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Abstract

The paper discusses a multi-proxy archacobotanical dataset from the published macrobotanical and microbotanical research
of 19 Epipalaeolithic sites over a period of 13.5 ka (ca. 25-11.5 ka cal BP) in the southern Levant. The archaeobotanical
record includes over 200 phytolith samples extracted from sediments of 11 sites, macrobotanical evidence from seeds,
plant tissues and wood charcoal from 11 sites and other microbotanical data from starches and starch spherulites from
three sites. Phytolith assemblages show that Epipalaeolithic hunter-gatherers relied on wetland plant resources, and the
macrobotanical evidence demonstrates the cultural importance of wetland resources to Late Epipalaeolithic foodways.
The paper assesses the archaeobotanical data, using niche construction theory (NCT) to argue that human impacts in the
wetlands over generations increased wetland productivity and created long-lasting ecological and cultural inheritances that
allowed for the evolution and proliferation of a wetland-based system of wild plant food production. This paper proposes
the idea that wetlands provided Epipalaeolithic people with a ‘domestication laboratory’ that allowed them to interact and
modify their environment and also to experiment and gain new knowledge to build the long-lasting ecological-cultural
inheritances necessary for the transition to plant food production. Importantly, the ecological-cultural inheritance of wild
plant food production in the wetlands enabled the non-linear transition to cereal-based wild plant food production and
domestication that took place in the southern Levant.

Keywords Multi-proxy archaeobotanical dataset - Niche construction theory - Wetlands - Macrobotanical -
Microbotanical - Epipalaeolithic

Introduction

The origins of agriculture in the Levant have been explored
in detail (for example, Vavilov 1926; Braidwood 1951;
Childe 1952, 1956; Sauer 1952; Braidwood and Howe 1960;
Bender 1975; Mellaart 1975; Cohen 1977; Rindos 1984;
Hayden 1992, 1995, 2003; Cauvin 1994; Winterhalder and
Kennett 2006; Gremillion and Piperno 2009), but the long-
term developments of the transition to plant food production
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remain unclear (Price and Bar-Yosef 2011; Asouti and Fuller
2013). The primary obstacle is the inconsistent nature of the
botanical record (Asouti and Fuller 2012, 2013). Levantine
Epipalaeolithic sites (ca. 25-11.5 ka cal BP) tend to have poor
macrobotanical preservation of seeds, wood charcoal, fruits
and nuts. Furthermore, the evidence available, for example,
from the remarkable botanical assemblage at the site of
Ohalo II, 23 ka Bp, has centred on the remains of plant taxa
that became the first domesticates, wild cereals and grasses
(Kislev et al. 1992; Weiss et al. 2004a, b; Snir et al. 2015).
This focus is symptomatic of a broader disciplinary preoc-
cupation with identifying the intensification of wild cereals,
a key step in the ‘broad-spectrum’ revolution outlined by
Flannery (1969, 1973), and is understandable in the context
of the limited macrobotanical evidence then available from
the southern Levant. However, this emphasis on the pre-
agricultural use of wild cereals has reinforced the notion of
a linear transition (in a regular sequence of development) to
plant food production and the start of agriculture.
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Fig. 1 Map of Southern Levant with location of sites discussed. LU,
Late Upper Palaeolithic; EE, Early Epipalaeolithic; ME, Middle Epi-
palaeolithic; LE, Late Epipalaeolithic.

Phytoliths (microscopic silica ‘casts’ of plant cells) are
now bridging the gaps in the archaeobotanical record and
providing a useful long-term dataset. The phytolith evi-
dence from Epipalaeolithic sites in the southern Levant
emphasizes the importance of wetland-based plant resources
(Rosen 2013; Ramsey and Rosen 2016; Ramsey et al. 2017).
This paper reviews the available Epipalaeolithic phytolith
research and evaluates the data against other macrobotani-
cal and microbotanical evidence from this region (Figs. 1
and 2), within the framework of niche construction theory
(NCT, see below) to argue that ecological-cultural inheri-
tance in the wetlands facilitated a non-linear transition to
plant food production (non-linear developments do not have
straight or direct relationships between variables).

Epipalaeolithic hunter-gatherers relied on wetland
resources and benefited from a self-reinforcing positive
feedback loop whereby human use made the wetland plants
such as Cyperaceae and Phragmites (reed) increasingly
productive (Ramsey et al. 2015). Productive anthropogenic
wetlands (under human influence) provided the resources
needed to sustain generations increasingly ‘in place’, or
settled. Epipalaeolithic hunter-gatherers living in wetland
contexts employed a rational balance of reliable wetland
resources which provided a year-round availability of edible
plants such as Cyperaceae, Phragmites etc. together with
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Fig. 2 Site occupation dates contextualized with climatic, vegetation
and archaeological periods

animal resources and water. They also foraged strategically
beyond the wetland into the surrounding steppe (xeric grass
and shrub vegetation) and parkland (open vegetation with
occasional trees) for highly seasonal wild cereals, grasses
and other resources (Ramsey et al. 2016, p. 3). This paper
hypothesizes that the wetlands provided a ‘domestication
laboratory’, both in the wetlands themselves with useful
Cyperaceae and Phragmites but also further afield in the
steppe and parkland with wild cereals, which allowed gen-
erations of Epipalaeolithic people to interact, modify their
environment, experiment and gain new knowledge to build
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the long-lasting ecological and cultural inheritances neces-
sary for plant domestication.

Unexpectedly, Epipalaeolithic peoples appear to have
relied on wetland resources for their increasing use of wild
grass and cereal resources. Indeed, the hypothesis put forth
in this paper adds to the growing consensus that we need to
rethink our view of the transition to plant food production
in southwest Asia as a linear development just involving
cereals. Expanding our understanding of pre-agricultural
plant use by using a landscape-level approach, this paper
evaluates the multi-proxy archaeobotanical evidence of
foodways, material culture and palaeoenvironment over
a long time period to assess other early forms of resource
use and potential resource management in the wetlands. It
contributes to the understanding of Neolithic plant use by
exploring the origins of plant food production, assess-
ing the evidence of wild plant use over the Epipalaeolithic
period before cultivation and morphological domestication
began during the Pre-Pottery Neolithic (Arranz-Otaegui et
al. 2016). The Epipalaeolithic period includes the Early Epi-
palaeolithic (EE), Middle Epipalaeolithic (ME) and the Late
Epipalaeolithic (LE) (Maher et al. 2012b; Belfer-Cohen and
Goring-Morris 2014). These time periods coincide with a
range of culture groups defined by tool typology (Muheisen
1988; Olszewski 2001; Nadel 2003; Kadowaki 2013), the
most famous being the Natufian culture during the LE (Gar-
rod 1957).

