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To Jack R. Harlan

An inspiration to generations of researchers in a great
variety of disciplines, he instilled understanding and
love of traditional plants and techniques.
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Foreword

DURING THE SUMMER OF 1993 WHILE IN PARIS,
I managed to track down and purchase (for 290 francs) a
copy of the Center for Archeological Research of the National
Center for Scientific Research’s 1992 publication Préhistoire
de L’Agriculture, edited by Patricia C. Anderson. I have read
and consulted this volume many times since, and it has
become a much sought after reference item for the faculty
and graduate students in my department at Washington
University in St. Louis. Together with everyone else who
cares about early agriculture anywhere, but especially in
western Asiaand Europe, we allfind thisbook to be absolutely
indispensable. The stellar cast of authors describes, discusses,
and illustrates the crucial plants, their natural history, the
processes essential to their domestication, the tools and
technology applied to them by human collecting/gathering/
hunting groups and early farmers, and much, much more.
Whatdistinguishes this volume from any in the recent stream
of publications on agricultural origins is the close
juxtaposition of detailed, substantive, botanical,
archaeobotanical, and experimental research. The volume
resulted from a scholarly roundtable conference held in June
1988 atthe CNRSlaboratoryand field station in Jales (province
of Ardeche) in southern France. The conference, entitled
“L’exploitation des plantes en préhistoire: documents et
techniques,” emphasized experimental studies aswell as other

approaches, and so thereplicative work is robustly present—
both photos and text—in the subsequent volume of revised
papers and presentations. The Publications Unit of the
Institute of Archaeology, University of California, Los
Angeles, has performed a signal service by making this
critical book available to a wider audience than had access to
the original edition. Articles that appeared in French in
the1992 version have all been translated in this publication.
Some of the authors have updated their contributions or
added postscripts to include important developments in the
recent years, making this volume even more valuable than
the original edition.

Prehistory of Agriculture: New Experimental and
Ethnographic Approachesisamajorlandmark in the progress
of knowledge about the earliest domesticated plants; the
nature of the earliest farming economies; and the technology
created by ancient human groups for collecting, cultivating,
storing, and processing these plants. The authors, editor, and
publisher are to be congratulated for producing this edition
of abook essential to all those interested in the archaeology,
ethnography, history, botany, and paleoethnobotany of early
agriculture. ’

~ ParrYyJo WaTsoN
Washington University, St. Louis




Preface

INJUNE1988 ] ORGANIZED AN INTERNATIONAL
meeting, entitled “Exploitation of Plants in Prehistory: Data
and Techniques,” atasmall research center at Jalés in southern
France. In 1992, a volume recounting some of the material
presented at the roundtable session was published by Centre
National de la Recherche Scientifique (CNRS) in France.
This new edition features updated chapters, with those
originally in French now presented in English.

The reasons for organizing this meeting and for soliciting
(and then publishing) contributions from suchawide variety
of disciplines—as can be seen from the table of contents—
warrant recollection. The question of origins of agriculture,
then as now, is usually approached by debate of various
theories, based upon non-data-driven and untestable
assumptions. At the other extreme, morphology of plant
remains, and of artifacts, sometimes is used alone to provide
behavioral information. These chapters reflect my opinion
that a full gamut of methods need to function together, using
interdisciplinary scientificinquiry including experimentation
and measurement,to study this issue. Documenting and
demonstratingtechniques used by our ancestors in prehistoric
and traditional contexts—in this instance, plant gathering,
cultivation, and processing—are the best means of
discoveringkeys to the processes behind the great transitions
in human history, such as that to agriculture, and the process
of domestication. The need to understand appears all the
moreimportant today: the transition continues, as traditional
agriculture and the special associated lifeways and crops
progressively disappear.

The spirit of the meeting was largely derived from an -

interdisciplinary group of European-based researchers who

obtained reference data from agricultural experiments
involving plowing, planting, harvesting, grinding, and
storage. This group had met every two years or so since the
late 1970s to evaluate progress in what meeting organizers
called “agroarchaeology”—that is, the marks and traces of
agricultural processes. It was felt by this group, which I
joined in 1982, that mere morphological study of tools and
plant remains was at a standstill in answering questions

about agricultural techniques. In order to interpret ancient -

remains, experimentation and understanding of all data sets
involved were required. Early experiments on cultivating
and harvesting cereals were headed by Semenov and
Korobkova in Russia in the 1950s and 1960s, by Steensberg
and Lerche in Denmark in the same period, and by Reynolds
(who carried out the most complete and longstanding

research at Butser Iron Age Farm) in England in the 1970s.’

These efforts, as well as those of Hillman and Davies in
Turkey and Wales and Harlan in the United States, served as
inspirations to our project. Other experimental research was
donelater by Firminin Franceand Meurers-Balkeand Luning
in Germany—and since 1986, by myself and Willcox. In an
experimental setting where it was possible to test data and
approximate the situations imagined for the Levantine
Neolithic, we raised, harvested, and threshed, using stone

-tools and wild cereals as.well as primitive domesticates. The

experiments continued at Jalés and now at the Center for
Archeological Researchat Valbonne, and I often have worked
in the company of colleagues who contributed chapters to
thisbook. :

The meeting and this book are an approach to
understanding how remains of stone tools and plants could

e e
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be translated into understanding of human activities leading
to domestication and farming. This required evaluation of

progress and potential in analysis of the ancient remains, a -

closelook at traditional or historic uses of plants, conduct of
experiments, and studies of modern plants in their natural
_ habitats. Most of the chapters show how new experiments
and observations have greatly enhanced our ability to
distinguish specific techniques and reconstruct whole
instruments, teasing out new information from the often
inexplicit remains left by the archaeological record.

The book extends beyond the original working group
based in Western Europe to include researchersin the United
States, Australia, Israel, and Russia and to include other
disciplines applied to origins of agriculture in the 1980s such
as genetic botany, analysis of phytoliths, micromorphology
of soils, and analysis of starch grain. Now, a decade later,
many of the chapters have been updated by their authors to
include progressmadein theinterim. The updatesreconsider
thedebate over thebeginnings ofagriculture (Keeley, Cauvin)
or provide new data on the age of certain agricultural activities
derived from plant remains (Willcox) and interpretation of
microwear traces and residues from use on cereal harvesting
and processing tools (Anderson, Fullagar et al., van Gijn,
Korobkova, Skakun), new experiments in harvesting and
processing (Grégoire, Anderson), and importantnew genetic
evidence (Zohary). :

The book is still current in representing an accurate
overview of each of the significant lines of research toward a
picture of the origins and development of agriculture. Each
article shows how this picture can be composed of data from
analysis of specific attributes, which are derived from
ethnographic observation (Harlan, Fullagar et al., Ataman,
Skakun), from analysis of microwear traces on ethnographic
(traditional) tools (Fullagar et al., Ataman, Skakun) on
prehistoric tools, interpreted through experiments
(Anderson, Unger-Hamilton, Korobkova, Skakun, van Gijn),
from ethnohistorical information (Harlan, Keeley, Sievert,
Butler, Grégoire, Sigaut, Ataman, Skakun), and from modern
relicts of ancient plants used(Harlan, Zohary, Miller)or
archeobotanical remains (Buxo, Hansen, Kislev, Marinval,
Willcox, for macroremains; Rosen, Anderson, postscript,
for phytoliths). Many researchers (Harlan, Diot, Hillman
and Davies, Willcox, Anderson, Unger-Hamilton, Rosen,
Grégoire, Meurers-Balke and Luning, van Gijn, Gebhardt)
describe, for replicative agricultural and processing
experiments based upon ancient records and observations,
marker traces produced of the activities tested (for example,
remains in the soil or traces on tools) and the reaction of the

plant to the process (yield, maturation, shattering atharvest, .
andreduction by threshing or grinding). Most chapters focus

on exploitation of cereals, a few on pulses and tubers in the
Old World, particularly Southwest Asia, but data sets derived

from ethnographic research in North America (Keeley), .

xi

Australia (Fullagar et al.), and worldwide (Harlan) were
invaluable in approaching questions on nonagricultural plant
use.

The theoretical questions debated here mainly concern
whether protoagricultural practices in the nuclear area of the
Near Eastern system and adjacent areas were common and
for what various reasons and in what circumstances such
practices occur worldwide. As harvesting and many sowing
methods which do not give rise to domestication are
apparently standard hunter-gatherer practices of
management and probably were used even before the period
focused upon in this book, should they be considered
protoagricultural or agricultural practices? Where is the line
between management and cultivation to be drawn? Is
whatever cultivation pattern that actually gave rise to crop
domestication in the Near East more representative of the
evolution of human behavior than other tending and
management processes not producing selection for plants
dependent on humans for reproduction (Harlan, Hillman)?
Or did the particular combination of practices, known
individually for millennia, that is, the particular form of
cultivation activity that actually led to domestication, do so
by a coincidence of circumstances unrelated to agriculture
itself (attributable toideology [see Cauvin] or to the exchange
ordisplacement of personsand resources[ Anderson, Zohary,
Hansen])? Is there a progressive evolution and a set of
innovations which lead to agriculture or does the significant
period of human invention related to agriculture occur only
once domestic plants were cultivated?

Agriculture is beginning to appear a more recent
occurrence than previously assumed (see Zohary). Working
of land with tools is clearly attested to only after domestic
agriculture is well underway, perhaps beginning with
irrigation structures (Anderson, Skakun, Grégoire). On the
other hand, many practices considered to be agricultural are
used in hunter-gatherer societies (Harlan and Keeley). They
may, however, not be protoagricultural in the sense of being
on the evolutionary pathway leading to an agricultural kind
of management.

On the other hand, agricultural tools used for processing
of morphologically domestic cereal crops, thought to be
fairly recent traditions, are being shown to be far moreancient.
For example, several chapters show that the threshing sledge
concerns the prehistory of crop agriculture as well as the
realms of ethnography and the historic record (Skakun,
Korobkova, Anderson’s postscript, Ataman). The human
capacity for innovation appears to be constantly
underestimated. During the original meeting there werelively
and rich debates and discussions of all these viewpoints,
which are now reflected in these chapters. This book will, I
hope, inspire the reader to join in the debate and in the
exploration process. :

The participants in the roundtable meeting and others
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writing chapters for this volume are due thanks for their
warm and vigorous exchange in the course of their
contributions. The publication of this volume in English was
~ achievedlargely owing to the herculean efforts and persistence
of Dr. Francoise Audouze, Director of Research in the
National Center for Scientific Research and former Director
of the Center for Archeological Research in Valbonne, and to
the help of Frank Braemer, Director of the Center for
Archeological Research. The work was largely aided by the
patient editorial work of Marilyn Beaudry-Corbett and
BrendaJohnson-Grauat the Publications Unit of the Institute
of Archaeology, University of California, Los Angeles, and of
Jacqueline Gaudey of the CRA, CNRS, in Valbonne, who

PREFACE

translated much of the volume into English. I wish to thank
them, and others who helped at some stage or another, most
warmly for their support.

