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(Above) Martin Jones at West Stow, 1972 (with thanks to lan Alister, Lucy Walker, Leonie
Walker, and West Stow Environmental Archaeology Group); (Below) Martin Jones in a
millet field, Inner Mongolia, 2010. (Photograph: X. Liu.)
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Foreword

The 28-year term of Martin Jones as the first George
Pitt-Rivers Professor of Archaeological Science wit-
nessed, and in part created, a transformation in the
fields of environmental and biomolecular archaeol-
ogy. In this volume, Martin’s colleagues and students
explore the intellectual rewards of this transformation,
in terms of methodological developments in archaeo-
botany, the efflorescence of biomolecular archaeology,
the integration of biological and social perspectives,
and the exploration of archaeobotanical themes on
a global scale. These advances are worldwide, and
Martin’s contributions can be traced through cita-
tion trails, the scholarly diaspora of the Pitt-Rivers
Laboratory and (not least) the foundations laid by
the Ancient Biomolecules Initiative of the Natural
Environment Research Council (1989-1993), which he
chaired and helped create. As outlined in Chapter 6,
Martin’s subsequent role in the bioarchaeology pro-
gramme of the Wellcome Trust (1996-2006) further
consolidated what is now a central and increasingly
rewarding component of archaeological inquiry.
Subsequently, he has engaged with the European
Research Council, as Principal Investigator of the
Food Globalisation in Prehistory project and a Panel
Chair for the Advanced Grant programme. As both
practitioner and indefatigable campaigner, he has
promoted the field in immeasurable ways, at critical
junctures in the past and in on-going capacities as a
research leader.

The accolades for Martin’s achievements
are many, most recently Fellowship of the British
Academy. Yet it is as a congenial, supportive—and
demanding — force within the Pitt-Rivers Laboratory
that the foundations of his intellectual influence were
laid. Here, each Friday morning, the archaeological
science community would draw sticks to decide
who would deliver an impromptu research report
or explore a topical theme. Martin is among the
most laid-back colleagues I have worked with, yet
simultaneously the most incisive in his constructive
criticism. As a provider of internal peer-review he
was fearless without being unkind. The themed Pitt-
Rivers Christmas parties were equally impactful —on
one occasion Alice Cooper appeared, looking ever so
slightly like our professor of archaeological science.

xii

Martin’s roles as a research leader extended to
several stints as head of the Department of Archaeol-
ogy, chairing the Faculty of Archaeology and Anthro-
pology and serving as a long-term member of the
Managing Committee of the McDonald Institute for
Archaeological Research. Having started his profes-
sional career as an excavation-unit archaeobotanist
in Oxford, he was a long-standing proponent of the
highly successful Cambridge Archaeological Unit. In
the wider collegiate community, he is a Fellow (and
was Vice-Master) of Darwin College and was the staff
treasurer of the Student Labour Club. In all roles he
fought valiantly and often successfully for the interests
of his constituency. His capacity to fight for deeply
held priorities while recognizing the value of diverse
perspectives was of utmost importance. His nostalgic
enthusiasm for the debate with archaeological science
that was engendered by the post-processual critique
is one signal of an underlying appreciation of plural-
ity. His active support for the recent merger of the
Divisions of Archaeology and Biological Anthropol-
ogy, within our new Department of Archaeology, is
another. As a scientist (Martin’s first degree, at Cam-
bridge, was in Natural Sciences) he values the peer-
reviewed journal article above all scholarly outputs,
yet has authored as many highly regarded books as
a scholar in the humanities. His Feast: Why humans
share food has been translated into several languages
and won Food Book of the Year from the Guild of
Food Writers. He views academia and society as a
continuum, campaigning for archaeobotanical con-
tributions to global food security (e.g. by promoting
millet as a drought-resistant crop) and working with
world players such as Unilever to encourage archaeo-
logically informed decisions regarding food products.

That Martin’s achievements and influence merit
celebration is clear. That his colleagues and students
wish to honour him is equally so. Yet does the McDon-
ald Conversations series publish Festschriften? This is
a semantic question. As series editor [ am delighted to
introduce a collection of important papers regarding
the past, present and future of archaeobotany, rep-
resenting its methodological diversity and maturity.
That this collection concurrently pays respect to a
treasured colleague is a very pleasant serendipity.

Dr James H. Barrett
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Introduction

Far from the Hearth

Xinyi Liu, Emma Lightfoot & Dorian Q Fuller

The essays in this volume honour a man whose
research over the last four decades has exemplified
the potential of archaeology, archaeological science
and their cognate disciplines to address central ques-
tions about food and human nature. Martin Jones was
a pioneer in the fields that have come to be known as
archaeobotany and archaeological science. Whether
working as an on-site archaeobotanist at British Iron
Age sites in the 1970s and '80s, initiating the ‘Ancient
Biomolecule Initiative’” in the 1990s, or researching
past food globalization and the use of millet in the
twenty-first century, Martin has repeatedly demon-
strated how archaeology can be situated within our
attempts to make sense of our own experiences of the
contemporary world. While some of these challenges
are currently very clear, for instance in relation to
food security and climate change, others may only be
appreciated with the benefit of hindsight.

Martin is question-driven. As a scientist he
aspires to a depersonalized methodology, towards an
approach that is replicable by all; on the other hand,
he sees that the methodology cannot dictate the ques-
tions we ask. He explores the territory between two
interpretative traditions, those who classify humans
as biological organisms and those who consider
the social person. He warns that one should avoid
retreating into the safety of either these traditions, as
it is the interconnection between social and biological
discourses that sheds most light on the past.

This volume is organized around three major
themes from Martin’s career, and each is derived from
a title of one of his books, chapters or papers. ‘A Botan-
ical Battleground’ is named after his 1988 chapter ‘The
arable field: a botanical battleground’. This section
includes six chapters that honour Martin’s central
role in the development of biomolecular archaeology
and archaeobotany as disciplines. The second section,
‘The Stomach and the Soul’, is derived from a chapter
in his book Feast: Why humans share food (2008), and
this reflects his writings on the archaeology of food
from evolutionary perspectives. The final section title,
‘Between Fertile Crescents’, is taken from his 2004

chapter ‘Between fertile crescents: minor grain crops
and agricultural origins’ and connects to his more
recent interest in food globalization in prehistory. The
name of this monograph, Far from the Hearth, is the title
of a chapter in Feast, in which he contrasts the evidence
for lavish consumption (feasting) in the archaeological
record with the tough lives of most people much of the
time, as hunger was commonplace. This contrast sets
up much of the tone of Martin’s intellectual aspiration.

A botanical battleground

The first section honours not only Martin’s early
research in the application and development of
archaeological science techniques, but also his fun-
damental role in the development of biomolecular
archaeology as a discipline and in its early funding,
without which many of us would not be here today.

The section starts with two papers that are
directly inspired by this research. Dorian Fuller and
Chris Stevens discuss and develop Martin’s concept of
the ‘botanical battleground’, that is the conceptualiza-
tion of a field as a place where weed taxa compete with
each other and with the crop, and in which farmers
compete with weeds. They highlight the importance
of these dynamic ecosystems and the contribution that
archaeobotanists can make to agricultural research by
adding time depth.

In the following chapter, Chris Stevens and
Dorian Fuller describe the various categories of weed
seeds in terms of their seedbank ecology and how
this ecology is related to and affected by agricultural
practices. Using changes in weed flora through time,
they show how a consideration of weed species can
be used to “paint a picture” of the history of British
agriculture from the Neolithic to the present day.
This analysis provides key insights into changes in
intensity and location of cultivation, as well as into
farming practices (e.g. tillage), harvesting strategies
and processing techniques.

This is followed by two more methodological
papers, starting with Victor Paz’s chapter which gives
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details of a determination system he has developed for
macroscopic plant remains, particularly parenchyma.
The paper calls for transparency in the chain of reason-
ing that led to an identification, allowing the reader
to evaluate the determination and how secure it is.
Where possible, determinations should be based on
an actual reference collection, with samples matched
between past and present, and based on the unique-
ness of transformed archaeological remains.

The next chapter, by Carla Lancelotti and Marco
Madella, discusses the historical development of
phytolith studies from their ‘discovery” in 1835 to the
various ways they are used today. The authors then
discuss how phytolith analyses add to our under-
standing of plant use, the origins of agriculture and
agricultural techniques in the past.

Terry Brown looks back at genetic work and
research on the origins of European agriculture. In
retrospect, the chapter starts with a Biomolecular
Palaeontology meeting in 1990 and reviews the some
of the key debates around development of archaeo-
genetics over the past few decades. For 30 years, those
multidisciplinary debates took place as conversa-
tions between geneticists and archaeologists. These
dialogues have proved stimulating, challenging and
enjoyable. Brown approaches this history as a partici-
pant and fellow-traveller with Martin.

The section concludes with a tribute to Martin’s
role in the development of biomolecular archaeol-
ogy written by Terry Brown, Richard Evershed and
Matthew Collins. They highlight how many scholars
owe their careers to Martin, via the funding schemes
that he was fundamental in initiating along with
Geoff Eglinton, Gordon Curry and others. It is clear
that, without Martin’s sustained lobbying over many
years, biomolecular archaeology would today be a
much less vibrant area of research with significantly
fewer archaeologists using biomolecular techniques
to explore the human past.

The stomach and the soul

The second section focuses on papers emphasizing
the social and cultural aspects of food, subsistence
strategies and the rituals associated with food prepa-
ration and consumption. The idea that “food is good to
think with” has been central to Martin’s research and
thinking over many years and the papers presented
in this chapter use ethnographic, archaeological and
scientific evidence to explore a territory between social
and biological aspects of food.

In the first chapter, Graeme Barker and col-
leagues explore shifting domesticatory relationships
between people, plants and animals in the Kelabit

Highlands of interior Borneo. Through their proposed
long landscape history, they show how the rainforest
is a repository of memory of past generations and how
plant translocations also ‘enculture’ the rainforest.
They emphasize how the two local communities, the
Kelabit and Penan, have very different concepts of the
rainforest and a different relationship to rice farming.
The Kelabit celebrate rice fields and rice cultivation
and see themselves as forest domesticators. In contrast,
the Penan are reluctant to separate themselves from
the forest and its benevolent spirits. The authors sug-
gest that this division has an antiquity of only a few
centuries and that rice’s ‘need for people to grow it’
was concurrent with new ways of living.

Cynthia Larbey then discusses how foraging
and sharing of food became gendered. Drawing on
ethnographic, primatological, archaeological and
genetic data, she discusses how female foraging and
subsequent sharing of plant foods increases the likeli-
hood of children surviving to adulthood (through the
birth of fatter babies, and more successful breastfeed-
ing and weaning). This strategy can be seen today in
the foraging strategies of modern hunter-gatherers
and archaeological evidence suggests that it dates
back to the time of early Homo.

In the following paper, Christine Hastorf con-
siders the cultural and ontological perspectives that
accompanied the (continued) domestication of the
potato. In contrast to grain crops, potatoes repro-
duce asexually and in order to maintain diversity,
and thus protect against disease and pests, farmers
must regularly add new varieties into the farming
system. Hastorf shows the importance of exchange in
the robusticity of potato crops and how the need for
exchange of tubers created a unique state of mind in
the farmers and encouraged communication, innova-
tion and cooperation.

We then move to the Early Natufian, with Manon
Savard’s paper exploring the relationship between
subsistence and sedentism in non-agricultural societ-
ies. Using Hallan Cemi, Turkey, as her example, she
considers the archaeobotanical remains in the light
of the combined models of Optimal Foraging Theory
and the Broad Spectrum Revolution, that is, the idea
that when hunter-gatherers became settled they
altered their subsistence strategy from one focused on
hunting high-ranked animals (which required migra-
tion) to one focused on a wider range of resources,
including lower-ranked ones (available locally). The
archaeobotanical data show that, while a wide range
of plant resources is present in the Hallan Cemi
assemblage, only a few of those species are present
in significant quantities. In particular, she highlights
how “underestimated plants’, in this case club rush
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and knotgrass, may have been the staple foods that
made sedentism possible before the emergence of
agriculture. Nevertheless, she also considers the pos-
sibility that permanent structures do not equate with
permanent occupation and emphasizes that these
sites may be important nodes in the landscape, with
abundant and reliable resources worthy of the invest-
ment of time and effort required for the construction
of permanent structures.

Turning to the East, the chapter by Leo Hosoya
and colleagues shifts the focus from animal/plant
domesticates to cooking methods. Soot/burnt marks
on cooking pots from prehistoric China and Japan are
analysed. Two case studies are presented —the Japa-
nese Jomon-Yayoi-Kofun cultures and the Neolithic
lower Yangtze in China—in an attempt to reconstruct
the daily meals of ancient rice-eating communities.

Concluding this section, Gilly Carr, Marie Louise
Stig Serensen and Dacia Viejo Rose discuss food as
heritage. They consider two examples of approaches
to food as heritage today: UNESCO's recognition of
intangible cultural heritage, which includes food; and
the specific case of the use of food in the discussion
of war and the occupation of the Channel Islands.
Both cases highlight ways in which food is important
beyond subsistence; how the cultural values and
meanings associated with food can be used as mark-
ers of identity, togetherness and social bonds, as well
as how food can contribute to conversations about
history, places and ways of doing things.

Between fertile crescents

In recent years, the major focus of Martin’s research
has been the spread of crops across vast distances in
prehistory, particularly the spread of wheat and barley
from the Near East across Eurasia to China and the
spread of millet species from China westwards as far
as Europe. The two Fertile Crescents referred to are
the well-known Near Eastern Fertile Crescent, and
the ‘eastern fertile crescent’ —the early Neolithic sites
in the Yellow River region and sites along the eastern
edge of the Loess Plateau, which form ‘China’s Fer-
tile Arc’ (Liu et al. 2009). The papers in this section all
address aspects of the archaeology associated with
this research theme, as well as the methodologies we
can use to address it.

The first chapter in this section, by Xinyi Liu,
Giedre Motuzaite Matuzeviciute and Harriet Hunt,
returns to the question of millet origins raised in
Martin’s (2004) chapter ‘Between fertile crescents:
minor grain crops and agricultural origins’. The
chapter reviews recent advances in understanding
broomcorn millet origins and spread through three

kinds of evidence: genetics; the earliest archaeological
evidence in China; and new finds in Central Asia and
Europe. Over 10 years, the Asian millets have moved
from a poorly understood peripheral resource to a
well-charted core feature of Old World prehistoric
agriculture and its globalization.

The contribution from Emma Lightfoot, Xinyi
Liu and Penelope Jones discusses how carbon isotope
analysis can be used to identify the consumption of C,
plants in the archaeological record. Specifically, they
call for greater consideration of edible C, plants other
than the known major crops (e.g. millet, maize and
so on) in isotopic studies. To illustrate the potential
problem, they identify edible C, plants grown in three
different regions (Sicily, Italy; Haryana, India; and the
south coast of Peru) and consider how the proportion
of edible C, plants growing in each of these regions
could affect archaeological interpretations of stable
isotope results.

We move then to archaeogenetic analyses with
a chapter written by Harriet Hunt and colleagues
which discusses how genetic analyses have been used
to consider domestication geographies. They use a
diverse range of crops to illustrate how thinking has
developed from the centres of origin concept devel-
oped by Vavilov to debates over single or multiple
domestications. They also consider the implications
of protracted domestications and ongoing geneflow
on the use of genetic data to infer the geography of
domestication.

Our focus then moves to two papers discussing
the archaeobotany of China. The first, by Haiming Li
and Guanghui Dong, focuses on Early Bronze Age
archaeobotanical remains of both wheat and barley
from Lijiaping in the northeastern Tibetan Plateau. The
authors discuss the adoption of barley in this region
around 1700 Bc and compare it to the preferential
adoption of wheat in the nearby Hexi corridor. They
highlight the advantages that both wheat and barley
had over the previous staples, foxtail and broomcorn
millet, particularly in terms of cold tolerance and crop
yield. They conclude that the differential adoption of
wheat and barley between the northeastern Tibetan
Plateau and the Hexi corridor relates to the environ-
mental and climatic conditions of these two regions
being better suited to barley and wheat, respectively.

The final paper of this monograph, by Zhijun
(Jimmy) Zhao, discusses the timing and route of the
introduction of wheat into China, a focus of Martin’s
more recent research. Zhao reviews the archaeo-
botanical finds of early wheat remains, providing a
critical assessment of the evidence. From these data,
he shows that wheat was introduced to China between
4500 and 4000 years ago, and that it was introduced
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along atleast two routes. The first of these is a grassland
route, from West Asia through Central Asia and the
Eurasian Steppe to northern China and then the middle
and lower reaches of the Yellow River. The second route,
the oasis route, went from West Asia through Central
Asia and then to the Pamir Moutains and oases on both
sides of the Tarim Basin, then to the Hexi Corridor and
on to the Loess Plateau of northern China.

Concluding notes

The chapters in this volume, like much of Martin’s
own work, are devoted to the archaeology of food.
The emphasis is not only on food itself, but also on
the communities which produced and consumed
it. The interdisciplinary studies presented elucidate
the spatial and temporal scales of recent develop-
ments of the field. In this volume, readers will find
articles discussing a wide range of time periods and
environments. Many of the articles involve original
thinking; they are often imaginative, and some are
controversial. Some of them begin with a tentative
answer, drawn from a wealth of experience and
insight and guesswork, which should drive future
research. Readers will also find that this book high-
lights some approaches that emerged in the 1990s at
the time when Martin was involved in the ‘Ancient
Biomolecules Initiative’. These approaches have
become the foundation for aspects of archaeogenetics,
residue analysis and isotopic studies that are now
integral features of modern archaeological science
and archaeobotany. Furthermore, the book provides a
number of examples that explore the territory between
the biological organism and the social person, two
perspectives that have ghettoized the various stud-
ies of the human condition into separate social and
biological discourses that so often fail to interconnect.

Finally, we see recent developments in Eastern Eur-
asia, about which little was known archaeobotanically
in the earlier part of Martin’s career and to which he
has contributed. The recent florescence, over the last
decade or so, has been an exciting time with massive
strides made towards a better understanding of Asian
prehistory. Martin played an important role in bring-
ing some novel methodologies to that enterprise. The
main consequence of all of these new discoveries has
been to encourage us to reflect on the assumptions we
have held in a western context, including our assump-
tions about what agriculture actually is.

Agriculture represents a dynamic ecology
formed of competing crops and weeds and changing
social practices. The recognition of these dynamics
has been critical to Martin’s thinking, from his earlier
experience in West Stow Environmental Archaeol-
ogy Group to his work in the Thames Valley through
to the transcontinental perspective on ‘minor’ crops.
His career has helped to make archaeobotany and
biomolecular archaeology similarly dynamic fields.
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Chapter 1

The Making of the Botanical Battleground:
Domestication and the Origins of the World’s Weed Floras

Dorian Q Fuller & Chris J. Stevens

“The development of plant communities on agricul-
tural land can thus be seen in part as a battle between
weed communities and human communities, in
which stakes for both parties are high’

Martin Jones (1988, 86)
Introduction

Martin Jones’s work on the archaeology of British farm-
ing, pursued from the 1970s through the 1990s, com-
bined big-picture evolutionary ecology with details
of archaeobotanical evidence and individual weed
ecologies. This approach considers the arable field as
a habitat that is constantly evolving with changing
human practice (M. Jones 1988). This was the ‘botanical
battleground’ in which weed taxa competed with each
other and the crop, and in which farmers competed
with weeds. As such the arable ecosystem is defined
in terms of cycles of human activity, rather than soil
or climate conditions. Unlike biomes, in which shared
characteristics of vegetation are determined largely by
climatic constraints, the agricultural ‘anthrome” (sensu
Ellis 2011) represents something new to planet Earth
from the start of the Holocene (or latest Pleistocene)
created through the emergent mechanisms of culture.
This has received attention in recent years as central
to human niche construction or the emergence of an
‘anthropocene’ (e.g. Boivin et al. 2016; Ellis et al. 2013).
Archaeobotany has a key role to play in documenting
how these cultural ecosystems evolved and diverged.
Research into the origins of agriculture has tradition-
ally focused on social and economic transformations
and the domesticated crops themselves; however, in
this contribution we would like to explore the botanical
battlegrounds that accompanied the earliest cultivation
and domestication processes.

The origins of arable ecologies provide a context
for the evolution of both weeds and domesticated crops
from their respective wild ancestors. A weed is usually
defined as a plant that grows where it is not wanted,

and as such is a human concept, as such rules do not
apply in nature (Bunting 1960). Weed is a concept that
arises within the history of human—plant relationships
in which humans increasingly seek to control their
environment. Prior to the start of cultivation weeds
did not exist as such, but rather grew in their own
‘natural’” non-anthropogenic habitats. However, in
some cases this natural habitat is a challenge to identify
and Zohary (1950) classified such species as ‘obligate’
weeds. Nevertheless, as recognized by Harlan and de
Wet (1965), there is a second definition of weed, which
is a plant that thrives on disturbed ground, such as a
cleared field. Such species then are pioneers and pos-
sess traits that allow for the rapid establishment of the
plant and its acquisition of nutrients from the soil. This
can be defined as an ecological strategy of fast resource
acquisition (see Milla et al. 2015; Reich 2014). These
ecological traits of weeds, or weediness, are shared
with many domesticated cereals, suggesting parallel
adaptations between crops and weeds.

As with domesticated species, some species
growing in the cultivated field might be expected
to evolve adaptations to this new arable ecology.
Amongst such adaptations some of the key traits
recognized as part of the domestication syndrome
should then be considered, including changes in
seed size, in germination patterns, or indeed the loss
of germination. Ultimately a key distinction between
weeds and crops is whether or not particular species
within the cultivated field were volunteers or inten-
tionally planted. The nature of this distinction plays an
important role within the domestication syndrome; as
crops evolved to be more readily harvested, so weeds
utilized strategies in which they either became part of
the harvest or avoided it.

Activities of the arable and the origins of fields

One of the key distinctions that makes the archaeobo-
tanical study of domestication processes feasible is the
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distinction between evidence for human practice and
evidence for evolutionary changes in plants, under-
written by genetic shifts in plant populations. This is
the distinction between cultivation and domestica-
tion, a distinction perhaps best clarified in the work
of Harris (1989; 2012) and Hillman and Davies (1990),
but essentially a division between what people do,
for example cultivate, and what happens to plants,
domestication (Fuller 2007; Purugganan & Fuller 2009).
This creates an evolutionary process that is inherently
co-evolutionary, an entangled network of feedbacks
between human practices (evolving through cultural
transmission) and plant morphologies (evolving
through genetic adaptations). Previously, we have
explored this entanglement in terms of humans get-
ting ‘trapped’ in ever-increasing labour investment in
soil maintenance, and harvesting and crop-processing
technologies, which in turn are rewarded by higher
returns (Fuller et al. 2016). A notion that was inspired
by conversations with Martin Jones is to see this as
shifting interactions within the food web, with human
activities influencing energy flows at many levels.
Nearly three decades ago, Martin Jones (1992,
213) highlighted the need to move beyond ‘oversim-
plistic correlates of a “domestication event” to examin-
ing’ the wider influences of humans on the nutritional
status and the species they consume, such as the soil
conditions in which food plants grew. This view
highlights the importance of the small details of the
nature of cultivated fields, the species in them and how
these competed and adapted over time. Rather than
framing a singular shift from foraging to farming, we
need to explore the evolving ecosystem of cultivated
fields alongside the various ‘intermediate economies’
(sensu Harris 2012) through the two to three millennia
of the protracted domestication processes (Fuller et al.
2014). By considering the arable system as a botanical
battleground we can usefully frame the key variables
in this transition process, in which plants favoured
by people (crops) and those not (weeds) compete for
resources, and in which humans strategically alter
the conditions of soil, water and light resources; and
through this framework we can perhaps see more
clearly some of the commonalities and differences
between crops and weeds in the making of agriculture.
Cultivation involved a number of transforma-
tions of the soil which established the parameters
of competition. First, pre-existing vegetation was
largely cleared from the small plots of cultivation. It is
conceivable that small woody perennials were left in
place. Seed-dispersal studies of recruitment in natural
grasslands suggest that existing perennials can limit
seed establishment, especially of species not already
established, whereas in annual ecosystems there is
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greater competition between seeds (Peart 1989). The
act of cultivation creates a new type of habitat in which
annual disturbance is both uniform and highly pre-
dictable, with the removal of the existing plant canopy
providing repeated opportunities for seeds present in
the soil seed-bank to participate. Field clearance tends
to mean that sunlight is widely available for growth
and germination, but faster-growing plants in the field
may quickly shade out their neighbours. Tillage also
creates deeper cracks, which may bury seeds more
deeply than if they had fallen on natural soil surfaces.
Certain human cultivation practices may counteract
some of these factors. For example, planting in rows
or well-spaced crops will reduce overshadowing and
competition between the roots of different plants.
People can also add both nutrients (manuring) and
water (irrigating) to the soil, and one of the key ques-
tions asked of archaeobotanists is when such practices
came about? And what methods, for example infer-
ences from weed seed ecology or stable isotopes, can
provide evidence for such practices (Bogaard et al.
2007; G. Jones et al. 2010; Madella et al. 2009)? Evidence
from elevated 3N in cereal grains from Greece sug-
gests small intensively managed and manured fields
(Vaiglova et al. 2014), something that may have been
the norm for early arable systems (Bogaard 2005), with
declining d'°N levels in cereal grains over the course
of the Holocene suggesting a movement towards less
intensive, more extensive systems (Araus et al. 2014;
Styring et al. 2017). In China, early fields were also
small-scale (<10 sq. m), allowing close management
of water and soil, including manuring with house-
hold waste and drying out to increase rice yields and
control weeds (Fuller & Qin 2009; Weisskopf et al.
2014; 2015).