The Epipalacolithic in the southern Levant, the LE in
particular, is considered to be important to understand-
ing the origins of agriculture in the region (Bar-Yosef and
Belfer-Cohen 1989; Belfer-Cohen 1991; Valla 1995; Bar-
Yosef 1998). Diverse wild plant resource use and broader
human-environment interactions during the period pro-
duced the ecological and cultural foundations for domesti-
cation. Yet, previous macrobotanical research in the regions
focused narrowly on the intensification of cereal resources
(Kislev et al. 1992; Weiss et al. 2004a, b). Only recently
have researchers adopted a broader perspective on wild
plant use (Caracuta et al. 2016a; Arranz-Otaegui et al.
2018a, b). Moreover, most of the archacobotanical research
has employed a site level approach, producing localized
models over short timescales from sites such as Ohalo II,
Kharaneh IV and Shubayqa 1. The transition to plant food
production cannot be understood by examining any single
archaeological site. As the macrobotanical syntheses of
Asouti and Fuller (2012, 2013) and Arranz-Otaegui et al.
(2018a, b) show, providing detailed regional archaeobotani-
cal data is essential. Building on this, researchers have rec-
ognized the need to take a landscape level approach, which
seeks to understand plant use at a broader scale, the scale
of plant communities, over longer timescales (Fuller et al.
2012, 2016; Allaby et al. 2022). Archaeobotanists need to

cross the on-site and off-site boundaries, and examine the
foodways, material culture and palacoenvironmental trends,
in order to build comprehensive and comparable botanical
and environmental datasets. This paper will evaluate the
state of the archaeobotanical record and interpret the evi-
dence within the framework of NCT (niche construction
theory) to assess the hypothesis of a non-linear shift from
hunter-gatherers to wild plant food producers based on their
use of wetland resources. It will conclude with some future
directions for research.

Background

Changing scales and our understanding of the
transition to agriculture: Niche construction theory
and a landscape level approach

Humans are the ultimate niche constructing species (Smith
2007). Our ability to shape the environment precipitated
the Anthropocene. Niche construction (Lewontin 1983;
Odling-Smee et al. 2003) recognizes that organisms mod-
ify their ecosystems through their metabolism, activities
and choices, affecting the course of their own evolutionary
development (Laland et al. 2000, 2001; Odling-Smee et al.
2003). Uniquely, in shaping their environments, humans
leave behind an ecological and cultural inheritance such as
Jomon cultivated environments in Japan (Bleed and Mat-
sui 2010), technological innovation (Collard et al. 2011),
the development of plant food production in pre-European
contact southern Ontario, Canada (Crawford 2014), the
engineered landscape of Balinese rice terraces, Indonesia
(Lansing and Fox 2011), prehistoric ‘conservation mea-
sures’ through the restructuring of resource communities
to enhance resilience (Smith 2009), ‘wild’ plant and animal
management or ecosystem engineering in small scale soci-
eties (Smith 2011a), or the evolutionary consequences of
food production (Wollstonecroft 2011), that archaeology is
well situated to uncover (Laland and O’Brien 2010).

Ecological inheritance, following Odling-Smee and
Laland (2011), occurs when the niche constructing activi-
ties of an organism produce an ecological effect or ‘legacy
effect’ (Cuddington 2011) in the environment that changes
the selective pressures for subsequent generations with
evolutionarily significant consequences. Beaver dams are
an often-used example of this phenomenon in the animal
world.

In the human context, the concept of ‘evolutionarily
significant consequences’ is more complex, including both
genetic and cultural evolution (Richerson and Boyd 2005)
Mesoudi (2017) notes “[t]he emergence of this second evo-
lutionary process [cultural evolution] saw an unprecedented
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extension of genetic evolution by allowing organisms to
adapt more rapidly to, and more powerfully create and
shape, their environments”. Examples of evolutionarily sig-
nificant cultural evolution include major phenomena such
as the transition to plant food production, the start of agri-
culture, the rise of urban centres and the development of
civilizations.

In NCT, cultural evolution is transmitted through ‘cul-
tural inheritance’, which Odling-Smee and Laland (2011,
p. 226) define as “that subset of niche construction that is
the expression of culturally learned and transmitted knowl-
edge”. This as a definition is, however, somewhat prob-
lematic from an environmental archaeology perspective.
Following this definition, any interaction between humans
and their environment that produces evolutionarily sig-
nificant phenomena stemming from culturally learned or
transmitted knowledge is considered cultural rather than
ecological inheritance. In studying plant remains, for exam-
ple, the archacobotanist would be required to ascertain
whether or not any interaction causing landscape modifica-
tion such as landscape burning and the subsequent ecologi-
cal succession, or Cyperaceae or Phragmites collection and
the subsequent expansion of the wetland margin (phytolit-
toral zone), was the result of cultural learning, which would
be difficult to prove. Plant domestication is a clear example
of a process that required culturally transmitted learning.
However, the line of knowledge transmission is less clear
the further back in time we go from morphological domesti-
cation. In many contexts it is inconsequential to the broader
questions whether the environmental signature is an ecolog-
ical or a cultural inheritance. Moreover, Odling-Smee and
Laland (2011, p. 227) view cultural inheritance as a subset
of ecological inheritance, and therefore the two are closely
interrelated. For these reasons, the author sees very little
need to separate these two concepts in the context of under-
standing Epipalaeolithic plant use and the evolution of plant
food production. Accordingly, in this paper, these concepts
are mentioned together as ecological-cultural inheritance.

Odling-Smee and Laland (2011) recognize that the build-
up of niche construction as an ecological inheritance over
long time periods strongly affects the development of con-
structor populations, such as coral reefs or shell mounds.
This time dimension to niche construction is particularly
significant in human niche construction (Sterelny 2012)
as ecological-cultural inheritance, and is therefore key to
exploring how humans use and are affected by niche con-
struction. This paper contends that as successive generations
build on the ecological-cultural inheritance of their ances-
tors, their ecological and cultural innovations become more
powerful, increasing the impact of their niche construction
practices and exerting evolutionarily significant phenom-
ena, which is cumulative cultural evolution (Mesoudi and
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Thornton 2018). Therefore, the process of accumulating
ecological-cultural inheritances makes NCT relevant for
archaeological studies.

The application of NCT has been steadily growing over
the past decade as an approach to understanding human-
environment interactions and in particular plant use and
domestication in archaeology (Smith 2007, 2011b; Row-
ley-Conwy and Layton 2011; O’Brien and Laland 2012;
Crawford 2014; Florin and Carah 2018). But the number of
criticisms of NCT has also grown, with some arguing that it
is only useful for description and does not provide a testable
explanatory mechanism (Wallach 2016; Spengler 2021, also
for detailed literature review). This criticism is often levelled
by optimal foraging proponents who are particularly inter-
ested in discovering the prime movers for resource selection
and agricultural origins. Academic discourse has tended to
pit resource depression, the prime-mover posited in optimal
foraging models against resource abundance, the prime-
mover that has tended to be posited by NCT models (Smith
2011b, 2015; Gremillion et al. 2014; Zeder 2015, 2018). The
author does not view NCT in opposition to optimal foraging.
Rather, it fits neatly as a part of human behavioural ecol-
ogy which takes an evolutionary approach to human behav-
iour. NCT is complementary to a range of other concepts,
including historical ecology (Crumley 1994; Balée and
Erickson 2006) and human ecology (Butzer 1982). Findings
interpreted by NCT can be usefully applied to adjust local
optimal foraging models or plant food production models
(Mohlenhoff et al. 2015; Mohlenhoff and Codding 2017,
Piperno et al. 2017; Florin and Carah 2018; Ready and
Price 2021). This nuanced and flexible application of NCT
for interpreting archaeological data has led some to suggest
that it is less than straightforward or even ‘ununified’ (Spen-
gler 2021). This criticism highlights the need for a broader
discussion about how NCT should be applied usefully to
archaeological data. Is it, for example, simply a new term
for a range of concepts we already employ such as man-
agement, cultural ecosystems and human activities? Does
NCT have any explanatory mechanism or testable utility,
a middle-range theory application (theories linking human
behaviours and natural processes to physical remains in the
archaeological record)? Or is it descriptive in use and only
helpful for generating and organizing ideas like historical
ecology? These are some of the questions we need to think
about when using NCT for interpreting archaeological data.

