phytolith count (81,255) of all the Hut context samples. The sample is dominated by 

monocots, including LC psilates (21.048), rondels (8,810) and bulliforms (8,810). This 

sample features a high proportion of cone (sedge) SC and MC phytoliths. There are very 

few SC or MC husk phytoliths. However, of the phytoliths that indicate ecozone-type, 

there is a clear emphasis on woodland (dicot) resources (~63%), higher than any other hut 

context sample.  

OH.14.2: This sample comes from ash taken from the periphery of Hut 1, and has 

a total phytolith count of 1,374,770, the second highest count of all the hut contexts. The 
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sample is dominated by monocots, particularly LC psilates (291,416), and rondels 

(613,975). The sample features a moderate proportion of dendritics to psilate LC (~17%), 

and there are a notable quantity of reed culm and leaf phytoliths. Of the phytoliths that 

indicate ecozone-type there appears to be an emphasis on wetland resources.  

INTERPRETATION AND DISCUSSION 

Besides providing a critical baseline for future microbotanical studies in the 

region, the Ohalo II phytolith results also provide new evidence of Late Upper 

Palaeolithic/Early Epipaleolithic plant-use. In particular, the phytolith evidence suggests 

that wetland resources, sedges and reeds, made key contributions to hut construction and 

material culture. The phytoliths also draw out distinct patterns of plant-use and activity 

areas not identified by the macrobotanical remains in the hearth, dump and hut contexts, 

emphasizing a tradition of culturally defined use of space in the site.  

Hut Construction and Material Culture 

Phytolith evidence points to the importance of wetland plant resources, reeds and 

sedges, to the construction and/or ‘furnishing’ of Hut 1.  In particular, floor III features a 

significant increase in the number Phragmites sp. and reed leaves and culms, as well as 

Cyperaceae phytoliths (Figure 3 and 10). This evidence suggests that reed culms and 

leaves may have been a significant component in the structure, and that reed leaves and 

sedges may also have been employed as thatching and/or loose floor covering and 

bedding in the hut. Importantly, when combined with the phytolith evidence, the 

macrobotanical remains provide some limited corroborating evidence for this 

interpretation.  

Firstly, Weiss (2002) identifies 86 Phragmites sp. culm fragments in Hut 1 (Floor 

II), and secondly, in Hut 15, leaves tentatively identified as Phragmites sp. (or Arundo 
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sp.) were recovered. The concentration of the leaves in one place and their positions, non-

overlapping, and in a general zigzag pattern, seem to eliminate the possibility of post-

depositional transport or arrangement of the finds (Nadel, Grinberg, et al. 2006). In 

addition, three twisted fibers fragments were found in Hut 1, Floor II. The proximity of 

these three pieces to each other suggests that they were part of one craft item, perhaps a 

bag or net. Nadel and colleagues suggest that of the plants growing at the site at present, 

the fibers are most similar to three species of Typha, three species of Juncus, five species 

of Cyperus, three species of Scirpus, Sparganium erectum, and Phoenix dactylifera 

(Nadel, et al. 1994) – considering the phytolith assemblage at the site (no palm, but lots 

of sedge), it appears likely that the fibers originate from a wetland plant. 

While the macrobotanic discoveries of Phragmites sp. culms from Hut 1, the reed 

leaves in Hut 15 and the fiber fragments from Hut 1, may not represent part of the hut 

structure or floor covering, but rather another type of material good (ie. basketry, netting), 

they provide indisputable evidence that Phragmites sp. and likely Cyperaceae was being 

employed by the inhabitants of Ohalo II, and supports the possibility that the 

concentration of Phragmites sp. and Cyperaceae phytoliths in Hut 1 is due to their use in 

the construction and/or ‘furnishing’ (floor covering or bedding) of the hut.  

If, however, Phragmites sp., reeds and Cyperaceae were such an important 

construction and material resource, it does beg the question as to why are there so few 

macrobotanical remains. Indeed, the remains of grass bedding, evidenced by bundles of 

delicate Puccinellia sp. shoots have been recovered from the floor of Hut 1, yet neither 

Phragmites sp. leaves nor Cyperaceae stems have been listed amongst the published 

macrobotanical remains from Hut 1.  