Finally, Iwasindeed proud to have Jack Harlan attend the
meeting and write a chapter for this book. He was most
instrumental in inspiring and guiding me in my own early
research on harvesting of wild plantsand origins of agriculture
in the Middle East, where he had had extensive and unique
experience. It is indeed with great sadness that I learn at this
writing of his death in August 1998.

PaTricia C. ANDERSON




Chapter 1 =

Harvesting of Wild-grass Seed and Implications

for Domestication

Jack R. Harlan

FOR OVER 25 YEARS,I DIRECTED RESEARCH ON
grass-seed production of species native to the southern great
plains of the United States. At the time, in the southern
plains there were some 810 million hectares of abandoned
farmland that we planned to stabilize by planting to adapted
grasses. In the northern plains, several introduced species
were satisfactory, but in the south none were as well adapted
as the native grasses.

Seed supply was the main limiting factor. An experimental
seed-production facility and grass-seed laboratory were
established, and the research provided accurate information
on the potential for seed production of several grass species.
Wild stands were also harvested throughout these years. Yields
of500to 8ookg/ha were regularly obtained from some species,
andin good seasons more than one ton. These yields are within
therange of domesticated cerealsunder conditions oftraditional
agriculture with no inputs of plant nutrients.

As with domesticated cereals, irrigation did not help
much in increasing yields but it could help salvage a crop
could be salvaged in dry years. Perennial grasses produced
well the year of seeding and the year following, but by the
third season most species gave low yields. No combination
of irrigation, plant nutrients, or renovation techniques was
found that could restore production to young stand levels.
Annual speciestended to produce moreand be morereliable,
as would be expected. ‘

Among the native species studied, the most productive

were -Panicum virgatum, Eragrostis trichodes, Buchloé
dactyloides, Agropyron smithii, Elymus canadensis,

and E. virginicus. Such chaffy-seeded grasses as Bouteloua

and Andropogon produced poorlyin pure grain equivalents,

but the American Indians harvested them anyway. Seed size
was notsignificant. All species of Eragrostishave small seeds,
but several species yield very well (Harlan, Ahring, and
Kneebone 1956).

As to harvesting techniques, I have personally harvested
wild-grass seeds by hand-stripping and with flint-bladed
sickles, beater and basket, beater and boat (Zizania), steel
sickles, scythe, mechanical stripper, mechanical blower,
binder, and power mower/swather followed by pickup
combine and grain combine. Although, it is difficult to
measure potential yield precisely, I estimate that no method
will recover more than half the potential production. Of the
traditional gathering techniques, the beater and basket
method produced the cleanest and most uniform material.
In sickling, much of the fully ripe seed was lost and the
harvested material included many immature grains. These
would mature somewhaton thesstalk if threshing were delayed
a few days.

Havingusedbothssickle and beater, I havelong wondered
why the sickle was ever preferred to the beater. Freshly
knapped flint blades cut about as well as steel, but, like steel,
become dull with use and need to be resharpened. The sheen
on sickle blades, so common in Western Asia and Africa,
does appear to be owing to polish from silica cells in grass

stems (Harlan 1967).

Harvests of wild-grass seed are not necessarily measures
used to avert starvation. These seeds may, on the contrary,
provide an easily obtained staple for people living where
appropriate species thrive. Whole grass seeds are generally
nutritious but higher in fiber than the highly processed
flours used in modern societies. '
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Ethnographic Observations

Literature on grass-seed harvesting in traditional food
procurement systems is extensive but widely scattered. I
have tried to assemble some of it (Harlan 1975, 1989); others
have contributed also (Ebeling 1986; Jardin 1967; Yanovsky
1936). I'willnot repeat the descriptions here but will attempt
to extract the main features. In studying the data, one is
immediately struck by the preference for certain genera
around the world. Table 1.1 lists some that have been widely
harvested, according to ethnographic reports.

Several species of a genus may be involved. For example,
six species of Panicum are reported as harvested in North
America, with one domesticated in Mexico (Gentry 1942);
seven are listed for Africa (Jardin 1967), four in Australia,
and P. miliaceum and P. miliare were domesticated in Asia.
Five species of Sporobolus were harvested in North America
(Yanovsky 1936), three in Africa, and three in Australia.
Several species of Eragrostiswere harvested in North America,
six in Africa, and others in Australia, and so forth. Precise
identifications are often uncertain from ethnographicreports
because most observers were not botanists and specimen
vouchers were seldom obtained. This does not alter the
general pattern. Of 600 or so genera in the grass family, a
relatively small number attracted the attention of gatherers,
and these tended to be exploited wherever they occurred.

In all, Yanovsky (1936) and Ebeling (1986) together
indicate that about 50 species of grasses were harvested in
North America; Jardin (1967) lists about 60 for Africa, and
Irvine (1957), Golson (1971), and others suggest about 25 for
Australia. The exact number cannot be determined because
of problems of synonomy and identification. We know
relatively little about harvests of grass seed in Europe, Asia,
and South America.

The commercial harvesting of wild-grass seeds for food is
well documented in Africa and Europe, and the practice
persists to this day in North America, where the wild rice
Zizania aquatica is considered a delicacy and commands
gourmet prices. Mannagrass, Glyceria fluitans, isalso awater
grass, once enormously abundant in the marshes of central
and eastern Europe. Itwasharvested in commercial quantities

as late as 1925 (Szafer 1966) and exported from the port of

Danzig to countries around the Baltic. Common crabgrass,
Digitaria sanguinalis, was once harvested in great quantities
in central Europe and sold in the markets (Kérnicke 1885).
The most extensive commercial harvesting of grass seed
documented in historic times took place in Africa.

The body of literature on African grass-seed harvests is
important but largely ignored by anthropologists. I have
assembled most of it in a paper on the subject (Harlan 1989),
but since that publication may not be generally available, T
cite the most important works here. These are nearly all

travel accounts by Europeans visiting central Africa in the

nineteenth and early twentieth centuries, with only occasional

JACK R. HARLAN

Table 1.1 Grass genera harvested on two or more continents

GENUS .~ CONTINENTS SPECIES DOMESTICATED
Coix Africa; Asia; Oceania 1
Dactyloctenium  Africa; Australia

Digitaria Africa; Asia; Australia; Europe 3
Echinochloa Africa; Asia; North America (introduced) 1
Eleusine Africa; Asia; Australia 1
Eragrostis Africa; Australia; North America

Eriochloa Africa; Asia; Australia; North America

Glyceria Europe; North America

Oryza Africa; Asia; Australia; Oceania; South America 2
Panicum Africa; Asia; Australia; Europe; North America 3
Paspalum Africa, Asia; Australia 1
Setaria Africa; North America 1
Sorghum Africa; Asia; Australia; Oceania 1
Sporobolus Africa; Australia; North America

Stipa Africa; Australia; North America

descriptions of the practice. In the paper cited, 1 have given
volume and page numbers. Some of the travelers had
botanical training and some did not (Barth 1857; Brunache
1894; Caillié1830; Chevalier1900, 1932; Cortier 1908; Denham,
Clapperton,and Oudney1826; Duveyrier 1864; Heuglin 1869;
Nachtigal 1881; Rohlfs 1872; Schweinfurth 1874). There are
more recent observations, and the practice persists today
(personal observations and Champault 1969; Gast 1968;
Jardin 1967; Nicolaisen 1963; Pernés 1984, and Oka and
Morishima, pers. comm.), but commercial exploitation of
wild-grass seeds is much less widespread today than it was a
century ago.

The composite picture that emerges from independent
observations maybe summarized asfollows. Aristida pungens
was enormously important to the northern Tuareg where it
was harvested in such an abundance that it sold in the
markets for one third the price of barley (Duveyrier 1864).
Panicum turgidum was a staple for tribes of central and
southern Sahara, the Ahaggar, Air, and Adrar des Iforas
massifs, for example. Cenchrus biflorus was a staple of tribes

in southern Sahara and the Sahel. Barth, for a part of his

journey, provisioned himself and his horses on seeds of this
grass for he could find no other grain (Barth 1857, 1:482).
From Bornunear Lake Chad to Dafur in Sudan, acomplex of
grasses was harvested on a massive scale. The mixtures were
generally called kreb or kasha and included several species of
Panicum, Eragrostis, and Digitaria as well as Dactyloctenium
aegypticum, Brachiaria deflexa, Latipes senegalensis, and, no
doubt, others. The kreb complex was basic to the diet of the

. local people and was stored in warehouses by the ton and

exported by camel caravan to the Ahaggar and other needy
areas for sale. In the savanna from western Sudan to the
Atlantic Ocean, the native annual wild rice, Oryza barthii,
was harvested in enormous amounts and provided the base
of nourishment for many tribes. It, too, was warehoused by
the ton in Bornu and widely sold in the markets. I have seen

A
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it for sale in Mali, Burkina Fasso, Chad, and Niger, but not
on the scale of former times.

Wild-grass seeds occasionally reach the market place
elsewhere, but on a very small scale today. Wild rice (Oryza
sativa) is still harvested in India, and some is sold, in part
‘because some devout Hindus believe that the wild form is a
" more appropriate offering than cultivated rice. P. T. Ho
(1969) documented extensive wild rice harvests in China
overamillennium ofhistory. Cultivated ricehad been grown
in China for several millennia, yet the wild harvests were
worth the effort and were of great benefit to the poor.

Domesticated Cereals

The processes of domestication are evolutionary in nature
and follow a pathway from truly wild plants to those fully
domesticated. The changesare geneticand concern ecological
adaptation to conditions of the cultivated field.

Wild plants survive or thrive in the absence of human
disturbance: fully domesticated races are so modified
genetically that they cannot survive without human care.
Most cereals are in an intermediate state in which weedy
races evolve that are also adapted to the disturbances of
agriculture but retain or recover the wild systems of seed
dispersal and reproduction.