From the point of view of plant competition,
these fields appear generally nutrient-rich and there-
fore potentially favoured plant traits that fit a nutrient
acquisitive strategy, as opposed to a conservation,
or nutrient-allocation, strategy, as defined by Reich
(2014) and Milla and colleagues (2015).

Many adaptations of cereal spikelets serve to
facilitate the position of seeds for germination. For
example, grass awns, as well as aiding animal and
water dispersal, can move in daily cycles in response
to ambient temperature. This action drives the spikelet
along the soil surface until a suitable crack or depres-
sion is found, and in some cases enables the burial of
spikelets (Kuli¢ et al. 2009; Peart 1979). In wild wheats
the two awns open and close on a daily cycle, serving
to ratchet the spikelet into soil (Elbaum ef al. 2007). In
weedy species of oats (Avena sp.) the bent awn plays a
key role in drilling spikelets into the soil, enabling sur-
vival through winter for spring germination (Somody
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Figure 1.1. Wild barley spikelets (Hordeum spontaneum), hand-picked (left) and that have dehisced overnight and are
projecting into cleared soil in the morning (right). (Photograph: D. Fuller, Iraqi Kurdistan, May 2012.)

et al. 1985). Experiments with the awned dicot Erodium
indicated that seed burial was more effective in soils
with plant litter than barren or compacted soil, a use-
ful adaptation within grassland environments (Stamp
1989). While long awn morphology may be excellent
for dispersal (Fig. 1.1), and it may play some role in
deterring herbivory, the metabolic investment in creat-
ing awns will detract from the potential investment in
seed nutrients that power the early seedling. Human
harvesting and sowing, along with the development of
non-shattering types, removes the need for dispersal
mechanisms, hence reduced metabolic expenditure
upon these structures is expected during domestica-
tion leading to a reduction in awns and barbs (Fuller
2007).

The evolution of seed size: automatic escalation

The new competition created by the tilled and sown
field accounts for one of the key recurrent domestica-
tion traits, namely larger seed size. Increased seed
size during domestication was attributed by Harlan
and colleagues (1973) to selection relating to seedling
vigour and competition, and to deeper planting; how-
ever, the latter explanation has often been emphasized
at the expense of the former (cf. Zohary 2004). This
seemingly forgotten explanation of Harlan and col-
leagues (1973) was that larger seed sizes in crops are
expected to evolve in relation to the highly disturbed
soils of early cultivation. Larger seeds have a series of
competitive advantages, including being correlated
with larger seedlings in many grasses and legumes

11

(Baskin & Baskin 2001, 214). Larger seedlings will have
a head-start in competition for light and space in what,
after competing vegetation is removed, is effectively
a level playing field, as sown grain or grain from the
seed-bank germinates. Hence larger grains have a
selective advantage, while conversely, the competi-
tive advantage of smaller grain sizes that might aid
dispersal and burial though reduced seed mass is lost.

Fuller (2007) emphasized depth of burial as a
possible cause of increased grain size, but while sup-
ported experimentally in some taxa it was not in others
(Kluyver et al. 2013). Larger seeds had advantages in
seedling emergence in lentil (Lens culinaris), mung-
bean (Vigna radiata), cowpea (Vigna unguiculata), lima
bean (Phaseolus lunatus) and more weakly in pea, but
no significant correlation was recorded for soybean,
peanut or common bean. A further difference, among
the pulses tested, was between species processing
hypogeal germination, in which cotyledons remain in
the soil providing food for the seedling, and those with
epigeal germination, in which cotyledons are raised
above the soil, where they become photosynthetic.
As might be expected species processing hypogeal
germination were better at emerging from depth gen-
erally, and it may be that selection for larger seeds in
epigeal species might increase the photosynthetic area,
providing more resources for initial growth (Kluyver
et al. 2013).

That seed size increase predominantly correlates
with domestication, not just in cereals and pulses
grown for their seeds, but in numerous vegetables
grown for their leaves and tubers, such as lettuce,
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potato, beet, carrot and parsnip, indicates that seed-
size increase was an evolutionary outcome arising
from the cultivated environment (Kluyver et al. 2017).
It is possible that this trait may be linked to other cor-
related traits, such as overall biomass of other organs
that are linked in development to seed size, that is
the effect of allometry or pleiotropy. Such changes,
however, took millennia (Fuller et al. 2014; 2017),
hence differences between generations within aver-
age seed size occurred on a minute scale that would
be difficult to measure even with modern scientific
techniques, let alone apparent to the naked eye. As
such it is implausible that seed-size increase with
initial domestication could be a target of conscious
human manipulation. Instead, seed-size increase took
place as part of the crops becoming incorporated into
new arable ecologies, calling for more application of
toolkits of comparative functional ecology to under-
standing domestication (Milla et al. 2015).
Archaeobotanical evidence allows us to put the
timing and extent of changes in seed size into their
cultural and geographical context and to explore
comparisons across crops. Despite the effects of char-
ring that may reduce seed sizes variably, charred
archaeological seeds still document chronological
trends during episodes of domestication (Fuller 2018;
Fuller et al 2014; 2017). Previous work has compiled
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Figure 1.2. Seed size increase over
time standardized to percentage
change, comparing Southwest Asia
(10,000-5000 Bc) and China (6000~
1000 Bc) for selected crops. Linear
regressions indicated for some taxa

to illustrate trends. (Raw data from
Fuller et al. 2014, except melon, from
Fuller 2012.)

time series data for a range of annual crops, includ-
ing Near Eastern cereals and pulses, North American
composites, sumpweed (lva annua) and sunflower
(Helianthus annuus), Chinese (japonica) rice (Oryza
sativa) and soybean (Glycine max) and Indian (indica)
rice (Oryza sativa) and mungbean (Vigna radiata) (Fuller
et al. 2012; 2014; Purugganan & Fuller 2011). One
observation of Kluyver and colleagues (2017) is that
the total size increase in cereals and pulses, grown
for their seeds, is generally greater than that in veg-
etable crops. Indeed, when archaeobotanical data for
size increase are plotted together, by standardizing
these in terms of percentage change from the original
(earliest/smallest size), some comparisons are striking
(Fig. 1.2). First, it can be seen that in the Near Eastern
cereals and representative pulses (lentil and pea, Pisum
sativum) the trends of seed-size change are similar,
with similar rates and total amount of change (aver-
age maximum being 45-65 per cent larger over 4000
years), with emmer wheat showing the slowest trend
(although pea has a less clear trend). For China, rice
showed a total increase towards the lower end of this
spectrum at c. 50 per cent, while much more rapid and
greater increase was evident in the soybean (>100 per
cent increase) and in melons (Cucumis melo). Melon-
seed size may be selected in part by simple allometry,
as selection for larger fruits would developmentally
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increase seed size, but selection from increased
competitiveness in the botanical battleground of the
cultivated field may have played a fundamental role,
particularly in the early stages of domestication. Con-
scious selection of traits, such as fruit size or seed size,
would be expected to increase the speed of change,
and on this point it is worth noting that seed size in
Chinese melons is relatively rapid in comparison with
changes in cereal grain size (Fuller et al. 2014). Tree
fruit seeds may also increase in size somewhat more
rapidly (Fuller 2018).

Domestication of crops represents convergent
evolution, involving similar adaptations. In this sense,
crops emerged through domestication as tested warri-
ors on the botanical battleground, with highly acquisi-
tive ecological strategies. Indeed, crops appear to have
been selected from wild ancestors that lay on the more
acquisitive end of the annual herbs within a flora, pro-
cessing characteristics that made them more adaptable
to increased competition and disturbance (Cunniff et
al. 2014). Sometimes, however, crops combine traits
that are at odds with competitive adaptation within
the ecological setting of their wild progenitors. For
example, seed number and seed size can be regarded
as trade-offs (e.g. Sadras 2007) in which plants may
gain a competitive advantage through producing a
greater number of seeds or by producing fewer, larger
seeds (Harlan et al. 1973). However, both grain size
and number have tended to increase with domestica-
tion. As crops come to lack the fall-back strategies of a
seed-bank or perennating organs, this high investment
and consumption habit can make them vulnerable to
invaders that are less needy, the weeds, against which
human cultural practices must evolve and adapt.

The sources of weeds in early Western Asia

Archaeobotanical evidence tells us that weeds have
been persistent within crops throughout the Old
World for many millennia. So where did these weeds
come from? And how did some come to be such strong
actors in the arable theatre?

The list of plant species reported as weeds of
cultivation worldwide is staggering, in the tens of
thousands (Randall 2002), covering a diverse range of
plant families and genera. However, it is unlikely they
evolved de novo with the creation of the first arable
fields, so in answer to where weeds came from, we
might rather ask: what was the original geography
and habitat of the ‘wild progenitors” of weeds?

Just as crops have evolved from wild relatives,
we should perhaps think of weeds as also deriving
from wild weed progenitors. It may be the case that
populations of the same taxonomic species can still
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be found in less anthropogenic ‘natural” habitats, the
so-called ‘facultative weeds’ (Harlan & de Wet 1965;
Hartmann-Shenkman et al. 2015; Zohary 1950). Other
weeds, however, have been termed ‘homeless’ or
‘obligatory” (Harlan & de Wet 1965; Hartmann-Shenk-
man et al. 2015; Willcox 2012; Zohary 1950), indicating
taxa that are unknown outside their arable and highly
anthropogenic habitats. In other words, the original
habitat of their ancestors, pre-dating cultivation, either
no longer exists in its original form, or the ancestral
forms of these species have since become extinct.

The presence of these ‘obligatory weeds’ on
early sites in the Levant, alongside early domesticated
crops, or morphologically wild cereals, has emerged
as a key argument for recognizing the beginnings of
cultivation (Colledge 2002; Hartmann-Shenkman et
al. 2015; Willcox 2012). At Epipaleolithic Abu Hureyra
(11,200-10,100 Bc), Hillman (2000) argued for emer-
gence of an arable ecology based on increases in
potential weed taxa alongside morphologically wild
rye and einkorn wheat. While this is a suggestive pat-
tern, its statistical robustness has been questioned and
the data reinterpreted as broadening of plant diet and
a shift in foraging across a wider range of environ-
ments; in other words, cultivation was not required
as an explanation for the changes seen (Colledge &
Conolly 2010).

The few large-sized grains of rye and einkorn
from Abu Hureyra could suggest some cultivation, as
their size falls near the upper end of the range in late
Early PPNB sites (see Fuller 2012, fig 5.3), but occa-
sional transient cultivation, alongside a predominant
strategy of collecting from wild stands, is both more
plausible and likely. Nevertheless, the taxa at Abu
Hurerya, mainly rye and some einkorn wheat, were
not the key founder crops of more widespread cereal
agriculture, that is barley and emmer wheat. So the
notion that there was a single centre of agricultural
origins has passed into intellectual history.

In the early Holocene, evidence for a more exten-
sive weed flora is found alongside morphologically
wild and evolving cereals that were increasingly
acquiring a domesticated character. Willcox (2012)
compiled a list of 19 indicator weeds, drawn from
obligatory and facultative weed lists, from which he
excluded taxa with edible seeds and ruderals that
might have grown upon human settlements. The fac-
ultative weeds mainly have their alternative habitat
in the steppe through to the desert margins (Zohary
1950; 1962). In this regard many facultative weeds
originate on the drier end of the spectrum from cere-
als that are regarded as native to the transition zone
from steppe to open woodland (Hillman 2000). Only
in some cases can these weeds be definitely identi-
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Table 1.1. Presence/absence of a select roster of founder weeds, expanded from Willcox (2012) to include some taxa discussed by Hartmann-Shenkman
et al. (2015), and other key weedy grasses. Note that not all wild seed taxa are included, as some hard-seeded taxa or minute taxa may survive from
animal dung or be processed as food in their own right (e.g. Chenopodiaceae, Cyperaceae, Polygonaceae, Juncaceae). Primary archaeobotanical primary
sources, cereal proportions and median ages are those reviewed in Maeda et al. (2016, supplementary materials), with additions from Arranz-Otaegui
et al. (2016). These data are drawn from all types of contexts, but the presence of charred cereal grains suggests that crop/food processing is a major

input to these assemblages.

Northern sites
Age: 1000s Bc 106 11 {99 9.6 | 95|91 |91 |86 |84 |77 75|74 |74|71|69 68|67 66|62
s o,
22 - 25 > |28 o
AR IR HEE R EIE LR IR
S|8|s |8 2|8 5|2 |B|g|&|E|B|Z 3|8 8|8 8|5
o = = = = =8 — =1 o = Ly ) N — -~ ® o B =~ —
% Cereals 39 15|23 | 06|14 | 75 |464|155(50.2|19.5|31.8(46.4|259| 8.6 | 25 |71.5|22.4| 44 |58.8
Adonis O X | X X X | X | X X | X X X X | X
Bellevalia O | X X | X | X | X | X |X X | X X X | X | X
Bupleurum (@)
Centaurea O X X | X | X | X | X X | X X X | X
Fumaria O X X | X X | X | X X | X
Galium O X | X | X | X[ X | X[ X[ X ]| X ]| X]|X|X]|X X | X | X | X | X
Glaucium O | X X X | X X | X X | X
Heliotropium Ol X | X | X | X | X | X | X | X X | X | X | X X X | X | X
Lolium temulentum O X
Ornithogalum O | X X X | X X X
Papaver @) X X X | X X | X
Phalaris O X X X X X X | X
Silene/Gysposila OF | X | X | X | X | X | X | X | X | X |X]|X]|X|X X | X | X | X | X
Teucrium O X X X | X | X X
Vaccaria O X X | X X X
Valerianella O X X | X X X | X
Aegilops F X X | X X | X | X X X
Avena F X X X
Coronilla F X X | X X
Crucianella F X | X X X | X X X | X
Erodium F X | X X X X | X
Lolium cf. remotum F
Z‘;;;Tmsf"/ perenne/ F | X X X | X | X X X | X | X | x|x X
Onobrychis F | X | X X | X X | X | X X
Thymelaea F X | X | X | X | X | X X | X X
Trifolieae F | X X | X | X | X | X | X | X | X ]| X |X X | X X | X
Trigonella astroites F X X | X | X X | X X X
Total weed taxa 1| 9 (15| 8 |11 | 8 |20 (19| 9 |10 |20 | 13 | 6 | 11 | 9 6 9 | 15 | 14

fied to species level in archaeological material. For
example, Hartmann-Shenkman and colleagues (2015)
were able to identify to species level 5 obligate weeds,
as well as a longer list of 39 facultative weeds, from
Atlit-Yam, dating to c. 6900 sc. Nevertheless, the long
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list of these taxa and their recurrence across sites with
both early domesticated and pre-domesticated (or
intermediate) cereal finds suggests that the emergence
of a weed flora was part and parcel of agricultural
origins.
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Table 1.1. (Continued).

Southern sites
Age: 1000s BC 9919419391 | 9 (86 (86 (85|79 |77 |76|75|74|72| 7 |69
B =z |2
sites % § g". |2 = s é >
8 4 2l Z|F|,.|0|w &858 = | B
S8 |2|9|® |2 E |2 |8 | el |7 |8 |=w|B|%
= z|€|&|E |5 |3|5 8 5|2 & |E & & § F
) = — Sx o N = o o o N N = [N o o 3
% Cereals 05| ? | 16 |28.8|36.3|52.6|71.2|47.2| 0.5 | 83 |749| 49 |51.9|29.6 |82.3|20.5
Adonis (@) X X | X X | X X X | X
Bellevalia (@) X X X | X | X X
Bupleurum (@] X X | X
Centaurea O | X X X X X | X | X X | X
Fumaria O | X | X X X X X | X X | X
Galium O | X X | X X | X | X X | X X | X | X
Glaucium (@) X X
Heliotropium (@] X | X X X | X
Lolium temulentum (@) X
Ornithogalum O X | X X X X
Papaver O
Phalaris O | X X X X X | X X | X
Silene/Gysposila O/F X | X X | X | X X X | X | X
Teucrium @) X
Vaccaria (@) X | X X X X
Valerianella (@) X
Aegilops F I X | X | X | X | X | X X X X
Avena F X X | X X | X X | X | X | X | X | XX
Coronilla F X
Crucianella F X X
Erodium F | X | X X X
Lolium cf. remotum F X
flf(;l;;trmsp./perenne/ F X | x| x X X X | x
Onobrychis F X | X X | X X X
Thymelaea F X X | X X X X
Trifolieae F | X X | X | X X | X | X | X | X |X
Trigonella astroites F X X | X | X X X X
Total weed taxa 7 | 4 4 |13 | 6 9 |12 | 16 | 2 6 15| 6 |12 | 4 |22 |10

A broader analysis of these data suggests the
diversity of weed species increases during the pre-
pottery Neolithic with greater cereal use (Table 1.1;
Fig. 1.3). Thus, as cereal consumption increases, so
does the evidence for a greater range of key weed taxa,
implying that weed seeds were preserved through
charring of crop-processing waste. For the southern
Levant, the strength of this relationship is stronger
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in the PPNB (r>=0.769 for the Late PPNB) than in the
PPNA (r?=0.169 for PPNA), suggesting that over the
era of domestication the arable ecological niche and
its associated flora became increasingly entangled. Part
of this can be attributed to the evolution and adapta-
tion of key weed species shifting from their previous
ecological strategies into emergent arable ecosystems.
Additional factors, like the adoption of domesticated
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number of founder weeds over time Co-variation of cereals and founder
25 weeds
= 100
o, y 20 K
h S 80 = A PPNA North
. = . 8 A T e
o 5] >~ 15 mSouthern o AT E
g B x ‘i‘i N § & 60 r A
Lo 2 0o OB Og.E 10 AS1000yrave. 25 il VI @  PPNASouth
3 g © ~ ~ h cE lII|:| o A
A g R o & Northern g 5 e
= a 5 3 2 20 E B A 3 A E/MPPNBN
m # N 1000yr ave. b5 w A
0 5 0o o-m
8 W E/MPPNBS
12 11 10 9 8 7 6 : 0 10 20 30 /
yrs BC x1000 No. of founder weed taxa

Figure 1.3. (Left) Chart showing the number of founder weed taxa over time (from the select list in Table 1.1), plotted
by site against median age; averages for northern and southern regions calculated for each millennium; (right) Chart
showing correlation between number of founder weed taxa and total proportion of cereals in the plant assemblage,
suggesting a positive correlation between weed presence and cereal dependency, especially in the southern Levant.

animals and the use of their dung as fuel, might also
contribute to greater wild seed diversity, but taxa that
are well known to survive dung, for example Cheno-
podiaceae, Cyperaceae and Polygonaceae (Filipovic¢
2014; Spengler 2018), are not included amongst our
founder-weed roster. A few minute-seeded grasses are
also associated with surviving in dung (Filipovic¢ 2014),
but are not included in our list. Small seeded legumes
(e.g. Trifolium spp., Trigonella spp., Onobrychis spp. etc.)
are ambiguous, however, and could be derived from
dung; but we have left them on our weeds list follow-
ing that of Willcox (2012). In addition, the predomi-
nance of cereal grains, alongside other larger grasses,
which are normally digested and not included in dung
(Wallace & Charles 2013), highlights major inputs from
agriculture/food into the archaeobotanical record.

In a few cases we can point to potential morpho-
logical evolution in weeds that likely accompanied
adaptation to cultivation, human harvesting and sow-
ing. Large weed seeds accompanying cereal grains into
storage are likely to get dispersed with sowing, thus
creating selection for seed characteristics that mimic
the crop, including potentially changes in size and the
loss of dormancy mechanisms. An interesting case is
provided by Bupleurum. Like most Apiaceae, Bupleu-
rum spp. typically disperse as individual separated
mericarps. In the obligate weed B. subovatum, however,
mericarps remain fused in pairs, which make them
closer in size to grains and spikelets, and this trait likely
evolved as an adaptation to dispersal with seed-corn
prior to 6900 sc (Hartmann-Shenkman et al. 2015).

Lolium temulentum (darnel) is another obligate
weed, a large-grained grass close in length to barley.
Available genetic data indicate that it is phyloge-
netically close to L. remotum, a flax weed primarily
distributed across northern Eurasia, with which it
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is interfertile, although both are predominantly self-
fertilizing, much like wheat/barley (Charmet ef al.
1996). Likewise it is also interfertile with L. persicum,
which has a broadly Middle Eastern distribution from
Baluchistan to Anatolia (Davis 1985). L. temulentum
appeared only towards the end of the Pre-Pottery Neo-
lithic, with examples from Atlit Yam (c. 6900 Bc) and
Ras Shamra VC (c. 7100 Bc) (Hartmann-Shenkman et
al. 2015; van Zeist & Bakker-Heeres 1986). The Lolium
from Ramad (c. 7300 Bc) was shorter, like L. remotum
(see van Zeist & Bakker-Heeres 1985, 511), or perhaps
L. persicum. L. rigidum/perenne types were widespread
in the Neolithic Near East, making precise identifica-
tions a continuing challenge. It is plausible that once
L. persicum invaded early cultivated fields, it differenti-
ated into L. remotum and L. temulentum. L. temulentum
evolving longer grains that mimic harvested barley or
wheat grains that would be hard to remove during
processing (Harlan & de Wet 1965). Subsequently L.
temulentum was to spread as a frequent cereal weed
through both Pakistan and Europe.

Secondary domestications: weeds as sources of
crops

In some cases, weeds became so well adapted to
cultivation that they could even out-compete crops.
Some of these ‘weeds’ themselves then became valued
as resources that ultimately became domesticated.
A farmer observing a weed-infested field (Fig. 1.4)
might dismay at the reduced harvest of the favoured
crop, but in times of need might decide that gather-
ing the grains of these weeds would also provide an
alternative source of calories, as recorded for Bromus
secalinus (bromegrass) in Europe (M. Jones 1988),
eventually cultivating the weed itself, turning it into
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Figure 1.4. A field of wheat (Triticum aestivum) in which weedy oats (Avena fatua) and wild barley (Hordeum
spontaneum) appear to be rather better than the crop. (Photograph: D. Fuller, Iragi Kurdistan, May 2012.)

a crop. These are what botanists have referred to as
secondary domesticates (e.g. Vavilov 1992). One way
to explain these domestications is that they represent
a case of conscious selection by farmers, who decided
to transform a weed using the model of existing crops,
thereby rapidly breeding it into a domesticate. But it
is also possible that this began through inadvertent
outcomes of the co-evolutionary battles of arable field,
between weeds and farmers.