Interestingly, the simplest explaination also provides evidence for the specific use 

of these materials in the structure and perhaps ‘thatching’ of Hut 1. It has been 
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determined that the huts were burned down after their use, this process of charring helped 

preserve the floor contexts, leaving behind a near intact record of the use of space in the 

huts. It is possible that as part of the hut’s superstructure, the dry Phragmites sp. reeds, 

and Cyperaceae burned to ash, liberating the phytoliths, and then, along with the rest of 

the superstructure, collapsed, insolating the floor deposits and depriving the fire of 

oxygen, therein helping to protect the deposits below. This logical progression not only 

supports the specific use of Phragmites sp., reeds and Cyperaceae in the structure and 

thatching, but also helps explain the lack of macrobotanical evidence in spite of the 

abundance of phytolith evidence. 

Distinct Patterns of Plant-Use  

The phytolith results suggest several context specific patterns of plant-use. In 

particular, two of the hearths (L.7 and L.9), the dump (L.10) and the huts (L.12 and L.1), 

all feature distinct phytolith assemblages that point to different, organized and consistent 

patterns of use. The first hearth (L.7), the largest, is composed mainly of woodland 

resources (Figure a34), in particular dicot leaves (Figure a41). While further samples may 

be warranted to clarify this pattern, the available data suggests that this large hearth 

feature may have been used for an activity that required, or for which a smokey shrubby 

fuel source was preferred.  

In contrast, the second hearth (L.9) has a clear concentration of Cyperaceae 

phytoliths (MC) (Figure a34). This is a fascinating pattern that poses many unique 

possibilities. Firstly, this series of hearths could have been used to dispose of waste 

associated with Cyperaceae related craftwork or hut construction and maintenance. In 

support of this interpretation, reeds (including Phragmites sp. leaf and culm MC and 

keystone bulliform SCs and MCs), resources that would also have been an important 
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material in hut construction, are highly correlated with the Cyperaceae (0.92) (Figure 

a34).  

Another possibility is that dried Cyperaceae and reeds, plentiful lakeside 

resources, could have been used as a fuel source in this feature. A very fast burning fuel 

source, the concentration of Cyperaceae provides a very clear signature of use, strongly 

indicating that these hearth features (L. 9 and L. 7) were used for different purposes.  

Another interesting possibility is that the concentration of Cyperaceae phytoliths 

is the result of waste disposal from the preparation of food (ie. Cyperaceae nutlets, and 

perhaps even roots). Macrobotanical remains of sedge nutlets (Scirpus litoralis, and 

Cyperaceae cf.) and pond weed nutlets (Potemogeton sp.) were recovered from nine 

contexts, and hundreds of  ‘bulbets’ (unidentified root tissues) were recovered from three 

loci (Weiss 2002). However, none of these proposed interpretations are mutually 

exclusive, indeed, in reality it may be some combination of all three.  

In contrast to the more specialized use of the hearths, suggested by the distinct 

phytolith assemblages in L.7 and L.9, the phytolith evidence from the dump (L.10) 

suggests that this context was used more generally, to dispose of an assortment of plant 

refuse. This would help explain the diverse phytolith assemblage. For example, the 

assemblage includes a wide variety of wetland and parkland grass resources, including 

Cyperaceae, cf. Scirpus sp., Phragmites sp. culms and leaves, pooid grasses, panicoid 

grasses, chloridoid grasses, and a variety of wild unidentified grasses, as well as cereal 

straw. Notably, however the Cyperaceae counts tend to be lower in the dump than they 

are in the Huts (L.12 and L.1) or the L.9 hearth. This however, is more likely a reflection 

of the specialized use of Cyperaceae in the hut (L.12 and L.1), and hearth (L.9) contexts. 

Notably, relatively low macrobotanical counts are recorded by Weiss (2002) in this 
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context, which suggests a taphonomic bias, perhaps remains in this dump were less likely 

to become carbonized, a key step for macrobotanical preservation.  

Hut 12 and Hut 1 (L.12 and L.1) have several distinct characteristics that might 

suggest different patterns of use, or preference. Firstly, Hut 12 features the highest 

dendritic count in the entire site by some measure (119,555) (Figure a39). Moreover, both 

samples from this feature also contain cereal straw, whereas only one sample from Hut 1 

contains cereal straw (Figure a36). It is the highest concentration of cereal straw at the 

site.  