This paper argues that NCT is useful in archaeology and
in particular for understanding changes and transitions in
plant use over long time periods. While different plant man-
agement strategies such as vegetation burning, coppicing,
weeding, etc. are part of a range of human niche construc-
tion or ecosystem engineering behaviours (synchronic),
they do not in isolation result in evolutionarily significant
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phenomena, either genetically or culturally. There are two
primary variables to consider when determining the utility
of NCT in archaeological contexts. First, is it possible to
identify and track evidence of ecological-cultural inheri-
tance, the long-term generational impacts of niche construc-
tion (diachronic)? Second, can the investigation inform
understanding of evolutionarily significant phenomena?
The concept of a landscape level approach is borrowed
from ecology and was most clearly outlined for archaeolog-
ical applications by Karl Butzer (1982). Butzer’s approach
emphasized a diachronic understanding of the ‘landscape
context’ (1982, p 38). Landscapes are complex systems, they
are multi-component, consisting of biotic elements such as
animals and plants, and abiotic elements such as soil, water,
surface gradient, etc., and these are constantly interacting,
changing and affecting subsequent ecological processes
(Newman et al. 2019) in the sense of niche construction and
ecological inheritance. The concept of a ‘landscape level’
approach (‘landscape framework’ according to Allaby et al.
2022) has recently been applied to understanding the origins
of plant domestication and human plant use with the aim
of moving beyond site-level analyses (Fuller et al. 2012,
2016; Allaby et al. 2022). In the context of tracking trends
of Epipalaeolithic human plant use, this paper employs a
landscape level approach that shifts focus from one plant
of interest such as Schoenoplectus (club rush), an approach
typically applied in macrobotanical analysis, to viewing a
range of plant taxa (plant communities) in their biotic and
abiotic contexts; for wetlands, their biotic components are
plants; and their abiotic components the water chemistry,

a Biotic component:
e.g. Phytolittoral zone

Abiotic component:\
e.g. Surface gradient

Fig. 3 Simple illustration demonstrating how biotic and abiotic com-
ponents can interact to change the wetland; a, shallow surface gradient
produces a larger phytolittoral zone; b, steep surface gradient produces
a smaller phytolittoral zone

surface gradient, water flow, water depth, etc. (Fig. 3). A
landscape level approach requires comparative diachronic
archaeological datasets using appropriate scales such as
landscape/population vs. taxa/individual.

This approach to NCT avoids the pitfall of being ‘all-
encompassing’ (Spengler 2021) and favours no single
assumption from first principles regarding the prime mover
behind human resource selection, for instance resource
depression vs. resource abundance, and emphasizes a bot-
tom-up data-led approach. NCT requires the evaluation of
the appropriateness of the datasets being used, an appraisal
all researchers should make regardless of their preferred
theoretical framework. In this paper, diachronic archaeo-
botanical evidence provides insights into Epipalaeolithic
ecological-cultural inheritances and helps in understanding
the development of broader cultural changes, like the tran-
sition to agriculture. It will help us refine and better apply
middle-range theory, that directly links human behaviour to
physical remains, such as optimal foraging theory and plant
food production models.

Non-linear interactions between people and plants,
and plant food production models

It is important to have a long time perspective of human
plant use to be able to understand the foundations for the ori-
gins of agriculture. Ecological-cultural inheritance played a
crucial part in this transition. Indeed, the accumulation of
ecological-cultural inheritances and associated ecological
and cultural feedbacks, which can radically alter the pat-
terns of plant use and their changes, increases the likelihood
of non-linear, or irregular, developments. Linear develop-
ments tend to be additive, x leads to y. Straight-line thinking
is typical when modelling relationships, and simplification
is necessary. Non-linear developments are not based on pro-
portional cause and effect outcomes. Interactions between
humans and their environment and with plants are co-evo-
lutionary dynamics in which causes and their effects are not
necessarily proportional. Co-evolution is one of the major
mechanisms for generating non-linear interactions (Hol-
land 2014). Indeed, as Freeman et al. (2015) point out “the
feedbacks caused by niche construction... [are] known to
cause non-linear trajectories of evolution”. Most relation-
ships or interactions are non-linear. In the context of long-
term people-plant interactions, many of the developments
are non-linear. Therefore, rather than applying a linear retro-
spective focused on cereal development, a data-led bottom-
up approach is necessary to understand plant use during the
Epipalaeolithic (Fig. 4a). The potential for non-linearity
makes it important to integrate a NCT perspective in the
application of plant food production models (Fig. 5; Ford
1985; Harris 1989, 1996; Smith 2001).
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Fig.4 a Linear and b non-linear
models for the transition to
agriculture

Fig. 5 Plant food production a

model; a, model based on Smith Food FOOD PRODUCT|ON
2001; b, schematic model of
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hunting and gathering to agriculture. They are necessarily
simplifications, but context and complexity must be added
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in their application. In the ‘middle ground’ between hunting
and gathering and agriculture, a range of strategies for using
plants has been outlined. Ford’s (1985) model identifies cul-
tivation as the main stage between foraging and domestica-
tion. Harris’ (1989) model is more nuanced in identifying
wild plant food production and cultivation, with domestica-
tion marking agriculture. This model was revised in 1996,
removing the hard boundary for domestication and focusing
instead on the shift from wild plant food procurement to
wild plant food production (Harris 1996). Smith’s (2001)
model identifies two categories between hunting-gather-
ing and agriculture, which are low-level food production
either without domesticates or with them (Fig. 5a). These
authors all mark the differences between their model cat-
egories based on the use of certain management practices
and their related outcomes such as domestication. Har-
ris’ (1989) model is particularly descriptive regarding the
kinds of activities for plant use that mark each category.
For example, wild plant food procurement includes burning
vegetation and protective tending; wild plant food produc-
tion includes transplanting, weeding, replacement planting/
sowing, storage and irrigation/drainage, while cultivation
includes land clearance and systematic soil tillage.