We have examined the situation in sorghum in some
detail and found that weed races may evolve in several ways.
First, some of the wild races have weedy tendencies
themselves and have become naturalized in Australia and
tropical Americawhere theyare notnative. Second, wild and
cultivated races hybridize naturally and aggressive; weedy
forms emerge. This can be verified by the fact that in Sudan,
where the cultivated races have dense, compact
inflorescences, the weedy races that infest the fields also have
dense, compact inflorescences, while in the highlands of
Ethiopia, where the cultivated races have loose, open
inflorescences, the weedy races have loose, open
inflorescences. Thiskind of mimicryisfoundin other cereals
as well and is due in part to gene flow and in part to human
selectionin weeding. Third, there are two genes that suppress
the formation of abscission layers that permit shattering at
maturity. Since these genes are recessive in expression,
hybrids between the two genotypes will restore shattering,
and weedy forms are produced. Fourth, in the US, far
removed from the African homeland, a secondary seed
dispersal mechanism has evolved. The abscission layers
remain suppressed. but the inflorescence branch that
supports a spikelet pair becomes very thin and breaks at
maturity. The spikelet pairs that fall have a short piece of

branch attached. This newly evolved weed is called
shattercane and is a serious pest in many sorghum-growing -

regions of the US (Harlan 1975, 1982).
In addition, there is a class of dubiously domesticated

grasses or, perhaps, species that were once grown and then

abandoned. Setaria geniculata for example is known
archaeologically in Mexico—where an increase in seed size

- over time can be detected and there are morphological

evidences of nonshattering habit (Callen1967). S. palidifusca
is abundant in many archaeological sites in sub-Saharan
Africa. Sketchy writings of conquistadors suggest that Bromus
mango may have been cultivated in the southern Andes, but
there are no indications of more recent culture. Distichlis
palmeri) was harvested in large quantities on the lower
Colorado in Sonora and there is some indication that it may
have been manipulated by the people. Koeleria cristata and
Phalaris carolinianumhavebeen nominated for atleastbeing
semidomesticated because they are found in quantity in
archaeological sites where these species do not occur today,
and more or less nonshattering types of Phalaris are found.
These grasses were used in quantity by Indians of the
Cumberland Plateau and the Ohio watershed. The status of
crabgrass in central Europe could be debated. It was sown
and harvested and a recognizable morphological race
evolved; yet, this race shatters seedsand behaves ecologically
like other weedy races of the species.

Relating Harvests of Wild-grass Seed

to Cereal Domestication ,

The ethnographic information in published sources is very
erratic and incomplete. There are few observations for Asia,
Europe, and South America. There is a fair body of
information onwild harvestsin Africa, but essentiallynothing
is recorded of wild sorghum and pearl millet, the most
important of the African domesticates. [have talked to people
who have harvested both wild and weed sorghums but I find
almost no published accounts. Wild pearl millet seemslike a
very unlikely source of food, yet the crop was domesticated,
modified enormously by selection, and now supports
millions of people in Africa and Asia.

Comparing the domesticates, listed in table 1.2, with
commonly harvested wild species, listed in table 1.1, it is
evidentthatharvesting may or may notlead to domestication.
Some species have been collected for millennia without the
evolution of domesticated races. Harvesting alone does
nothing to alter the genetic composition of the population.
Thereisalways enough seed escaping the harvest to maintain
the stand. Domestication begins when the people plant that
which has been harvested. Then there are two populations,
the wild and the sown. It is then that mutations for
nonshattering, synchronous ripening, loss of dormancy,
and larger seed size receive positive selection pressures and
the species is on the way to domestication.

To study the dynamics of plant domestication, then, it is
necessary to analyze populations genetically to understand
what is being planted and the probable fate of the key genes
involved. Unfortunately, few such studies have been
conducted so far. The differences between wildand cultivated




4

JACK R. HARLAN

Table 1.2 Domesticated cereals

LATIN NAME COMMON NAME PLOIDY
Triticum Wheats

T. monococcum Einkorn 2%
I. dicoccum/turgidum Emmer/durum 4x
T. timopheevii Timopheevii 4x
T. aestivum Bread wheat 6x
Zea mays Maize 2x
Oryza Rice

0. sativa Asian rice 2x
0. glaberrima African rice 2x
Hordeum vulgare Barley 2x
Sorghum bicolor Sorghum 2x
Avena Oats

A. strigosa Sand oats 2x
A. ethiopica Ethiopian oats 4x
A. sativa Common oats 6x
Secale cereale Rye 2x
Millets: not reported separately

Pennisetum glaucum Pear] millet

Panicum miliaceum Panic/proso

P. miliare Slender millet

P. sonorum

Setaria italica Italian millet

Eleusine coracana Finger millet

Echinochloa crus-galli Japanese/Chinese millet
Paspalum scrobiculatum Kodo millet

Eragrostis tef Tef ‘

Coix lachryma-jobi Job’s tears/Adlay

Digitaria exilis Fonio/acha

D. iburua Black fonio

D. crusciata Hill millet

Phalaris canariensis Canary grass

Brachiaria deflexa Guinea millet

PROBABLE ORIGIN WORLD PRODUCTION*
510.0

SW Asia

SWAsia

Caucasus

South Caspian

Mezxico 490.2

372.6**

India-China

West Africa

SW Asia 178.0

Chad-Sudan 77.5
45.6

Mediterranean

Mediterranean/Ethiopia

SW Asia/Europe

SW Asia/Europe 29.6
31.6

Sahara

China

South India

Mexico

China

Ethiopia/Uganda

China/Japan

South India

Bornu-Kordofan/Ethiopia

SE Asia

West Africa

West Africa

North India

Mediterranean

Futa Djalon, Guinea

* Reported in million metric tons; FAO 1985

** Rice is reported by FAQ as “ paddy,” which means that the hull is included; this must be removed before consumption and 20% of production should be deducted to compare with other

cereals. The correction has been made in this table.

races are, we suggest, generally rather simply inherited and
subject to strong selection pressures. Nonshatterir'lg in
cereals, pulses, and other seed crops is considered one of the
key differences between domesticated and spontaneousraces.
Genes for nonshattering, or atleast for greater seed retention,
probably occur in all large populations of wild grasses at a
significant frequency. I once made very striking progress in
seed retention in sand bluestem, Andropogon hallii, in a
single generation by simply harvesting seed about one month
after most of the seed crop had shattered and fallen to the
ground. This species has never been domesticated and the
populations could be considered truly wild. Nonshattering
and semishattering genotypes were readily found when
looked for in Zizania aquatica (Elliot and Perlinger 1977).
Oka and Morishima (1971) conducted a series of
experiments with populations of rice derived from wild x

cultivated hybrids. Three generations of harvesting and -

planting shifted the populations very strongly toward

cultivated rice with marked decrease in shattering, loss of
dormancy, and reduction in awning habit. The same
populations allowed to be self-sown shifted toward wild
characteristics with increase in shattering and, increase in
seed dormancy and awning of the spikelets. Itis true that the
alternative genes were present in these populations because
of their origin, but the experiments showed that selection
pressures for or against the domesticated syndrome are
strong and that the simple acts of harvesting and planting
are enough to bring about striking changes (see also Oka
1968:101).

We also found, in our studies at the Crop Evolution
Laboratory, that three generations ofharvestingand planting
wild Eleusine almost eliminated seed dormancy (Hiluand de
Wet1976) and that seed size canbeincreased by deep planting.
Larger seeds can emerge from deeper planting than smaller
seeds and the selection pressures are very strong. Harvesting
and plantingalso selects for synchronous ripening. Once the
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process begins, human selection can add very powerful
selection forces. Farmers in traditional agricultural systems
often select the stock seed for the next planting at the onset of
harvest. The next generation, then, depends entirely on what
the cultivator selects. Domestication of most cereals is
relatively simple and straightforward, although
‘morphological changes may be spectacular in some cases,
for example, maize and pear] millet (Harlan, de Wet, and
Price 1973). .

Some genes that occur in wild populations have very
profound and striking morphological effects. Single genes
would, if used as taxonomic key characters, move species
from one genus to another or even from one tribe to another.
These may occur in grasses that have never been subject to
deliberate human manipulation, but the potential of radical
genes must be taken into account in the processes of
domestication. A few examples will serve as models.

A general evolutionary trend found in several branches of
the grass family is the reduction of florets and spikelets to
sterile, rudimentary structures. A general evolutionary trend
in domestication is for these structures to recover fertility. In
barley, for example, the genus Hordeum is characterized by an
inflorescence that is a spike bearing three spikelets at each
node, the central one sessile and female fertile, the lateral ones
pedicellate and female sterile. These are said to be two-rowed,
and the sterile lateral spikelets serve a function in the self-
planting mechanism. Some cultivars are six-rowed, in that all
three spikelets are female fertile. Two loci are involved in the
expression of fertility of spikeletsin barley, butasingle recessive
gene can convert two-row to six-row. In wheat, there are gene
combinations that cause the sterile glumes at the base of the
spikelet to produce grains (Frankel and Roskams 1975; Wright
1972). Sterile glumes at the base of the spikeletare characteristic
ofthe entire grass family and these genotypes violate the family
descriptions (Frankel, Shineberg, and Munday 1969). In
panicoid grasses, florets of the spikelets are reduced to a single
fertile terminal one, but a rudimentary scale-like structure is
usually present below. This floret recovers fertility in some
cultivars of Sorghum, Zea, and Panicum. Among the
Andropogonae, spikelets are arranged in pairs, one female
fertile, the other male fertile or sterile. Under domestication,
fertility is restored in maize and some cultivars of sorghum. In
a few cultivars of maize, for example, “Country Gentleman,”
both sterile spikelets and sterile florets are rendered female
fertile and the ears appear to have lost the arrangement of
kernels in rows (Harlan 1982; Harlan and de Wet 1974).

Pearl millet is even more extreme in the sense that
additional spikelets have evolved from sterile inflorescence

branches that have no rudimentary structures to recover
fertility. The wild forms all have a single fertile spikelet per

" fascicle. Cultivars may have as many as nine, although three

to five is more common. These spikelets evolved de novo
without morphological precursors (Brunken, de Wet, and
Harlan 1971).

These evolutionary reversals are usually controlled by a
single gene or by two genes acting in concert. Mutations of
this nature occur in nature and are sometimes fixed to form
distinct taxa. Dichanthium fecundum of Australia, for
example, is characterized by fertility of both members of the
spikelet pairs. Taxonomically, this would take it out of the
Andropogonae and put it in the Saccharininae, but it is
actually asibling species of D. annulatum, a common species
from Indonesiato Senegal in West Africa. Our geneticstudies
have shown that a single gene controls fertility of the usually
sterile spikelet (Borgaonkar and de Wet 1960). We also
found fertile spikelet pairs in populations of the related
Bothriochloa ischaemum in the Karakoram mountains of
Pakistan.