Hut 1 contains several contexts that are best discussed separately. Firstly, Floor I 

and II tends to have a much lower density of phytoliths than Floor III (Figure a32). While 

the Floor I assemblage is fairly comparable to Floor III in taxa composition, with an 

emphasis on wetland followed by parkland grass resources, Floor II has a distinct 

emphasis on woodland (dicot) resources (Figure a33), yet while woodland (dicot) 

resources as a proportion of the ecozone-type assemblage is lower in Floor III than Floor 

II, the actual independent counts are quite high in Floor III, particularly dicot leaves 

(Figure a40). This discrepancy may reflect changing preferences in the hut superstructure, 

with an emphasis on wetland plants in the earlier hut construction. Alternatively, it is 

possible the emphasis on woodland (dicot) resources seen on Floor II and the distinct 

wetland emphasis on Floor III reflects seasonal exploitation patterns, and or resource 

availability. Snir, et al. (2015) recently proposed a compelling argument, that the floors 

represented different seasons of use; Floor II as a summer occupation and Floor III as a 

winter occupation (phytolith evidence provides some indirect support for this 

interpretation, see Phytolith Evidence of Activity Areas). This argument is not based on 

the macrobotanical assemblage, but rather on the presence of a central hearth and grass 

bedding on Floor III. Floor II, built directly above Floor III does not have a central hearth 
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and does not appear to have grass bedding. However, it must be noted that 

macrobotanical evidence from the floor contexts demonstrates that inhabitants of both 

floors shared living habits, with similar use of space, and diet, preparing and consuming 

the same cereal resources (Snir, et al. 2015).  

Phytolith Evidence of Activity Areas: Use of Indoor and Outdoor Space 

Based on the intensity of context use it is possible to identify activity areas, and 

interpret the use of indoor and outdoor space. These areas are identified by increases in 

the absolute count of husk phytoliths, above and beyond the background ‘noise’ 

(background noise was set as the morphotypes average). Peaks in husk phytolith 

morphotypes, can help us identify possible activity areas and generally interpret how 

people lived in their constructed environments. Based on this definition it is possible to 

identify two key plant-use activity areas associated with wild cereal/grass seed 

processing, eating, storage and/or discard.  

Peaks in dendritic phytoliths (husks) and husk MCs at defined locations in L. 12 

(OH.14.32) and L. 1 (OH.14.8; OH.14.12) suggest these areas were hubs for wild grass 

and to a lesser extent, wild cereal seed related activities (Figure a36 and a39). 

Importantly, the husk to stem ratio also indicates clear husk concentrations independent 

of psilate morphotypes (Figure a38), which means that the peaks in husks are unlikely to 

represent incidental inclusion as part of the bedding or hut construction. In L. 12, the 

peak in husks, which includes wheat husks (Figure a36), is accompanied by a peak in 

cereal straw (Figure a36).  

This combination of cereal husk and straw parts suggests that the hut may have 

used to store sheaths or bundles of nearly ripe cereal resources. As has been suggested by 

A. Rosen (1993) for the Late Epipaleolithic, it is possible that the cereals were harvested 
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before they were fully ripe to avoid grain loss. Cereals have a brittle rachis that break 

when ripe to facilitate grain dispersal. By collecting the plants before this critical point, 

early hunter-gatherers would have been able to more easily collect and critically, 

transport cereal resources. A useful dual-purpose reserve, in the hut, the sheaths would 

have been protected from the elements of the LGM, and the straw and grain resources 

could then have been rationed as part of a delayed-return strategy (Woodburn 1980).  

This phytolith evidence corroborates macrobotanical and starch evidence from the 

site (Nadel, et al. 2012; Piperno, et al. 2004; Snir, et al. 2015; Weiss, et al. 2008). But, 

most importantly, the phytolith evidence demonstrates that wild grass and wild cereal 

seed processing was not occurring to any substantial extent in the outdoor hearths, as one 

might expect. Rather, these activities appear to have been primarily circumscribed to the 

indoor spaces. It is possible that at the height of the LGM the protection and relative 

comfort afforded by the huts would have made them a foci of daily activity. This 

interpretation finds support in the macrobotanical, starch and artifact assemblage at Ohalo 

II (Nadel, et al. 2012; Nadel, et al. 2004; Piperno, et al. 2004)  

CONCLUSIONS 

While the macrobotanical remains may provide us with greater precision 

regarding the identification of dicots (fruits, nuts and seeds), grasses and cereals to genus 

or species, the phytoliths contribute important information regarding broader resource 

exploitation trends, use of indoor and outdoor space, and fill a critical gap, wetland use, 

for which the macrobotanicals only provide a cursory and narrow reconstruction of. Our 

phytolith analysis emphasizes that wetlands were an important focal point for the 

inhabitants of Ohalo II, for their material and craft needs, as well as food. Indeed, 
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phytoliths are helping us shine light on the variety of ways wetland resources were 

employed in Late Upper Palaeolithic life. 
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Wadi Madamagh Phytolith Report 

This report presents the results of a phytolith analysis conducted on sediment 

samples from the Late Upper Palaeolithic and Early Epipaleolithic site of Wadi 

Madamagh (25,300-22,800 cal. BP) in the Wadi Musa Region, north of Petra, Jordan. 