NCT should be applied at the macro level of analysis
topically (taxa vs. landscape) and temporally (synchronic
vs. diachronic). While the plant use activities listed above
are examples of ecosystem engineering, they are not in iso-
lation evidence of evolutionarily significant niche construc-
tion (Odling-Smee 2010). Rather, these activities of plant
use need to accumulate through time with repeated and/
or group activity, potentially over generations to exert an
ecological-cultural inheritance of evolutionary significance.
Accordingly, for the Epipalaeolithic in the southern Levant
it is critical to take a long term diachronic view of the envi-
ronmental and archaeological evidence to construct appro-
priate archaeological and archaeobotanical interpretations
of regional transitions in plant food production.

Epipalaeolithic climate and environmental foraging
opportunities

Isotope data from the Nahal Soreq cave provides a long-
term palacoclimatic record for the region. Dated by ura-
nium/thorium and expressed as calendar years, the 3'%0
(calibrated for rainfall) and 5'>C (calibrated for vegetation,
C; vs. C,) values are used to show changes between warm/
wet and cold/dry periods in the region (Fig. 2; Bar-Matthews
et al. 1997, 1999; Bar-Matthews and Ayalon 2003, 2004).
The data show that during the Epipalaeolithic period there
were pronounced climatic changes, with an extreme cold
and dry period during the Last Glacial Maximum (LGM)
followed by a less extreme period of fluctuating cold/dry

conditions before the Bolling-Allered, which featured rapid
climatic amelioration to warm and wet, before the start of
the Younger Dryas, another cold/dry period (Robinson et al.
2006, for summary of climatic periods/events). These trends
are now being confirmed at the local scale with studies that
combine archaeobotanical remains with stable isotope anal-
ysis (Caracuta et al. 2016b; Belli et al. 2021) (E1 Wad and
Ragefet caves, Table 1).

The climatic changes would have caused shifting envi-
ronmental foraging opportunities. Warm/wet periods were
characterized by the expansion of woodlands which were
rich in various nuts and fruits. Cold/dry periods were char-
acterized by the expansion of steppe and parkland which
had a range of edible wild grasses and cereals growing there
(Rosen and Rivera-Collazo 2012). Steppe and parkland var-
ied greatly in primary productivity between cold/dry and
warm/wet periods (Gibson 2009), with grasses and parkland
resources being more productive during warm/wet periods
(Ramsey et al. 2016, p. 8, Fig. 3). This variation means
that the wetland environments that occurred in the region
in places such as Azraq basin or Hula marsh would have
been particularly important during cold/dry periods such as
the LGM, when the steppe and parkland would probably
have been less productive (Ramsey et al. 2016). Wetland
environments provide reliable perennially available plant
resources, specifically plants with edible roots like Cypera-
ceae, which actually increase in nutrient quality during dry
periods of low growth (Wrangham et al. 2009). The phy-
tolittoral zone, the vegetated edges typical of marshes and
other shallow water environments, are identified as the most
productive part of the wetlands (Ramsey and Rosen 2016;
Keddy 2000). Some Cyperaceae (sedges etc.) and Phrag-
mites sp. (reeds) which would have been key plant taxa of
great economic and subsistence value to humans, grow in
such shallow wetland environments.

Regarding subsistence, Hillman et al. (1989) outlined
the processing methods and dietary uses of Cyperus tubers
worldwide. Of the species available in the southern Levant,
C. rotundus rhizomes are high in carbohydrates and are
shown to have a calorific return of 4.435 kcal/hr gathering
time, higher than most cereals (Wright 1994). Experimental
work on another of the Cyperaceae available in the southern
Levant, Bolboschoenus maritimus (sea club-rush), suggests
that grinding and pulverizing of the roots would have soft-
ened the tissues and increased the bioaccessibility of nutri-
ents through cell rupture and separation (Wollstonecroft et
al. 2008) Hillman (2000) also conducted processing experi-
ments demonstrating that Bolboschoenus sp. seeds can be
roasted and ground into a palatable flour. Ethnobotanical
studies from the Great Basin, USA, provide a useful ethno-
graphic analog, further emphasizing the potential of wetland
resources, such as those found in the southern Levant, for
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Table 1 Epipalaeolithic archacobotanical evidence in the Southern Levant, for source [ ] see ESM

Site Dates Botanical Plant-use summary Source
(Figs. 1-2) (kacal. remains (sample
BP) N)
1 Tor Sageer  Post- Phytoliths (16)  Wetland evidence (sedge cones and fan-shaped bulliforms) (wetland-type approx. 25%), [2]
dates but suggestive of a riparian wetland with shrubby dicots (woodland-type, see Table 1,
24.6— approx. 70-75%). Grass husks also recovered
24.1[1]
2 Yutil al- 25.3— Phytoliths (11) ~ Wetland evidence (sedge cones and fan-shaped bulliforms) (wetland-type approx. 10%), [2]
Hasa (Area C) 22.4[1] but suggestive of a riparian wetland with shrubby dicots (woodland-type, see Table 1,
approx. 85-90%). Grass husks also recovered
3 Wadi 25-23  Phytoliths (11)  Wetland (sedge cones and fan-shaped bulliforms) (wetland-type approx. 25%) and [2]
Madamagh [3] woodland-type resource use (e.g. scalloped, coarse verrucate, platelets) (approx. 75%).

Negligible evidence of grass husks
5 Ohalo I1 24—-23  Phytoliths (28), Phytolith evidence emphasizes wetland based (e.g., Cyperaceae and Phragmites sp.) [2,

[4] macrobotanicals, (wetland-type more than 50%), but generally diverse plant use strategy that included 5-20]
starch and starch steppe and parkland grasses and cereals (parkland-type approx. 30-40%) as well
spherulites as woodland dicot resources (woodland-type, see Table 2, approx. 10%). Phytolith

evidence also demonstrates that Cyperaceae and Phragmites sp. were used in hut
construction. Macrobotanical evidence for wetland use includes Phragmites sp. (culm),
Cyperaceae (nutlets), Carex divisa (nutlets), and Scirpus litoralis (nutlets). Steppe

and parkland grasses include Triticum dicoccoides, Hordeum spontaneum, Avena sp.,
Aegilops sp., Bromus sp. and Hordeum marinum/hystrix. Site features evidence for
cereal plant processing by-products (chaff) and twisted plant fibers. Woodland evidence
includes Amygdalus sp., Olea europaea (olive), Pistacia atlantica (pistachio), Quercus
ithaburensis (acorn) and a range of other shrubby and herbaceous taxa. Approx. 160,000
charred and un-charred seed and fruit remains, with over 140 identified taxa. Starch
evidence on the upper face (grinding surface) of the main grindstone demonstrates that
176 of the 199 grains recovered were diagnostic of grass seed starches (AHT starch
(Aegilops, Hordeum, Triticum) and Avena sp.). Starch spherulites suggest cooking of