The most remarkable feminizing gene so far reported
from wild populations has recently been described in
Tripsacum daclyloides (Dewald et al. 1987). This grass is
sufficiently related to maize that numerous hybrids have
been made, and this fertility-restoring gene may provide
some clues to the origin of maize for which a complete
solution still eludes us. The racemes of Tripsacum normally
have several female spikelets below, each embedded in a
rachisjointand covered byahardened glume. These spikelets
are in pairs as with Andropogonae, but one is reduced to a
rudiment and each spikelet has two florets, one of which is
reduced to a rudiment. Above the female portion of the
raceme, male flowers are borne in pairs of two-flowered
spikelets. The feminizing gene, found in two wild populations
in Kansas, restores female fertility to the reduced florets and
to the reduced spikelets so that each fruitcase can produce
four seeds instead of one. Many of the male flowers become
female, producing two seeds per spikelet, or four seeds for
spikelet pair, and the rest of the male flowers become perfect
with both styles and anthers. If one gene can do all that in
Tripsacum, why could not a similar or the same gene
transform teosinte, Zea mexicana, to maize, Z. mays?

The point of all thisis that the genes are there in populations
of wild grass. The harvesting of wild-grass seeds may lead
nowhere as far as domestication is concerned, but as soon as
planting begins the definitive genes can begin to make a
contribution. It is as if grasses subject to human manipulation
are waiting to be invited into the domestic fold.




Chapter 2 =

Use of Plant Foods among Hunter-Gatherers

A Cross-cultural Survey

Lawrence H. Keeley

OF THE MANY QUESTIONS THAT ARCHAEOLOGISTS
have asked regarding the origins of agriculture, this chapter
will be concerned with only three which relate to the origins
of so-called protoagriculture among hunter-gatherer
groups. These questionsare these: what induced prehistoric
hunter-gatherers to intensify their dietary exploitation of
plant foods?; what induced prehistoric hunter-gatherers to
shift their plant diet toward the seeds of annuals?; and what
induced prehistoric hunter-gatherers to begin those
practiceswhichlead to plant domestication or are necessary
components of agriculture (for example, sowing seeds, soil
preparation, and irrigation)?

Studying these questions through archaeological data
presents some difficulties. The estimation of the plant
component of prehistoric diets is still in its infancy, although
methodological advances in paleobotanical and bone
chemistry studies are grounds for optimism. The nature of
archaeological plant remains makes it very difficult to
estimate the dietary importance of different species in
prehistoric diets. Unlike bone, plant remains survive very
poorlyin mostarchaeological contexts. Also, many common
types of plant remains such as seeds, unlike the bones and
otherhard parts of animals, represent failures of consumption
and not the necessary by-products of successful

consumption. Therefore, itis difficult to give any estimate of

the number of seeds consumed at a site, given the number of
seeds found. It is also extremely difficult to tell whether a
morphologically wild seed came from a plant which had
been sown or tended in any fashion by humans.

“The above difficulties do not apply so severely (and, ina -

few rare cases, not at all) to ethnographic data. Either direct

observation or informant’s memories can give a reasonable
idea of the general proportions of major foods in a group’s
diet, as well as detailed information on how it was obtained.
In a few cases, exact measurements of diet parameters were
taken by ethnographers (for example, Lee 1979:271). In this
chapter, then, the ethnographic record on hunter-gatherers
will be examined to see which independent variables are
most closely correlated with the dependent variables relating
to the dietary use of plants.

However, as always, the only reasonable role for
ethnographic data in archaeological reasoning is as a source
of models or hypotheses about past events and processes.
Models and hypotheses derived from the study of
ethnographic cases must then be tested against the
archaeological record to verify their applicability.

One danger inherent in such ethnographic studies,
because they represent static data, is that independent and
dependent variables (that is, causes and effects) can be
confused. In this instance, it is assumed that the dietary
choices of hunter-gatherers cannot affect certain variables
given by geography—such aslatitude, climate, and primary
productivity—and thattheseare clearlyindependent. Certain
demographic characteristics of hunter-gatherers are also
treated as independent variables here.

The “independence” of the population sizes, growth rates,
and densities of hunter-gatherers is extremely controversial
and this complex issue will not be dealt with here. Instead, it
will only be assumed that it is significantly easier to modify
human dietary choices than human sexual drive. A previous
cross-cultural study ofhunter-gatherersby theauthor (Keeley
1988) produced some evidence that population densities
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were an independent variable affecting certain fundamental
economic variables and that hunter-gatherer densities were
more determined by the incidence of catastrophic natural
mortality than cultural controls. In short, it is here assumed
that population densities are more independent of diet choice
‘than diet choice is of population density.

~ Another dangerassociated with cross-cultural analyses is
that because of inadequacies and biases in sampling,
independent variables of major importance may be
dismissed. For example, the primary determinant of height
in humans is age, and these variables are strongly positively
correlated. Ifasample of only adults were used, quite different
conclusionswouldbereached. Indeed, since mostindividuals
experienceaslightdecreaseinheightastheyageafter reaching
maturity, we might even reach the absurd conclusion that
age was negatively correlated with age and predict that
newborns should be taller than their parents.

In correlational analyses, such errors are known as
truncations of range. An example in cross-cultural hunter-
gatherer research was Schalk’s (1982) conclusion that
population density was negatively correlated with social
complexitybased upon asample of Northwest Coast groups.
My own (1988) analysis of a worldwide sample of hunter-
gatherers showed that socioeconomic complexity was
strongly and positively correlated with population density.
By truncating the range of his sample to only groups of very
similar population densities and way oflife, as well as making
other errors, Schalk reached a conclusion equivalent to
suggesting that height declines with -age. The use of the
widest range of hunter-gatherer groups is preferred.

The aims of this study are to analyze coded data from a
representative sample of hunter-gatherers to discover what
climatological, demographic, and socioeconomic variables
are most closely correlated with several dependent variables
relating to hunter-gatherers’ dietary use of plants. The specific
dependent variables are the proportion of plant foods in the
diet and the nature of the staple plant foods (that is, whether
they are soft fruits, roots, nuts, or seeds). The statistical
analysis will be followed by a discussion of the practice of
sowing wild seeds and irrigation of wild plants by Great
Basin groups.

Statistical Methods

The statistical methods used here are the common ones of
linear correlation and regression. The standard Pearson’s
correlation coefficients between dietary and other variables
were calculated. Two additional concepts require some
explanation: explained variance and stepwise multiple
regression. Explained variance (R*), is the variation in a
dependentvariable “explained” oraccounted for by variation
in one or more other variables. R? is simply the square of the
correlation coefficient between a dependent variable and
any number of independent variables. Stepwise multiple

regression analysis involves adding independent or predictor .

7

variables to a linear equation to increase the explained
variation. For example, we may find that 70% (R?>= 0.70, r=

" 0.837) of the variance in variable Y is explained by variable X,

but this means that 30% of the variance is unexplained or
residual. We may dismiss this unexplained variance as
random or we may ask if there are any other variables that
can account for any of this residual variance. By trying
several otherindependentvariablesin the prediction formula,
we may discover that, of these remaining variables, the
addition of Z to X yields the next highest reduction in
unexplained varjance such that predicting Y using both X
and Z yields an R* of 0.82. This process continues until the
addition of any further variables yields no significant
reduction in the unexplained variance.

One way of conceiving how stepwise regression is done is
to regard it as correlating the residuals from the predictions
of an earlier step with any unused independent variables. A
residual in regression analysis is the difference between the
actual value of a dependent variable and the value predicted
by the regression formula. For example, we know that the
best predictor of height in humans under the age of 18 is age,
but we may suspect that nutrition also contributes to height.
We could observe whether those individuals who exceed the
height expected for their age (that is, show a positive residual
height) are better nourished than individuals who are small
for their age (that is, show a negative residual height). (Two
of the variables used in this study, GL and IR, are residuals of
this type.) By correlating this residual or age-relative height
with variables measuring nutritional status, we could
demonstrate that while age is the primary determinant of
height, nutrition is a very important secondary determinant.
Thus, in a stepwise regression we would expect age to be
added in the first step and nutrition in the second step.

Selection of Sample

The sample of ethnographic hunter-gatherers used here
was created for a previous study of the associations
between hunter-gatherer environments, demography,
and socioeconomic complexity (Keeley 1988). It consists

of 94 hunter-gatherer groups from all over the world..

Over half, however, are from North America because
that continent possessed the largest number, greatest
variety, and highest concentrations of hunter-gatherers
atthe time of European expansion. (For details on sample
selection, see Keeley 1988.)

Variables
Mostofthe codes used in this study are described in detail in
Keeley (1988).

Diet (H1, F1, and GI). These codes were, with a few
exceptions, taken from Murdock (1967, 1981). They represent

. thedectile contribution of terrestrial animals (H1), ofaquatic

animals (F1),and of plants (G1) toa group’sdiet. Thefigures
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given for diet here do not always conform to Murdock’s
because a different definition of H1 was employed. In this
study, H1 includes small land fauna and animal products
(for example, honey) while these are included under G1 by
Murdock. It must be conceded that these codes represent,
with few exceptions, merely crude estimates of the proportion
of bulk contributed from these sources to the annual diet. It
also appears that Murdock’s figures tend to underestimate
the role of plants in diet (for example, compare Murdock’s
[1981] codes for the Hadza and Coast Salish with Woodburn
[1968:51] and Suttles [1968:61]).

Latitude-relative plant diet (GL). This is the residual of G1
from that predicted on the basis of latitude. The prediction
formulais (-0.109LAT) - 8.03. A positive value indicates that
the actual proportion of plants in a group’s diet exceeds that
expected on the basis of their latitude while a negative value
indicates the contrary.

Plant staples index (D). This classification represents a scale
which codes several economic aspects of plant foods—
increasing concentration of nutrients, increasing processing
costs—and distinguishes between the edible parts of
perennials (fruits, roots, and nuts) and annuals (seeds):

0 =none

1 = foliage, fungi, and so forth

2 = soft fruits including berries

3 = roots and fruits

4 = roots and other storage organs (for example, agave
hearts)

5 = nuts/seeds and roots

6 = nuts (that is, hard seeds of perennial species including

mesquite)
7 = nuts and seeds
8 = seeds

Relative intensity index (IR). Thisis the residual of I from that
expected on the basis of the proportion of plantsina group’s
diet (G1). The prediction formula is (0.86G1)+ 1.15. A high
positive value means that a group is exploiting more
concentrated and more “costly” plant staples than expected
given the proportion of plants in their diet.

Latitude (LAT). This represents the center of a group’s
 territory to the nearest whole degree.

Mean annual precipitation (LPR). Thisvariable is the normal
log of the mean annual precipitation (ininches) foragroup’s
territory. It is also a very rough measure of the amount of
surface water available in a group’s territory.

Index of continentality (CONT). An index of continentality,

used by climatologists (Trewartha and Horn 1980:311), is -
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included in these analyses as a measure of variability of
climate. Continental climates are more variable not only
from season to season but also over longer time periods
(Trewartha and Horn 1980:212, 299, 349, 351, 352).