Phytoliths are microscopic silt sized silica particles. They are formed when plants take up 

soluble silica from the ground water. The silica is then deposited in and around the 

intracellular and extracellular spaces, creating durable inorganic silica ‘casts’ of the 

plants’ cells. Grasses, sedges and palms (monocotyledons) readily produce phytoliths, 

often distinctive to plant family, genus and more rarely, species. Woody trees and other 

herbaceous dicots also produce phytoliths, although far fewer and with less diagnostic 

forms. In grasses and other monocots, silica is actively deposited in the cells of the plant. 

As a result, phytoliths can form in individual cells, producing single-cell phytoliths; or as 

a suite of attached adjacent cells, producing multi-cell forms, also known as silica 

skeletons. By studying the anatomical orientation of these fossilized sections of plant 

tissue it is possible to make identifications down to the plant genus or species level. 

Single cell monocot phytoliths are identified according to the ICPN classification system 

when possible (Madella, et al. 2005).   

WADI MADAMAGH 

Located in the Wadi Musa region in Jordan, Wadi Madamagh is a 50 m2 rock 

shelter that dates to the Late Upper Palaeolithic-Early Epipaleolithic transition. The 

archaeological evidence indicates that Wadi Madamagh was repeatedly occupied, likely 

on a seasonal basis. During the period of interest, the region is thought to have been 

characterized by Mediterranean woodland. This paleoenvironmental interpretation is 

based on the remnant oak forest today in close proximity (Cordova 2007).  
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The site has been subject to several archaeological excavations. Kirkibride 

investigated the site with two trenches in 1956 (Kirkbride 1958).  The units cut through 

the site in an East-West orientation, perpendicular to the back wall of the rock shelter 

(Olszewski and al-Nahar 2011; Schyle and Uerpmann 1988). Kirkbride described the 

archaeological remains as Epipaleolithic (Kirkbride 1958). Unfortunately, Kirkbride did 

not backfill these units, which has left large sections of the site open to the elements, 

resulting in site slump and erosion (Olszewski and al-Nahar 2011).  

The site was revisited 30 years later by Daniel Schyle, who excavated a small 

sounding (20 cm x 70 cm x ~1 m deep) to re-establish the stratigraphy and recover 

organic material for radiocarbon dating (Schyle and Uerpmann 1988). Schyle divided the 

archaeological remains from his sounding into two strata based on the stratigraphy and 

tool typology. The lower layers are described as Late Upper Palaeolithic, while the upper 

layers are described as Early Epipaleolithic. Consequently, Wadi Madamagh is of 

considerable importance for investigating the Palaeolithic-Epipaleolithic transition 

(Schyle and Uerpmann 1988).  

The most recent investigation at the site was conducted by Olszewski and al-

Nahar in 2011 (Olszewski and al-Nahar 2011) as part of their larger Western Highlands 

Early Epipaleolithic Project (WHEEP). Their excavations (~3 m2) confirmed Schyle’s 

interpretation of the site, and provided the samples for this analysis. Excavation of the 

site was complicated by damage from slump and erosion. Most of the upper deposits 

(Early Epipaleolithic) are missing. The only non-brecciated Early Epipaleolithic deposits 

at the site are located in a small area in the north end of the rockshelter (unit D93). 

Notably, a ground stone boulder mortar was uncovered in these Early Epipaleolithic 

deposits (Olszewski and al-Nahar 2011). Sediments from this mortar were analyzed for 

phytoliths, the results are in this report. In the south area of the site a larger excavation 
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block was set up. These deposits are Late Upper Palaeolithic in origin.  The stratigraphy 

in this portion of the site is complicated; the result of a variety of superimposed contexts, 

including ash dumps and hearth areas (Olszewski and al-Nahar 2011). This block has also 

been subject to rodent activity, however, identified disturbances were excavated and 

screened separately (Olszewski and al-Nahar 2011).  