Europe’s cultivated oat is a classic example
of a secondary domesticate. Avena sativa (oat) was
itself domesticated from a weed (Avena ludoviciana
or the A. sterilis complex) that in all likelihood was
evolving for millennia as a weed of cultivation.
Today A. ludoviciana is found on fallow fields and
field edges, and river banks and oak scrub (Davis
1985), where one suspects it has been invasive from
arable fields. Its ancestor has been shown to be Avena
sterilis (Loskutov 2008), a native to Mediterranean
and steppic habits of the Near East, growing upon
limestone slopes and calcareous coastal soils, and
is a recurrent weed on many early sites (Table 1.1).
The widespread weedy oat today, Avena fatua, has
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no native habitat, and represents a probable parallel
derivation from A. sterilis (Loskutov 2008). The genus
Avena as a whole is largely circum-Mediterranean
(Baum 1977), and while there is evidence for short-
lived early cultivation of A. sterilis during the PPNA
in Israel (Weiss et al. 2006), there is no evidence for a
lasting tradition of cultivation or oat domestication in
the Near East. Instead, the oat crops we know today
appear to have been domesticated in central or eastern
Europe around the Late Bronze Age to Early Iron Age
and by the first millennium ap were widespread as a
cultivated domesticate. They came into their own in
the more marginal environments of northern Europe,
Ireland and Scotland from around 2000 years ago, and
possibly earlier in Scandinavia (Grabowski 2011). An
unanswered question is whether or not the naked oat,
widely cultivated in cooler and higher elevation parts
of China, Tibet and the Himalayas, is derived from
the same domestication. More likely, it represents a
further secondary domestication of weedy A. sterilis/
ludoviciana that dispersed eastwards with wheat and
barley during the later Neolithic or Early Bronze Age
(Stevens et al. 2016). The naked, free-threshing grains
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of east Asian cultivated oats (Avena nuda) fit alongside
other winter cereals in this zone, naked barley and
free-threshing bread wheat; whereas European oat
retained its hull, joining an agricultural milieu already
dominated by hulled cereals, spelt wheat and hulled
barley. This highlights how secondary domesticates
were selected in each region for features paralleled
within existing domesticates.

Oat domestication and secondary cereal domes-
tications have been little studied. Like other cereals,
oats have spikelets that do not dehisce from the pani-
cle, and this can be diagnosed in preserved spikelet
bases. It is conceivable this trait was unconsciously
selected initially within weedy oats where it evolved
as a mechanism by which they were more likely har-
vested and sown with seed corn. This appears the
case for the semi-domesticate A. abyssinica in Ethiopia,
probably derived from the wild shattering oats, A.
barbata, and variant A. vavilovii, all weeds of highland
wheat and barley (Baum 1977; Ladizinsky 1975). In
contrast to A. barbata and A. vavilovii, A. abyssinica is
shorter, blending into wheat and barley fields, has
grains similar in size to barley and non-shattering
spikelets. These spikelets are readily harvested by
sickle, then threshed and processed and consumed
with the main cereal crop, and in some cases it is
cultivated on its own.

This example provides a model for the evolution-
ary trajectory for cultivated oats (A. sativa), in which
domestication traits, probably greater grain size, then
non-shattering, evolved through adaptations resulting
from escalating co-evolutionary feedbacks through
which weedy oats became an ever better mimic of
the main crop, probably barley, in which at first it
was tolerated as an edible weed, through to cultiva-
tion in its own right. In this scenario the evolution
of secondary domesticates is just as unconscious as
primary domestications (Fuller et al. 2010) and might
be similarly protracted.

Mimicry of crops by weeds during their vegeta-
tive growth phase is a further common outcome of the
botanical battleground. It is likely that all traditions
of cultivation involve some degree of field weeding
or rogueing to remove competition to increase crop
productivity, potentially selecting for weeds that look
increasingly like the crop. The case of A. abyssinica is
one case in point, being shorter in stature, whereas
many wild oats stand tall above cereals. Others include
Camelina sativa ssp. linicola N. Zing. that mimics flax in
vegetative characters, has synchronous flowering with
the crop and non-dehiscent capsules (Barrett 1983).
Another form, C. sativa var. crepitans Sinskaya, has
dehiscent capsules and co-occurs with rare dehiscent
flax forms (Linum usitatissimum ssp. crepitans Elladi).
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Another well-documented mimic is Echinochloa
crus-galli (barnyard millet: Barrett 1983). The wild
form, barnyard grass, is widespread in wetlands
across Eurasia, commonly occurring as a weed of
rice. In Japan, a subspecies of Japanese barnyard
millet, E. crus-galli var. utilis (Ohwi & Yabuno) Kit.
was cultivated and domesticated, during the Middle
Jomon period long before the arrival of domesticated
rice from China (Crawford 2011; Yabuno 1987).
However, another weedy subspecies of this grass,
E. crus-galli var. oryzicola (Vasinger) Ohwi, is well
adapted to flooded paddy fields, mimicking rice in
appearance from its seedling stage throughout its
vegetative growth, making weeding near impossible
(Barrett 1983), but usually flowering and setting seed
before the rice harvest (de Wet et al. 1983a). In parts
of the Caucasus in Russia a non-shattering form of E.
crus-galli var. oryzicola has evolved in rice fields (also
called E. macrocarpa Vasinger), in which spikelets
remain on the panicle. These are reportedly cultivated
sometimes in their own right and made into beer and
flat breads (de Wet et al. 1983a), thus providing a par-
allel spectrum of adaptations to those of weedy and
domesticated oats.

Rice fields have provided a potentially rich
habitat for the evolution of other secondary domes-
ticates. Kimata and colleagues (2000) proposed that
all the native species of millets in India originated as
weeds of rice, as their wild forms commonly occur
in rice fields. However, this appears incorrect, as
some native millets form primary staple foods within
regional Neolithic traditions, for example Panicum
sumatrense (little millet) in northwest India (Fuller
2006; Weber & Kashyap 2016) and Brachiaria ramosa
(browntop millet) in southern India (Fuller 2006;
Kingwell-Banham & Fuller 2014), before the arrival
of rice. But it is likely true for Kodo millet (Paspalum
scrobiculatum), the wild form being a widespread
weed of rice, especially in dry (rainfed) fields (de Wet
et al. 1983b; Moody 1989; Weisskopf et al. 2014). Early
archaeobotanical finds comprise occasional grains
associated with assemblages dominated by other
millets or rice, but during the Iron Age on the Indian
Peninsula it occurs with very high frequency and
ubiquity, often out-numbering all other crops (Cooke
& Fuller 2015), with plumper-grained, domesticated
type forms occurring alongside narrower grain (wild
types) (e.g. Kajale 1984). As the main form of early
rice cultivation in India was likely rain fed (Fuller &
Qin 2009; Weisskopf et al. 2014), the potential for poor
yields due to low rainfall or drought and competition
from weeds would have been high. In this context
the more prolific grain-producing weeds, such as
Paspalum scrobiculatum, could have been increasingly
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attractive as fall-back foods, eventually evolving into
domesticated crops.

Losing the battle, winning the war?

In conceptualizing the arable field as a battleground
between crops and their human allies and weeds,
Martin Jones provided a framework that recognized
a dynamic history in agriculture. Overall, second-
ary domesticates have received less attention than
primary crops, but are key representatives of the
botanical battleground, helping to adapt agriculture
to a wider range of environmental conditions as
humans took traditional crops beyond their native
ranges, and hedging against crop failures through
diversification.

Over the long history of agriculture, not only
have weed assemblages changed, but the species that
constitute weeds have evolved, and in this sense the
arable ecosystems of the world represent a dynamic
and changing anthropogenic ecology. Archaeo-
botanists have a unique vantage point, and a duty, to
reveal more about this battleground. For one thing,
agriculture has had and continues to have an unparal-
leled impact on global ecosystems, cultural stability
and human population dynamics. Yet most scientific
agricultural research draws on a shallow time depth
of experiments and historical knowledge, whereas
archaeobotany offers an approach to a holistic history
of agricultural ecosystems.
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Chapter 2

The Fighting Flora:
An Examination of the Origins and Changing Composition
of the Weed Flora of the British Isles

Chris J. Stevens & Dorian Q Fuller

The nature of charred assemblages

With the application of flotation to archaeological sites
across much of Europe and the Near East, it quickly
became apparent that charred assemblages appeared
to be remarkably uniform, comprising wood charcoal
along with charred grains, cereal chaff and seeds of
species often commonly associated with arable fields
(Jones 1985; Knorzer 1971). It was these wild species’
seeds, the charred seeds of agricultural plants which
were to form a large part of Martin Jones” work, that
we explore further here, drawing on changes within
the weed flora, and the picture it paints of the history
of agriculture within the British Isles.

The nature of competition

One of the major contributions of Martin Jones was the
discussion of the reproductive strategies of weeds, in
particular those associated with dormancy, germina-
tion and the formation of seed-banks and how they
related to past agricultural practice (Jones 1981; 1984;
1988a,b; 2009).

Agriculture by its very nature produces dis-
turbed environments through tillage, by spade, ard,
plough, hoe and/or harrow. For perennial species,
unless they are able to reproduce seed within a single
season, survival in the arable field relies on seasonal
reproduction through vegetative means or simply
through avoidance within low disturbance tillage
regimes, for example by ard. In contrast, annual
species had already evolved a number of strategies
to colonize disturbed habitats, by which they were
eventually able to dominate arable fields. For annu-
als and perennials one strategy to colonize disturbed
soils was through appendages attached to the seed,
dispersal mechanisms that facilitated the finding of
recently vacated suitable microsites for germination.
The other strategy was through the formation of seed-

23

banks comprising seeds buried within the soil. These
buried seeds often require certain conditions before
they will germinate, known as dormancy mechanisms.
These mechanisms delay germination, allowing the
plant to disperse their seed temporally. In this way
seeds buried in the seed-bank can seek out suitable
moments when conditions are favourable for germina-
tion to establish a new plant.

On the basis of seed persistence and dormancy
breaking mechanisms four seed-bank types have been
defined (Grime ef al. 1988; Thompson & Grime 1979).

Transient seed-banks

Type I: Seeds lack dormancy mechanisms, germinat-
ing shortly after shedding. Often no light require-
ment. Seeds have little longevity in the soil.

Type II: Seeds possess dormancy breaking mecha-
nisms, for example chilling, after which there is
often no light requirement. Usually germinating
in early spring, but can be in winter. Seeds have
little longevity in the soil.

Persistent seed-banks

Type III: Most seeds germinate shortly after shedding,
but some enter dormancy, forming a persistent
seed-bank.

Type IV: Most seeds are dormant and few germinate
directly after shedding. Colonization is from a
large maintained seed-bank with little seasonal
fluctuation in its size.

Type I seed-banks predominate within large-
seeded grasses, for example Bromus sp. (see Table 2.1;
Thompson & Grime 1979), and are associated with
dry-grassland ecologies, with predictable seasonal
disturbance, where vegetation dies off in the dry
summer. Dispersal via awns and germination with
the next rains are essential to the plant’s survival to
the next generation. Such habitats are found within
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the grassland steppe of the Near East and the natural
grasslands of central Europe. Seeds of Type I species
are shed prior to and during harvest, and would ger-
minate either prior to autumn tillage, or potentially
after sowing (Fig. 2.1). As such they can potentially
survive within the arable field under autumn sowing.
However, such species would more likely be removed
by tillage, hoeing or weeding prior to spring sowing
(Fig. 2.2) and hence, if not harvested then reintroduced
with seedcorn, would be absent within spring-sown
fields.

Type 1II seed-banks are associated with species
inhabiting northern temperate and continental zones,
evolving in situations where seasonal annual distur-
bance, perhaps relating to water-erosion, solifluction
or frost-heaving, can lead to vegetation openings
during winter and spring (Thompson & Grime 1979).
Examples include Galium tricornutum (corn cleavers)
and Agrostemma githago (corncockle), probably native
to the mountains of the Near East and Mediterranean
regions, respectively (cf. Ehrendorfer & Schonbeck-
Temesy 1980, 607-8; Greuter 1995). For both species,
seed germination increases after ‘chilling” at lower
temperatures c. 4-6°C (Chauhan et al. 2006; de Klerk &
Smulders 1984; Steinbauer & Grigsby 1957), as occurs
in their natural habitats during winter. This same
requirement was also seen for the British native Galium
aparine (cleavers). In the arable field such mechanisms
allow seeds shed in summer potentially to avoid
autumn ploughing (Fig. 2.1), but they are likely to be
destroyed by spring ploughing (Fig. 2.2) and hence
are potentially good indicators of autumn sowing (see
Jones 1981). Agrostemma githago, however, can appear
after spring sowing, possibly due to an after-ripening
period that removes the need for chilling within dry
storage (cf. de Klerk & Smulders 1984), something that
might occur if it was stored with, then resown as, a
contaminant of the seedcorn.

By the nature of their lack of longevity, seeds
of species with Type I and II seed-banks tend not to
become buried, and are often larger in size. Within the
agricultural field, such species might germinate before
tillage, hence they are often reliant on being harvested
and resown with the crop, characterized by being of
similar height and possessing grain-sized seeds.

Species displaying Type III seed-banks might
be thought of as evolving within environments char-
acterized by regular, but more sporadic, catastrophic
disturbance, for example flooding or fire, which
destroys much of the vegetation before it can set seed.
This strategy allows them to germinate quickly and
continue to dominate such environments without the
need to recolonize from adjacent habitats. Seeds of
such species can be variable in size, for example Poa
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as opposed to Lithospermum arvense (field gromwell).
It is also notable that while after-ripening is required,
90 per cent of Lithospermum arvense seed germinates
within the first year, suggesting recruitment to the
arable field is predominantly through continued pro-
duction of seed rather than the seed-bank (Chantre
et al. 2009). Within the arable field, Type III species,
given their tendency to germinate after shedding, as
with Type I species, might well be expected to be more
greatly diminished under spring sowing regimes (Fig.
2.2) than autumn.

Type IV species usually produce high numbers
of small seeds, for example, Chenopodium spp., Juncus
sp., Stellaria media, although others such as Fallopia
convolvulus (wild buckwheat) have much larger seeds.
They are adapted to environments where disturbance
regularly occurs, but is unpredictable both in its
seasonal timing and that such disturbance may not
occur every year.

To summarize, species with transient seed-banks
are more likely to persist where they are harvested
with the crop then resown with the seedcorn through
broadcast sowing, a method of sowing that dominates
ethnographic and historical accounts (e.g. D’Andrea
& Haile 2002; Hillman 1984; Murray 2000). Type I
species are generally associated with autumn germi-
nation (Fig. 2.1) and Type II with spring, although as
seen above this is not always the case (Fig. 2.2). Spe-
cies with semi-persistent seed-banks (Type III) will
potentially be able to survive periods of grazing and
tillage. However, where fields are left fallow but still
tilled and harrowed, or planted in rows and regularly
weeded, they will be much reduced, unless by virtue
of having large seeds they are able to be resown as
contaminants of the seedcorn. Species with persistent
seed-banks (Type IV) might be expected to be lower
where cultivation regularly shifts to new plots, or with
the use of the ard, which unlike asymmetrical shares
neither cuts deep nor turns the soil burying the seed
(Figs. 2.3, 2.4). However, with the use of the plough
they are much more likely to increase as the plough
buries newly shed seed and brings those buried, but
which have lost their dormancy, to the surface (Fig.
2.4; Fay & Olsen 1979).

The second aspect is the relation of perennials
and annuals to tillage and rotation with pasture (Figs.
2.3,2.4). The situation is complex, not least because of
incomplete knowledge about the ability of perennial
species to produce seed in their first year and so escape
cultivation by behaving more like an annual than per-
ennial. For example, Plantago major (broadleaf plantain
or white man’s foot) may produce seed within six
weeks of germinating from a persistent seed-bank
(Holm et al. 1977). However, where perennial plants
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Figure 2.1. Diagrammatic representation of seed-bank types (includes annual and perennials) from Thompson and
Grime (1979) denoting additions (down arrows) and losses (up arrows) from the seed-bank within an autumn sowing-
tillage cycle. Black areas denote seeds capable of immediate germination with suitable stimuli, grey areas viable seeds
that are dormant and not capable of immediate germination.

Loss of autumn germinating weeds

Seeds resown with
seedcorn
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Figure 2.2. Diagrammatic representation of seed-bank types (includes annual and perennials) from Thompson and
Grime (1979) denoting additions (down arrows) and losses (up arrows) from the seed-bank within a spring sowing-
tillage cycle. Black areas denote seeds capable of immediate germination with suitable stimuli, grey areas viable seeds
that are dormant and not capable of immediate germination.

are untouched by minimal tillage regimes, for example exposing their roots to drying. Therefore we might
ard tillage, they will have less reliance upon survival expect perennials to decline in the arable field where
by regeneration from seed or be able to persist to set soil disturbance is deeper, and for longer durations.
seed in subsequent years. Conversely, asymmetrical For this reason perennials have often been seen as

ploughs will ‘lift’ such plants and turn them over, indicators of ard cultivation or ley farming, while
25
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Cultivation by ard

Perennials

Annuals
Type |

Type Il

Type lll

Type IV

Figure 2.3. Relative presence and persistence of perennial species and annual species of seed-banks Types I-1V in the
field, following a period of pasture under successive seasons of ard cultivation.

Cultivation by mouldboard plough

Perennials

Annuals
Type |

Type Il

Type lll

Type IV

Figure 2.4. Relative presence and persistence of perennial species and annual species of seed-banks Types I-1V in the
field, following a period of pasture under successive seasons of cultivation with a mouldboard plough.

high percentages of annual species are interpreted as
indicators of mouldboard ploughing (Hillman 1981).

Identifying archaeophytes

In terms of prospective pathways towards the forma-
tion of the British arable weed flora, we may delineate
two components; indigenous species found in natural
habitats that adapted to arable fields, and introduced
species spread as contaminants of cereal grain or com-
mensals of habitation. Prior to the formation of the
English Channel some 8000 years ago, the main means

by which new species could reach the shores of Britain
and Ireland was through people or with the animals
they brought with them. The species that arrived
before ap 1500, the beginning of the modern era,
have traditionally been termed archaeophytes. The
first serious consideration of archaeophytes within
the British Isles was conducted within the nineteenth
century (Henslow 1835; Watson 1847-59). This was
later revisited by Godwin (1975) and more recently
by Preston and colleagues (2004), using the growing
body of work available on pollen and macro-remains
in order to disentangle the native from the introduced.
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We have compiled a list of common weeds recov-
ered from archaeological sites within the British Isles
(Table 2.1), together with ecological information perti-
nent to how they spread into the first arable fields and
ecological and physiological information pertaining to
how they maintained a viable population and were
affected by subsequent cultivation regimes.

Several factors come to light in examining this
record. The first is that many potential archaeophytes
have a distinctly southeastern (Salisbury 1961; Webb
1985), or uneven distribution, especially with regard to
Scotland, Wales and Ireland. The second is that within
Europe many have a distinctly southern temperate to
Mediterranean-Atlantic distribution. The final point is
that many of these potential archaeophytes, as might
be expected, lack ‘natural’ non-anthropogenic habitats
within the British Isles. In terms of local recruitment,
it has long been noted by Martin Jones that many of
the weeds species found associated within prehistoric
fields are naturally associated with coastal, riverine
and/or woodland habitats. Finally, the majority of
the species listed within Table 2.1 as possible aliens
are generally also not considered native within other
European floras (Preston et al. 2004; Webb 1985).

One difficulty with the use of waterlogged and
pollen records in identifying native flora is the absence
of species that are uncommon in wetlands. Further,
seeds of the Poaceae and Fabaceae are difficult to
identify and rarely survive in waterlogged deposits;
hence the native status of species within these families
remains particularly problematic.

Further as to the routes by which these species
might have arrived in the British Isles we must also
consider the following points:

Number and nature of likely incursions (migration,
trade, redistribution and transport of grain through
taxation)

Probability of weed seeds being transported within
seedcorn (affected by harvesting methods, species
height and processing, e.g. grain size and dispersal
mechanisms, if sieved or shaken in baskets)

The probability of an individual species, including
native species, by virtue of their ecological para-
meters becoming permanently established within
the local arable weed flora.

Given the focus on trade, taxation, migrations
and agricultural practice the incursions of weed flora
as such can be seen to be reflective of the greater politi-
cal and economic landscape of Europe.

The first wave of weeds

Unlike Neolithic assemblages on the continent which
can be relatively rich in the number of seeds and taxa
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(Kreuz & Schafer 2011), the number of weeds recorded
for the Neolithic in the British Isles is extremely low.
Dismissing possible intrusive elements (see Pelling et
al. 2015; Stevens & Fuller 2012) the more certain intro-
duced weeds include Fallopia convolvulus and Avena
fatua (common wild oat). Bromus is also common
but rarely identified to species, although it seems
probable that both Bromus secalinus (rye brome) and
Anisantha sterilis (bromegrass) were introduced at this
time. Bromus hordeaceus (soft brome) is considered
native to Britain on the basis of coastal subspecies (cf.
Preston et al. 2004), but its ecology and reproductive
strategies are similar to those of Bromus secalinus.
A similar situation also exists for Neolithic finds
of Vicia and/or Lathyrus, in part because of difficul-
ties in identifying charred material to species—for
example, Vicia sativa (common vetch) like Bromus
hordeaceus has a coastal sub-species, Vicia sativa subsp.
nigra (L.) Ehrh.—but also because of the difficulty
of recovering identifiable macrofossils, which for
both grasses and leguminous species rarely survive
in waterlogged deposits. The last example concerns
Galium, which presents a similar, but slightly differ-
ent set of problems. Most macrofossils are assumed
to be of Galium aparine, a likely native species of
coastal regions and woodland edge; however dis-
tinguishing this species from Galium tricornutum or
Galium spurium (false cleavers) is problematic. Galium
tricornutum is thought to be a Roman to Medieval
introduction, while Galium spurium is thought to be
introduced after ap 1500 (see Hill ef al. 2004); a curi-
ous situation, given that Galium spurium is relatively
common in charred assemblages from Greece all the
way to northern France (Bakels 1999; Coward et al.
2008; Knorzer 1971). Finally, there arises the ques-
tion of whether the genetic lineages of those plants
that occupy anthropogenic environments are in fact
closer to once existing native species, or if rather they
comprise new lineages containing arable adapted
phenotypes which evolved on the continent.

What is noticeable is that many of the weed spe-
cies recovered from British Neolithic sites, including
native species, are large-seeded and reach similar
heights to the crop. Some, such as Persicaria maculosa
(lady’s thumb), can be slightly shorter, while others,
for example Chenopodium album (goosefoot), and pos-
sibly Atriplex, grow to similar height, but have small
seeds. However, these are generally less common, as
are those of other low-growing native species, Polygo-
num aviculare (knotgrass), Stellaria media (chickweed),
Plantago lanceolata (English plantain) and the archaeo-
phyte Urtica urens (annual nettle) —the last, recovered
from southeast England (Hunter 2012), represents the
first record for this species.
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Table 2.1. Common weeds within British archaeobotanical assemblages.