Primary productivity (PP and LNPP). This represents the
amount of new biomass produced each year per 2. It was
calculated with Rosenzwieg’s (1968) formula, from actual
evapotranspiration rates. The normal log of this quantlty
(LNPP) is used in all analyses.

Secondary productivity index (LNPP1). Not all primary
productivity is equally edible. The primary productivity
represented by new wood islost to most consumers. As Kelly
(1985) points out, however, the secondary biomass ratio
(thatis, the ratio of consumers to producers) isan indication
of the edibility of the plant material of an environment.
Thus, a secondary productivity index (PP1) is calculated
here by multiplying primary productivity by secondary
biomassratios as given in Kelly (1985). The normallog of this
index (LNPPI) is used here.

Population density (LNP). Thenormallog of density (persons/
square mile).

Population pressure (LNZ). Normal log of the ratio of
secondary productivity to population density (PP1/ PM2).
Ahigh value here meanslow population pressure while alow
or negative value means a high population pressure.

Storage dependence (STOR). See Keeley (1988) for full a
explanation of codes:

o = no storage of food
1 = storage of supplemental foods (condiments, treats, and
so forth)
2 = storage of staples, principal food source for less than 2
months
= storage of staples but with “hungry” period in spring

3 =
4 = storage of staples sufficient to last poor season
5 = storage of staples in surplus

Sedentism (STAY). Total and longest stay (in months) in
winter or dry season in camp or village. The groups and
their codes are given in table 2.1.

* Results of Statistical Study

Examination of the correlation coefficients in table 2.2
indicates the main determinants of hunter-gatherer diets.

General Determinants of Hunter-Gatherer Diets

The proportions of aquatic animals and plants in diets are -
determined primarily by latitude: F1 is highly positively
correlated while G1 is strongly negatively correlated with
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Table 2.1 Hunter-gatherer sample and codes

GROUP
Labrador Esk.
Chipewyan
Angmaksalik

_Copper Eskimo

" Polar Eskimo
Iglulik
Tareumiut
Yaghan
Caribou Esk.
Naskapi
Kutchin
Han
Chugash
Slave
Kaska
Nunivak
Ingalik
Nunamiut
Aleut
Yukaghir
Tanaina
Tlingit
Nootka
Micmac
Twana
Haida
Dogrib
Nabesna
Attawapiskat
Saulteaux
Alsea
Tshimshin
Chilcotin
Cowichan
Quinault
Carrier
Thompson
Gilyak
Karankawa
Wongaibon
Shuswap
Puyallup
Sanpoil
Agaiduka
Tenino
Ojibwa
Klamath
Seri
Andaman
Tasmanians
Kidutokoda
Atsugewi
Aweikoma
Yurok
Washo
Shasta
Sinkyone

H1

4
6
2
4
4
5
3
2
5
7
4
5
1
5
4
3
4
7
3
5
4
3
2
5
3
2
3
6
5
4
2
2
3
3
3
4
3
3
3
3
3
2
2
3
2
4
2
2
2
4
4
3
6
1
3
3
3
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GL
-1.71
-1.49

084

-0.62
-0.47
-0.40
-0.29
-1.04
-0.16
-0.71
0.16

0.06

-0.49
-0.27
-0.49
-0.49
-0.27
0.38

-1.04
0.06

-0.38
-0.71
-1.69
-2.13
-1.91
-0.14

" 0.84

0.84
-0.25
-0.47
-1.23
-0.04
-0.36
-0.69
-0.91
-0.15
-0.58
-0.14
-1.87
-1.43
0.53
0.09
0.20
-0.23
-0.13
0.31
-0.34

©.1.87

-2.72

0.55 -

0.55
0.44
-0.98
0.55
0.22
0.55
0.33

I
0
0
0
0
0
0
0
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
2
2
2
2
2
3
3
3
3
3
3
3
4
3
3
4
4
4
4
4
5
5
6
3
4
5
5
5
6
6
6
6

IR
-1.15
-1.15
-L.15
-1.15
-1.15
-1.15
-1.15
-1.01
-1.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
0.99
0.99
0.99
-0.87
0.87
-0.87
-0.87
-0.87
0.13
0.13
0.13
0.13
0.13
0.13
0.13
1.13
-0.73
-0.73
0.27
0.27
0.27
0.27
0.27
1.27
1.27
2.27
-1.59

-0.59 -

0.41
0.41
0.41
141
141
141°
141

LAT

58
60
66
68
78
70
7
55
63
58
66
65
60
62
60
60
62
68
55
65
61
58
49
45
47
54
63
63
53
51
4
55
52
49
47
54
50
54
29
33
51
47
48
4
45
49
43
29
12
2
2
41
28
4
39
Q2
40

LPR

495
3.70
5.17
281
2.32
2.81
2.00
458
332
425
3.00
370
7.18
4,00
3.70
432
432
3.70
6.02
2.81
491
6.64
5.88
6.65
6.61
5.83
3.46
3.81
439
432
6.04
6.97
4.09
536
7.01
4.17
3.81
4.16
481
555
3.46
529
3.70
3.17
491
432
391
3.46
7.11
5.49
3.70

409

6.13
5.24
3.58
3.70
5.04

CONT LNPP
45 5.63
60 5.12
12 5.81
63 5.40
47 428
49 481
40 407
8 6.56
61 448
59 5.63
65 472
62 5.63
15 6.40
62 5.79
59 533
27 6.24
2 6.05
51 5.13
8 6.42
79 474
33 6.14
16 6.68
18 6.85
39 6.65
16 6.58
10 6.73
64 5.12
58 538
58 6.25
64 6.28
3 6.83
13 6.76
37 5.87
17 6.61
16 6.77
43 5.86
") 6.20
54 6.18
39 745
38 6.05
4 611
16 6.71
41 6.02
49 520
29 6.14
63 6.55
2 5.77
28 5.36
12 8.27
14 6.82
42 523
37 - 631
2 7.16
1 6.57
40 5.46
38 6.29
10

6.54

LNPP1
0.67
-1.10
0.85
0.44
-0.68
-0.15
-0.89
1.60
-0.48
-0.59
-0.58
-0.59
0.88
-0.44
-0.88
1.27
0.24
0.17
1.45
-0.22
0.33
0.46
0.64
0.84
0.36
0.51
-1.09
-0.83
0.03
0.07
0.61
0.54
-0.35
0.39
0.55
-0.36
1.37
-0.04
3.68
1.09
0.81
0.49
1.06
0.23
0.33
1.25
1.35
0.40
2.74
1.30
0.26
1.48

"1.35

0.35
0.50
1.78
171 .

LNP

-3.10
-4.61
-1.61
-3.51
-4.27
-4.27
-2.03
-2.12
-4.61
-4.34
-3.00
-3.17
-0.78
-3.32
-3.65
-0.15
-2.23
-3.10
0.58

-4.42
-1.90
0.00

0.53

-2.81
-0.17
0.90

-3.82
-3.91
-3.29
-4.14
0.63

0.75

-1L.11
-0.11
0.42

-1.63
-0.15
-0.69
-0.69
-0.69
-0.92
1.61

0.00

-3.22
-0.71
-2.53
-0.43
-2.12
0.81

-1.90
-3.51
0.18

-2.30
1.55

-0.29
0.64

1.94

LNZ
3.77
3.51
246
3.94
3.59
4.12
1.41
3.72
4.13
3.76
242
2.58
1.65
2.89
2.77
1.42
248
3.27
0.87
4.20
222
0.46
0.11
3.65
0.54
-0.39
2.73
3.08
333

420 .

-0.01
-0.21
0.76
0.50
0.14
1.27
1.52
0.66
4.37
1.79
1.73
1.12
1.06
3.46
1.04
3.78
1.78
2.52
1.93
3.20
3.77

1.30 .

3.66
-1.19
0.79
1.13

-0.23

STOR

2
2
4
2
2
2
5
0
2
2
2
2
5
2
2
5
4
2
4
0
5
5
5
2
4
5
2
2
2
2
4
5
3
5
5
3
3
4
0
0
3
5
3
2
3
2
3
2
1
0
2
3
1
5
3
3
4

STAY
5.0
2.0
8.0
3.5
4.0
3.0
9.0
3.0
30
1.0
35
4.0
9.0
4.5
9.0
8.0
3.0
9.5
4.0
7.0
9.0
6.0
1.0
5.5
6.5
3.0
4.5
20
4.0
7.0
6.5
5.0
75
8.0

5.0
7.5
1.5

6.5
8.5
5.5

6.0
25
6.5
1.0
3.0
20
2.0
6.0
1.0
105
6.0
65
6.5

continued
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Table 2.1 Hunter-gatherer sample and codes, confinued