METHODS AND SAMPLES 

Phytolith Analysis 

Phytoliths were extracted from the sediments following Rosen’s (1999) protocol, 

which employs a series of techniques to remove carbonates, clays and organics before 

extracting the phytoliths. First, the sediment was sieved though a 0.25 mm sieve to 

remove the coarse sediment fraction. A sample of approximately 800mg was taken for 

analysis. The sample was treated with 30ml of 10% HCI to remove the carbonates. To 

disperse the clays, a sodium hexametaphosphate solution (lab grade Calgon and distilled 

water) was added to the sample. The clays were removed from the sample by decanting 

after settling the fine sands and silts. This process was repeated until the suspense was 

clear. Organic matter was removed by dry ashing the samples in a muffle furnace for 2 

hours at 500 degrees Celsius. The phytoliths were then extracted from the remaining 

fraction using density separation. A sodium polytungstate (SPT) solution (with distilled 

water) calibrated to 2.3 specific gravity was used to separate the phytoliths from the 

heavier minerals. The phytoliths were then poured off, cleaned, weighed and the mounted 

in Entellan. The phytolith slides were counted at 400x magnification using a transmitted-

light microscope. A minimum of 300 single cells were counted on each slide; 50 multi 

cells were counted whenever possible. The results are expressed as number per gram of 

sediment. The absolute counts for each phytolith type was calculated using a modified 
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method outlined by Albert, et al. (1999); Albert and Weiner (2001); see Power, et al. 

(2014) for details. 

Samples 

A total of 11 sediment samples were analyzed for this study (Table a11). The 

samples were taken from a variety of onsite contexts, including breccia deposits on the 

rock shelter wall. The site was excavated in arbitrary 3 cm levels within natural levels. 

Sediment samples were collected from each 3 cm level (Olszewski and al-Nahar 2011). 

Sediment samples were also taken from the expanse of brecciated deposits (breccia) 

adhering to the rockshelter wall (Olszewski and al-Nahar 2011). The phytoliths 

throughout the site appear to be adequately preserved with little evidence of dissolution 

or pitting.  

 

Lab 

Number 

Context Notes Period 

2.14.1 E84.87.L6  Late Upper Palaeolithic 

2.16.1 D85.298.L4b Feature 2 Late Upper Palaeolithic 

2.11.1 D85.212.L4 Feature 1, bottom Late Upper Palaeolithic 

2.10.1 E85.2 Feature 1, top  Late Upper Palaeolithic 

2.9.1 D85.2.L1  Late Upper Palaeolithic 

2.8.1 C88.36.Bb Breccia Late Upper Palaeolithic  

(ca. 25,300-22,800 cal. BP)  

2.7.1 C88.7.Ba Breccia Early Epipaleolithic 

2.6.1 D93.231.L2b  Early Epipaleolithic 

2.4.1 D93.752.L2 Sample taken from ground 

stone boulder mortar 

Early Epipaleolithic 

2.3.1 D93.807.L2  Early Epipaleolithic 

2.1.1 D93.2.L1  Early Epipaleolithic  

(ca. 25,300-22,800 cal. BP) 

Table a11: Wadi Madamagh Phytolith Sample list 

 



 379 

PHYTOLITH RESULTS 

The phytolith assemblage at Wadi Madamagh contains single-cell (SC) and multi-

cell (MC) phytolith morphotypes for several plant types and parts, including: monocot 

leaves and stems, indicated by SC and MC psilate long cells; grass husks, indicated by 

dendritic long cells, SC and some MC; pooid grasses, indicated by rondels, a type of 

short cell; chloridoid grasses, indicated by saddles; panicoid grasses, indicated by bilobes, 

quadralobes and polylobes, types of short cells; reeds, indicated by SC and MC keystone 

bulliforms; Cyperaceae (sedges), indicated by SC and MC cones; woody dicots, indicated 

by blocks and smooth spheroids, and dicot leaves indicated by honeycomb and other 

irregular SC and MC forms.  

Two common monocot phytolith types, psilate LCs and rondels, inundate all of 

the contexts at Wadi Madamagh. Psilate LCs are found in all monocots, as such, they 

have limited diagnostic utility. The dominance of rondel short-cells, however, is 

important for the reconstruction of the local environmental background. Rondels (pooid 

grasses) are formed in C3 grasses, indicating a prevailing cool climate. However, C3 

grasses tend to have higher moisture requirements that C4 grasses, as such, the prevalence 

of C3 grasses appears to support suggestions that the LGM, while cool, may only have 

been mildly dryer than the climate in the region today (Weinstein-Evron 1993).  

While both morphotypes are important for discussing general trends in the 

assemblage, due to the sheer number of them, they obscure other patterns of plant-use. 

Accordingly, neither is used when trying to determine the environment-types exploited 

by the inhabitants at Wadi Madamagh.  

To develop a picture of what ecozone-types the inhabitants at Wadi Madamagh 

were exploiting, the phytoliths are grouped in the following sections to identify wetland, 

parkland grasses, and woodland environment-types (Table a12). These categories do not 
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necessarily conform to traditional vegetation zones, but rather provide a broad picture of 

plant-use.  