Species Se:lins:ze Life cycle Hzilﬁht g::lii‘:c,tsfiaattl: & Main distribution (K value) E:I:Iiltl:tlized
Adonis annua L A, 2/?23 40 Ar, LIA/RB SE Eng (9) 0
Agrostemma githago G(H) A2 100 Ar, LIA/RB Eng (-) 0
Anisantha sterilis G (A) Al 80 Ar, Neo Eng, W Ir (8) 0,6
Anthemis cotula S (H) A, 3/4 60 Ar, LIA/RB- C, E, SE Eng (8) 0
Atriplex patula S(A) A, 274 87 N, [?Neo] MLBA Widespread (6) 1), 6
Avena factua G (A) A, 173 150 Ar, Neo Eng, WIr (-) 0
Bromus hordeaceus G (A) Al 80 ?N ?Ar, ?Neo Widespread (8) 3 (ssp. 1)
Bromus secalinus G (A) Al 90 Ar, ?Neo S,C EEng (-) 0
Centaurea cyanus G (H) A2 80 Ar, RB Eng, E Sc (7) 0,6
Centaurea nigra G (H) A2 80 ?Ar, RB Widespread (7) 3
Chenopodium album. S A 4 100 N, Neo Widespread (6) (1), 6
Chrysanthemum segetum G A, 73 60 Ar, ?1A/RB Widespread but patchy (8) 0
Cirsium arvense I (H) P, V7?3 120 N, Neo Widespread (7) 3,6
Cirsium vulgare I (H) P, 1 150 N, Neo Widespread (7) 3
Eleocharis palustris S(A) P,V,3/4? 60 N, [Neo]/MLBA Widespread (6) 2
Fallopia convolvulus G A, 4 100 T | Ar, Neo Eng, Wa, E Sc, W Ir (6) 0,6
Fumaria murialis G A 74 100 ?Ar, MLBA Wa, S Eng, W Ir, NE Eng, E Sc (8) | -
Fumaria officinalis G A, %4 52 Ar, MLBA Eng, Wa, E Sc, W Ir (8) 0,6
Galium aparine G (A) A2 150 T | N, Neo Widespread (7) 1, (4),6
Galium spurium G(A) A, 72 100 (T) | Ar, ?LBA/RB Rare, SE Eng (7) 0
Galium tricornatum L/IGA) |A?2 50 (T) | Ar, Sax? SE Eng (8) 0
Lapsana communis G (H) A3 95 ?N, [Neo] RB/Sax | Widespread (7) 0,6,(24)
Lithospermum arvense G A3 50 Ar, LBA/IA SE, C, E Eng (8) 0
Lolium perenne I/G@A) | P 1 50 ?N, BA Widespread (8) (2),3,6
Lolium temulentum G (A) Al 90 Ar, med Rare, C Eng (-) 0
Malva sylvestris I P, 73 150 Ar, MLBA Eng, Wa, SW Ir (8) 0, (4),6
Montia fontana S P, 24 20 N, [Neo] MLBA Wa, SW, SE, NE Eng, NE Sc (5) 2
Odontites verna S A3 50 N, IA Widespread (7) 1,3
Papaver dubium/rhoeas S (H) A4 60 Ar, ?MLBA Eng, E Sc, SW Ir (8) 0,6
Persicaria maculosa /G A4 80 N, Neo Widespread (7) (2), 6

The predominance of tall, large-seeded species
might then suggest that crops were harvested rela-
tively high on the culm, as Knorzer (1971) originally
suggested for Bandkeramik sites. Likewise the pre-
dominance of large weed seeds might also indicate
that small weed seeds were removed after harvest,
perhaps through the use of winnowing baskets, as
such seeds fall through the holes between the weave.
An absence of chaff generally in the Neolithic has led
to the suggestion that crops were stored in a highly
cleaned state (Stevens & Fuller 2012). It might also be
that harvesting high on the culm brings in fewer weed
seeds. More recently a difference noted between LBK
I and LBK II sites was attributed to a change in har-
vesting strategies (Kreuz & Schafer 2011); for example,
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numerous seeds of Veronica arvensis (wall speedwell),
a small-seeded, low-growing weed, from LBK II sites
suggest harvesting low on the culm. Curiously, this
species is regarded as native in the British Isles despite
the first record not being until the Iron Age (van der
Veen 1992), but is seen as a Neolithic introduction on
the continent (cf. Preston et al. 2004).

A perhaps more pertinent question is to what
extent species that entered the British Isles during
the Neolithic were able to gain a foothold within
what was still a greatly wooded, and spatially and
temporally discontinuous, fragmented arable environ-
ment. As Jones (1988b) states, cultivated plots appear
highly dispersed, forming ‘a harlequin environment’.
Further, between 3500 and 2800 Bc environmental
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Table 2.1. (Continued.)

Species Se:li;ize Life cycle H:ﬁht g:rtlii‘;ztscti?:: & Main distribution (K value) E:l:lilg;lized
Plantago lanceolata I/G P, Vs3 15 N, ?Neo Widespread (8) 1,36

Poa annua S P,V3 20 ?N, IA Widespread (6) 1,3,6
Polygonum aviculare I/G A4 30 N, Neo Widespread (6) 1,6
Prunella vulgaris S P, Vs3 30 N, [Neo] MLBA Widespread (6) 3, (4)
Ranunculus acris G P,V3 75 N, MLBA Widespread (3) 1,2),3
Ranunculus repens G P,Vs3 60 N, MLBA Widespread (5) (1,2,4),3,6
Rumex conglomeratus S/I(A) P, 74 60 N, [Neo] MLBA Widespread (8) 2,3

Rumex crispus S/I(A) P, %4 100 N, [Neo] MLBA Widespread (8) 1,2,3,6
Sherardia arvensis I(A) A, 72 40 ?N, MLBA Wa, Eng, SW Ir (8) 1),3,5
Stellaria media S A4 50 N, Neo Widespread (6) 1,6
Trifolium repens. S P, Vs 4 20 N, MLBA Widespread (5) 3, (6)
Trifolium pratense S P,3 45 N, MLBA Widespread (7) 3
Tripleurospermum inodorum S A,3Vs 60 Ar, MLBA Widespread (7) 0,6, (5)
Urtica diocia S A4 150 N, Neo Widespread (5) 2,(3,4),6
Urtica urens S A4 60 Ar, ?Neo Eng, less Ire, Wa, Sc (8) 0,6
Veronica arvensis S (H) A3 25 ?N, IA Widespread (8) 0,6
Valerianella dentata S/1 A, 72 15 Ar, MLB SE, C, NE Eng (7) 0

Vicia sativa G (H) A, 74 90T | ?N, Neo Widespread (8) 1,56

Vicia tetrasperma I/IGH) | A4 60 (T) | Ar, ?Neo/IA S Eng, Wa (7) (1),3,(4), 6

Average seed size: L=Large/spikelet-sized >4-5 mm; G=Grain-sized >2.5 mm; S=Small <2.5 mm; [=intermediate 2-2.5mm; A=Appendages (awns,
bracteoles, bristles, etc.) that might increase seed size, or H=headed or seeds released in pods/capsule resulting in grain contamination (Grime ef al.

1988; Stace 2010).

Life cycle: A=Annual; P=Perennial; Seed-bank type (1 & 2 transient; 3 & 4 persistent); V=Vegetative reproduction; Vs=Seasonal vegetative reproduction.
Height: Maximum height in cm; T=twinning, climbing, scrambling habit; (T)=less pronounced habit.

Native status: Ar=Archacophyte; N=Native. Earliest date: Neo=Neolithic; MLBA=Middle-Late Bronze Age; IA=Iron Age; RB=Romano-British;
Sax=Saxon; med=medieval; [Neo]=within waterlogged deposits/charred deposits not associated with cereals (Godwin 1975; Hill ez al. 2004; Stace 2010;

Thomlinson & Hall 1996; Preston et al. 2014).

Main distribution: Eng=England; Ir=Ireland; Wa=Wales; Sc=Scotland. K Value: 3=Wide boreal; 4=Boreal-montaine; 5=Boreo-temperate; 6=Wide
temperate; 7=Temperate; 8=Southern temperate; 9=Mediterranean Atlantic (from Hill ez al. 2004).

Naturalized habitat (other than arable fields, waysides, urban areas): 0=No main non-anthropogenic habitats; 1=Coastal; 2=Riverine, Fen, Marsh;
3=Grassland; 4=Woodland; 5=Heath/scree; 6=Recorded as disturbed anthropogenic environment: hedges, waste ground, disturbed soils; (n)=peripheral

to habitat (Hill e al. 2004; Grime et al. 1988; Stace 2010; BRC 2017).

proxies, archaeobotanical records and radiocarbon
evidence combined indicate that cereal cultivation
was abandoned over much of the British Isles with
the onset of rapidly deteriorating climatic conditions,
with possible small enclaves of agriculture surviv-
ing in Scotland, particularly within the island com-
munities (Fig. 2.5; Stevens & Fuller 2012; 2015). It is
possible that some weeds survived within disturbed
anthropogenic environments, but quite probable that
many were reintroduced within the Bronze Age, and
that the genetic lineages of these early introductions
were no more prevalent in the succeeding Bronze
Age than those of the peoples who brought them (cf.
Olalde et al. 2017).

Even if only short-lived, the nature of Neolithic
agriculture and probably the eco-systems it produced
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appears unique when compared to later periods.
While small-seeded annual species with Type IV seed-
banks are present, it appears unlikely that they were
able to build up the large persistent seed-banks that
characterized later agricultural fields. Likewise, the
low presence of perennial species might also reflect
regimes in which cultivation was relatively small-scale
and intense (as per Bogaard 2005; Bogaard et al. 2013);
although equally it may be that the grazed grassland
floras, that when cultivated gave rise to high numbers
of perennials within arable fields, were also not well
established at this time (see Fig. 2.5). Further, the high
presence of species with transient seed-banks would
seem contrary to highly intensive systems in which
grains are suggested to have been planted individu-
ally in rows (see Kluyver et al. 2013; Krez & Schéfer
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Figure 2.5. A timeline of agricultural changes discussed in the text and number of introduced/reintroduced weed

flora (from Table 2.1) plotted against evidence for increased alluviation (from Macklin & Lewin 1993) and summed
probability for direct AMS radiocarbon dates on crop species (n=2283) for the British Isles, including Ireland (data taken
from Bevan et al. 2017), indicating fluctuations in both agricultural activity and human population.
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Europe and into the British Isles, left little archaeo-
botanical record in terms of the existing weed flora
of this time. Rather, as Jones (1988b) writes, it is the
Middle Bronze Age that marks the birth of agricultural
ecosystems within the British Isles, something that has
been increasingly substantiated within recent years
(Fig.2.5; Bevan et al. 2017; Stevens & Fuller 2012; 2015).

Godwin (1975) saw the Romano-British period
as that of the greatest increase in archaeophytes, but
as more archaeobotanical data was added the emer-
gent picture began to resemble one of more gradual
change (Jones 1984). However, in the past 20 years the
impression is again shifting, and now the later Bronze
Age can perhaps begin to rival the Romano-British
in terms of both archaeophytes and the expanding
native weed flora.

The most notable foreign additions were Lith-
ospermum arvense, whose rock-hard seeds could not
have gone unnoticed during grinding, Papaver rhoeas/
dubium (long-headed poppy), Tripleurospermum inodo-
rum (scentless mayweed), Malva sylvestris (common
mallow) and Valerianella dentata, along with possibly
Sherardia arvensis (field madder), Lolium perenne (Eng-
lish ryegrass) and Fumaria sp. We might also add Silene
latifolia (white campion), Chenopodium polyspermum,
Chenopodium ficifolium, potentially small nettle (Urtica
urens) (cf. Preston et al. 2004) and possibly Vicia tetrasp-
erma (smooth vetch), although the first records for the
latter currently appear in the Iron Age. It is notable
that many of these species, including Chenopodium
polyspermum, are low growing, and it may be that a
change to bronze sickles facilitated lower harvesting
on the culm, assisting their spread.

The case for the native status of Sherardia arvensis
is still unclear. Like Fallopia convolvulus, there appear
to be pre-Holocene records for the British Isles, and it
might also be regarded as having been re-introduced
(Godwin 1975). The origins of Lithospermum arvense
probably lie in southeast Europe, and it appears in
charred assemblages there by the later seventh mil-
lennium sc (Colledge & Conolly 2007; Zohary et al.
2012, 177-9), and later southwest Bulgaria, along with
Sherardia arvensis, and Valerianella dentata at 6000-5650
BC (Marinova 2007).

Of some interest is the lack of Early Neolithic
European and Near Eastern records for several of
these species (Coward et al. 2008), most notably Tri-
pleurospermum inodorum, Sherardia arvensis and Papaver
rhoeas/dubium. It might be noted that Tripleurosper-
mum inodorum is recorded from Neolithic Ireland
(McClatchie et al. 2014), but this would seem out of
keeping with the record for Europe. Its origins are also
difficult to pinpoint, but between the Baltic coast of
Europe and the Caucasus region seems most probable.
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However, it is the first significant appearance of
native wet ground species, such as Ranunculus acris
(meadow buttercup), R. repens (creeping buttercup)
and Montia fontana subsp. chondrosperma (Fenzl)
Walters (blinks), commonly accompanying Eleocharis
palustris (common spike-rush), that really distinguish
the later Bronze Age and Iron Age weed flora. Bronze
Age ard marks have been excavated from numerous
locations, including the Upper and Lower Thames Val-
ley (Yates 1999; 2001, table 7.3) and East Anglia (Evans
et al. 2009), indicating an expansion of the agricultural
landscape that incorporated river floodplains (Fig. 2.5).

It is with this evidence that the early work of
Martin Jones on Eleocharis palustris should be consid-
ered (Jones 1981; 1984; 1988a,b). Eleocharis palustris is
a native British species, occupying wetland habitats
on the margins of water bodies such as rivers, streams
and ponds. Today, floodplains are not seen as condu-
cive to arable agriculture, and the case for Eleocharis
being a past arable weed rested upon its unequivocal
association with cereal remains, seen through its pres-
ence within storage contexts associated with charred
grain, as well as the stomach contents of bog-bodies
(Jones 1988a,b). As Jones writes, Eleocharis, while not
associated with wheat crops today, is found within
dry-sown rice paddies, demonstrating that it can
survive a fair degree of disturbance and drying out of
the soil, as might have existed within poorly drained
prehistoric fields (Jones 1988a).

The presence of Eleocharis as a weed of arable
fields is likely down to three important factors. The
first is the nature of its reproduction. It can survive
a drop in water-table during summer below soil
level, but most importantly, while little reproduction
through seed takes place, reproduction by rhizome
within the second year of growth occurs when old
rhizomes break away from the adult plant (Walters
1949), as might occur under arding. It also frequently
co-occurs today in wet-marshy rough pastures along-
side Lolium perenne, Poa, Trifolium, Cirsium, Ranunculus
acris and Rumex sp., whose charred seeds are com-
monly encountered in archaeobotanical samples of
this date, making their first real appearance in the
arable weed flora (see Table 2.1).

This brings us to our second point, that the high
numbers of predominantly grassland perennials
which dominate later Bronze Age and Iron Age sam-
ples might indicate a changing attitude to land use.
While high numbers of perennials can be associated
with low-disturbance tillage by ard, they are also cor-
related with the cultivation of fields previously under
pasture (Chancellor 1985; 1986). The use of Bronze
Age fields for arable can be seen from ard-marks, but
it seems probable that a pattern of land use emerged
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within this period in which such fields regularly
alternated between animal pasture and arable (Figs.
2.3,2.5).

The third point is the changing nature of the
floodplain itself. Today, floodplains are heavily allu-
viated, but the onset of such anthropogenic alluvia-
tion is generally only dated to the start of the Bronze
Age, increasing in later periods (cf. Fig. 2.5; Macklin
et al. 2014). In the Upper and Lower Thames Basin,
around a metre of alluvium was deposited within
the Romano-British period alone, with increasing
amounts in the Late Saxon and medieval period
(Robinson 1992; Stevens et al. 2012, 404-7). This led
to the poorly draining alluvial soils of today, which
rendered the floodplain largely uncultivable. But in
the Bronze Age and Iron Age, while fields might be
inundated with autumn and winter floodwaters, it is
likely they had sufficiently drained away by spring to
enable roots to breathe.

Such evidence is by no means unique to the
British Isles and is also seen in the Netherlands from
the Early Bronze Age onwards (Arnoldussen 2008,
257-9). Further similar weed assemblages, including
Eleocharis palustris, have been recovered as far away as
the Carpathians in Hungary during the Late Neolithic,
4700-4300 Bc (Gyulai 2007), as well as Iron Age Europe
(Kreuz & Schéfer 2011).

New invasions, new innovations

The Roman invasions of England from Caesar’s cam-
paigns of 55 and 54 sc to Claudius’ conquest in Ap 43,
and the shifting nature of Europe within the closing
centuries of the first millennium sc, brought about
many changes within the agricultural landscape of
England, not to mention a whole new suite of weeds
previously unknown to the farmers of Albion.

Such changes appear to have manifested
themselves in one of two ways: the first through the
increased geographical movement of peoples, and
crops and weeds, through trade, taxes and migration;
the second through a shift in agricultural innovations,
particularly tillage technology, and an expansion onto
new soils.

Among the new debutants is corncockle
(Agrostemma githago) which, as noted above, prob-
ably originates in the mountains of Greece, where
it is present from the earliest Neolithic (Coward et
al. 2008). The earliest records for this species in the
British Isles come from the Late Iron Age (Evans &
Jones 1979; Lodwick 2014), but it becomes increasingly
recurrent during this period. The association of both
Agrostemma githago and probably Centaurea cyanus
(cornflower) with Roman expansion is seen within
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northern France, where it is attributed to the impor-
tation of grain (Derreumaux & Lepetz 2008). Also
included is Lithospermum arvense, a species hitherto
absent in northern France (cf. Bakels 1999), yet present
in Britain since the later Bronze Age.

Of greater importance is the occurrence of
Anthemis cotula (stinking chamomile), a noxious spe-
cies associated particularly with the cultivation of
heavier clay soils. Seeds of this species, together with
Agrostemma githago, have been recorded from earlier
contexts (cf. Preston ef al. 2004); however, experience
tells us that such finds often occur from sites with
overlying medieval components (see Stevens & Fuller
2012) and hence are probably intrusive. Indeed, where
direct radiocarbon dating has been carried out this
has proved to be the case (Pelling et al. 2015). Seeds of
Chrysanthemum segetum (corn daisy) are also known
from Iron Age contexts, but that they appear more
commonly in Romano-British contexts suggests a
Late Iron Age to Romano-British introduction. This
species, in contrast to Anthemis cotula, is characteristic
of lighter, sandier, acidic soils, and taken together
they indicate an expansion of arable practice during
this period.

The interpretation of the changes within the
Iron Age through the Romano-British period by
Jones (1981; 1984; 1988a,b) drew together several key
elements: the appearance of free-threshing wheat,
improvements in ploughing technology, the decline
of Eleocharis palustris, Carex spp. and Montia fontana
subsp. chondrosperma, and the rise of Anthemis cotula,
a noxious species associated particularly with the
cultivation of heavier clay soils. The logical inference
chain presented the argument that improved plough-
ing technologies allowed the cultivation of heavier
soils, such as on alluvial plains. On these ploughed
heavier soils, free-threshing wheats were increas-
ingly grown. Consequently, the improved drainage
of the floodplains eventually led on to the decline in
wetland species.

We would now suggest that some modifica-
tion of this argument is necessary. While Jones very
much saw a continuum of change beginning in the
Middle to Late Iron Age and continuing through
the Romano-British period, he took into account
no likely problems of intrusive material. On recent
reconsideration of these problems, a different picture
emerges. While bread-wheat has been shown to be
present within Iron Age Britain, many finds have
proved intrusive, as is likely with some of the weeds
that accompany them (Pelling et al. 2015; Stevens &
Fuller 2012). It now appears that bread-wheat played
a substantial role in neither Iron Age nor Roman agri-
culture within the British Isles. The rise in Anthemis
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cotula undoubtedly can be related to the expansion
of agriculture onto clay soils, and the introduction of
asymmetrical shares, seen through finds of iron coul-
ters, the cutting implement that cuts the sod before
the wooden share, which lifts and turns it. But it is
likely such practices were at first restricted to more
Romanized settlements within the first century abp,
only becoming more commonplace within the third
and fourth centuries Ap.

This expansion onto clay soils no doubt contrib-
uted to the rise of clay alluvium on the floodplains,
with increased run-off from clay soils under cultiva-
tion taking it into the river catchment areas where it
accumulated (Stevens et al. 2012, 405-7). The decline
of both Eleocharis and Montia might then be in part
due to the eventual abandonment of such areas for
cultivation during the later Roman period (Fig. 2.5;
cf. Robinson 1992). It might also be noted that both
species are commoner on lighter soils that allow their
roots to breathe and would be diminished by clay
alluviation.

The battle won and lost

Many of the associations made by Jones (1981; 1984;
1988a,b) for the Late Iron Age to the Romano-British
period gain more prominence within the Saxon and
Medieval periods. The weeds that made their first
appearance in the Romano-British period, Anthemis
cotula, Agrostemma githago, Centaurea cyanus, Chry-
santhemum segetum, become mainstays of charred
assemblages within the Medieval and Saxon period
(cf. Jones 1988b). There is also a notable transition to
amuch greater dominance of annual weed seeds with
persistent seed-banks and away from perennial spe-
cies (Fig. 2.4) that has been linked to the appearance
and spread of mouldboard ploughs from the seventh
to eighth centuries ap (cf. Stevens & Robinson 2004;
Thomas et al. 2016).

The Saxon to Medieval period in many ways
sees the changes discussed by Jones (1981; 1988a,b;
2009) that were occurring in the weed flora over the
Romano-British period come to fruition. Spelt wheat
is replaced by bread-wheat and, gradually over much
of Saxon England, the ard by the mouldboard plough
(Fig. 2.5).

One curious phenomenon is the increased
appearance of Lapsana communis (common nip-
plewort) in charred assemblages from the Saxon to
medieval period. The species is one of the key defining
weeds of the Neolithic Bandkeramik of Europe (Bakels
1999; Knorzer 1971) and present in waterlogged
assemblages from the Neolithic onwards (e.g. Nye &
Scaife 1998; Robinson 1989; Tomlinson & Hall 1996),
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but regarded as doubtfully native (see Preston et al.
2004). Yet in Britain its first occurrence charred is in
the Late Romano-British to Saxon period (Greig 1990;
Stevens & Robinson 2004). Why this species appears
to have taken so long to become established as a weed
in the British Isles is unknown, but in part, may be
its greater tolerance to heavier clay soils (Salisbury
1961, 294).

By the sixteenth century, darnel (Lolium temu-
lentum) had gained a reputation as one of the worst
weeds within England, and shared a similar status,
according to Virgil, within Mediterranean fields
some millennium and a half before (Salisbury 1961,
30). Yet there are few records for the British Isles
prior to the Medieval period. The species appears to
have originated through evolution in early cultivated
fields of the Levant by c. 7000 Bc, based on divergence
of L. remotum/L. persicum (see Fuller & Stevens, this
volume).

While the angled shares of the mouldboard
plough did much to eliminate many of the perennials
that once plagued prehistoric farmers’ fields, other
developments since the start of the British agricultural
revolution, spanning the last four centuries, served
to reshape the composition of the arable weed flora.
Such inventions, including improved harrows, first
depicted in the Bayeux Tapestry (c. ap 1070), would
have further diminished many perennial species and
those of seed-bank Types I-III. The Mesopotamian
seed-ard apart (Hillman 1984), the history of the dib-
bler to plant seeds in a row dates back to the fifteenth
century in Italy. The advantage of such methods was
first that grains were individually “hand-loaded’,
usually in batches of four to five, eliminating many
grain-sized weed seeds with Type I seed banks. Also,
planting within rows allowed more efficient weeding
to be conducted within the early growing stages, a
development that, although improved upon by the
invention of the seed drill by Jethro Tull in 1701, was
not widely adopted until the nineteenth century (Fig.
2.5). The adoption of these planting methods, accom-
panied by the use of mechanical screens to remove
grain-sized contaminants from the crop, gradually
eliminated many of the grain-sized weed seeds includ-
ing those of seed-bank Types II and III. It was these
practices that did much to remove many common
weeds, such as darnel, corn marigold, cornflower,
corncockle, pheasant’s eye and cleavers. However, as
Salisbury (1961) writes, it was not until the 1950s with
the use of herbicides that the battle was at last decided.
What the agriculturalist won, the botanists lost, and
today’s cornfields are no longer the picture of colours
which once adorned the landscape every summer for
the past four millennia.
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Chapter 3

A System for Determining Plant Macro Archaeological
Remains

Victor Paz

An explanation of the methodology

In the study of plant macro archaeobotanical remains,
an identification system refers to the procedure used to
recognize plant remains from a sediment matrix sam-
ple. Specifically for macro remains, it comes mainly
from water flotation processing of sediments, which
are then sorted and identified based on general catego-
rizations, for example seeds, parenchyma, wood, and
so on. A determination system, on the other hand, is the
procedure that attempts further to recognize identified
materials to taxon. Determination is what we aspire
to do with most of our archaeobotanical materials in
order to make interesting inferences concerning the
human past; the more transparent the determination
system, the more informed interested parties could
be. This is even more relevant when the plant remains
play a central role in a wider archaeological discourse,
such as on questions surrounding the complexities of
people—plant and people-landscape relationships or
interactions.

Just send them to a botanist?
Commonly a botanist is not readily equipped to work
on charred archaeobotanical materials, which is the
nature of most plant macro remains that survive in an
archaeological site. They are not used to determining
taxa from seeds, let alone transformed fragments of
seeds and vegetative organs. Botanical identifications
as organized in ‘keys’ almost always start from iden-
tifying flowers, fruits and leaves (e.g. Calumpong &
Menez 1997; Clapham et al. 1987; Cullen 1997; King
& Robinson 1987; Stace 1997), and seldom through
a key based on seeds or vegetative organs (e.g. Rose
1981). Most of the time, from a botanist’s point of
view, identification through the flowers and fruits is
more than enough to determine species successfully
(cf. ESF 1989, 7); plant parts that very seldom survive
in pristine condition.