starchy plant foods
4 Tor Hamar  Early Phytoliths (1) Woodland evidence (dicot), as well as grasses (although minimal husk evidence). [21]
Epipal- Grasses generally C,, suggests warmer drier conditions. Small component of wetland
aeolithic, resources (Cyperus and Juncus)
Qalkhan
6 Jilat 6 20.2— Macroremains Chenopods, grasses and sedges. Poor macrobotanical preservation [23-
12.9[22] 26]
7 Kharaneh IV 19.9— Phytoliths (62 Phytolith evidence suggests wetland based (e.g. Cyperaceae and Phragmites sp.) (more  [2, 20,
18.6 [22] EE, 13 ME), than 50% wetland-type) with steppe grasses (parkland-type, see Table 1, approx. 30%), 27,
macrobotanicals but transition to increased woodland use in the Middle Epi (woodland-type, see Table 1, 28]
(41 EE, 54 ME)  approx. 20-25%). Response to climatic amelioration and potential woodland expansion.
Phytolith evidence also demonstrates that Cyperaceae and Phragmites sp. were used
in hut construction. Total of 95 macrobotanical samples, yielded 2,985 seeds and other
plant items, including at least 16 taxa. Chenopodiaceae and Atriplex sp. seeds were
frequent. Little evidence for tuber or legume use. Poor macrobotanical preservation
8 Jordan 17.1- Macroremains Wetland location, with evidence of woodland plant use (fig, acorn and grape). Steppe [29,
River Dureijat 15.3 [29] and parkland grasses include barley (Hordeum spontaneum) 30]
(JRD)
9 el-Wad 15.2-12  Phytoliths Phytolith evidence suggests wetland (Cyperaceae and Phragmites sp.), steppe (grass [32—
[31] (41 EN), husks) and woodland (dicots) resources employed, with an emphasis on woodland 36]
macroremains resources. Wood charcoal analysis shows oak woodland predominated. Macrobotanical
evidence for 261 remains from 14 taxa. Fabaceae, H. spontaneum, Amygdalus sp., Cra-
taegus sp. (hawthorn) and other wild taxa. The site also features the wild progenitor of
domestic Vicia faba. Stable isotope A'*C values from Amygdalus sp. suggest increased
rainfall between 14.6—13.7 ka cal BP followed by a clear decrease between 13.7-12 ka
cal BP
10 Eynan (Ain ca. Phytoliths (4 Shift from an emphasis on woodland (dicots) resources towards steppe and parkland [36,
Mallaha) 15-12 EN, 20 LN) grasses (monocots) during the YD. This shift also saw an increase in the use of wetland  37]

resources (e.g. Cyperaceae and Phragmites sp.)
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Table 1 (continued)
Site Dates Botanical Plant-use summary Source
(Figs. 1-2) (kacal. remains (sample
BP) N)
11 Shubayqa 1 14.6— Macroremains,  Wetland and steppe resources employed. Earliest evidence for ‘bread’-like foodstuff, [39-
14.2 [38] starch made with wild cereals and club-rush tubers. Macrobotanical analysis concentrated in 42]
two fireplaces. Total of 67,458 non-woody macroremains identified. More than 50 taxa
identified, 29 taxa identified to species. High concentrations of Cyperaceae (mainly Bol-
boschoenus sp.) tubers, nutlets and seeds in fireplaces (c. 80% of plant remains in both
fireplaces), followed by Brassicaceae (~16.7 and 18%), Poaceae and Fabaceae (< 1%)
and other wild plants. Most common large seeded Poaceae was Triticum ssp. Wheat
chaff was recovered. H. spontaneum and Avena ssp. was also recovered
2 Yutil al- Late Phytoliths (n?)  Riparian wetland, with presence of reeds (Phragmites sp.) and shrubby dicots. Grass [43]
Hasa (area D) Epipal- husks also recovered
aeolithic,
Early
Natufian
12 Wadi Ham- ca. 13.9 Macroremains  Steppe and parkland grasses including wild barley (H. spontaneum), Aegilops sp., [23,
meh 27 Bromus sp., Lolium sp. and Stipa sp. Some cereal processing by-products (chaff, three 44,
H. spontaneum rachis internodes). Other steppe and parkland plants include Liliaceae 45]
and Fabaceae. Woodland taxa include Pistacia sp. nut shells. However, low density of
remains, 0.02 cm® per liter. Most remains 1.5 mm or less. Total of 3202 remains from 14
samples, 222 were identifiable. Poor macrobotanical preservation
13 Hilazon 12.4-12  Phytoliths (4 Wetland based (Cyperaceae and Phragmites sp.), with heavy use of steppe and parkland [36]
Tahtit [36] LN) grasses (grass husks)
14 Hayonim  Middle- Phytoliths (6 Increased use of steppe and parkland grasses, wild cereals (grass husks) and importantly [46,
Terrace Late LN) wetland resources (Cyperaceae and Phragmites sp.) in response to cooler/drier YD 47]
Epipal-
aeolithic,
Geo-
metric
Kebaran
and Late
Natufian
14 Hayonim  Late Macroremains Steppe and parkland grasses and woodland resources were employed. However, [48]
Cave Epipal- only, four taxa identified, H. spontaneum (2 grains), Amygdalus communis (almond
aeolithic, nutshells), Lupinus pilosus (lupine seeds), and possibly pea. Poor macrobotanical
Early preservation
Natufian
15 Nahal Oren Late Macroremains ~ Woodland resources. Taxa identified include Vicia sp. (vetch), Olea ssp. (wild olive) and [49]
Epipal- Vitis sp. (grape)
aeolithic,
Natufian
16 Ragefet Late Phytoliths (35), Phytoliths demonstrate steppe and parkland grasses (wheat, barley and small-seeded [51-
Cave Epipal- macroremains,  grass husks — most important), wetland (Cyperaceae and Phragmites sp.), and wood- 55]
aeolithic, plant impres- land resources (dicots) employed. Macrobotanicals provide evidence of Amygdalus
Natufian sions, starch sp., Quercus ssp., Avena sp., H. spontaneum, Triticum ssp., a range of Fabaceae, Olea
Cluster  and phytoliths europaea (olive), Vitis vinifera (grape) and other wild taxa. Plant impressions: Salvia
of dates  from cup mortar judacia Boiss. (Judean sage), other Lamiaceae (mint family) or Scrophulariaceae
—14.8— residues (figwort family) species. Samples mainly from specialized contexts — burials and cup
12.7 [50] stone mortars. Starch residue analysis of the cup stone mortars identified a range of
taxa, including wheat or barley, oats and wild grasses, Cyperus sp., lily bulb (1 grain)
and other unidentified roots (USOs), and Fabaceae, hypothesized to have been used in
the preparation of a fermented beverage. Stable isotope A'*C values from Amygdalus sp.
suggest increased rainfall between 14-12.6 k cal Bp
17 Abu Late Macroremains Steppe and parkland grasses include Triticum sp., Secale sp., Hordeum bulbosum, [56—
Hureyra Epipal- Stipa sp. and chenopods. Woodland resources include Quercus sp. and Pistacia sp. 59]
aeolithic, Wetland resources also feature prominently, in particular, club-rush (Scirpus maritimus/
Late tuberosus). Late Natufian phases yielded approx. 31,000 remains (not including char-
Natufian coal), with 95 plant taxa
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food, providing a wealth of evidence for how wetland edge
plant resources may have been employed during the Epipa-
laeolithic (Ramsey et al. 2017). For example, Phragmites
sp. seeds may have been dried and ground into a flour, the
young shoots and leaves boiled as pot herbs, or the stems
may have been dissolved in water to make a sweet drink
(Ebeling 1986). These ethnographies emphasize the use of
stone tools including hand grindstones, pestles and mortars,
both portable and in bedrock, for preparing wetland plant
materials for food.