 

Ecozone-type Phytolith morphotypes 

Wetland Keystone bulliforms (cf. reeds), Cones 

(sedges), Reed culm and leaf, Phragmites 

sp. culm and leaf, Cyperaceae 

Parkland Grasses Dendritic, papillae, cereal straw, all husk 

multi-cells  

Woodland Sheet, honeycomb, polyhedron, all indet 

dicots 

Table a12: Phytolith Evidence of Ecozone-types 

Late Upper Palaeolithic Contexts 

Six samples were taken from general site sediments, brecciated deposits (2.8.1), 

and features. Two features were analyzed in this report, including feature 1 (2.16.1) and 

feature 2 (base, 2.11.1; top, 2.10.1). Phytoliths evidence from feature 1 suggests dicot and 

Cyperaceae resources were utilized in this feature (Figure a46 and a47). Samples from 

feature 2 suggest generalized plant-use, with no one phytolith indicator displaying a 

concentration. The sample from feature 1 and the brecciated deposit has a much higher 

density of phytoliths per gram of sediment that the other samples (Figure a42). Of the 

phytoliths that indicate ecozone-type, it is clear that woodland resources dominate the 

samples from this context, although wetland resources are consistently employed (Figure 

a43 and a44).  

Late Upper Palaeolithic Contexts Sample by Sample: 

2.14.1: This sample has a total phytolith count of 99,613 per gram of sediment 

(Figure a42). Rondels (17,971), LC psilates (27,984) and bulliforms (5,905) are present in 

the assemblage. Saddle (chloridoid grasses) (1,027) and bilobe/polylobe (panicoid 

grasses) (2,054) short cells are also present (Figure a45). Wetland taxa include 
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Cyperaceae (cones) (3,081) and reed (keystone bulliforms) (513) (Figure a46). Dicot 

wood (8,985) and leaf (14,890) phytoliths are also present (Figure a47). Of the phytoliths 

that indicate ecozone-type, woodland resources dominate (Figure a43).  

2.16.1: This sample was taken from feature 2. It has the second highest density of 

phytoliths (205,129) in the Late Upper Palaeolithic deposits (Figure a42). Rondels 

(38,808), LC psilates (44,352) and bulliforms (6,653) are present. Saddles (chloridoid 

grasses) (554) drop in density, however bilobes/polylobes (panicoid grasses) increase 

fourfold (4,435) (Figure a45). This sample features the second highest density of 

Cyperaceae (cones) (6,098) in the Late Upper Palaeolithic deposits. Reeds (keystone 

bulliforms) (554) are also present (Figure a46). Dicot wood (9,424) is present, while the 

leaves (38,808) peak in this sample (Figure a47). Of the phytoliths that indicate ecozone-

type, woodland resources dominate (Figure a43).  

2.11.1: This sample was taken from the bottom of feature 1. The sample has a 

total phytolith count of 63,607 (Figure a42). Rondels (10,001), LC psilates (22,801) and 

bulliforms (2,258) are present, as are 323 saddles (chloridoid grasses) and 1,290 

bilobes/polylobes (panicoid grasses) (Figure a45). Wetland taxa include reeds (keystone 

bulliforms) (645) and Cyperaceae (cones) (968) (Figure a46). The density of dicot wood 

(2,096) and leaves (8,333) per gram of sediment decreases significantly in this sample 

(Figure a47). Of the phytoliths that indicate ecozone-type, woodland resources dominate 

(Figure a43).  

2.10.1: This sample was taken from the top of feature 2. The phytolith assemblage 

is very similar to the previous sample. The density of phytoliths (63,050) per gram of 

sediment is almost the same as the previous sample (Figure a42). Rondels (13,301), LC 

psilates (22,802) and bulliforms (4,491) are present. There are no saddles (chloridoid 

grasses) in this sample, but bilobes/polylobes (panicoid grasses) (1,555) increase slightly 
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from the last sample (Figure a45). Wetland taxa include reeds (keystone bulliforms) (864) 

and Cyperaceae (cones) (1,727) (Figure a46). The density of dicot wood (1,900) 

decreases while the density of dicot leaves (10,709) per gram of sediment increases in 

this sample (Figure a47). Of the phytoliths that indicate ecozone-type, woodland 

resources dominate (Figure a43).  

2.9.1: This sample features the lowest density of phytoliths (27,889) in the Late 

Upper Palaeolithic deposits (Figure a42). Rondels (7,833), LC psilates (9,168), bulliforms 

(2,047), saddles (chloridoid grasses) (89) and bilobes/polylobes (panicoid grasses) (801) 

are present (Figure a45). Wetland taxa include reeds (keystone bulliforms) (356) and 

Cyperaceae (cones) (890) (Figure a46). The dicot wood (2,314) increases slightly, while 

the dicot leaves (2,432) decreased in this sample, to the lowest phytolith density in the 

Late Upper Palaeolithic deposits (Figure a47). Of the phytoliths that indicate ecozone-

type, woodland resources dominate (Figure a43).  