With this fundamental difference in approach,
and not particularly keen on knowing the answers
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to problems set by the archaeologists, it is not hard
to expect a botanist to be unenthusiastic about the
task of identifying the macro remains in an archaeo-
botanical assemblage. Sadly, what regularly happens
is the non-conversion of samples to data. In my own
experience, when project directors prefer to send their
archaeobotanical flot samples to a botanist, rather than
to an archaeobotanist, they end up disappointed. It
is very rare to come across results of such collabora-
tion in our part of the world. Trained botanists such
as Jon Hather (1992; 1994) and Douglas Yen (1977;
1988), who worked on Asian and Pacific materials,
and were deeply interested in archaeological ques-
tions, are rare to find. The responsibility therefore
falls on the shoulders of the archaeologist specializing
in archaeobotany. The archaeobotanist fills the gaps
of knowledge and know-how between archaeology
and botany.

A focus on macros

Plant macro assemblages have a high level of determi-
nation success. Unfortunately, even after two decades
of methodological progress, we have not been uni-
formly straightforward with the way we determine
the plant remains, and in many parts of the world
archaeobotanical studies remain an afterthought in
archaeological projects. There may or may not be a
correlation between the two above-mentioned woes,
but we could at least try to address the latter in this
chapter.

There really is a need to clarify further the
methodology for the determination of macro plant
remains. The intention is to achieve through practice
an accepted convention that is not chiefly based on
the authority of the specialists. We must clarify all the
variables in the process, including the proper place
of an individual’s authority in the system. The chain
of reasoning which led to a determination must be
explained. Anyone who bothers to read an archaeo-
botanical report may then judge how much value they
would give to the findings, and how far they are will-
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ing to take it. The determinations an archaeobotanist
provides define the inferences we make as archaeolo-
gists. When plant remains are identified with preci-
sion to species, it is mostly taken at face value and the
significance of its presence in the archaeology is lined
up to support large-scale narratives. This is especially
relevant in narratives involving plant domestication,
origins and spread of agriculture, human subsistence
strategies and, to a lesser extent, inferring rituals and
well-being practices (see Barton & Paz 2007; Paz 2005;
2012).

A reflection on determinations

I believe that the aim of archaeobotanical determina-
tion is to demonstrate how the botanical remains we
recover were indeed part of a specific plant. We use the
botanical taxonomy as a baseline, with the binomial
taxa convention indicating genus-species as a target of
our determination attempts. As archaeologists, specifi-
cally as archaeobotanists, we start with the premise
that, given the right samples and sufficient refer-
ence collection, we can determine identifiable plant
remains to the level of species. I think this premise is
where the problem starts.

Walton Green (1999, 18-21) argued in his work,
and mainly through several discussions at the George
Pitt-Rivers Laboratory at Cambridge, an intriguing
recommendation for archaeobotanical determination.
It is epistemological and forces the archaeobotanist to
reflect on how one determines plant remains. In his
proposal, non-prefix binomial taxon identification
may only be used if:

There are no ordinal or binary characters differ-
ing between identified and reference samples, and
all quantitative characteristics are closely matched —
within two standard deviations

Specimens of all taxa in the local Floras of
equivalent rank in the same taxon of immediately
superior rank have been examined and eliminated,
for example identification of all members of the genus
that are in the local Flora

Multiple modern reference specimens were
examined from more than one population. The acces-
sion number and location of the reference material
should be cited; at least one population should be
from the same geographical area as the archaeologi-
cal specimen; identification of the reference material
should be based on full-plant identification

Green proposed to use the prefix ‘prob.” for
all identification of which the archaeobotanist is
convinced, but which do not fulfil the conditions for
un-prefixed identification. This category includes
identifications done with photographs and images,
after which all closely related taxa of equivalent rank
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have been eliminated. He uses a prefix ‘cf.” when the
specimen being identified merely shows similarities to,
and could be a member of, the stated taxon. A prefix
elim.” is used as a discretionary prefix to show that
the identification was only done through a process of
elimination (as opposed to examination of morpho-
logical characteristics). In other words, when the ideal
condition for determination is not met, the authority
of the investigator is brought into play and prefixes
are added in the taxonomic determination.

While I have full praise for the recommenda-
tions of Green, and was inspired by his reasoning, I
differ at some fundamental level. As a starting point,
I'think Green'’s proposal, as stated in his first point, is
unnecessarily strict and paralysing for the investigator.
While it is correct to suggest consulting all the Flora of
aregion and, from this reference, seek for actual taxon
matches, many regions in the world do not have a
complete Flora—let alone a localized one. The amount
of effort and time that will have to be allocated in order
tolook at all equivalent rank and immediate superior
rank queries will be initially daunting. I have to say,
however, that once done successfully, a taxon will then
be easily determined next time around. But that is if
one finds the references that will satisfy the demand
for a complete documentation of a taxon.

In many places in the world, regional Floras are
far from complete. There are no complete compendi-
ums for most tropical regions, and there is a scarcity
of sub-regional Floras to refer to. The scale of build-
ing a complete Flora is monumental. The British Isles
is a good example for a region having a confidently
comprehensive flora record. The Flora project was
begun in the late nineteenth century, to be completed
only in 1934 (Stace 1997). The project was completed
thanks to a large population of botanists undertaking
systematics, recording a temperate-based climate flora.

Looking at tropical regions, such as Southeast
Asia, or even just Island Southeast Asia, what we have is
amuch larger land area and a broader range of tropical
climates and flora. The attempt to complete a tropical
Flora has shown difficulties from the outset (Mabberley
1992, 9). The regional Flora— Flora Malesiana—started
only in the late 1940s (van Steenis-Kruseman 1950)
and has not been completed to date, with very erratic
additions through the years (Ashton 1982; Laubenfels
1988). As of its latest addition in 2013, it has published
21 volumes under Series 1 (seed plants) and four vol-
umes of Series 2 (Pteridophytes); most of the more
recent volumes contain revisions/additions of taxa
already covered in earlier volumes. To think that this
was done with better technology, with about a hundred
international collaborators working on the project glob-
ally (see Floramalesiana.org), it may be unlikely that an

’
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almost complete record of the flora of a tropical region
can be produced in the next few decades. In addition,
if the direction of botanical systematics becomes more
reliant on genomics (Soltis et al. 2013; Sytsma & Pires
2001), the physical traits of the plant will likely become
secondary in defining taxon; it seems less promising for
the purposes of macro archaeobotany.

The central issue, I believe, is whether it is possi-
ble to construct a complete record of a region’s current
and past flora. Unfortunately, this is highly improb-
able, especially in regions with very rich and diverse
plant life, such as the tropics. It is also worth asking if
we can truly gather absolute knowledge on the flora of
aregion, on top of totally knowing its past plant popu-
lation history. It is a fundamental question to ask; are
we confident that science has actually recorded every
plant taxon formed in nature and living at the present?
What about the countless species of plants that were
selected against and are long extinct, or have reverted
back from being cultivars/domesticates to a new ‘wild
form’ at any given time in the past? I propose that,
rather than basing our determination attempts on per-
ceived absolute knowledge of current and past flora,
we admit that we are making best-fit determinations
and that we explain this with clarity. The archaeolo-
gist who plans to use the archaeobotanical data shall
then be properly guided as to what extent the data
may be of use for supporting their research problem,
and gauge its useful value for generating inferences.

Contribution of this system

There are two intertwined elements in this system;
one is for determining transformed seeds, fruits and
nuts, and the other focuses on charred parenchyma
tissues, with further determination of wood not fully
addressed. The main focus of this system is the deter-
mination of parenchyma remains. The corpus estab-
lished by Hather is the foundation of this approach
and mainly applied to Southeast Asian and Pacific
archaeobotanical assemblages. It confirmed beyond
doubt that charred parenchyma can be identified and
separated from other plant charcoal remains. It has
further confirmed patterns observed by Hather—spe-
cifically on the relevance of the difference between tis-
sues charred fresh and charred dry (Paz 2001). A third
confirmation is the survival of surface and sub-surface
features of vegetative organs, such as the periderm
structure. Hather (1988, 146) already pointed out that
its survival is significant to the exercise of identification.

My own ethnoarchaeological work with a
Negrito community in the Sierra Madre of Luzon dem-
onstrated that a common way of processing taro corms
is by roasting on an open fire. It was observed that the
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scraping and cutting-out of charred portions of the
corm leads to a concentration of charred parenchyma
tissue coming from the surface and near-surface of
the vegetative organ. They have a better likelihood of
survival because they get charred and integrated into
the ashy matrix of a hearth with minimal time lapse
(see Paz 1999). Observations done on the periderm of
root crops reference samples such as yam (Dioscorea
alata L.), taro (Colocasia esculenta [L.] Schott), sweet
potato (Ipomoea batatas [L.] Lam) and cassava (Mani-
hot utilissima Pohl) did not reveal possible diagnostic
quantitative features. Most of the fragments observed,
though, had parenchyma cells attached to phellogen-
associated tissues beneath the periderm. When they
survive together, and can be quantifiably observed,
it will allow the possibility of identification beyond
saying that the material is a periderm fragment.

A clear contribution of this work to the study
of charred parenchymatous tissues is the further
quantification of species-specific determination. In
Hather’s work, this was not necessarily done, because
his concern then was more to see the general patterns,
and observations that may help guide early attempts
to identify charred remains in the archaeology. In
our system we have created two distinct steps to add
rigour to the determination process; an internal and
external step. This will be further explained below.

Determination procedure

The archaeobotanical reports and presentations of
archaeobotanical results in publications often do not
provide the necessary details as to how a determina-
tion was reached. In areas where there is a deep tradi-
tion of archaeobotanical work, the need to go through
the justification of an identification of every plant
remain may be extremely redundant and tedious.
In regions like Southeast Asia there are a few excep-
tions where the publication of results is extensively
discussed (see Castillo & Fuller 2010): examples are
the terminal publications of the Khok Phanom Di
project in Thailand (Thompson 1996) and the Niah
Cave Project in Sarawak (Barton et al. 2016a,b). I take
the position that the exception can be made the rule,
wherein we shift the reliance of the system towards
the scrutiny of the plant remains themselves based on
access to reference resources while defining the role of
the investigator’s authority. It is clear to me that the
need for a more organized and transparent system is
not a pedant’s exercise.

The system for determination
Discussing the ideal and the actual practice of identify-
ing transformed plant remains is important. I attempt
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Table 3.1. Classifications of seeds based on preservation conditions (after Hubbard & al Azm 1990). Regrettably this system was adopted by only a
few others. In my own work its use is limited to Preservation class 6 and Distortion classes 2—7. With the exception of waterlogged material, I consider
Preservation 1 and Distortion 8 to be contamination, but they still can/must be described.

Class

Preservation

Perfect

Epidermis virtually intact; rhachillae observable so as other external elements

Epidermis incomplete; rachillae, hairs etc. occasionally preserved

Fragments of epidermis remaining; other features virtually unobservable

Identified by gross morphology only

T W N =

from one side to the other through the holes)

‘Clinkered’ (‘see-through” with the shape of the seed preserved in the outline of the mass of the bubbles, but with a clear view

@)
=
Iy
@
@

Distortion

No noticeable distortion

Slight puffing of seeds noticeable

Clearly distorted

Gross distortion

Seeds fused together in a solid lump, faceted when free

Carbonised tarry material exuded from distal ends of caryopses

Sides of the seed longitudinally wrinkled, partially collapsed and concave

I N[O |Q W IN |-

Sprouting: as (7), but with the radical greatly elongated

Table 3.2. Table indicating variables relevant in establishing the level of confidence of determination: (Y) good match; (?) questionable match; (X)
not present; (prob.) probably, (elim.) eliminated.

1)

Variable NO. prob. cf. elim. ,sufﬁ)i Form/.sh?pe
prefix type description
Reference collection Y/? Y/? ? X X X
Image Y Y/? ? X X X
Illustration Y/? Y/? ? X X X
Flora Y Y Y Y Y/? X
Taxonomic details Y Y Y Y Y/? X
Geographic area Y Y Y Y Y X
to reason that identifying and determining macro determination, and the manner of how the inves-
archaeobotanical remains follows these premises: tigator can convince interested individuals of the
No specialist/expert knows everything, and merits of the results presented.
therefore cannot simply leave identifications unex- ~ 3) A composite of methods and references must be
plained. A system must therefore be verifiable and used. When reported, images of the material and
allow for explanation as to how determinations what it was compared to should be included to
were made. The practice to be followed in this support the determination. In turn, work done this
work will adopt the spirit of versions of scales of way contributes to an improvement of archaeobot-
confidence already applied in Asia and the Pacific anical referencing —improving the reference base
by Douglas Yen (Bodner 1986; Glover 1976; 1981) for others to use.
and Gary Crawford (1983; 1986), but limits and 4) There are certain identifications/determinations of

2)

situates the role of the specialist in the determina-
tion process.

The focus of the identification/determination sys-
tem is not to pursue a theoretical absolute corre-
spondence between the archaeobotanical material
and a species of plant living in the distant past;
rather it is on achieving a best-fit identification/
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macro remains that, while they may not pass the
rigid prerequisites for the highest level of confi-
dence (no prefix), may be stated as such based on
the experience and knowledge of the archaeobota-
nist.

There is no need to go into detail regarding the

methods applied to collect macro archaeobotanical
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samples (Barton et al. 2016b; Fuller 2008; Paz 2001).
We start with a sample collected by hand or through
flotation. The contents of the sample are sorted into
plant remains and other materials, for example animal
and insect remains, non-organic artefact, and so on.
The botanical remains are further divided between the
identifiable and the non-identifiable pieces.

The identifiable plant remains are further sorted
into pieces that can be further determined and those,
especially seeds and nut fragments, that are so badly
charred that no further determination can be done.
This sub-set can, however, still be further classified,
following the preservation/distortion nomenclature
proposed by Hubbard and al Azm (1990; Table 3.1).
The determinable remains that cannot be identified
at the moment, due to a failure of matching, can
be further described by their general shape (after
transformation) using a system proposed by Martin
and Barkley (1961) or a similar/modified approach.
When images are shared of these remains in reports
or publications, other practitioners may be able to
identify/determine, or make suggestions, which may
be pursued later.

Specific to the assemblage of seeds, fruits and
nuts that were identified, I proposed the following
determination arranged by descending scale of con-
fidence.

Non-prefixed: A binomial taxon determination may
be made without any prefixes whenever it fits all
determination variables (see Table 3.2); it fits taxo-
nomic diagnostics, geographical distribution, and the
species citation in a Flora. These are firm prerequisites
for a non-prefix determination. It must also fit clear
photographic/image reference(s) of the plant parts,
for example seed, nut, etc., and/or line illustration
reference(s), or both. The use of a reference collection
is still important, but not essential.

Prefixed ‘prob.”: Matches Flora citations, geographical

area and fits taxonomic details; the existence of image,
illustration or reference collection, but not all. It differs

from the ‘non-prefixed’ determination in that only one

out of three—image, illustration and reference col-
lection—matches or is a good fit, with the other two

variables weak or questionably matching.

Prefixed ‘cf.’: All the determination variables may
or may not exist (see Table 3.2). The archaeological
material resembles an image/illustration/reference
sample or a previous identification by an archaeo-
botanist/authority, but there is no exact morphological
fit. Three out of the five other categories match the
archaeological material, but the investigator has

doubts about the exact fit of these categories with the
material.

Prefixed ‘elim.: A low confidence determination. It
indicates that the material may perhaps be the taxon
proposed, but the determination was derived without
any images, illustrations or reference collection sam-
ple. The specialist/archaeobotanist makes an author-
ity/experience call.

Suffix ‘type’”: This is applied when the level of confi-
dence is very low or lacks most determination vari-
ables. It means that the shape of the specimen fits a
previously well determined plant familiar to the
investigator. The candidate plant comes from the same
geographical area, and has some of the morphologi-
cal characteristics of this plant’s seed, nut or fruit. It
must only be used to determine remains, at most, up
to genus level.

Form shape description: None of the six determina-
tion variables exist, but the archaeological specimen
is distinctly a seed, a nut fragment or any other plant
part. The material may then be described by its pres-
ervation/distortion condition and general shape, for
example Spheroid, Angular, Triangular, and so on. A
number is attached to the shape description based on
a chronological sequence with other specimens from
the same site that were only given shape descrip-
tions, for example ‘Angular 3’, ‘Spheroid 2’ and so on.
Sometimes under this categorization a very tentative
identification may be added, mostly at the family level
(with prefix ‘ct’). This is to facilitate future researchers,
who may have a better stock of references and experi-
ence, to verify the hunch (see Fig. 3.1).

Charred parenchymatous tissue identification and
determination

A parenchymatous tissue fragment is a specific
kind of charred plant remain. Archaeobotanically it
is almost always in the form of plant charcoal that
looks amorphous to the naked eye; devoid of clear
structures, such as the remains of wood rays. Further
analysis may determine if indeed the charred material
is parenchyma. Untransformed parenchyma cells are
more or less shaped as isodiametric polyhedrals with
thin non-lignified cellulose walls. The tissues formed
by parenchyma are usually ground tissues in which
other tissues are embedded. Parenchyma cells are
concerned with photosynthesis, storage of various
materials, wound healing, secondary thickenings and
the origin of adventitious structures (see Esau 1965, §;
Tootill 1984). There are specific plant organs that are
mostly composed of parenchyma tissues. These are the
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vegetative organs which humans have made a habit of
exploiting, such as tubers, corms and rhizomes.

The identification system for charred paren-
chyma tissues was developed only in the last two
decades of the twentieth century. However, the iden-
tification of remains of root/stem tubers in archaeology
has a longer history. Early identification of arrowroot
(Canna edulis Ker Gawl.) and cassava was possible in
South American sites in the late 1950s because they
were recovered almost whole and desiccated (see
Hather 1988; Towle 1961). In charred form, pioneering
archaeological identification of remains of root/stem
tubers were on whole or large fragments of vegetative
organs, for example potato, sweet potato and cas-
sava (see Hather 1988; Rosendahl & Yen 1971). Until
the 1970s it was only possible to identify remains of
vegetative organs when they survived in large pieces,
with their external morphology mostly intact. The
challenge was to develop a method of identification
that would allow analysis of smaller fragments, up
to pieces that are not larger than 10 mm, which is the
common condition of preservation in an archaeologi-
cal context.

The Hather methodology

The challenge of developing the methodology for
identifying seemingly nondescript charred vegetative
organs was taken up by J.G. Hather (1988) in the mid
1980s, and since then has become the key approach
followed (see Holden et al. 1995; Oliveira 2008; Paz
1997; Pearsall 2000; Perry 1999; Ussher 2015). Hather’s
training was in botany before he developed his interest
in archaeology. He worked on a fundamental archaeo-
logical problem, which was how to identify root crops
in charcoal form (Hather 1988; 1991). He was the first
to characterize clearly the difference between charred
vegetative and charred non-vegetative parenchyma
tissues. Hather also pioneered developing a vegetative
organ reference collection comprised of thin-sectioned
tissues and charred whole vegetative organs from
various taxa mainly for archaeobotanical purposes.
In the process he demonstrated that “charred plant
tissues may be recognized as having characteristics of
the anatomy of organs of a family or related groups
within a family” (Hather 1988, 341). Hather was also
the first to recognize the significance of taphonomic
processes in any attempt at studying charred vegeta-
tive plant remains, which led him to develop a system
of identification based on a combination of morpho-
logical features, anatomical features and artefactual
characteristics of charred tissues—concluding that all
identification of charred organs, even with the remains
of tissue components identifiable, has to be wholly
artificial in nature (Hather 1988, 346).
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Hather also recognized the patterns connected
to the condition of a tissue upon charring (fresh or
dry). He observed patterns in the nature of vesicle
disintegration and tension fracturing, which allows
inference of the size of the organ, and the orienta-
tion of the fragment analysed in relation to the larger
organ to which it belonged. The work of Hather, at
the minimum, highlighted a better sorting method for
charred remains in an archaeological sample. Prac-
titioners in the past mostly identified everything as
wood charcoal. After Hather’s study, we could now
further sort the charred materials to possible fruit
tissues and vegetative organ tissues from the actual
wood charcoal remains.

The system that we have been using for deter-
mining parenchymatous charcoal directly follows
Hather’s work (1988; 2000). It also follows the deter-
mination system that we presented for seeds and nuts.
Determination is done through reference collections
of contemporary plant parts. Comparisons are made
on the morphology of a specimen against the refer-
ence collections for charred plant tissues. At best this
is dictated by the extent of transformation of tissues
after burning; especially in the formation of charring
features, such as where cavities form, the collapse/
fusing of cell walls and the preservation of elements
within the remains of vascular bundles. Together with
the artefactual features, the transformed anatomical
features may be measurably compared, that is cell size,
cell shape, cell-wall characters, cell contents, presence
of arenchyma and idioblastic cells (see Paz 2001).

Procedure for identification

The process of identifying charred vegetative paren-
chymatous tissues is as follows.

Sample sorted with the naked eye or low-power
microscopy; wood-like charcoal from other plant
remains, and other artefactual materials. The sorted
wood-like charcoal examined for parenchymatous
remains is often rounded, cells are spherical, or more
or less isodiametric, tissues are made up of cells with-
out a distinct organization; charred parenchymatous
tissues often contain regular/irregular patterns of
cavities; sometimes there are dense reflective regions
surrounded by larger dull textured regions. All the
vegetative tissue parenchyma scrutinized under a
microscope, with a minimum of 10x magnification.
The exposed surface must be scrutinized for other
diagnostic features. When possible, further fracturing
of the sample should be done to expose un-weathered
or less distorted surfaces.

The best samples undergo Scanning Electron
Microscopy (SEM). This involves grabbing images
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of the best surfaces containing the most diagnostic
features, that is cell shape, cell size, cell-wall thickness
and patterning, vascular organs, vesicles and tension
fractions, idioblastic cells, crystals and remains of
starch grains.

The images are further analysed using an image-
processing programme capable of measuring diagnos-
tic features. All observable cells should be measured
by their ‘long” and ‘short” axis, circumference, as well
as the thickness of the cell walls. Vascular organs must
be measured by the general area, ‘short” and ‘long’ axis,
and the localized cell-wall thickening pattern of xylem
remains documented. If there are remains of starch
grains, they should also be measured in the same
manner as the other quantifiable features (see Fig. 3.1).

Comparison with reference collections and other
resources
The exponential growth of comparative resources in
cyberspace has become incredibly useful. Plant lists,
Flora, images and other relevant research work that
may strengthen variables we indicated useful for
determination are now more accessible. This was not
the case until at least the 1990s. Still, at the heart of
our determination system is an actual reference col-
lection of plant parts; our matching approach between
past and present plant forms, and the uniqueness of
the transformed archaeological remains dictates this.
There are now several dedicated achaeobotanical
reference collections maintained in various research
centres across the globe. One such collection is being
maintained and developed at the University of the
Philippines, Archaeological Studies Program (UP-
ASP) in Diliman. At the core of the reference collection
are plants known to be utilized by people. Specific to
vegetative organs, the collection started with the most
ethnographically important root crops and some sam-
ples of known famine food tubers (informed through
ethnography). The premise was that these same root
crops and famine tubers were significantly exploited
in the region in the past. Moreover, they may serve
as proxy evidence for biogeographic inferences, and
past human population-movement arguments. With
our approach in mind, a relatively small-sized refer-
ence collection can still be effective in arguing for
a high confidence level of determination. If we are
transparent, a discerning reader may make better
informed decisions as to how much to accept and
use the information we provide. A weak reference
collection may be augmented by other collections/
references and resources through the internet, and the
skill/experience of other specialists—provided that
specialist and reports present/share at least an image
of the pertinent material.
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At the core of the reference collection at the
UP-ASP is the parenchyma collection; currently with
eight species from four of the most important genera
humans exploit for their vegetative organs, namely,
Dioscorea, Manihot, Colocasia and Ipomoea, with more
samples actively being added. Within the species
represented in the collection are several individuals
coming from several population stands—relevant, we
realized, in providing a better range of measurements
of diagnostic features. There is also a basic fruit peri-
carp collection which includes bananas (Musa spp.)
and jack fruit (Artocarpus spp.) samples. In addition
to the charred reference collection of parenchymatous
material, a wood reference collection was developed,
which now holds 100 species from 38 families. Added
to these are 78 species of woody vines from 28 families.
Our running count of plant seeds and nuts in the col-
lection is 381 species from 62 families.