The climatic and environmental setting of the southern
Levant during the Epipalaeolithic period made wetland
resources an important part of hunting, gathering and poten-
tially, plant food production. However, the use of wetland
resources is often underestimated in the region when evi-
denced only from macrobotanical remains, as demonstrated
by Ramsey et al. (2017) in an analysis comparing the phy-
tolith and macrobotanical assemblages from Ohalo II. This
paper emphasizes a multi-proxy archaeobotanical approach
for reconstructing foodways, material culture and palacoen-
vironment. These approaches are standard practice in pal-
aeoecology, however until recently, they were less well
developed in archaeobotany (Garcia-Granero et al. 2015).
In the past decade this has changed with the effective com-
bination of macrobotanical and microbotanical studies at
the site scale (Delhon et al. 2008; Dickau et al. 2012) and
at the scale of individual food remains (Heiss et al. 2017,
Arranz-Otaegui et al. 2018a). This paper outlines a multi-
proxy approach on a regional scale.

Results

Archaeobotanical evidence: constructing a broad
picture of epipalaeolithic plant use in the southern
Levant

The published macrobotanical and microbotanical evi-
dence from 19 Epipalaeolithic sites (Figs. 1 and 2; Table 1)
is reviewed here to explore plant use on a regional scale
in the southern Levant, mainly Israel and Jordan, although
the site of Abu Hureyra, Syria, is included. Previous syn-
theses of plant use from the broader region and/or different
time periods were based on macrobotanical remains only

Table 2 Phytolith microfossils organized according to ecozone-type
Ecozone-type

Phytolith microfossils

Wetland Cyperaceae ‘cones’ (Ollendorf 1987, 1992), ‘fan-
shaped bulliforms’ (cf. reeds), reed culm and
leaf, Phragmites sp. culm and leaf (Ryan 2011)

Woodland Platelets, honeycomb, coarse verrucate, polyhe-

dron (Bozarth 1992), all irregular dicots

Steppe/parkland, Dendritic long-cells, papillae, cereal straw
grasses (Rosen 1993), all husk multi-cells (Rosen 1992)
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(for example Asouti and Fuller 2012, 2013; Arranz-Otaegui
et al. 2018a, b). The published microbotanical phytolith
record discussed here currently includes over 200 samples
extracted from the sediments of 11 sites. Macrobotani-
cal evidence from seeds, plant tissues and wood charcoal
is available from 11 sites and other lines of microbotanical
evidence (starch and starch spherulites) from three sites are
also included. The archaeobotanical results are provided as
a qualitative summary, with references to the published data,
to provide an important reference list and summary of plant
use. It was not possible to compare the results between all
the sites quantitatively, because the varied data sets are often
either not comparably sampled and/or the raw data are not
available in the publications. Moreover, using this approach
to compare results quantitatively requires close control of
contexts, such as that achieved at Ohalo II (Ramsey et al.
2017). However, comparing plant remains qualitatively
between sites is a powerful tool for understanding trends
in plant use, but issues of differential taphonomy between
archaeobotanical remains and processing discrepancies
must be ruled out or acknowledged as possibly contributing
to the patterns in the archaeobotanical assemblages.

The results in this paper are discussed qualitatively at
two scales, first in broad groupings at the landscape level,
or as ecozone types (wetland, steppe and parkland, and
woodland), generally shown by phytolith data follow-
ing the phytolith groupings in Ramsey and Rosen (2016),
Table 2; Fig. 6, and secondly in more detail at the level of
taxa according to the available macrobotanical and other
archaeobotanical evidence. Phytolith analysis is particularly
suited to a landscape scale approach, for although phyto-
liths are not very taxonomically specific, they are generally
more taphonomically robust than other plant remains such
as seeds. This allows easier comparison between sites, and
in future studies, between on-site and off-site contexts.

Wetlands

The phytolith evidence suggests that Epipalaeolithic peo-
ple relied heavily on wetland resources for craft uses such
as hut construction as well as for food, with plenty of evi-
dence for Cyperaceae and Phragmites throughout the entire
13.5 ka period (Fig. 6, Tables 1 and 2). This interpretation
is also supported by more recent archaeobotanical investi-
gations, particularly macrobotanical evidence of Cypera-
ceae recovered from the hearths at Shubayqa 1, along
with bread-like remains that included Bulboschoenus sp.
tubers (probably prepared as flour), and starch evidence of
Cyperus sp. from cupstone mortars at Ragefet cave, all of
which demonstrate the use of wetland resources for food.
The archaeological evidence shows the use of a grinding
stone in the preparation of wetland plant resources and calls
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Fig. 6 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), 1¢
Phragmites culm (Ohalo II); 2. woodland-type phytoliths, 2a coarse

into question previous links between increasing evidence of
grinding stones (Wright 1991, 1994) and increasing cereal
use (McCorriston and Hole 1991; Willcox 2005; Edwards
2007), to the exclusion of other resources in the region.
It is also important to note that Cyperaceae roots and tis-
sues are incredibly delicate, and they are almost certainly
under-represented and under-identified in archaeobotanical
assemblages (“missing food”, Arranz-Otaegui et al. 2018b).
With many of the Epipalaeolithic sites displaying evidence
for increasing sedentism (more settled life), and increasing
use of grinding stones at, or close, to wetland environments,
it is certainly the case that wetland plant resources formed
a kind of ‘natural food storage’ (Lee and DeVore 1968), a
reliable resource that enabled settlement for longer periods.
Moreover, wetlands would have provided more than plants.
Indeed, water itself would have been a key attraction for
humans, along with a range of large animals and birds to
hunt and fish to catch.