2.8.1: This sample was taken from the lower brecciated deposits adhering to the 

rockshelter wall. This sample features the highest density of phytoliths (221,415) of all 

the site samples (Figure a42). Rondels (43,787), LC psilates (71,051) and bulliforms 

(11,566), saddles (chloridoid grasses) (2,479) and bilobes/polylobes (panicoid grasses) 

(2,479) are present (Figure a45). This sample features a higher proportion of husk (LC 

dendritic) (1,652) to stem (LC psilate) (71,051) phytoliths (Figure a48).  This sample also 

features 1,652 reed (keystone bulliform) phytoliths and the highest density of Cyperaceae 

(cones) (11,566) of all the samples (Figure a46). This sample has the second highest 

density of dicot wood (11,566) and dicot leaves (36,351) (Figure a47). Of the phytoliths 

that indicate ecozone-type, woodland resources dominate, although wetland and 

grassland resources noticeably increase (Figure a43 and a44).  
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Early Epipaleolithic Contexts 

Five samples were taken from general site sediments, brecciated deposits and 

from sediments associated with the ground stone boulder mortar. The brecciated deposit 

and boulder mortar sample had a much higher density of phytoliths per gram of sediment 

than the other samples (Figure a42).  Of the phytoliths that indicate ecozone-type 

woodland resources dominate. However, wetland resources increase as a proportion of 

assemblage, and parkland grasses also increase (Figure a43 and a44).  

Early Epipaleolithic Contexts Sample by Sample 

2.7.1: This sample was taken from the upper brecciated deposits adhering to the 

rockshelter wall (196,874) (Figure a42). Rondels (22,134), LC psilates (52,422) and 

bulliforms (12,814) are present. Saddles (chloridoid grasses) (1,165) and 

bilobes/polylobes (panicoid grasses) (2,330) decrease slightly from the lower breccia 

sample (2.8.1) (Figure a45). Reeds (keystone bulliforms) (4,660) increase threefold from 

the previous sample, although Cyperaceae (cones) (8,154) decrease in number (Figure 

a46). Dicot wood (15,726) and leaves (25,046) remain similar to the previous sample 

(Figure a47). Of the phytoliths that indicate ecozone-type, woodland resources dominate, 

although wetland resources are still an important component of the assemblage (Figure 

a43 and a44).  

2.6.1: This sample has a total phytolith count of 59,231 per gram of sediment 

(Figure a42). Rondels (18,766), LC psilates (18,604) and bulliforms (4,853) are present. 

Saddles (chloridoid grasses) increase in this sample (2,750), while bilobes/polylobes 

(panicoid grasses) decrease (809) (Figure a45). The husk (LC dendritic, 1,132) to stem 

(LC psilate, 18,604) proportion increases in this sample (Figure a48). Reed (keystone 

bulliforms) (485) and Cyperaceae (cones) (324) decrease significantly in this sample 

(Figure a46), as do dicot leaves (6,470). No dicot wood was recovered (Figure a47). Of 
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the phytoliths that indicate ecozone-type, woodland resources are predominant, although 

wetland and grassland resources are well represented (Figure a43 and a44).  

2.4.1: This sample was taken from the ground stone mortar. It features the second 

highest density of phytoliths (214,554) per gram of sediment (Figure a42). LC psilates 

(76,923) and bulliforms (25,953) are present. This sample features a significant number 

of short cells, with an increase in the density of rondels (81,853), and a clear peak in 

saddle (chloridoid grasses) (3,993) and bilobe/polylobe (panicoid grasses) (5,324) 

phytoliths (Figure a45). A few husk (LC dendritic) (665) phytoliths were also recovered 

(Figure a48). Reeds (keystone bulliforms) (665) counts remain low, however this sample 

sees an increase in the number of Cyperaceae (cones) (3,327) (Figure a46). This sample 

has an increase in dicot wood (5,989). Dicot leaves (3,992) decrease (Figure a47).  Of the 

phytoliths that indicate ecozone-type, woodland resources predominate, although wetland 

resources form an important component of the assemblage, as do grassland resources 

(Figure a43 and a44).  

2.3.1: This sample has a total phytolith count of 7,455 per gram of sediment 

(Figure a42). This is a significantly lower density of phytoliths than in previous samples. 