While the reference collection will never be a
complete representation of the current tropical flora in
our region, and there are many more species that must
be included in the future, I am confident that the spe-
cies currently represented are sufficient to make effec-
tive archaeological macro remains determinations.

Measuring

Measurements of parenchyma tissue diagnostic ele-
ments are made by opening digitally stored SEM
micrographs on image-analysis software. The cells,
vascular organs, crystals and starch grain remains
must all be measured by their long axis, short axis and
area. It is appropriate to label the measurements ‘long
axis” and ‘short axis’ to avoid unnecessary difficulty
in orienting exposed tissue surfaces—knowing that
parenchyma cells in tissues are not consistently ori-
ented. Added to this, the charring process transforms
the features of the tissue and often skews the shape
and true orientation of the cells. The cells must be
measured from the inner surface of cell walls. When
cell walls are composite (two cell walls fused after
charring), they must be measured whole and the
measurement divided into two. All measurements
may be encoded and analysed on spreadsheet soft-
ware, and the cluster of measurements compared with
the values from known species in a reference collec-
tion—the more overlap there is in the range of meas-
urements between the archaeological and a known
species, the higher the level of match per variable.

Determination scale
As already mentioned, we determine by using catego-

ries arranged in a scale of confidence. At the highest
level of confidence, the parenchyma tissue may be
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Figure 3.2. Diagram of determination process, which shows the two-step process (internal and external steps).

determined to species. Any further precision is not
acceptable in our methodology. At the lowest level
of confidence, the material may be identified simply
as parenchyma tissue (see Fig. 3.2). Applying the
two-step approach in determination, we start from
an internal determination step, which means that
the sample was studied purely on the presence of
diagnostic elements internal to the charred remains. If
there are few observable diagnostic elements, then the
determination is weak. At best it will have a prefixed
taxon determination to genus level. At worst, we can
say that we looked at the sample and could only define
that it is definitely charred parenchyma tissue.

The internal variables we seek in samples are
the biological structures and taphonomic artefactual
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features found on the actual archaeological charred
tissue. Depending on the number of diagnostic ele-
ments—which dictates the determination—the exter-
nal determination elements, composed of archaeologi-
cal context, ethnoarchaeological data, ethnobotanical
data and temporal data, may or may not be used to
improve on the internally derived determination.
External context must not go beyond the limits defined
by the internal determination step.

If the determination is strong (that is, diagnostic
features beyond cell size/shape and wall thickness
were observed, the collective measurements of the
features fits a reference collection taxon, celliwall
thickening patterns of xylem were observed, there
were druse formation or idioblastic cells observed), it
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can be further improved by considering external deter-
mination variables, such as archaeological, ecological
or taxonomic context and the experience-derived in-
sights of the investigator. It may also be possible that,
after considering external determination variables,
an initially strong confidence determination may be
weakened by contradictions beyond the physical con-
text of the sample. This may happen especially when
the internal determination conclusion is strong, but
did not have enough diagnostic variables and there is
inconsistency in fit when compared with samples of
taxon from the reference collection, the known details
of distribution of such a plant, or the time depth of
the archaeological context. Without details of the
cell shape and wall thickness or remains of vascular
organs, high-confidence taxon determination is not
possible. The use of the prefixes, suffixes and “type’
described for the seed determination is adopted for
the final determination (see Table 3.2). With no clear
diagnostic feature match with reference samples, the
charred tissue can still be identified morphologically
and artefactually as a root or stem tuber (see Fig. 3.2).

Determined to taxon

When the archaeological material fits all or most of
the diagnostic features of a reference species, that is
cell shape, cell-wall thickness, cell-content remains,
vascular organ characteristics, idioblastic cells, crystals
and starch grains, then the material may be identified
to species. Having the cell size alone is not sufficient
to have a non-prefixed determination of a charred tis-
sue. Cell size is a complicated determination variable.
One clear reason is that they undergo cell polyploidal
development that is especially common in root crops
(Ayensu 1972), resulting in cells becoming larger at
average within the same species (Galitski et al. 1999;
Nagl 1978); with a likelihood of even growing further
through continuous domestication or cultivation
selection processes. This complicates determination, if
solely based on cell sizes, between an archaeological
sample and an incomplete modern vegetative organ
reference collection. Nevertheless, the archaeological
cell samples may be plotted against the range of ref-
erence species measurements, and this may provide
some grounds for further identification. The use of
scatter graph representation to compare clusters of
measurements on both the sample and a reference col-
lection taxon is an effective way of comparing values.

Determined as root or stem tuber

The internal analysis led to a weak determination.
While the basic diagnostic attributes of a parenchyma
tissue were established, it lacks the other prerequi-
sites for a taxon determination. The sample only has
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observable variables associated with parenchyma cells.
When compared with the reference samples they did
not fit the ranges associated with the species repre-
sented. The sample may be further determined as root
or stem tuber, if parts of the pit structure survive, or
the parenchyma cells look roughly oriented towards
a central point.

Determined as storage organ parenchyma
Determination falls under this label when the basic
diagnostic features for parenchyma are met, but the
material does not fit, even in the slightest, any of the
reference species—the cell shapes, size and arrange-
ment are totally different, and measurements do not/
hardly overlap with any of the ranges of reference
species in the collection. The archaeological material
is substantial enough to show that it was part of a
large organ, but no other diagnostic features apart
from those directly associated with cells were noted.

Determined as fruit parenchyma

An archaeological tissue falls in this category when
there are no signs of vascular organs on the charred
remains, and is comprised only of parenchyma cells;
the general shape of the original organ can be dis-
cerned; or there are clear remains of the periderm
and underlying phellogenic structures. The cells have
thicker walls compared with the cell walls of paren-
chyma from vegetative organs.

Determined as parenchyma

At this level, it is clear that the tissue being determined
is not a piece of lignified charcoal. It was clearly dem-
onstrated that it fits the characteristics of parenchyma
cells and tissue as already described earlier.

Determined as unknown

A general label given to archaeological charred plant
tissues, initially categorised as parenchymatous, but
after analysis could not be placed with a comfortable
certainty under the category of parenchyma or woody
tissue, or any other type of charred plant remains. This
is usually due to extensive taphonomic transformation.

A final note

In the methodology of comparing archaeological plant
remains against contemporary plant references we are
under no illusion that what we conclude was derived
from absolute knowledge of what is, and what was.
We are at best giving good approximations that are
well informed —the best that anyone can say or do—
with charred macro remains. Anyone who engages the
reasoning behind our determination may follow the
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steps taken without difficulty. The system underscores
the importance of how determination is delimited at
first by observations and information directly relevant
to the plant remains under study (internal determina-
tion). All other variables that may help in improving
the level of precision in the determination, including
the skill and experience of the investigator (external
determination), must be clearly limited by the extent
of what can be said from the actual archaeological
material, or from the limits of the internal step of the
process.

It is fortunate for the discipline of Archaeol-
ogy that methodologies and techniques coming
from archaeobotany continue to progress. There are
advances not only with the macro remains methods,
but also with the smaller scales of plant remains.
The micro remains of plants, represented by pollen,
phytoliths and starch, are studied with the same
amount of interest. Equally so are the advances in
the analysis of plant isotopes and lipids, traces of
which are ingeniously extracted from the archaeol-
ogy. It is almost a truism that all the methods have
strengths and real weaknesses. I, however, maintain
that plant macro analyses have a unique advantage.
It is only at the macro level that we see plant remains
still with anatomical or biological features in their
original physical associations with each other. We
may recover charred seeds with the embryo place-
ment in direct association with the rest of the seed
components. A tissue of charred parenchyma, even
when drastically transformed, may show the direct
association with each other of cells, vascular bundles
and other biological features embedded in tissue.
With micro and molecular remains, we are dealing
with relevant components and traces of plants that
existed —all are totally detached from their original/
natural context—churned within an archaeological
sediment matrix. They are denied the advantage of
being found as a compound tissue where several ele-
ments, undeniably associated features, can be brought
to play in the determination. And so the philosophical
cautionary question applies more heavily at the micro
and molecular scale: have we eliminated all possible
candidates for determination to taxon? Have we seen
everything?

As always, the best way to deal with weaknesses
in our methods is to bring together all possible lines
of proxy evidence to support and improve determina-
tions derived from the techniques applied. In a limited
way we have been applying this approach in Island
Southeast Asia in the study of people—plant relation-
ships, where the determination of macro remains (con-
servative by the nature of the determination system)
is improved by complementary results from parallel
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determinations of micro remains (see Barton & Paz
2007; Mijares 2007). With more collaborative work,
there is indeed good reason to be optimistic about the
prospects of archaeobotanical methods.

I have attempted to explain better a determina-
tion system for plant macro remains that is being used
and referred to at least in Island Southeast Asia and
the Pacific. Perhaps it may even turn into a proper
protocol, one day, across scales of plant remains. But
this is not my concern. By submitting this piece for
this volume, I try to honour Martin Jones and revisit,
for me, a major academic root. Our generation of
archaeologists came out of the Cambridge environ-
ment very confident that we could do more and
continue practising and improving our craft. Many
of us are still researchers and academics. There are
many wonderful individuals who actively helped me
in my personal growth and contributed to my grand
experience. Martin Jones was definitely one of them.

A tribute

It has been over two decades since Professor Martin
Jones became my mentor. The transformational expe-
rience rewarded me with at least two major lessons:
first, academic mentoring should be towards bringing
out the best potential of an individual, without bla-
tantly imposing one’s own ideas or interests. Second,
itis important to create the appropriate conditions to
allow like-minded individuals to interact intellectually
and be academically productive. Martin Jones facili-
tated this learning process by simply granting ample
freedom for diverse thinking and intellectual space.
The central venue he provided was the George Pitt-
Rivers Laboratory at Cambridge. Most of us brought
into the ‘Pitt’ our own hobby-horses, rather than being
topical cogs in a larger research design dictated by the
big professor. There were enough of us in the same
space with various perspectives to generate fascinat-
ing discussions on archaeology, archaeobotany and
life in general. I came back to my home university
with these lessons internalized and applied them in
my effort to help develop the Archaeological Studies
Program at the University of the Philippines.

When [ started my graduate work, I was deter-
mined to learn a method that I could apply and teach.
I'scouted around and decided to learn archaeobotany
generally, which was at that time still underdeveloped
in Southeast Asia. The key reason for my decision was
the enthusiasm I saw in the people at the Pitt-Rivers
laboratory. This included the ever-present lively intel-
lectual discourse and banter (inside the lab and in the
pubs). Added to this was my outward excitement when
informed that there was a way to identify tubers, and
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the developer, Jon Hather, was a good friend of several
members of the Pitt. At that time he was based in Lon-
don at the Institute of Archaeology, University College
London. It would have been logistically difficult for me
effectively to learn the method, had I had regularly to
commute to London. As soon as Martin learned of my
research interest, he immediately called Jon Hather
and set up a system for him to come over and mentor
me at the Pitt. The ensuing regularity of visits by Jon
was effective, and also made him a welcome addition
to the dynamic intellectual and social scene.

I regret that my resulting dissertation has not yet
been published in full (Paz 2001). I got as far as prepar-
ing the prerequisite work, but the project got quickly
buried by complications related to my university
career. Before I knew it, time had rapidly marched on.
Central to my dissertation was the system of determin-
ing remains I have just presented. The system that was
developed is deeply rooted in Jon Hather’s pioneering
work (Hather 1988; 1991; 1993; 2000). The approach
has since been applied in the archaeology of Southeast
Asia and the Pacific; for example in southern Indonesia
(Oliveira 2008); in the Philippines at northern Palawan
(Carlos 2010), and at northern Luzon (Paz & Carlos
2007); in northern Vietnam (Ceron 2013), and in the
Pacific kingdom of Tonga (Ussher 2015). Those who
adopted the system unfortunately laboured in reading
my dissertation and I think it is about time that a use-
ful part of that work is re-written and published —and
so here we are.

I owe friends and colleagues at the Pitt-Rivers
Laboratory for the intellectual discourse, and friend-
ship, which nourished my ideas and research. This
would not be at all possible if Professor Jones were a
different kind of academic, and mentor.
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Chapter 4

Phytoliths and the Human Past: Archaeology,
Ethnoarchaeology and Palaeoenvironmental Studies

Carla Lancelotti & Marco Madella

In this chapter we will explore the evolution of phyto-
lith studies since its inception in Europe. We will bring
together the historical development of the methodo-
logical approach and the current contribution of this
proxy to our understanding of plant use, the origin
of agriculture and agricultural techniques in the past.

A brief history of phytolith studies

Microscopic hydrated silica particles formed in plants

have over the years been referred to as ‘opal phyto-
liths’, “biogenic silica’, ‘silica phytoliths’, “plant opal’,
‘biogenic opal” and simply ‘phytoliths’. The first obser-
vation of mineral particles from plants was reported by
Leeuwenhoek in 1675, though he used the term phyto-
liths to describe calcium oxalates (Mulholland & Rapp

1992). The term phytolith for defining microscopic

opaline bodies deposited in plants initially appeared

in a paper by Ruprecht (cited in Baker 1959a,b), but

their discovery and description dates back to the first

half of the nineteenth century. According to Powers

(1992 and references therein), the history of phytolith

studies can be divided into four periods.

Discovery and exploration period: (c. 1835-1900)

Struve, a German scholar at the University of Berlin,
in 1835 produced a dissertation on silica in plants
(cited in Powers 1992), thus placing the ‘scientific
discovery’ of phytoliths one year before that of pollen.
A decade later Ehrenberg, another German scholar,
observed, described and classified silica particles he
found in sediment samples, calling them ‘Phytolitaria’
(from the greek putov/phutén ‘plant’ and AiOoc/lithos
‘stones’). It was Ehrenberg himself who identified
phytoliths in the samples of dust collected by Darwin
on the deck of HMS Beagle (Darwin 1846).

Botanical research period (c. 1895-1936)
Towards the end of the nineteenth century and dur-
ing the first half of the twentieth, phytoliths were

recognized as particles produced within plants and
studies related to production, taxonomy and morphol-
ogy flourished (Grob 1896; Haberlandt 1914; Mobius
1908). It is in this period that the first applications of
phytolith analysis to archaeological studies appear
(Netolitzky 1900; 1914; Schellenberg 1908). As for the
previous period of discovery and exploration, the
German school dominates phytolith studies and the
body of literature is therefore published in German.

Ecological and paleoecological research (c. 1955-1975)
During the 1950s and 1960s, scholars from the United
States, the United Kingdom and Australia started
investigating phytoliths, thus producing the earliest
body of literature in English. In this period morphol-
ogy is examined in more detail and in many more
plant families, resulting in studies that are considered
the bases of phytolith classification and they are still
in use (e.g. Metcalfe 1960; Twiss et al. 1969). Studies in
archaeology also proliferate, with researchers starting
to work on different types of deposits and materials
(e.g. Helbaek 1961; 1969: working on ashes and ceram-
ics from the Near East) and in different areas of the
world (e.g. Watanabe 1955; 1968; 1970: identifying
rice phytoliths in prehistoric deposits from Japan). A
seminal publication, which contributed to increase
phytoliths visibility in Quaternary studies, was the
review of the potential of phytoliths in palaeoecologi-
cal reconstruction published by Rovner (1971) in the
journal Quaternary Research.

Modern period (c. 1978-2000)

The last two decades of the twentieth century are
characterized by an exponential increase in phytolith
studies (Fig. 4.1), both geographically and in scope.
Specific studies on families or species become rou-
tine: Cucurbitaceae (Bozarth 1987; Piperno et al. 2000),
Fabaceae (Bozarth 1990) and Cyperaceae (Ollendorf
1992; Ollendorf et al. 1987) become a focus of interest,
as well as some dicotyledonous species for their inter-
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Figure 4.1. Increase in phytolith

studies in the last 15 years from

a search on ScienceDirect, using 100

as keyword the term ‘phytolith’ in

any field (trend line); only in ‘title’,
‘abstract” and ‘keywords’ in both books
and journals (black columns); and only

journals (grey columns). 2000

est in past vegetation and human use (Bozarth 1992).
Maize (Mulholland et al. 1988; Piperno 1984; Piperno
& Pearsall 1993), rice (Houyan ef al. 1997) and wheat/
barley (Ball et al. 1993; 1999) occupy, for their economic
interest, a prominent spot in this area of studies. The
geographical zones investigated in phytolith studies
also expand, with research in Africa (Alexandre et al.
1997; Barboni et al. 1999; Jansen & van Iperen 1991;
Mercader et al. 2000; Runge & Runge 1997), Central
Asia (Madella 1997) and South East Asia (Bowdery
1999; Kealhofer & Penny 1998) appearing together
with New Zealand (Kondo et al. 1994), Israel (Albert
et al. 1999; 2000), China (Yongji 1991) and Brazil
(Alexandre et al. 1999). The scope of research also
widens and phytoliths are used as activity markers
to study irrigation (Rosen & Weiner 1994), identify
dietary practices from dental calculus (Ciochon et al.
1990; Danielson & Reinhard 1998; Fox et al. 1994) and
infer function of stone tools (Anderson 1980; Jahren
et al. 1997; Kealhofer et al. 1999; Sobolik 1996) and the
formation of pastoral sites (Brochier et al. 1992). New
techniques such as the isotopic study of phytoliths
are also introduced (Fredlund & Tieszen 1997; Kelly
et al. 1998; McClaran & Umlauf 2000; Shahack-Gross
et al. 1996; Webb & Longstaffe 2000). Phytolith stud-
ies also assume the character of a mature discipline
with the proliferation of meta-studies, in particular
on extraction methods (Lentfer & Boyd 1998; Madella
et al. 1998; Middleton & Rovner 1994; Powers & Gil-
bertson 1987).

In the next paragraphs, we will outline some of
the major breakthroughs and developments in phyto-
lith research in archaeology and palaeoenvironmental
studies and, especially, in ethnoarchaeology.

2002
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Methodological advances

The stage of maturity reached by the discipline in
the last 15 years is testified by the number of works
published since 2000 that critically reflect on the
methodology itself. At the same time, technological
improvements and the introduction of more sophis-
ticated analytical tools contributed to an increase in
research involving isotopic and genetic analysis of
phytoliths.

Phytolith extraction, identification and interpretation

On the one hand, phytoliths from archaeological
sites have been used to document crop plants, plant
food, plant-made objects like mats and baskets, fuel
types and construction materials. On the other hand,
phytoliths from natural sequences have been used to
understand vegetation changes between major ecologi-
cal types (e.g. savannah, forest, grassland, etc.) or the
dynamics of soil-formation processes. Several authors,
however, have concentrated on extraction methods,
either proposing new and improved techniques
(Lombardo et al. 2016), concentrating on specific and
problematic types of sediments (Calegari et al. 2013),
combining extraction of several micro-remains (Hor-
rocks 2005), improving the efficiency both in time and
cost (Katz et al. 2010), comparing the results of different
extraction methods (Parr 2002), or assessing the best
extraction method for specific analyses for example iso-
topic studies (Asscher et al. 2017; Corbineau et al. 2013)
or genetic analyses (Kistler 2012). Other methodologi-
cal aspects on which researchers have concentrated are
counting and nomenclature. Stromberg (2009) and
Zurro (2017) question whether changing the count size
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influences the interpretations of results and propose

minimum count size as well as statistical techniques to

ensure the robustness of results. The creation in 2000 of

the International Committee on Phytolith Morphology
responded to the need of the phytolith communities

to standardize the terms that were used to describe

phytoliths. The main result of this committee was the

publication of the first International Code for Phytolith

Nomenclature in 2005 (Madella et al. 2005). In 2014 the

International Society for Phytolith Research appointed

a new International Committee for Phytolith Tax-
onomy to continue this effort. Their first output was

the publication of standardized guides for morpho-
metric analysis of phytoliths (Ball ef al. 2016b). Another
important issue that has been deeply addressed in

recent years concerns the role of taphonomic processes

on the composition of phytolith assemblages. Madella

and Lancelotti (2012) have offered a comprehensive

review of the possible impacts of various taphonomic

processes and proposed some ways of counterbalanc-
ing them in the analysis. At the same time, Cabanes

and Shahack-Gross (2015) have performed experi-
ments to assess phytolith preservation fully in sedi-
ments and understand the role of dissolution on the

robustness of interpretations.

Isotopes and DNA

Isotopes from archaeological sites have been used
for understanding, among other things, climatic and
environmental change, past human diet, nutrition and
mobility, past animal and crop management prac-
tices, and to build reliable chronologies. The isotopic
analysis of occluded carbon in phytoliths, both for
dating as well as for palaeoenvironmental reconstruc-
tion purposes, is an issue that has been abundantly
debated in recent years (Piperno 2016). Studies have
been performed to understand soil carbon sequestra-
tion in phytoliths (Parr & Sullivan 2005; Song et al.
2016), as well as the incidence of atmospheric carbon
occluded in phytoliths (Carter 2009). Some of these
publications have generated a debate centred on the
validity of carbon isotopic analyses in phytoliths and
what exactly is the signature measured through this
technique (Santos & Alexandre 2017; Santos et al. 2016).
Hodson and colleagues (2008) explored the potential
of oxygen and silicon isotopes alongside carbon on the
same plants of Triticum sp. and concluded that silicon
and carbon are the most promising isotopic systems to
be used in palaeoenvironmental studies, while more
work on oxygen isotopes was needed to explain its
patterns of variation. Following this, several groups
have been working on oxygen isotope methodology
(Chapligin et al. 2011; Crespin et al. 2008) up to the
point where this technique has been fully validated
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for palaeoenvironmental studies (Alexandre et al.
2012). Work on silicon isotopes, on the contrary, is
much rarer, although the potential of this technique
is gaining recognition (Leng & Sloane 2008; Leng et
al. 2009), to the point that Hodson (2016) recognizes
it as a commonly used technique.

Ancient DNA in archaeology has been used to
understand human evolution and, when extracted
from plants and animals, as a way to understand the
processes involved in domestication. The extraction
of DNA directly from phytoliths is related to the pos-
sible presence of organic material occluded within
the silica. However, this seems to be a problematic
avenue of study, as observed by Elbaum et al. (2009).
An interesting side of DNA studies and phytoliths is
the exploration of the genetic mechanisms involved
in phytolith production. Despite the evidence that
silicon is fundamental for plant growth, as it provides
strength, detoxification and protection from animals
(Piperno 2006), the exact mechanism for phytolith
formation is still not fully understood. Piperno et al.
(2002) indicate that phytolith formation in Cucurbita-
ceae is regulated by a dominant genetic locus previ-
ously associated with the production of lignin. The
same research establishes that this locus also has an
important role in phytolith morphology, constituting a
major breakthrough in the understanding of phytolith
formation and taxonomy.

Phytoliths in archaeology

The process of domestication of plants and the set-
ting and spread of agriculture was a transformational
moment in the socio-ecological history of our species.
Currently, the archaeological record shows that, start-
ing around 12,000 years ago, plant cultivation and
domestication developed independently in several
regions of the world and then spread via cultural or
demic diffusion into most geographical areas (Larson
et al. 2014). Archaeobotany has focused on developing
methods for identifying the domestication process, the
cultivation of plants and fully fledged agriculture from
wild plants and crops remains. During the last 20 years,
phytoliths in all regions of the world have become an
important proxy in this research, alongside macro
remains, pollen and starch grains (e.g. Pearsall 2015b;
Piperno 2006; 2009). After many years of work focused
on the standardization of identification characteristics
based on reference collections and morphometric
analysis of phytoliths from wild species and crops,
the discipline has finally reached sound and repli-
cable procedures. Piperno (2006) performed the first
review of crop phytoliths, followed by more recent
endeavours from Piperno (2012) and Ball et al. (2016a).
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Table 4.1. Phytolith production and taxonomic specificity for the world’s major crops.