Steppe and parkland

Phytolith and macrobotanical evidence suggests that the role
of pre-domestic wild cereals, wheat and barley, in Epipal-
aeolithic diet has been overstated. Phytolith evidence from
the Early Epipalacolithic through to and during the Natufian
period suggests that small-seeded grasses (non-cereal wild

verrucate (dicot leaf) (Kharaneh IV), 2b platelet (dicot leaf) (Wadi
Madamagh), 2¢ scalloped (dicot leaf) (Kharaneh 1V); 3. parkland-type
phytoliths, 3a wild grass husk (Ohalo II), 3b cereal straw (Ohalo II), 3¢
wild grass husk (Kharaneh IV) (Ramsey and Rosen 2016)

grass resources) were used, and probably played as impor-
tant a role in the diet as pre-domestic wild cereals (Rosen
2010). It is clear from the macrobotanical remains that there
is a range of plant taxa from steppe and parkland environ-
ments that would have been important contributors to Epi-
palaeolithic diets, including Chenopodiaceae and Fabaceae.
This suggests that plant use through the Epipalaeolithic
period was not based increasingly on cereals. Rather, a range
of wild plant taxa was used according to what was available
in the local environment. This is particularly evident with
the changing environmental opportunities that accompa-
nied shifts in climate through time. For example, phytolith
evidence suggests that during periods of increased aridity,
evidence of steppe and parkland resources, particularly wild
grasses and cereals, often increases in importance along
with wetland resources at sites like Ohalo II, Kharaneh IV,
Eynan, Hayonim terrace and Hilazon Tahit (Fig. 2).

Woodland

Phytolith evidence suggests that woodland resources often
increase in importance with climatic amelioration, such as
the increased rainfall immediately after the LGM (Last Gla-
cial Maximum) at sites like Kharaneh IV, and immediately
before the Younger Dryas climatic event at sites like Eynan
and Hayonim terrace (Fig. 2, Table 1). Macrobotanical
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evidence of woodland use includes Amygdalus sp., Pistacia,
Quercus (oak, acorns), Olea (wild olive) and Vitis (grape),
and indicates that when these were available they were used.
Poor macrobotanical preservation combined with differen-
tial phytolith records, along with the very limited number
of starch residue studies, makes fully evaluating the over-
all importance of these resources problematic. The records
are differential because dicot woodland taxa do not produce
as many or as diagnostic phytoliths as monocots such as
Poaceae.

Discussion

The shift from wild plant food gathering to
production: ecological-cultural inheritance and the
non-linearity of Epipalaeolithic plant use

Phytolittoral (water edge) resources respond positively with
increased growth to disturbances such as fire, trampling or
gathering (Ramsey et al. 2015). This characteristic of wet-
land plants produces a positive feedback loop, encouraging
further human use and impact, and results in a productive
self-reinforcing ecological-cultural inheritance. Therefore,
the use of wetland environments and the ecological inheri-
tance produced by human disturbance facilitated increasing
sedentism (the author views sedentism as spanning a mobil-
ity spectrum from more to less sedentary) by increasing the
availability of reliable perennially available wetland plant
resources (Figs. 4b and 5c; Ramsey et al. 2016, 2017). This
dynamic has particular significance for the sites of Ohalo II,
Kharaneh IV, river Jordan Dureijat, Eynan and Shubayqa 1.
These sites are all located in the direct vicinity of a marsh
or lake environment with a wealth of perennially available
wetland plant resources such as roots, as well as other criti-
cal animal resources. The rich animal resource availability
at Ohalo I is discussed by Steiner et al. (2022), and at other
sites includes, fish (Ohalo II and river Jordan Dureijat)
(Zohar et al. 2018; Pedergnana et al. 2021), wetland birds
(Ohalo II, Shubayqga 1) (Simmons and Nadel 1998; Yeo-
mans and Richter 2016) and gazelle (Kharaneh 1V) (Martin
et al. 2010; Spyrou et al. 2019). The sites also display over-
whelming archaeobotanical evidence of wetland use (Rosen
2004, 2010, 2011; Marder et al. 2015; Pedersen et al. 2016;
Ramsey et al. 2016, 2017; Arranz-Otaegui et al. 2018a, b;
Sharon et al. 2020). Several of these sites have strong archae-
ological evidence for increasing sedentism in the form of
huts made of brushwood, then stone (Valla 1988; Nadel and
Werker 1999; Maher et al. 2012a; Haklay and Gopher 2015;
Richter et al. 2017; Ramsey et al. 2018) and strengthening
social ties to a particular place, evidenced by on-site burial
customs and a rich material assemblage that includes shell
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beads, ochre and other desirable items (Muheisen 1988;
Nadel 1994; Byrd and Monahan 1995; Hershkovitz et al.
1995; Simmons and Nadel 1998; Bar-Yosef Mayer 2005;
Martin et al. 2010; Richter et al. 2011, 2012; Mabher et al.
2012b, 2016; Pedergnana et al. 2021). The Natufian period
provides the earliest published evidence for recognizably
modern food innovations in the form of bread-like remains
at Shubayqa 1, and potentially fermented beer-like drinks at
Ragefet cave, although it must be acknowledged that there
are ongoing questions about the identification of fermenta-
tion damage in archaeological starches. The processed food
remains at Shubayqa 1 were made with a combination of
Bolboschoenus tubers and wild cereals (Arranz-Otaegui et
al. 2018a). The potentially fermented drinks at Raqgefet cave
also incorporated wetland plants and wild cereals (Liu et
al. 2018). These studies demonstrate the crucial relationship
between wetland plants and cereals in Epipalaeolithic diet,
poetically referencing both the past and future of human
cuisine. Importantly, these socio-economic advances hold
the key to understanding the development of plant food
production, which was a protracted non-linear process, the
beginnings of which can be traced back to the Early Epipa-
laeolithic (~23 ka cal BP) (Asouti and Fuller 2012, 2013).
Indeed, there was a period of over 15,000 years before agri-
culture started, when hunter-gatherers moved in and out of
various types of subsistence and settlement which, when
they became established later, became hallmarks of the
Neolithic (Ramsey et al. 2016). The archacobotanical evi-
dence shows that the Epipalaeolithic hunter-gatherers were
using a wide variety of types of subsistence and settlement
and were not knowingly on a path towards increasing cereal
use, cultivation or inevitable domestication. Accordingly, in
the absence of a clear linear progression of increasing cereal
use, increasing sedentism and increasing social complex-
ity (Fig. 4a), the transition to plant food production in the
southern Levant needs to be re-examined.

In this paper, it is argued that the use of wetland resources
during the EE at sites like Ohalo II and Kharaneh IV laid
the groundwork for a non-linear transition to plant food
production (Figs. 4b and 5b -c; Ramsey et al. 2016, 2017;
Ramsey and Rosen 2016). This view echoes that of Savard
et al. (2006) who suggested that reliable valley bottom plant
resources (such as wetland resources) were central to Epi-
palaeolithic diet. Indeed, the resource stability provided by
the use of wetlands facilitated increasing sedentism and the
development of an ecological-cultural inheritance of teach-
ing, social learning, tools and food preparation that endured
beyond site occupation. As shown at Eynan, Hilazon Tahit
and Hayonim terrace, subsistence using the reliable wetland
plant and animal resources was reinforced during increas-
ingly arid and environmentally unpredictable periods
such as the Younger Dryas, as originally argued by Rosen
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and Rivera-Collazo (2012). The use of reliable wetland
resources by Epipalaeolithic people helped make possible
the socioeconomic advances usually associated with cereal
cultivation before the transition to a wild plant food produc-
tion based on cereals. Indeed, wetland resources arguably
underpinned the increasing use of less reliable but perhaps
more desirable cereal resources through the Later Epipal-
aeolithic (Fig. 4b).