Rondels (729), LC psilates (3,300), bulliforms (860) and bilobes/polylobes (panicoid 

grasses) (18) are present (Figure a45). While the counts are very low, husks (LC 

dendritic) (54) phytoliths increase in proportion to stems (LC psilates) (3,300) (Figure 

a48). Reed (keystone bulliforms (55) and Cyperaceae (cones) (55) densities drop 

significantly in this sample (Figure a46). Dicot wood (310) and leaves (510) are present 

(Figure a47). Of the phytoliths that indicate ecozone-type, woodland resources are 

predominant, however, wetland and grassland resources do form approximately 25% of 

the assemblage (Figure a43 and a44).  
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2.1.1: This sample has a total phytolith count of 6,416 per gram of sediment, the 

lowest of all the samples (Figure a42). Rondels (1,665), LC psilates (2,081), buliforms 

(1,942), saddles (chloridoid grasses) (59) and bilobes/polylobes (panicoid grasses) (20) 

are present (Figure a45). While the counts are very low, husk (LC dendritics) (39) 

phytoliths are also present (Figure a48). Reed (keystone bulliforms) (20) densities are 

very low (Figure a46). Dicot leaves (217) are also present in small quantities (Figure 

a47). Of the phytoliths that indicate ecozone-type, wetland resources predominate, 

followed closely by woodland resources, then parkland grasses (Figure a43 and a44).  

INTERPRETATION AND DISCUSSION 

The phytolith evidence from Wadi Madamagh provides several key insights. 

Firstly, while this site has been negatively impacted by slump and erosion, the phytolith 

evidence demonstrates that the brecciated deposits, adhering to the rockshelter wall, are 

an excellent and secure repository for future phytolith analyses, and perhaps other types 

sediment based archaeological studies (Figure a42).  

Secondly, the phytolith evidence demonstrates that woodland resources were 

central to hunter-gatherer adaptations at Wadi Madamagh (Figure a42). This finding 

lends cautious support to Cordova’s (2007) interpretation of the regional 

paleoenvironment as a Mediterranean woodland environment. Fundamentally, the 

phytoliths only provide cautious support because no diagnostic oak (Quercus sp.) 

phytoliths were recovered. Further phytolith analyses and onsite pollen work will help 

clarify this picture. 

Thirdly, the phytolith data provides critical local indicators of past environment, 

and suggests that throughout the Late Upper Palaeolithic-Early Epipaleolithic transition 

some form of wetlands was a component of the local environment mosaic (Figure a43 
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and a44). Indeed, phytolith evidence suggests wetland plant-resources were consistently 

exploited in both the Late Upper Palaeolithic and Early Epipaleolithic periods (Figure 

a43 and a46). In contrast, woodland resources, while always an overwhelming aspect of 

the phytoliths that indicate ecozone-type, appear to be receding (Figure a43 and a48). As 

a preliminary interpretation, this trend may reflect shifting woodland boundaries during 

this period. However, further onsite and offsite phytolith analysis, in combination with 

other archaeological evidence (ie. faunal, pollen) is required to corroborate and confirm 

this trend.  

Lastly, in spite of the complex site stratigraphy, two interesting  “activity” 

concentrations may be identified. Firstly, peaks in Cyperaceae, dicot wood and leaf 

phytoliths in feature 1 may indicate that these resources were employed in concert, 

perhaps as fuel, or food (Figure a46 and a47).  Secondly, the sediment associated with the 

ground stone mortar includes a high density of chloridoid and panicoid grass phytoliths 

(Figure a45), as well as Cyperaceae phytoliths (Figure a46). This evidence suggests that 

these resources were involved in some kind of processing (food/craft) activity. 

Cyperaceae (roots and nutlets) is modeled to have been an important food source in this 

period (Wollstonecroft 2007, 2009).  Macrobotanical evidence from the sites of Wadi 

Kubbaniya and Ohalo II support this interpretation (Hillman, Madeyska, et al. 1989; 

Weiss 2002). While further analysis of the ground stone mortar and site sediments is 

warranted, this preliminary study provides new insights into the local paleoenvironment 

and adaptation strategies employed by the inhabitants of Wadi Madamagh. This analysis 

suggests that even in a “rich” Mediterranean woodland environment, wetland resources 

were consistently employed. Moreover, this work is a promising demonstration of the 

utility and continued necessity of phytolith analysis at Late Upper Palaeolithic-Early 

Epipaleolithic sites in the region.  
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Figure a42 
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Figure a45 
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Figure a46 
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Figure a47 
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Figure a48 
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APPENDIX B: COUNT SHEETS
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