Plant Phytoht‘h Taxo‘n omie Plant Part
production specificity
Triticum spp. (einkorn, emmer, Very high Genus Inflorescence bracts (glume, lemma
other species) and palea)
Southwest Asia Hord o] n il b | |
ordeum spp. (barley, other Very high Genus nflorescence bracts (glume, lemma
wheats) and palea)
Oryza sativa (rice) Very high Species Glume, Leaf (bulliform cells)
East Asia Setaria spp. (foxtail millets) Very high Genus Glume
Panicum spp. (broomcorn millets) | Very high Genus Glume
Musa spp. (bananas) High Sem}s, Section, Leaf, Seed
South and pecies
Southeast Asia | Benincasa hispida (wax gourd) Very high Genus (?) Fruit rind
Cocos nucifera (coconut) Very high Family or Subfamily | All plant parts
Lagenaria siceraria (bottle gourd) | Moderate Genus Fruit rind
Africa Ens.ete ventricosiin (Abyssinian or High Genus Leaf and seed
Ethiopian bananas)
Sorghum bicolor (sorghum) High Genus Glume
Zea mays (maize) Very high to low | Species Cob (glume/cupule), Leaf, Husk
Cucurbita spp. (squashes and Very high/high Fam{ly, Genus, Fruit rind, Leaf
gourds) Species
Lagenaria siceraria (bottle gourd) | Moderate Species Fruit rind
Sicana odorifera (cassabanana) High Genus Fruit rind
Manihot esculenta (manioc or Very low Genus Most plant parts
yuca)
Maranta arundinacea (arrowroot) | Very high Species Seed
Americas i
Calathea allouia (llerén) &ery high to Species Seed, Rhizome
oderate
Ananas comosus (pineapple) Very high Family Leaf, Seed
Canna edulis (achira) Very high Genus (?) Leaf
Phaseolus wflgurzs and [unatus Moderate Genus Pod
(common/lima bean)
Helianthus annuus (sunflower) High Family (Genus?) Achene
. Family, Subfamily,
Arecaceae (palms) Very high Genus (?) All parts

Phytoliths have been used in a number of dif-
ferent ways to understand agricultural origin and
dispersal:

1) asdirect proxies for cultivation and domestication
of certain species

2) as part of a multi-proxy research to identify past
crops or wild species

3) as low-level taxonomic identifiers (e.g. species
level) or identifiers of plant structures (e.g. inflo-
rescences, leaves) less visible with other fossils

4) as proxies for the expansion of ancient crops.

Phytoliths significantly increase the traceability of

several Old and New World crops, including taxa that

are normally invisible in the charred record, such as

some fruits or root crops, as well as enabling the iden-

tification of different plant structures pertaining to the
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same crop (e.g. Corteletti et al. 2015; Garcia-Granero
et al. 2015a,b; Iriarte et al. 2012; Madella et al. 2014).
The level of taxonomic significance of phytoliths will
differ from species to species in the same manner as
other fossil indicators of plant exploitation, such as
charred remains of seeds.

In Table 4.1 we summarize the present under-
standing of crop identification based on phytoliths
and in the following text we discuss the utility of
phytoliths for identifying major crops and therefore
agricultural origins and crop dispersal.

Triticum and Hordeum spp. (wheat and barley)

Wheat and barley are major silica accumulators, pro-
ducing a variety of morphotypes such as the ones from
epidermal cells: short cells; long cells; cork cells; papil-
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lae; trichomes; and trichome bases. These bodies are
very characteristic and can be diagnostic at genus level
when a morphotypic and morphometric approach is
used (e.g. Ball et al. 1999; 2009). There has also been
some success in identification to species level, primar-
ily based on the morphometric differences observed
in the short cell (rondel), dendritic and/or papillae
phytoliths (e.g. Ball et al. 1999; Rosen 1992; Tubb et al.
1993). Moreover, features of the anatomy displayed in
the silicified epidermal tissues of cereals can be used
to distinguish plant parts.

Setaria and Panicum millets (foxtail and broomcorn
millets) and other small millets

Phytoliths from the inflorescence of Setaria and Pani-
cum are extremely useful for identifying Setaria italica
(foxtail millet), Setaria viridis (green foxtail) and Panicum
miliaceum (common or broomcorn millet) and thus doc-
umenting the earliest history of domesticated millets in
Eurasia (Garcia-Granero et al. 2015a,b; Zhang et al. 2011;
2013). Important features to distinguish these taxa are
the silica body shape, papillae characteristics (includ-
ing presence/absence), epidermal long cell patterns and
glume surface sculpture (Lu et al. 2009). A cautionary
note is due when differentiating crop phytoliths from
their Panicoid weedy wild relatives in archaeological
contexts, as this can be a challenge due to similarities
of identifiable Panicoid husk morphotypes. Strict iden-
tification criteria must therefore be followed for correct
identifications. The discrimination between S. ifalica
and its wild ancestor, S. viridis, is based on the mor-
phometry of phytoliths in the upper lemma and palea
(Zhang et al. 2011), although some uncertainty remains
and more studies are needed to detect the presence of
other potentially diagnostic features. Morphological
and basic morphometric studies of glumes of other
minor millets also show the potential of phytoliths for
differentiating these important crops in the prehistory
of Eurasia and Africa (Madella ef al. 2014).

Oryza sativa (rice)

Phytoliths play a very important part in the archaeo-
logical study of rice domestication and cultivation.
Currently, three distinct phytolith morphotypes are
used to identify rice: double-peaked glume cells from
the rice husk; bulliform cell phytoliths from the leaves;
and articulated bilobate phytoliths from stems and
leaves (Gu et al. 2013; Piperno 2006). Double-peaked
glume cell phytoliths are unique to the genus Oryza
and can discriminate domesticated rice from wild
rice species of South and Southeast Asia on the basis
of linear discriminant function analysis of glume cell
measurements (Zhao & Piperno 2000) or three-dimen-
sional measurements (Gu et al. 2013). The morphologi-

cal characters of bulliform cell phytoliths seems to be
under genetic control, therefore reflecting taxonomical
significance (Gu et al. 2013), and some features such
as surface ornamentations have been employed to
distinguish domesticated from wild rice (Huan et al.
2014; Wang & Lu 2012). Phytoliths can also be used as
a tool for understanding the development and spread
of rice (Oryza sp.) arable systems using arable weed
ecologies as pioneered by Fuller and Weisskopf (2011).

Musa spp. (true bananas) and Ensete ventricosum
(Ethiopian/Abyssinian banana)

The domestication and spread of true bananas (Musa
spp.) is difficult to untangle. Current domestic
bananas derive from the Eumusa (Musa acuminata
[AA] and Musa balbisiana [BB]) and Australimusa (M.
maclayi) sections of Musaceae through intra- and inter-
specific hybridization, polyploidization and soma-
clonal mutations, which resulted in seed sterility and
parthenocarpy (De Langhe et al. 2009). Prehistoric and
historical human populations spread domesticated
Eumusa throughout the tropics and any evidence for
Musa phytoliths outside Asia is indicative of cultiva-
tion (Vrydaghs & De Langhe 2003). Phytoliths can
be produced in various plant tissues and organs of
bananas (e.g. Chen & Smith 2013), with seed and leaf
phytoliths being the most studied to date. In Musa and
Ensete leaves, the silicification of cells from around
the vascular tissue produces volcaniform (volcano-
shaped) phytoliths (Ball et al. 2006). Both morphotypic
(e.g. Vrydaghs et al. 2009) and morphometric studies
(e.g. Lentfer 2009; Vrydaghs et al. 2009) have been car-
ried out to be able to identify different Musa and Ensete
species. The results show that volcaniform phytoliths
can be discriminated at the genus level (distinguish-
ing bananas from Ensete in archaeological records: e.g.
Lentfer 2009; Mbida et al. 2001), but reliable identifica-
tion at the species level is still wanting.

Sorghum bicolor (sorghum), Pennisetum glaucum
(pearl millet)

A certain number of recent studies have showcased
phytolith production in African domesticated grains
and their wild progenitors (Logan 2012; Madella et al.
2014; Novello & Barboni 2015; Out & Madella 2017;
Radomski & Neumann 2011). However, there are cur-
rently too few studies on phytolith production in the
wild grasses inflorescences (Novello & Barboni 2015)
to be able to identify specific morphotypes diagnostic
to the genus or species level.

Zea mays (maize)
Maize is native to the central Balsas River region of
tropical southwest Mexico (see van Heerwaarden et
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al. 2011) and represents the main cereal crop of the
Americas. More than three decades of focused research
have demonstrated that phytoliths produced in the
leaf and cob of maize are diagnostic, and distinguish-
able from those of teosinte (its wild ancestor) and
other wild non-Zea grasses native to North, Central
and South America (Ball et al. 2016a). The criteria used
for the identification of maize phytoliths employ both
size and morphology and, as with phytoliths from
other crop plants, vegetative and inflorescence struc-
tures can be distinguished (leaf, stalk and seed chaff).

Cucurbita squashes and gourds and other Cucurbitaceae

Squashes and gourds pertaining to the genus Cucur-
bita, as well as other types of Cucurbitaceae, were
important early plants of the Americas, and they
produce phytoliths of high taxonomic information to
document their archaeological history. Many parts of
the squash/gourd plants are high phytolith producers
and the phytoliths obtained from fruit rinds are the
most diagnostic. Morphotypic and morphometric
studies have been used to discriminate between wild
and domesticated Cucurbita species, with domesti-
cated fruits often producing much larger and thicker
phytoliths (Piperno 2006). Bottle gourd (Lagenaria
siceraria) is indigenous to Africa, but spread to other
continents by the early Holocene, and its large, scal-
loped phytoliths from fruit rinds have been recovered
from early Holocene and later deposits in Central and
South America (e.g. Piperno 2011).

Maranta and Calathea (arrowroot and llerén,
Marantaceae); Canna (Achira, Cannaceae); Manioc
(Manihot esculenta, Euphorbiaceae)

These tropical root crops (roots, rhizomes, tubers
and corms) are today of minor importance, with the
exception of manioc. The plants from the Zingiberales
(Marantaceae and Cannaceae) generally produce
(abundant) phytoliths that can be taxonomically
diagnostic at order, family, genus and species level
(e.g. Pearsall 2015a). Manioc, today one of the major
root crops of the Americas, is a low silica accumula-
tor (Piperno 2006), but by processing considerable
quantities of tissues it was possible to identify silicified
secretory bodies in the root rind, leaf, stem and fruit
(Chandler-Ezell et al. 2006).

Modern comparative approaches

Phytolith studies with an ethnoarchaeological or
modern comparative approach started to become
widespread from the late 2000s. This type of research
concentrates on the analysis of phytoliths—often
combined with other proxies—extracted from mod-
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ern or historical ethnographic contexts. The aim of
these studies is to build strong reference collections
of phytolith assemblages produced by specific activi-
ties or materials. The rationale, grounded in middle-
range theory, is that phytolith assemblages observed
in ethnographic contexts can be linked directly to
the anthropic or natural activity that produced them,
thus offering interpretative values for archaeological
and natural assemblages. The main themes in which
ethnoarchaeological research on phytolith have been
concentrated are:
1) The creation of plant and soil reference collections
2) Subsistence practices and other plant-related activi-
ties, such as crop processing
3) Use of space and spatial activities
4) The use of non-food plant resources, with a special
focus on the identification of dung.

Plant and soil reference collections

Although not normally considered part of ethno-
archaeological research, the creation of reference
collections responds to the general aim of creating a
middle-range theory approach that help interpreting
the archaeological (or environmental) record. Sev-
eral studies have been devoted to the morphological
and morphometric analyses of phytoliths produced
by some of the major crops: Triticaceae and Avenae
(Ball et al. 2009; 2017; Portillo et al. 2006); millets and
sorghum (Lu et al. 2009; Madella et al. 2016; Out &
Madella 2016; 2017; Tripathi et al. 2013; Zhang et al.
2011); and banana (Ball et al. 2006; Vrydaghs et al. 2009).
Fewer studies have concentrated on non-domesticated
species, focusing on phytolith production in wild
grasses (Babot et al. 2017; Neumann et al. 2017), in
dicotyledonous species (Collura & Neumann 2017;
Mercader et al. 2009) or in a combination of plants
(Tsartsidou et al. 2007). Reference collections of phy-
tolith assemblages from sediments and soils are also
investigated in order to be able to identify past vegeta-
tion cover (e.g. Blinnikov et al. 2013; Esteban et al. 2017;
Gomes Coe et al. 2017; Iriarte & Paz 2009; Mercader et
al. 2009). Either directed to the phytolith production
of specific species or groups of species, conducted
directly on the plants, or of phytolith assemblages
representative of a specific vegetation type, these
studies form the basis of the correct reconstruction of
past plant use and plant cover.

Subsistence practices and plant-related activities

The major advances regarding subsistence practices
and plant-related activities, in general, include the
identification of the exploitation of wild and garden
species (Weisskopf 2016) thereby addressing one of
the major problems in archaeobotany, that is the vis-
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ibility of so-called ‘alternative resources’. Phytoliths,
being both exceedingly resistant to taphonomic altera-
tions and plant-part specific, can be extremely useful
in identifying different crop-processing steps. Harvey
and Fuller (2005) showed how the chaine opératoire
of processing of millets and rice produces phytolith
assemblages exclusive for each step. Specific stages of
the crop-processing chain can also be investigated: Liu
et al. (2017) analyse the use-wear effect of phytoliths
on lithic tools, an approach that can offer fundamental
insights to our understanding of pre-domestication
processes. Ruiz-Perez et al. (2016) analysed phytolith
assemblages from two ethnographic threshing floors,
showing that the general pattern of phytolith deposi-
tion on the floor mirrored the circular movement of
the activity performed.

Spatial analyses of anthropic activities

One of the most novel aspects of phytolith research

in ethnoarchaeology is the application of multi-proxy
and statistical methods for the identification of spatial

distribution of activities. Briz Godino et al. (2011) and

Zurro et al. (2017) use phytoliths in combination with

other proxies to detail the formation processes and

distinguish between specialized and generic activities

in a shell-midden context in Tierra del Fuego. Hunter-
gatherer contexts are especially difficult to study as

they leave much more scanty evidence on the ground

in respect to settled villages. Thus the work by Friesem

etal. (2016) is particularly important in that it outlines

a methodology that allows the identification of activ-
ity areas and their maintenance even in hostile pres-
ervation environments, such as tropical rainforests.
On the other hand, settled farming villages produce

assemblages that are much richer and often better

preserved so that activities are recognizable at both

domestic and village level (Jenkins et al. 2017; Portillo

et al. 2014; Tsartsidou et al. 2008; 2009).

Use of non-food resources: dung and mud bricks

Amongst the plant non-food resources, much research
has been invested in using phytoliths as one of the
proxies for the identification of animal dung. Dung
is widespread in archaeological contexts, although it
is not always easy to identify as sometimes it leaves
ephemeral traces and the most common proxy for
dung—spherulites—is not always reliable (Lancelotti
& Madella 2012). The correct identification of animal
dung is fundamental for the implication that the use
of this material has on the interpretation of human
behaviour, on the one hand, for the correct identifica-
tion of husbandry practices and pastoral sites (Elliott
et al. 2015; Shahack-Gross et al. 2003; 2004) and on the
other hand, for its importance as a fuel resource in
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arid and semi-arid environments, where its presence
and constant use can indicate signs of environmental
degradation and wood-resource overexploitation.
Ethnographic fireplaces have thus been intensively
investigated in recent years in order specifically to
identify signatures of dung (Portillo et al. 2017) or
with the aim of discriminating various fuel sources
(Friesem et al. 2017; Gur-Arieh et al. 2013; Lancelotti
et al. 2017). All of these studies have highlighted the
potential of phytoliths, as part of a wider set of prox-
ies and with the right statistical treatment of data, for
the identification of fireplaces and fuels, including
fuels alternative to wood. Lastly, a few studies have
concentrated on the analysis of construction materials,
such as mud bricks (Friesem et al. 2014; Jenkins et al.
2017), to be able to distinguish between the signature
left by their degradation and that of other intentional
human activities.

Environmental reconstructions and past land use

Phytoliths have been successfully used as a proxy for
reconstructing Quaternary vegetations, especially in
depositional environments where other organic prox-
ies are poorly preserved, such as alluvial deposits and
soils (e.g. Bremond et al. 2017; Calegari et al. 2017;
McMichael et al. 2013; Wallis 2001) and rocks (e.g.
Stromberg et al. 2007). Phytolith assemblages from
ancient superficial sediments reflect deposition from
local vegetation and therefore local climatic character-
istics, making it possible to use them to infer palaeo-
climate and palaeoenvironments. However, precise
assessment of past environments might be hampered
by pre- and post-depositional processes that tend to
alter the original plant community production. A
diverse set of approaches supported by multivariate
statistical methods, such as phytolith indexes (Bre-
mond et al. 2005; 2008) and modern analogues analysis
(Watling et al. 2016), were recently developed partly
to solve this problem. The application of these quali/
quantitative techniques has made it possible to deter-
mine which vegetation and environmental factors are
dominant in influencing phytolith type distributions
and to identify these parameters in the fossil phytolith
assemblages on the basis of modern assemblages.
Earth system models help in understanding the
earth system as a whole and the drivers of change
and assist in envisaging our future. A major research
question that cross-cuts the social, biological and
physical sciences is to understand the scope of early
human land use, the resultant changes in land cover
and the consequent feedbacks to climate and human
cultural systems during the Holocene and Anthro-
pocene. There remains disagreement over the forms,
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scope and intensity of prehistoric land use and the
degree to which early anthropogenic land-cover
change affected the global climate system. Researchers
agree that the intensity and extent of human land use
increased during the Holocene, when hunter-gatherer
societies gave way to early pastoral and agricultural
societies, which in turn increased in complexity. These
effects of human land use on terrestrial ecosystems
were profound at local to regional scales, but there is
uncertainty about how important they were at global
scale, and this uncertainty is fostered by the lack of
high-quality data-based syntheses of global land use
and anthropogenic land-cover change for the last
12,000 years. Phytoliths have been useful in extend-
ing on- and off-site high-quality datasets to supply
more refined synthesis of land use in areas such as
understanding the irrigation of crops (Madella et
al. 2009), arable land (Golyeva & Svirida 2017), past
agricultural systems (Meister et al. 2017) and forest
management (Levin & Ayres 2017; Levis et al. 2017;
Nogué et al. 2017).

Final remarks

Phytoliths were observed, as part of mineral particles
produced by plant tissues, more than 340 years ago,
but it was Struve who pioneered the first scientific
study in 1835. Research on phytoliths has seen vari-
ous moments of interest, such as the early works on
plant studies and (palaeo)ecology, but it was within
archaeology that phytoliths gained momentum and
widespread acknowledgement. This ‘popularity’
originates in the new avenues opened by phytoliths to
investigate central archaeological questions, with the
possibility of identifying previously unrecognizable
(or difficult to discern) plants in the archaeological
record, as well as human activities (e.g. crop process-
ing). The development and refinement of phytolith
systematics and crop identification via a double
morphotypic and morphometric approach were major
endeavours that stemmed from archaeology. Future
advances should look at augmenting the comparative
collections available together with their accessibility to
researchers and refining the field-sampling approach
and laboratory processing to further standardization,
and push on the ethnoarchaeology and experimental
archaeology work to provide a framework for a bet-
ter understanding of the relationship between human
activities and phytolith signatures.
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Terry Brown

I first met Martin Jones on 21 March 1990 at a confer-
ence in Glasgow organized by the Natural Environ-
ment Research Council (NERC) as part of its “special
topic’ in Biomolecular Palaeontology. This research
programme, which had been set up a couple of years
earlier, funded a series of projects in UK universi-
ties on what at the time were referred to as ‘fossil
molecules’. When the special topic was planned, the
emphasis had been on the use of long-lived biopoly-
mers, derived from lipids and carbohydrates, as bio-
chemical markers in the geological record. However,
the research programme coincided with the explosion
of interest in ancient DNA, engendered by the first
demonstrations, by Erika Hagelberg, Catherine Hanni
and others, of preserved DNA in archaeological bones
(Hagelberg et al. 1989; Hanni et al. 1990). Thanks in
large part to the perceptiveness of Geoffrey Eglinton,
the Chairman of the Biomolecular Palaeontology
steering group, the research programme expanded
its objectives and funded three grants on ancient
DNA, one of which Keri Brown and I were fortunate
enough to receive. So on a cold and wet March day
Keri and I, along with 70 other delegates, made our
way to Glasgow. Exciting times! This was our first
opportunity to meet other researchers interested in
ancient biomolecules.

Ancient DNA from charred grain

The final hour of the Glasgow conference was given
over to a discussion session, about which I remember
very little, except that at various points I contributed
a comment that came to my mind. Every time I said
something the person sitting in front of me turned
around, nodded and smiled, which I found very
encouraging as I had spent most of the day feeling
rather nervous and overwhelmed by the great names
(Svante Paabo, Brian Sykes and others) who were in
the audience.

At the end of the session the gentleman in front
introduced himself as Martin Jones, senior lecturer
in archaeology at Durham University, but shortly to
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move to a ‘new job” at Cambridge. Martin asked me if

I thought I could get DNA from the ‘carbonized grains

that archaeobotanists study’.  had no idea what these

grains were, but those were the heady days of ancient

DNA when anything was possible, so of course I said

yes. Martin looked excited and asked if Keri and I

would like to come over to Durham to discuss a pos-
sible project with him.

At Durham, Martin showed me some carbon-
ized emmer grains. My heart did sink rather as they
did not look promising as sources of DNA, but Keri
had recently had some success in detecting DNA
in cremated bone, so the fact that these grains had
clearly been exposed to high temperatures did not
seem an immediate reason to become gloomy. More
importantly, over lunch, Martin gave me a synopsis of
the origins and spread of agriculture, a topic that was
completely new to me. Although I had been a plant
geneticist in my pre-ancient DNA lifetime, my inter-
ests now were firmly fixed on bones, and the grant
Keri and I had been awarded was intended to lay the
groundwork for genetic studies of artiodactyl evolu-
tion by developing methods for DNA extraction from
fossil horse bones (heady days indeed). In one hour,
Martin reset my research agenda and stimulated my
subsequent lifelong interest in single versus multiple
domestications, trajectories of agricultural spread, the
development of sustainable agriculture and the role of
food in human society. I was totally hooked.

The next thing was to get some money to study
the DNA that we both knew just had to be present in
carbonized grain. We decided that the first thing was
to stop referring to the grains as ‘carbonized’, as this
implied complete conversion to carbon and hence no
DNA. Martin suggested that ‘charred” would be a
better term. The NERC Biomolecular Palaeontology
programme was no longer accepting new propos-
als, so we submitted our grant to the Science-Based
Archaeology committee of the Science and Engineer-
ing Research Council (SERC). This was not as daunting
as it might have been, as Martin was a member of this
committee and so knew what was likely to interest
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DANEB1 GATTACGTGGCTTTAGCAGACCGTCCAAAAATCTGTTTTGCAAAGCTCCAATTGCTCCTTGCTTATCCAGCTTCT
5(X) weeernnnnnennnannannn P et et et eeeeeaeeaeeeeaasaeeaeaaaaaeaaeaaaaaaeaaaannnn
DANEB1 TTTGTGTTGGCAAACTGCGCTTTTCCAACCGATTTTGTTCTTCTCGCGCTTTCTTCTTAGGCTAAACAAACCTCA
3 < S
DANEB1 CCGTGCACGCAGCCATGGTCCTGAACCTTCACCTCGTCCCTATAAAAGCCTAGCCAACCTTCACAATCTTATCAT
< S
DANEB1 CACCCACAACACCGAGCA
5(X) eeeernnrnnenenannn
DANEB2 GATTACGTGGCTTTAGCAGACCGTCCAAAAATCTGTTTTGCAAAGCTCCAATTGCTCCTTGCTTATCCAGCTTCT
STLENT et et e aeeeeeaeeneeneensaeeneeneneeaesneeeeaesaeeeeaesaeeneenesaesneenenesns
DANEB2 TTTGTGTTGGCAAATTGCTCTTTTACAACTGACTCTATTCCTCTTGTGTTTCTT---AGGCTGAACTAACATCAC
STILENT o eeeeeeeeenenneeneeeenesneeaenennn Tevnn. Pt eeieeenannn
DANEB2 CCGTACACACAACCATTGTCACGAACCTTCACCACGTCCCTATAAGAGCCCAACCAATCCCCACAATCTCATCAT
SILENT ©vveveernennnnannannn Pttt eeteeeeeaeeaanaann A.
DANEB2 ACCCACAACACCGAGCA
SILENT vvevuennnnannnnn

Figure 5.1. The first ancient DNA sequences obtained from charred grain. The two sequences DANEBI and DANEB2
were obtained by Robin Allaby from charred spelt wheat from Danebury, dated to the second half of the first millennium
BC. The sequences are compared with the most similar of six sequences for modern glutenin genes that were known

at the time, with dots indicating identities. Ancient DNA aficionados will note that most of the dissimilarities are

C to T changes, which we now know to be damage artefacts typical of ancient DNA. (After Allaby et al. 1994, with

permission.)

them. My contribution to the application was devis-
ing primers for polymerase chain reactions (PCRs)
that would amplify three short segments of the wheat
genome and describing a few standard methods for
plant DNA extraction that we would tweak to deal
with “inhibitors’. Martin wrote the rest of the proposal
and produced a masterly argument that the benefits
of being able to study DNA in charred wheat and
barley grain were so immense that the grants panel
would be foolish not to invest the meagre sum we
were requesting simply on the basis that we could
not provide any evidence at all that we could get
DNA from these grains. I then went on study leave
for six months at Washington State University in the
USA. I heard that SERC had one of its periodic cash-
flow problems, so there would be a 12-month delay
before any new grants could begin. Martin’s message
a few days later that we had got the grant delighted
me, though his reference to ‘SERC being on ice’ rather
puzzled my American colleagues.