GROUP H1 F1 Gl GL I IR LAT LPR CONT LNPP INPP1 INP INZ STOR STAY
Tolowa 2 4 4 0.55 6 1.41 42 6.27 3 6.69 1.39 1.28 0.11 5 8.5
Wintu 2 4 4 0.44 6 1.41 41 5.04 28 6.70 1.87 1.97 -0.10 5 7.0
Wiyot 1 5 4 0.33 6 1.41 40 5.25 1 6.56 1.27 2.40 -1.13 5 10.0
Hupa 1 5 4 044 6 1.41 41 5.55 27 6.68 1.38 1.65 -027 5 9.5
Coast Yuki 2 4 4 0.33 6 141 40 5.25 10 6.51 0.70 1.43 073 4 6.5
Pomo (East) 3 3 4 0.22 6 1.41 39 4.75 24 6.51 1.69 2.81 -113 5 8.0
Chumash 1° 5 4 022 7 241 35 417 6 6.36 222 3.07 -085 5 11.0
Botocudo 4 1 5 -0.96 2 -345 19 6.32 16 7.52 1.71 -1.20 291 0 .
Semang 3 2 5 -249 2 2345 5 7.23 17 8.49 2.96 -092  3.83 0 0.5
Guayaki 4 1 5 -031 2 -345 25 5.86 28 7.80 2.28 -2.70 498 0 0.5
Murngin 3 2 5 -1.72 3 =245 12 5.93 24 7.87 2.06 -2.04 410 0 3.5
Gidjingali 3 2 5 -1.72 3 =245 12 5.93 20 7.97 3.14 0.69 2.45 0 3.5
Mt. Maidu 3 2 5 1.33 6 0.55 40 5.29 30 6.37 1.54 0.97 0.57 4 6.5
Wappo 3 2 5 1.11 6 0.55 38 5.00 21 6.55 1.72 1.46 0.27 4 .
Tubatulabal 3 2 5 0.89 6 0.55 36 3.32 37 5.97 1.01 -0.26  1.27 4 7.5
Monachi 3 2 5 1.00 6 0.55 37 4.58 35 5.97 0.67 1.62 -095 4 8.0
Yana 2 3 5 1.33 6 0.55 40 5.49 34 6.41 1.59 0.04 1.55 3 7.0
Mono 4 1 5 1.00 7 1.55 37 3.00 39 4.43 -0.53  0.00 -0.53 3 5.5
Kuyuidoka 2 3 5 1.33 7 1.55 40 3.17 44 491 0.49 -0.73  1.22 3 5.0
Kiliwa 2 3 5 0.35 7 1.55 31 3.00 41 4.96 -0.01  -0.14 0.3 3 5.0
Gosiute 4 1 5 1.33 8 2.55 40 3.58 40 5.15 0.19 =322 341 2 .
Lake Yokuts 2 3 5 0.89 8 2.55 36 3.17 37 528 2.04 1.96 0.08 5 8.0
Mbuti 3 1 6 -1.81 2 431 2 6.13 37 7.92 2.40 -0.79  3.19 0 2.0
Wikmunkin 2 2 6 -050 3 331 14 5.55 34 7.68 441 -0.69 511 0 2.5
Luiseno 2 2 6 1.57 6 -0.31 33 3.70 17 6.03 1.20 1.90 -0.70 5 10.0
Cahuilla 4 0 6 1.57 6 -0.31 33 3.46 38 6.19 1.23 0.92 0.31 4 10.5
Nomlaki 3 1 6 222 6 -031 39 4.52 35 6.21 2.01 0.61 1.40 4 .
Sierra Miwok 3 1 6 2.11 7 0.69 38 5.04 37 6.55 1.25 0.36 0.90 4 8.0
Yavapi 4 0 6 1.79 7 0.69 35 3.46 48 5.70 0.73 =224 298 2 4.0
Serrano 4 0 6 1.68 7 0.69 34 4.09 29 6.19 1.23 -0.25 147 4
Aranda 4 0 6 0.59 8 1.69 24 3.46 49 5.31 0.35 -2.53 287 0 .
Panamint 4 0 6 1.89 8 1.69 36 2.00 56 3.81 -1.16 290 174 2 4.0
Kung 3 0 7 1.15 6 -2.03 20 3.17 64 6.13 1.17 -1.39 255 0 3.0
Walbiri 3 0 7 1.37 8 0.83 22 2.81 55 4.52 -044 -338 294 0 3.0
Dieri 3 0 7 2.02 8 0.83 28 2.32 45 4.45 -0.15  -3.00 284 0
Kaibab 3 0 7 2.89 8 0.83 36 3.70 65 5.76 0.80 -234 314 2 .
Hadza 2 0 8 0.41 3 -5.03 4 5.04 62 7.12 3.35 -0.92 427 0 1.5
Table 2.2 Signiflcant correlations between dietary and other variables
F1 Gl GL I IR LAT CONT LPR LNPP LNPP1 LNP LNZ STOR  STAY
H1 -0.298 -0.306  n.s. -0.329  n.s. 0.335 0.577 -0.288 -0.366  -0450 -0.703  0.556 -0.360  -0.521
0.0035*  0.0027 0.0012 0.0010 0.0001  0.0049 0.0003 - 0.0001  0.0001  0.0001 0.0004 0.0001**
F1 0.817 -0.516 -0.580 n.s. 0.638 -0.304  n.s. n.s. n.s. n.s. -0.225 - 0463  0.366
0.0001  0.0001 0.0001 0.0001 0.0029 0.0003  0.0001 0.0007**
Gl 0.777 n.s. -0.837 n.s. n.s. n.s. 0.457 0.348 n.s. n.s. n.s.
0.0001 0.0001 0.0001 = 0.0006
GL 0.652 0.365 n.s. 0.277 -0.508 -0.382 n.s. n.s. n.s. n.s. 0.305
0.0001  0.0003 . 0.0068  0.0001 0.0001 0.0053**
I -0.503 n.s. n.s. n.s. n.s. 0.444 0427  ns. 0.289
0.0001 0.0001  0.0001 0.0085%*
IR n.s. n.s. -0.278 0.328 0.275 0542 0535 0468
0.0066 0.0014  0.0072  0.0001  0.0001 0.0001**

n.s. Not significant, p<o.o1.

* . Error probabilities; N = 94 unless marked otherwise.

o N=82.
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latitude. This decline in plant use with latitude was first

recognized by Lee (1968). Here we can see that, in fact,

aquatic animals replace plants in diets as latitude increases

since F1 and G1 are strongly negatively correlated. This

trend can be understood when we consider that although all

ecological productivity declines with latitude, including that
* of aquatic animals, plant food availability becomes much
moreseasonal aslatitude increases. Theavailability ofaquatic
animals, on the other hand, especially of the larger ones, is
not so seasonal. ‘

The proportion of terrestrialanimalsin diets is determined
primarily by human population density and indirectly by
variables that are closely related to population density—
continentality and sedentism (see Keeley 1988). As human
density rises, causing the development of a storage economy
and its sedentary consequences, the role of terrestrial animals
in the diet declines. Terrestrial animals are more mobile,
usually have longer generation spans, and show lower
densities than plants. This means that their populations are
more vulnerable to over-hunting and that the larger species
can migrate away from or avoid heavily hunted areas and,
when their densities are low, become more difficult tolocate.
As human densities rise and exploitation territories shrink,
terrestrial animals become a much less reliable and more
costly food source. The dietary mix of any hunter-gather
group then is determined by two main factors: latitude and
population density.

Determinants of Proportions of Plants in Diet

By squaring the correlation coefficientbetween G1and LAT,
we can determine that latitude accounts for 70% of the
variation in G1, leaving 30% of the variation unexplained.
What other factors, then, determine the dietary importance
of plants? :

Given the opposition between aquatic animals and plants
in diets, the availability of aquatic foods will clearly be of
prime importance in determining the role of plants. Where
there are severe constraints on the availability of aquatic
foods, the proportion of plants will be maximized for any
given latitude. Such constraints will obviously be maximal in
regions with few or no permanentbodies of water. In climatic
terms these are regions with low precipitation and/or high
evaporation, that is, noncoastal deserts or near deserts. The
best estimate of aquatic animal availability would be an
actual measure of the area of permanent water within a
hunter-gatherer group’s territory. Such measures are not
used here because they are not readily available and would
be difficult to calculate. Instead, we will use an indirect
measure—mean annual precipitation. Indeed, we do find

that GL (latitude-relative plant diet) is highly negatively '
correlated with LPR (table 2.2). Stepwise regression indicates

that LPR should be the second variableadded to the regression

equation and thatlatitude and annual precipitation together

account for about 79% of the variance in G1.
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If H1 declines while population density and pressure
increase, obviously, F1 and G1 must rise. If F1 cannot rise

. because permanent waters are limited, then G1 must rise.

Therefore, itis not surprising that the tertiary determinant of
Gl is LNZ (population pressure).?

Latitude, log-normal precipitation, and population
pressure account for 82% of variability in G1. The prediction
formula is:

G1 = (-0.122LAT)+(-0.558LPR)+(-0.231LNZ)+11.553

Continuing the stepwise regression indicates that the addition
of further variables does not significantly increase the
explained variance. The remaining 18% of the variance may
be due to the crudity of G1 as a measure, random error, or
variables that were not included in this study.

To summarize the findings: hunter-gatherer dietary
concentration on plant foods will reach a maximum in low-
latitude dry regions with high population densities. For any
given latitude, the proportion of plants in the diet will rise as
precipitation declines (causinga decline in permanentsurface
waters) and/or relative population density (thatis, population
pressure) increases.

Determinants of Plant Staples

The main determinant of the type of plant staples (I) is the
percentage of plant foods in the diet (table 2.3). Groups with
high proportions of plantsin the diet tend to exploit nutsand
seeds, while groups with little dietary interest in plants tend
to exploit fruits or roots. The percentage of plants in the diet
explairis about 60% of the variability in staple crops.

All of the most extreme negative exceptions to this rule
(thatis, despite high proportions of plantsin the diet, reliance
is mainly on fruits and roots) are all tropical groups: Hadza,
Mbuti, Guayaki, Semang, Botocudo, Murngin, Gidjingali,
and Andamanese. Except for the Hadza, they are all groups
of the wet tropics. If Murdock’s (probably underestimated,
see above) figures for G1 (G1 = 6) were used for the Hadza,
as was the case for the rest of the sample groups, rather than
the much higher figures of Woodburn (1968:51), they would
not be so exceptional. ,

The deviations of I from that expected on the basis of G1
(IR) are highly correlated with LNZ and STOR. As previous
work (Keeley 1988) has argued, storage dependence is a
consequence of population pressure, so the correlation here
with STOR is through the correlation with LNZ. Indeed, the
stepwise regression analysis indicates that LNZ is the second
variable to be added. Thus, as population pressure on
productivity increases, hunter-gatherers are driven toward
plant staples of more concentrated nutrients and higher
processing costs. Together, G1 and LNZ account for about
72% of the variability in I.

The last significant determinant of plant stapies is
precipitation (LPR). When it is added to the model, about
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78% of the variance in I is accounted for by G1, LNZ, and
LPR. The prediction formula is:

I=(0.804G1)+(-0.543LNZ)+(-0.451LPR)+4.38

Inotherwords, asthe proportion of plantsin the dietincreases
(responding to the variables discussed above) and as
population pressure increases and rainfall decreases, the use
of nuts and seeds will increase.

Summary of Statistical Results

Firstly, for any given latitude outside of the Arctic and
Subarctic. as aridity and population pressure increase, the
dietary concentration on plants, especially those with higher
processing costs such as nuts and seeds, will increase.

It is also notable, secondly, that there is no necessary
connection between socioeconomic complexity (for
example, storage dependence and sedentism) and intense
reliance on plant food.

Thirdly, population pressure is merely a secondary or
tertiary (although still significant) factor in the intensification
of plant exploitation by hunter-gatherers. Latitude and
precipitation are more important determinants.