The idea that wild cereals and grasses were a desirable
resource for Epipalaeolithic people is based on several
related factors. First, ethnographic studies demonstrate that
taste is one of the primary factors that determine food choice
by hunter-gatherers (Heim and Pyhéla 2020). While flavour
is a subjective characteristic, archaeobotanical evidence
strongly supports the idea that hunter-gatherers put time and
effort into gathering and processing wild cereals, both in
the Levant (Piperno et al. 2004; Weiss et al. 2004a; Arranz-
Otaegui et al. 2018a, b) and beyond (Aranguren et al. 2007,
Mariotti Lippi et al. 2015; Cristiani et al. 2021). Second,
cereals and grasses can play a critical role in many pro-
cessed foods (Valamoti 2011; Arranz-Otaegui et al. 2018a)
and have favourable biophysical properties. For example,
adding cereal flour with gluten to processed starchy food-
stuffs helps create an elastic dough (Shewry 2019). Third,
processed foods may have been used as luxury food items
for status acquisition (Hayden 2003). For example, analy-
sis demonstrates that the flour used to make the ‘bread-like’
remains at Shubayqa 1 was ground very finely, requiring
meticulous processing, much finer than later ‘staple’ breads
(Arranz-Otaegui et al. 2018a), which suggests that it may
have been an early luxury food item.

Epipalaeolithic hunter-gatherers relied on wetland
resources and the resulting human effects upon them caused
long lasting ecological-cultural inheritances, which as the
paper argues, likely led to an unexpected and non-linear
shift to wild plant food production using wetland plants
prior to wild grasses and cereals (Fig. 4b). The transition
to a wetland based wild plant food production in the Levant
can be identified by viewing resource use at a landscape
level (Fig. 5¢).

Hunter-gatherers often manage a range of several
resources in their environments to encourage their produc-
tivity (Peacock and Turner 2000; Anderson 2005; Turner
2005). Accordingly, archaeobotanical attention needs to
shift from individual taxa to a group of taxa in a landscape,
with a multi-proxy archaeobotanical approach to identify
when a particular environment was being used. In Harris’
(1989) model, he marks the transition to wild plant food
production by naming key management activities. How-
ever, many of these are difficult to identify archaeologically
and are not relevant for all plant taxa, such as transplant-
ing, weeding, replacement planting/sowing, storage and

irrigation/drainage. This paper proposes that in the southern
Levant the shift from wild plant food gathering to wild plant
food production using wetlands may be detected through
the introduction of new management activities, seen in
the changing ratios of phytolith taxa and charcoal records
in off-site cores; and the changing cultural significance of
resources, detected with the introduction of new food-
ways, seen archaeological via processed food remains and
starch spherulites. A long-term perspective is required to
build a picture of change and to detect when such a change
in scale occurred, as part of the multi-proxy archaeobotani-
cal evidence of foodways, material culture and palaeoenvi-
ronment (Fig. 5c).

The Epipalaeolithic archaeobotanical evidence from the
southern Levant, strongly supports the interpretation that
wetland environments were chosen for long-term occu-
pation and the resources from them were brought back to
the settlements for a range of material and food purposes.
The analysis of an off-site section in the Azraq basin dem-
onstrates that Epipalaeolithic disturbances in the wetland
environments would have increased productivity of criti-
cal wetland plants (Ramsey et al. 2015). The phytolith evi-
dence shows the scale to which wetland environments were
used compared to other environments (Ramsey et al. 2016,
2017; Ramsey and Rosen 2016). The macrobotanical and
microbotanical evidence is now beginning to demonstrate
the range of ways in which wetland resources were incor-
porated into diet, including the culturally transformative
introductions of ‘bread’ and potentially ‘beer’ during the
Late Epipalaeolithic (Arranz-Otaegui et al. 2018a; Liu et al.
2018). This evidence, demonstrating the scale and cultural
importance of wetland plant resource use, marks the first
step in constructing an argument for the development of a
wetland-based wild plant food production in the southern
Levant during the Epipalaeolithic period (Fig. 5b, c).

A strong multi-proxy archaeobotanical dataset centred
on evidence of foodways, and critically palacoenviron-
ment, is required to further assess this hypothesis. Build-
ing the evidence for the use of wetland resources for food
is an important step and should include revisiting previous
macrobotanical assemblages at sites like Ohalo II to search
for unidentified plant food remains, including parenchyma-
tous tissues and processed food remains.Identifications may
be aided through the use of scanning electron microscopy
(SEM) and new micro-CT (micro computed tomography) X
ray imaging technologies. The capacity for studies of arte-
fact residues and signs of use wear should also be developed
in the region. Securely dated palacoenvironmental recon-
structions of the immediate areas around wetland-based
sites, charting trends in microcharcoal (disturbance/man-
agement) and phytoliths (local environment), in conjunc-
tion with broader regional coring investigations including
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pollen analyses should be used to track the scale and inten-
sity of Epipalaeolithic resource management practices. To
achieve regional scale palaecoenvironmental reconstruc-
tions, new machine learning algorithms are being developed
to use artificial intelligence to identify phytoliths (such as
Berganzo-Besga et al. 2022) and amass the large amount of
archaeobotanical data needed. These lines of archaeobotani-
cal evidence would show the impact of human management
on the wetlands, and the range, scale and cultural impor-
tance of wetland plant use on-site, and when combined with
archaeological evidence for increasing sedentism and cul-
tural complexity, would demonstrate the change from wild
plant food gathering to a wetland-based wild plant food
production.

Conclusion

This paper provides the first multi-proxy (macrobotanical
and microbotanical) synthesis of the published archacobo-
tanical evidence for the Epipalaeolithic period in the south-
ern Levant. This dataset demonstrates that Epipalaeolithic
hunter-gatherers relied heavily on wetland resources for
materials and food. Viewed within the framework of niche
construction theory (NCT), this paper argues that human
impacts in the wetlands over generations increased wetland
productivity, creating long-lasting ecological and cultural
inheritances. This feedback is hypothesized to have pro-
moted critical socioeconomic advances, including increas-
ing sedentism, strengthening social ties to particular places
and the rise of recognizably modern food innovations such
as bread-like foodstuffs, which all contributed to changing
Epipalaeolithic practices of plant use, and importantly, the
evolution and proliferation of a wetland-based wild plant
food production .

The wetlands provided Epipalaeolithic people with a
‘domestication laboratory’ which allowed succeeding gen-
erations to interact and modify their environments, experi-
menting and gaining the necessary experience to build the
long-lasting ecological-cultural inheritances needed for the
transition to plant food production. Importantly, the ecolog-
ical-cultural inheritance of a wetland-based wild plant food
production enabled the non-linear transition to cereal-based
wild plant food production and their later domestication in
the southern Levant. Wetland-based innovations supported
increasing use and experimentation with cereal resources
over the 13.5 ka Epipalaeolithic period. This hypothesis
should guide future research directions.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s00334-
023-00908-2.
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