Successful research requires both a good project
design and a good person to do the work. With regard
to the latter, Martin and I struck gold. Among the
applicants for the RA position was a recent gradu-
ate from Kings College London called Robin Allaby.
Robin’s enthusiasm and innovation were exactly what
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we needed for this project. In those days, the now rou-
tine methods for the clean-up of ancient DNA extracts

and optimization of very short PCRs for ancient DNA
amplification were in their infancy. Starting from that

almost zero knowledge base, Robin designed a system

based on amplification of a short region of the multi-
copy glutenin genes and carried out the first successful

PCRs with ancient DNA from charred grain, using

spelt wheat from the Iron Age hillfort at Danebury
(Allaby et al. 1994; Fig. 5.1).

Single versus multiple origins of agriculture

Following the Danebury project, the next stages in the
study of charred grain in my own lab were carried out
with Martin’s indirect, rather than direct, involvement.
With typical self-sacrifice, Martin had taken on the
role of Chairman of the Steering Committee of the
NERC Ancient Biomolecules Initiative (ABI), which
funded virtually all of the biomolecular archaeology
carried out in the UK during the mid 1990s, during
that crucial period when the subdiscipline became
established as a leading part of science-based archaeol-
ogy. As Chairman of the Steering Group, Martin was
barred from making applications to the ABI himself,
as either principal or co-investigator, and we therefore
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had to shelve plans to continue our work on ancient
DNA. Instead, the two grants that I received from the
ABI were joint with Glynis Jones of Sheffield, another
archaeobotanist with whom I have enjoyed a produc-
tive and lengthy collaboration.

Despite Martin’s involvement in the ABI, he and
I did not stop working together, and my ideas about
biomolecular archaeology continued to benefit from
Martin’s insights and encouragement. During this
period —the mid-1990s—our discussions increasingly
moved away from ancient DNA to the events which
occurred during the origins of agriculture. At this
time there was a growing movement, led by Daniel
Zohary and others, in support of a model in which
each of the founder crops of Near Eastern agriculture
had been domesticated just once, with the possible
exception of barley, for which two distinct muta-
tions conferring the loss of ear shattering had been
identified in the cultivated population, implying two
separate domestications. As a geneticist, I struggled
with the apparent simplicity of this domestication
scenario, and in particular with the corollary, as I saw
it, that the early version of a crop would have to be
kept isolated from wild populations of that plant, to
avoid cross-hybridization which would lead to the
crop losing the domestication traits and reverting to
the wild phenotype. Martin suggested that fixation of
the domestication traits might occur only when early
farmers moved away from areas where the wild plants
were abundant. This ‘edge effect’ would certainly
allow the domestication traits to become fixed quite
rapidly, but implied that there was a preceding period
during which early farmers were cultivating plants
within the range of the wild population, those early
cultivated forms having a wild “pre-domesticated’
phenotype. Martin also described to me a variety of
ways in which humans could intervene in the life
histories of their wild food plants to make these more
productive, by weeding, soil improvement and so on,
during stages before more sophisticated cultivation
practices emerged. I gradually became convinced
that the transition from gathering to agriculture had
been a complex process, with many centuries elapsing
between the first interventions into the growth of wild
plants and the final emergence of a fully domesticated
crop, and with the possibility of parallel processes,
involving the same or different crops, occurring at
the same time in different parts of the Fertile Crescent.

Having become convinced that agriculture
emerged via a protracted and dispersed process, I
was galvanized by a report in Science in November
1997, from Francesco Salamini’s group at the Max
Planck Institute in Cologne, that suggested quite the
opposite (Heun et al. 1997). Using state-of-the-art
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genotyping methods, Salamini’s group had acquired
data on the genetic diversity of a large collection of
einkorn landraces and wild accessions, and shown by
phylogenetic and population genetic analyses that all
cultivated einkorns derived from a single domestica-
tion event that took place in the Karacadag mountains
of southeast Turkey, well within the natural range
of wild einkorn. Although careful not to extrapolate
beyond the origins of cultivated einkorn, the paper
provided clear support for a rapid and localized
origin of agriculture in southwest Asia, and the final
statement of the paper, that ‘one single human group
may have domesticated all of the primary crops in the
region’, was quickly taken up by commentators and
popular-science writers.

The notion that an enlightened group of humans
invented agriculture 10,000 years ago captured the
popular imagination. A suggestion by Martin, Robin
and me, published in Science in January 1998, that the
earliest archaeobotanical evidence for einkorn culti-
vation was not in Turkey, but 800 km to the south at
Jericho, Netiv Hagdud, Gilgal and Aswad (M. Jones
et al. 1998), was swatted down rather offhandedly by
Salamani in a response that I still do not fully under-
stand, but which seemed to say that we were perfectly
correct but it didn’t matter because the genetics cannot
be wrong. As a geneticist I was much less confident of
the pre-eminence of my discipline as a tool for answer-
ing complex questions.

Of the three of us, Robin was the one who was
most convinced that the data analysis in the einkorn
paper, and in the following papers from Salamini’s
lab on barley and tetraploid wheats (Badr et al. 2000;
Ozkan et al. 2002), which reached similar conclusions,
were flawed. Robin embarked on a heroic series of
computer simulations of increasing sophistication,
which showed that a crop derived from two or more
parallel domestications can appear to have a single
origin, if events such as gene flow within the crop
are not taken into account when the genetic data
from landraces are analysed. As Robin was doing this
work, Martin and I explored further the genetic and
archaeological evidence in support of different mod-
els for agricultural origins, in a series of reviews and
book chapters (Jones & Brown 2000; 2007; M. Jones
et al. 1996) that culminated in a 2009 article in Trends
in Ecology and Evolution (Brown et al. 2009), in which
we brought together various strands of research to
argue that the transition from hunting-gathering to
agriculture in the Fertile Crescent should be looked
on as a protracted and multi-regional process, and
that “we should view the first attempts by humans to
manage their wild plant resources as the initial step
on a lengthy and unbroken path that continues today
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with our scientifically informed programmes of crop
improvement”.

The adaptation of crops to new environments

At the same time as we were arguing for a protracted
origin of agriculture, Martin and I were also exploring
new ideas regarding the spread of agriculture away
from the Fertile Crescent and into Europe and Asia.
We became interested in the idea that phylogeographic
methods that had been developed to study, for exam-
ple, the past expansion of plant populations out of
glacial refugia might be applied to the spread of a crop
during the Early Neolithic. We were not so much inter-
ested in the trajectories of spread, as those had been
mapped in some detail from the more conventional
archaeological record, but we wondered whether
those trajectories were accompanied, and possibly
influenced, by genetic adaptation of the crop plants
to the new environments to which they were taken.
Initially these were just speculations, but in
2002 I saw an opportunity to put together a grant
application that would allow us to test our ideas.
Martin had begun a nascent collaboration with the
crop geneticists at NIAB, a plant science institute in
Cambridge. During the summer of 2002, Mim Bower,
one of Martin’s postdocs, visited Manchester with
Huw Jones and Lydia Smith of NIAB to talk about
new project ideas. Specifically, they were interested
in ‘bere’, a type of barley grown in Orkney, which
was thought to have been brought to northern Scot-
land by the Vikings. NIAB had the equipment and
expertise for high throughput genotyping of multiple
crop accessions, so would I be interested in applying
phylogeographic methods to test the hypothesis that
bere originated in Scandinavia? The short answer was
no; at that time I was not particularly turned on by the
bere question (though more recently I have returned
toitin collaboration with Peter Martin of Orkney Col-
lege). However, I was interested in a more ambitious
project in which we used NIAB’s genotyping skills
to obtain data from barley from across Europe, to
address some of the questions Martin and I had been
discussing. This would be a large project, and to fund
it we would need a larger-than-normal NERC grant.
We brought Glynis Jones and Mike Charles of Shef-
field into the discussions, and wrote a four-partner
consortium grant, somewhat mischievously entitled
‘The Domestication of Europe’, which we submitted
to NERC in 2003. Initially it seemed a very long shot,
as NERC only awarded two or three such grants per
year, and we were uncertain if biomolecular archae-
ology would be sexy enough in competition with
grants addressing climate change, volcanoes, tsunami
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and suchlike. But all of our ideas fell into place, the
reviewers were tough but fair and our responses
robust and, thanks to Martin, “professorial” in the
way they were phrased. To cut a long story short, we
got the grant.

So began one of the most enjoyable phases of
my research career. Shortly after we began the project,
Wayne Powell took over as Director of NIAB, and
identified our project as one of the most interesting
things that NIAB was doing at that time. Our regular
consortium meetings, with Martin, Wayne, Glynis and
Mike tossing ideas to and fro across the table, were
stimulating in the extreme, and the data generated at
NIAB, Cambridge and Sheffield came together into
a splendid synthesis of dating, archaeobotany and
genetics. My own strand at Manchester, on ancient
DNA, was less successful, but I had the compensation
of coordinating the writing of several of the papers
that emerged from the project. The most interesting of
these, from my viewpoint, was the work led by Huw
Jones on sequence diversity of the Ppd-H1 gene, one of
the central genes involved in the barley flowering-time
response (H. Jones et al. 2008). Wild plants in the Fer-
tile Crescent flower early in the year, so seeds can be
produced before the weather gets hot and the plants
die. Some types of cultivated barley, on the other hand,
have a mutated version of Ppd-H1 that knocks out the
flowering-time response, so these plants do not flower
until later in the year, a benefit in northern Europe
where the growing season is longer. Huw showed
that landraces are distributed on a north-south cline
across Europe, early-flowering plants with the wild-
type version of Ppd-H1 predominating in the south
and late-flowering plants with the mutant gene in
the north. As the mutant gene appeared to be absent
in wild barley, the implication was that the mutation
giving rise to the late-flowering phenotype occurred
in the crop somewhere in Europe, correlating perhaps
with the apparent pause that occurred as agriculture
moved northwards across the Hungarian plain. Huw
and I drafted a Nature paper, but before we had time to
circulate this to the other consortium members, Huw
typed Ppd-H1 in a new set of wild barleys that he had
obtained from the Vavilov Institute. A small number
of these, mainly from elevated regions of the Zagros
Mountains, contained the mutant version of the gene.
If anything, this made the story even more intriguing,
the implication becoming that the late-flowering ver-
sion of barley spread to northern Europe not during
the Neolithic, but at some later period, and possibly
not via Anatolia, as was the case with the Neolithic
spread of agriculture, but along a trajectory to the
north of the Black Sea. Late flowering can therefore
be looked on as an innovation that occurred well



Genetics and the Origins of European Agriculture

after agriculture had become established in Europe,
further emphasizing the unbroken nature of the crop
improvement carried out by humans from the earli-
est interventions into the life histories of wild plants
through to the present day.

The multidisciplinary approach to the human past

Over the last 20 years, genetic approaches, using both
modern and ancient DNA, have assumed centre stage
as a means of addressing a variety of archaeological
questions. This is particularly true with work on
human DNA, where extensive analysis of genotypes
and genome sequences from modern human popu-
lations, supplemented in recent years with an explo-
sion of ancient genomic data, has resulted in a rich
narrative of the trajectories of human evolution and
migration since the Palaeolithic. This has led to equally
intense debate about some of the conclusions emerg-
ing from these genetic studies, in particular the occa-
sional divergence between these conclusions and the
interpretation of the past as revealed by archaeological
research. An underlying theme is the extent to which
there is productive discussion between geneticists and
archaeologists, as suggested by Volker Heyd, who has
written that ‘rather than simply handing over samples
and advising on chronology, and instead of letting the
geneticists determine the agenda and set the messages,
we should teach them about complexity in past human
actions and interactions’” (Heyd 2017, 357). Volker’s
frustrations were prompted by two ancient DNA stud-
ies of Bronze Age Eurasian populations, but the lack
of interaction between archaeologists and geneticists
studying human DNA is arguably more general: one
recent paper that uses ancient human DNA to infer
the demographic structure of early farmers in the
Near East cites a single book (admittedly a very good
one) as a token reference to the vast archaeological
literature on agricultural origins.

There has also been a huge proliferation of
genetic studies of crop origins and evolution since
Salamini’s ground-breaking work and since our own
initial studies of the evolution of the flowering-time
phenotype in cultivated barley. But those of us work-
ing in this area, whether geneticists or archaeologists,
are much less aware of a divide between the contri-
butions that our differing approaches are making to
the growing development of knowledge and ideas.
Studies of crop origins are revealing complex rela-
tionships between cultivated and wild populations of
barley and wheat, and similar conclusions are being
drawn for rice, maize and other crops from areas of
the world other than the Fertile Crescent. The con-
clusions of these studies are, however, tempered by
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reference to archaeobotanical data and to the results
of broader archaeological research, and many of the
papers that are published have a multidisciplinary
authorship. The same is true of the burgeoning work
that is being done on Ppd-H1 and other genes involved
in the annual circadian cycles of crops, as well as on
genes underlying adaptations to environmental chal-
lenges such as drought and high temperature. Plant
geneticists look on these genes as the key players
in breeding programmes aimed at generating new
varieties of crops that are resilient to future climate
change. In order to understand how to manipulate
these genes to tackle climate change, crop geneticists
are increasingly examining how the genes evolved in
the past, during and after the initial domestication of
the crop. The multidisciplinary nature of this work
ensures that the information provided by archaeology
on the past development of agriculture is informing
present-day attempts to breed crops to combat future
climate change.

For me, the multidisciplinary debate that has
accompanied my research activities over the last 30
years has been stimulating, challenging and hugely
enjoyable. Central to this debate has been Martin Jones,
whose own views on the importance of multidiscipli-
narity, not just in studies of early agriculture butin all
areas of biomolecular archaeology, has influenced an
entire generation of researchers. Martin has therefore
been one of those pivotal figures who has driven his
research fields forward not just through the generation
and interpretation of data, but also by guidance and
direction as to how research should be carried out. In
this way, his influence goes far beyond those subjects in
which he has been directly interested, and extends now
to the growing areas of research populated by his past
students and postdocs, and by his academic colleagues.

References

Allaby, R.G., M.K. Jones & T.A. Brown, 1994. DNA in charred
wheat grains from the Iron Age hillfort at Danebury,
England. Antiquity 68, 126-32.

Badr, A., K. Muller, R. Schafer-Preg], et al., 2000. On the
origin and domestication history of barley (Hordeum
vulgare). Molecular Biology and Evolution 17, 499-510.

Brown, T.A., M. Jones, W. Powell & R.G. Allaby, 2009. The
complex origins of domesticated crops in the Fertile
Crescent. Trends in Ecology and Evolution 24, 103-9.

Hagelberg, E., B. Sykes & R. Hedges, 1989. Ancient bone
DNA amplified. Nature 342, 485.

Hanni, C., V. Laudet, M. Sakka, A. Becue & D. Stehelin, 1990.
Amplification of mitochondrial DNA fragments from
ancient human teeth and bones. Comptes rendus de
I’Academie des Sciences, Paris 310, 365-70.

Heun, M., R. Schéfer-Pregl, D. Klawan, R. Castagna, M.
Accerbi, B. Borghi & F. Salamini, 1997. Site of einkorn



Chapter 5

wheat domestication identified by DNA fingerprint-
ing. Science 278, 1312-14.

Heyd, V., 2017. Kossinna’s smile. Antiquity 91, 349-59.

Jones, H., F.]J. Leigh, I. Mackay, et al., 2008. Population based
resequencing reveals that the flowering time adapta-
tion of cultivated barley originated east of the Fertile
Crescent. Molecular Biology and Evolution 25, 2211-19.

Jones, M.K,, R.G. Allaby & T.A. Brown, 1998. Wheat domes-
tication. Science 279, 302-3.

Jones, M.K. & T.A. Brown, 2000. Agricultural origins: the
evidence of modern and ancient DNA. Holocene 10,
775-82.

Jones, M.K. & T.A. Brown, 2007. Selection, cultivation, and
reproductive isolation; a reconsideration of the mor-

70

phological and molecular signals of domestication,
in Rethinking Agriculture: Archaeological and ethnoar-
chaeological perspectives, eds. T.P. Denham, J. Iriarte & L.
Vrydaghs. Walnut Creek (CA): Left Coast Press, 36—49.

Jones, M.K., T.A. Brown & R.G. Allaby, 1996. Tracking early
crops and early farmers: the potential of biomolecular
archaeology, in The Origins and Spread of Agriculture
and Pastoralism in Eurasia, ed. D.R. Harris. London:
UCL Press, 93-100.

Ozkan, H., A. Brandolini, R. Schéfer-Pregl & F. Salamini,
2002. AFLP analysis of a collection of tetraploid
wheats indicates the origin of emmer and hard wheat
domestication in southeast Turkey. Molecular Biology
and Evolution 19, 1797-1801.



Chapter 6

Martin Jones’ Role in the Development of Biomolecular
Archaeology

Terry Brown, Richard P. Evershed & Matthew Collins

Martin Jones’s many research interests, in particu-
lar his contributions to our understanding of early
agriculture, the changing role of food in prehistory
and the development of agrarian societies, are well

known, as documented by the various articles in this

Festschrift. Those of us who have been around since

the early years are also very much aware of the crucial

role, arguably as important as his academic work, that

Martin played in the establishment of biomolecular

archaeology as a credible sub-discipline of science-
based archaeology, both nationally and internation-
ally. Many of us owe our careers to funding initiatives

that Martin conceived, lobbied for and managed, and

without his early guidance biomolecular archaeology
today would be a much less vibrant area of research,
and there would certainly be many fewer of us bio-
molecular archaeologists.

Archaeological scientists have studied preserved
biomolecules since the early decades of the twentieth
century, but during the late 1980s developments in ana-
lytical methods for the detection and identification of
DNA, proteins and lipids gave a sudden impetus to the
field. In the UK, the Science-Based Archaeology com-
mittee of the Science and Engineering Research Council
(SERC), which Martin chaired, funded several projects
using these new techniques, and the Bio-molecular
Palaeontology initiative of the Natural Environment
Research Council (NERC), which ran from 1989 to 1993,
supported some of the earliest ancient DNA investiga-
tions. The researchers leading these projects came from
varied backgrounds, including chemistry and genetics,
as well as archaeology and palaeontology. What they
shared was a common interest in ancient biomolecules
and how these molecules could be used to enhance our
understanding of the past.

In 1992, Martin met with Geoff Eglinton, the
revered organic geochemist from Bristol University
who was Chairman of the Biomolecular Palaeontology
Steering Group, to discuss how this fledgling com-
munity of ancient biomolecules researchers could best
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be supported. In The Molecule Hunt, Martin says, with
masterly understatement, ‘born out of that meeting
was a programme that the UK’s Natural Environment
Research Council put in place ...". That programme
was the Ancient Biomolecules Initiative (ABI), to
which NERC committed the massive, for those days,
sum of £1.9 million (in comparison the Biomolecular
Palaeontology programme was just £629,000). Getting
NERC, or any funding body, to commit such a large
amount of money was no easier in 1992 than it is now,
and Martin’s phrase ‘born out of that meeting’ refers to
the delicate and protracted process by which concept
notes, outline bids and a full bid were meticulously
drafted, modified, presented to various NERC com-
mittees, defended, redrafted and resubmitted. Think
normal grant application, but ten times more complex.
The ABI was a tremendous opportunity for UK
research. It was also an opportunity that could have
gone spectacularly wrong. The early 1990s were, in
some respects, dark days for ancient biomolecules. This
was most obviously true for ancient DNA, a series of
impossible claims for million-year-old DNA culminat-
ing in areport concerning a 130-million-year-old weevil,
whose liking for dinosaur blood was unknown, but
which Nature published the day after the premiere of
Jurassic Park in the USA. Ancient DNA was in danger
of becoming a laughing stock (it was described in such
terms to one of us by a very eminent British cell biolo-
gist at the time). Studies of ancient proteins and lipids
were facing their own challenges, with high-profile
papers reporting the use of unproven immunological
methods to ‘identify” proteins (often supposedly from
human blood) on archaeological artefacts, and inappro-
priate low-resolution and insensitive chemical methods
being employed to make equally unsupported ‘identi-
fications” of small molecules in archaeological residues.
It was essential that the ABI funded real science,
and as such it needed strong leadership. This was pro-
vided by Martin Jones, who became Chairman of the
Steering Committee, and Geoff Eglinton, who acted
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as Programme Manager. They were unquestionably
the best two people to lead the ABI, and looking back
it might seem obvious that Martin and Geoff took on
those roles. Together they possessed not only a vision
for where the ancient biomolecules field might lead
archaeologically and palaeontologically, but also a
deep appreciation of the scientific rigour that was
necessary to ensure that credibility was maintained.
However, it is easy to forget that Martin and Geoff’s
roles involved a tremendous self-sacrifice: as the
Chairman and Programme Manager, they were not
allowed to apply for funding from the programme,
and Martin in particular was forced to withdraw from
the productive collaborations that he had previously
set up, notably on ancient DNA from charred grain.

Many of us who were involved in the ABI look
back on that period as among the most stimulating
years of our research careers. Through judicious use of
the money made available by NERC, the ABI funded
18 projects between 1993 and 1998 (Table 6.1a), involv-
ing 31 principal investigators and 21 postdoctoral and
postgraduate researchers. The postdocs and postgrads
included Robin Allaby, Martin Richards, Oliver Craig,
Angela Gernaey, Colin Smith and others, who formed a
new generation of young biomolecular archaeologists.
The projects covered the full scope of ancient biomol-
ecules research, and importantly included major stud-
ies into the processes responsible for decay of DNA,
proteins, lipids and carbohydrates under different
environmental conditions, thereby giving credibility to
the field as a whole, and making major strides towards
defining what was and was not possible in terms of
biomolecular preservation and establishing the right
and wrong techniques to use to investigate different
classes of biomolecule. Annual Meetings of Principal
Investigators and Research Associates were held every
January in Cambridge and workshops devoted to spe-
cialized topics were organized at various other times
(Table 6.1b). Throughout the programme, Martin was
a continual source of energetic encouragement, guid-
ance and stimulation, his insistence that everything
that was presented should make sense to every person
in the audience, regardless of their background and
specialization, forcing all of us continually to evaluate
the rationale and purpose to our projects.

As well as being a research success, the ABI had
a major impact on NERC, which had acquired respon-
sibility for science-based archaeology from SERC in
the early 1990s but initially did not know what to do
with it. The 200 delegates who attended the grand
finale of the ABI—a one-day symposium at the Natu-
ral History Museum on 7 January 1998 —included the
Chief Executive of NERC, along with several Council
members, who were genuinely enthused by what the
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programme had achieved. By now Martin had joined
NERC’s Terrestrial and Freshwater Strategy Board, as
well as the Science-Based Archaeology Strategy Group,
and his influence, along with the success of the ABI,
kept ancient biomolecules high in NERC’s line of sight.
Funding for science-based archaeology has never been
easy to obtain in the UK, or anywhere else for that mat-
ter, but biomolecular archaeology consistently punched
above its weight during the late 1990s and 2000s.

Through the ABI, Martin therefore helped to
establish the careers and research groups of many
of the now-senior members of the UK biomolecular
archaeology community. But this is not the end of the
story. As early as 1993, Martin had been exploring
other sources of programme funding for science-based
archaeology in general and biomolecular archaeology
in particular. In 1994-5, as the NERC initiative was
entering its final phase, Martin approached the Well-
come Trust (WT). The Trust was funding the History
of Medicine, but Martin convinced Gavin Malloch,
scientific programme officer at WT, and his colleagues
to fund a 10 year programme in bioarchaeology, which
ran from 1996-2006. Initially, many of us in the field
thought that, takin