Protoagricultural Practices among Hunter-Gatherers

Among ethnographic hunter-gatherers, the practices of
planting, irrigating, or otherwise tending wild food plants
are extremely rare.” However, such practices were known
among a few Shoshonean groups in the Great Basin (HNAI
1986:93-94). The Owens Valley Paiute irrigated wild root
crops. Several groups in the central Basin burned over areas
and then sowed them with the seeds of wild food plants. All
groupsin the Basin were in aregion of low precipitation (less
than 16 inches per year) and low primary productivity and
exploited the same general plant staples (pinyon nuts, rice
grass, mentzelia, and so forth) using similar technologies. A
study of the distribution of these practices in the Great Basin
suggests thereason. The principal difference between groups
that practiced sowing or irrigation and those that did not is
the significantly higher population density of the former
(table 2.4). Except for a marginal case, the Little Smoky
group, all Shoshonean groups using such practices had
densities in excess of 0.10 persons per square mile. (The
population density figure for the Gosiute is for all Gosiute
and is not representative of the much denser Deep Creek
group, the only Gosiute to practice burning and sowing; see
noteto table 2.4) Since pinyon nutsare the principal staplein
all of these groups and the nut crop was so highly variable
(Thomas 1972:674, 684-690), the encouragement of these
secondary staples was probablya form of insurance necessary
only where population pressure on the pinyon crop was
high. One can easily imagine that a trend of diminishing
pinyon cropswould drive these higher-density Paiute groups
into a more intense use of seeds and of protoagricultural
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Table 2.5 Proportions of plants in diet (G1) vs. plant staple

Plant Staple Index
FRUITS ROOTS NUTS SEEDS
0 1 2 3 4 5 6 7 8

0o 7+
+
1 2 133
+
2 50+ 1
3 +
5 +
53 2 5 2
2 ++
S 4 1 1 3 w00 1
~ -
5 LR ts o3
+++
6 *o 303 2
+
7 1 ++ 3
8 por +

+++ Expected values
*  Groups from“wet”tropics
**  Hadza

Table 24 Population densities and protoagricultural practices
among the Shoshone of the Great Basin

GROUP P/MI? DENSITY PRACTICE

Reese River 1.10 Burning and sowing of wild
seeds

Owens Valley 0.48* Irrigation and planting (?) of
roots and seeds

Ruby Valley 0.36 Sowing of wild seeds

Humboldt River (aver.) 0.29 Sowing of wild seeds

Huntington Valley 0.29

Diamond Valley 0.26 Burning and sowing of wild
seeds

Spring and Snake Valleys 0.16 Some agriculture

Railroad Valley 0.11 Burning and sowing of wild
seeds

Deep Springs ) 009

Antelope Valley 0.09

Saline Valley 0.06

Kawich Mountains 0.06

Little Smoky 0.06 Occasional sowing

Lemhi .0.04

Grouse Creek 0.04

Las Vegas 0.04

Gosiute (Deep Creek only**) 0.03 Burning and sowing

‘Death Valley 0.03

Belted Mts. 0.03

Beatty ©0.02

Sources: Steward 1938: HNAI 1986:93.
*  Bettinger’s (1982) more recent estimate doubles Steward’s estimate, used here for
consistency, for the Owens Valley.

" ** According to Steward (1938:134,138), only the Deep Creek Gosiute followed this practice

and they had a much denser population than other Gosiute groups and “compared
favorably with the more fertile localities in Nevada” (that is, the Ruby and Humboldt
Valleys).
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practices to encourage production.

From these Great Basin examples, several points are
apparent: protoagricultural practices are associated with the
highest regional population densities; these population
densities were, nevertheless, low by comparison to the
_densities of other hunter-gatherersinlessarid environments;
- and such practices were directed toward secondary, not
primary, plant staples.

Discussion and Conclusions

First, the ethnographic data reviewed here strongly imply
that social factors such as competitive feasts, the demands of
so-called big men and chiefs, status competition, and so
forth, show no relationship to the intensity of plant
exploitation. The hunter-gatherer groups with the highest
values for G1, GL, I, and IR are among the least socially
complex groups in the sample. The most socially complex
hunter-gatherers with the most intense social demands on
food supplies, mostly Californiaand Northwest Coast groups,
showno particularinclination toward protoagricultural diets
or techniques. Itisjust as well, then, that Bender (1978,1985),
the main proponent of the causative role of social factors in
the origins of agriculture, dismisses positivism and the
importance of empirical tests for hypotheses (Bender
1985:49-50). Certainly, her ideas fail the test of comparative
ethnographic data. ‘

The patterns in plant usage discovered in this study help
explain why the earliest evidence for plant domestication is
found in the dry subtropics: the Near East and northern
Mesoamerica. The low latitudes of these regions mean that
potential productivity (with sufficient water!) and plant
species diversity are high. The restricted distribution of
permanent bodies of water in the noncoastal areas of these
regions, however, forces maximum concentration on plant
foods. Relatively slight increases in population density in
such environments cause plant exploitation to shift toward
nuts and seeds, which have a higher processing cost than
other forms of plant food, the seed crops having, of course,
a greater agricultural potential. In such environments, even
at densities low in comparison to other hunter-gatherers,
food plants, especially seedbearing ones, are encouraged by
such protoagricultural practices as sowing and irrigation.

This study also suggests why the worldwide climate
changes of the terminal Pleistocene and Early Holocene
played such an obvious role in the origins of agriculture.
Outside the tropics and the Arctic, these changes were
equivalent to alowering of latitude for any fixed point on the
earth’s surface because they involved a poleward movement
and expansion in latitudinal extent of the subtropical,

temperate, and subtemperate climate zones. This would -

have the effect of increasing the role of plants in noncoastal
hunter-gatherer diets in the middle latitudes. In any area
that also experienced a decrease in surface water and/or a

decline in precipitation the dietary importance of plants -
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would be brought to a maximum. Were populations
increasing or already high when these climate shifts occurred,
a shift toward nuts and seeds away from roots and fruits
would be expected. When, due to increasing population,
decreasing productivity, or both, population pressure
reached a certain level, protoagricultural encouragement of
seed crops would begin.

These arguments also offer an explanation of why
sedentary villages with storage economies precede plant
domestication in the Near East but follow it in Mesoamerica.
While population pressure appears to be a primary factor in
the development of sedentary storage economies (Keeley
1988), it is only a secondary factor in the development of
protoagriculture. The population pressure threshold for
protoagriculture is much lower than that for storage
economies and only occurs when certain relatively narrow
environmental conditions are met. Storage economies, on
the other hand, occurred over a wide range of latitudes and
precipitation regimes (note the distribution of storage codes
3, 4, and 5 in table 2.1). The suggestion, then, is that the
density Rubicon for sedentary village life was reached in the
Near East before the climatological conditions necessary for
protoagriculture appeared in the early Holocene, while in
the less densely and more recently settled New World, the
densities were sufficient for protoagriculture when the post-
glacial climate changes occurred but were still insufficient
forthe development of sedentary-storage economies. A more
detailed discussion of this point and of the archaeological
and paleoclimatic evidence relevant to agricultural origins
inthe Near Eastand New World will be the subject ofa paper
now in preparation (jointly with James L. Phillips). At any
rate, ethnographic comparisons indicate that proto-
agricultural origins and the development of hunter-gatherer
social complexity are independent phenomena and not
necessarily linked, even if climatic and human demographic
factors play a role in each.

In conclusion, let us formulate tentative answers to the
questions raised at the outset:

+ The role of plants in the diet of prehistoric hunter-
gatherers would increase if there was a decrease in
effective “latitude,” inaquaticresources (usuallybecause
of declining precipitation), or, secondarily, an increase
in population pressure.

+ The importance of seeds in the diet would increase as
thedietaryimportance of plantsand population pressure
increased.

* Protoagricultural practices would begin when
population pressure on the staple crop reached some
definable point (approximately 0.10 p/mi? in the Great
Basin) and would involve secondary staples or
supplemental foods. These answersarereallyhypotheses
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that must be tested against the archaeological and
paleoecological records from regions where the earliest
agriculture arose. They imply diachronic relationships
thatthesynchronicethnographicrecord cannotdocument
and represent, at best, estimates of probable cause.

Notes

1. All analyses were conducted using the SAS statistical package available
through the Computer Center of the University of Illinois at Chicago.

2. STORwas equally qualified for inclusion at this step but because it is highly
correlated with LNZ and because the author has argued elsewhere (Keeley
1988) that it is a consequence of population pressure, LNZ is included in
preference.

3. Theuseofsuchpractices intheraising of tobacco, however, was widespread

__ in western North America (Jorgensen 1980: 123).

Postscript: October 1998

In this brief postscript, I will not even pretend to refer to the
many pertinent worldwide publications concerning
agricultural origins, theoretical or specific, since 1988. My
fellow authors’ postscripts, collectively, will surely provide
such references for our readers. Instead I will take a more
parochial, even egotistical view.

Above, I disdain Bender’s illogical and admittedly
untestable hypothesis that certain social demands (increased
trade, class expropriations, and so forth) incited hunter-
gatherers to become farmers. Two years later, in a justly
influential paper, Brian Hayden (1990) transformed Bender’s
vague postmodernist notion into a realistic, rational, and,
most important, testable hypothesis. From his clear
formulation of the social-demand hypothesis, he logically
derived several key empirical implications that could be
directlytested in the ethnographicand archaeological record.
Hayden argued that agriculture first appeared among or was
accepted by societies living in rich environments (an
ecological variable he never defined or measured) in which
increased labor could readily produce surpluses. In such so-
called rich regions, collective rituals, competitive feasts, and
external exchanges organized by informal or institutional
leaders (for example, so-called big men or incipient chiefly
classes) could evoke more intensive hunting-gathering,
including especially the cultivation and herding of certain
plants and animals. The plants and animals that were the foci
of these socially forced intensifications would all be ritual
offerings or ceremonial gifts and/or exchange items. By
Hayden’s argument, domestication and agriculture could
first appear or later spread only among socially‘ complex

‘ hunter-gatherers living in a rich environment. Thus, by
reference to a few social features having a similar
environmental context, Hayden sought to simultaneously
explain the development of complex intensive huntet-
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gatherers, the earliest origins of agriculture in several
independenthearths, and thelater diffusion of farming from
these hearths. He illustrated key components of this
hypothesis with facts drawn from a wide variety of
archaeological and ethnographic cases. Given the realism,
generality, rationality, parsimony, and testability of this
hypothesis, it has rightly become very popular among
prehistorians. Nevertheless, a key question remains: Is it
empirically correct?

In a paper subsequent to this chapter (Keeley 1995), I
attempted to test all the empirical expectations Hayden
(1990:38-39) deduced from his scientific formulation of the
social-demand hypothesis. With a few changes, I used the
same ethnographic sample as above. But I introduced or
retained codes for protoagricultural practices (thatis, burning
for and sowing of morphologically wild plants) and certain
socially demandingfeatures (ceremonial and complementary
gift giving, wealthy or hereditary classes, sedentism, and
reliance upon seasonally stored food). I also used data
accumulated much earlier on agriculture and certain aspects
of social complexity. A statistical analysis of such relevant
worldwide ethnographic data completely contradicted all
five of Hayden’s social-demand expectations. I observed
that the robust facts recovered by archaeology in the Near
East and Mesoamerica for the last 40 years also falsify the
social-demand hypothesis. Social complexity, as Hayden
has defined it, appeared more than 2000 years earlier in the
Near Eastbutatleast2oooyearslater than plant domestication
in Mesoamerica, the two most obviously independent and
completely unrelated agricultural hearths. Thus, in one
instance, the supposed cause preceded its supposed effect by
arather long time; in the other, the supposed cause followed
long after its supposed effect. A vigorous and well-argued
defense against my arguments and supporting data on these
issues canbe found in Hayden (1995). Regarding the origin of
anything, including agriculture, it will always be logically
and empirically impossible for any effect to precede its
efficient cause or for any type of cause (that is, efficient,
material, formal, or functional) to be uncorrelated with its
supposed effects.

Bacon’s dictum, “Truth emerges more from error than
confusion,” should be every archaeologist’s watchwords.
Because of Hayden’s clear, logical, and testable formulation
of the social-demand hypothesis and what I hope is my
comparable formulation of the ecological/risk-reduction
hypothesis, no one should be confused. Either one of us,

* even both of us, may prove to be empirically wrong, but the

physical circumstantial evidence produced by archaeology
can never be matched against interpretations that are
imprecise or untestable.




Chapter 3 =

Residue Analysis of Ethnographic Plant-working and
Other Tools from Northern Australia

Richard Fullagar, Betty Meehan, and Rhys Jones

DESPITE THE INTRODUCTION BY EUROPEANS
of agriculture and pastoralism, aborigines in northern
Australia during the past century have maintained many
elements of a hunting and gathering economy. It is ironic
that even the modern capitalist economy of the pastoral
industry in northern Australia has depended in part upon
aboriginal cooperation, employment, and technology
(McGrath 1987). Whereas a hunting and gathering
subsistence mode has survived in many aboriginal
communities, especiallyin Arnhem Land, the actual material
culture has undergone many changes.

Research presented here forms asmall part ofa project,
the aim of which was to study the material culture of
subsistence in Arnhem Land (Jones 1980; Meehan 1982)
and to compare present and past technologies. This
research involved detailed recording and collecting of
aboriginal artifacts used in subsistence tasks. A use-wear
and residue analysis of the ethnographic artifacts was
conducted by Fullagar (1988) whose main purpose was to
describe traces of use and manufacture relevant to
interpreting similar traces on archaeological tools. In
this chapter we discuss change in material culture and
prospects for identifying plant processing by
hunter-gatherers in the past. The focus is subsistence
tools with an objective of explaining the replacement or
loss of some items and the addition or survival of others.

Raw Materials and their Uses ‘
Before Macassans and Europeans arrived on the coast of
northern Australia in the seventeenth century, aborigines
used a wide range of raw materials readily available in their

15

environment to manufacture artifacts. All of them continue
to be used today, but new items such as glass, metal, nylon,
and plastic have been incorporated into manufacturing
processes (table 3.1).

Stone

In the past, stone was used for many purposes (table 3.2), as
anvils, ax heads, flakes, pounders (figure 3.1), scrapers, and
spear heads. Anvils and pounders were used together to
crush animal flesh and bone, roots, nuts, and fruits; to soften
strips of bark in order to make string and rope; and to grind
ochers which were then applied to artifacts and human
bodies as decoration, or for ceremonial purposes. Ground
edged axes were hefted with supple plant stems, bound with
string made from the root bark of Ficus trees and cemented
into place with wax collected from the hives of wild bees.

Table 3.1 Raw materials used by aborigines

"+ Glass

PRESENT PAST
Adhesive Adhesive
Blood . Blood
Bone Bone
Ocher Ocher
Plant fiber Plant fiber
Shell Shell
Stone Stone
Wood o Wood
Metal

Nylon

Plastic
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Table 3.2 Material culture, past and present

PAST ) . PRESENT

Music performance

Shelter
Warefare/fighting

Food procurement
Manufacturing
Music performance
Shelter

Surgery
Transportation
Warefare/fighting
Body decoration
Ceremony

Food processing
Food procurement
Manufacturing
Surgery
Transportation
Sale

Food processing
Fure

Body decoration

Ceremony
Fure

STONE
Anvils
Ax heads
Flakes
Pounders X
Scrapers
Spear heads X X X X X X

il
ol

ol
il

i
[T T < T T
i

SHELL

Knife X X X X X X
Containers X X X

Dog collars

Graters X X

Musical instrument X X
Necklaces X X

LT T T <

BONE

Knife X x X
Nose ornament X

Points X X X X X
Spatula

Spear prong . X X X

WOOD
Canoes
Paddles
Digging sticks X X X X x X
Firesticks
Mortars X x

Nut retriever, shaft X X

Nut retriever, point

Points 7 X X X X x
Pounders X X

Spear heads

Spear shafts X
Spearthrower

il
Il
Ea T T T < I

ol
>
il

PLANT FIBERS

Bags X

Baskets

Containers

Fish nets

Fish traps

Mats X

Mosquito nets v X X
- Ornaments X X X X

IR T B S
E T o T I B B

ES T T T B B B o

Sieves X . X

ADHESIVE

Axes X X

Ornaments X X ‘ - X

Spears )

Spearthrowers X X ‘ x X X X X
continued

Moo M
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Table 3.2 Material culture, past and present, continued

PAST

PRESENT

Body decoration
Ceremony

Food processing
Food procurement
Manufacturing
Music performance
Shelter

Fure

GLASS
Flakes
Scrapers

METAL

Axes

Binding, spears
Corrugated iron
Files

Hammer
Knives

Nut retriever, point
Razor blades
Spear points
Tomahawks

NYLON
Bags
Fishing line
Nets

String

PLASTIC

Bags

Building material
Containers
Covers

Ropes

Surgery

Music performance

Shelter
Warefare/fighting

Food procurement
Sale

Transportation
Warefare/fighting
Body decoration
Ceremony -

Food processing
Manufacturing
Transportation

Surgery

Fure

o]
il

LT T ]

MoOoM K M

X X X X
X X X

Finished implements were used to butcher and process
animal and plant foods and to cut timber and bark for
constructing shelters and canoes. Stone flakes were used to
cutmeatand plant flesh and plant fiber and to scarify human
bodies in accordance with tradition. With stone scrapers,
people could prepare plant stems as spear shafts and
manufacture a range of other objects, mundane and
ceremonial. Spear heads, or lawuks as they are still called in
several western Arnhem Land languages, were hefted onto
light wooden shafts, using Ficus string and beeswax. They
were used to hunt animals, as spears in warfare, and as part
of ceremonial regalia.

In many parts of coastal Arnhem Land, suitable stone is
unavailable, so stone tools were rarély used there. Today,
stone spear headsare still sometimes made (Jonesand White
1988). Men take them to secret Kunapipi ceremonies in
muchthesameway some Englishmen might take their regalia

'~ to a gathering of Freemasons. Such spear points normally
are well made artifacts, often quite old. The large number -

nowadays made for sale in the artifact market, some
incorporating stone points collected from old archaeological

surface sites, are not so carefully prepared. Ground edged ax

heads are also collected by aboriginal people as surface finds
and hafted according to tradition for sale to art and craft
outlets. As far as is known, no craftsperson is still able to
make a ground edged ax from a piece of raw material. Anvils
and hammerstones remain important elementsin subsistence
technology, being used still to crush animal bones for marrow,
plantfoods,and rootbark to makestring (figure3.2). Because
stone is scarce in some areas of coastal Arnhem Land, anvils
andhammerstonesare highly prized, usuallyhidden atcamp
sitesawaiting the return of the owner, and aggressively sought
after if taken by someone else.

Shell

The intertidal zone of northern Arnhem Land is rich in
molluscan species. Freshwater bodies contain one or two
species of mussel and in woodland areas there are several
species of land snail which are useful to human foragers. The
coastlineis strewn with prehistoric thinlinear midden scatters
and also large, discrete shell mounds—ample evidence that
pastinhabitants ate quantities of shellfish. In an environment
so rich in molluscan species it is no surprise that some of the
shellswere used as tools. The problem for archaeologistsis to




Figure 3.1 Frank Gurrmanamana crushing flesh of “red apple”
with stone pounder

v«‘;(f + T
¢

" ¥ b e i .
Figure 3.2 Nancy Bandeiyama preparing Ficus root bark for
string. It is pounded with a stone and sucked for sweet juices.

Figure 3.3 Detail of Frank Gurrmanamana scraping a long pipe .
stem (Scaevola taccada, called wanarranba in the Burarra language)
with a shell valve (Mactra meritiriciformes) '
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find direct evidence for this use (Schire 1982:38, 63, 95-96,
120-129). The valves of some bivalve species—for example,
Mactra meretriciformis, which had thin, sharp edges—were

" used as knives to butcher animal flesh, cut plant material

(figure 3.3), and incise cicatrices onto the bodies of men and
women at the time of initiation or mortuary ceremonies
(table 3.2). The large baler shell Melo amphora was used to
excavate wells and to carry water. The trumpet shell Syrinx
aruanus with a Ficus string handle attached to it was also
used as a water carrier. The flesh from both of these large
gastropods was eaten after they had been cooked in hot
ashes. Ground ochers, used to finish artifacts and to adorn
human bodies, were stored in the valves of mangrove species
such as Batissa violacea.

Shells of the land snail Xanthomelon durvillii were strung
onto Ficus string and covered with white paint. They were
put around the necks of hunting dogs on moonlit evenings.
The noise of the rattling shells and their white color allowed
hunters to follow dogs” movement so the prey they cornered
could be retrieved. Necklaces and rattles were made in a
similar way but were decorated with red, yellow, white, and
dotblack patterns. Rattles for musical performances, smaller
than necklaces, were held in the musician’s hand.

Utensils for grating yam tubers (Dioscorea bulbifera var.
rotunda) were manufactured from snail shells by removing
asmall circle from the outer shell whorl with a sharp piece of
hard wood or a strong fingernail. These globular tubers were
cut into quarters before being baked in an earth oven and
then grated. The snail shell grater washeld by thelefthand on
a digging stick embedded in the ground at an angle and the
tuber quarters were passed repeatedly over the grating hole.
The long slivers of yam flesh passed through the aperture of
the shell onto paper bark. The grated flesh was rinsed several
times in fresh water then left to stand overnight being eaten.

All of these items continue to be made and used by
aboriginal people today (table 3.2). some according to their
original function and others, especially necklaces, as items
for the arts and craft trade.

Bone

Macropod bone and the spines of stingray were used in the
past as tools and ornaments. “Knives,” nose ornaments,
points, spatulas, and spear prongs were some of the artifacts
made from these materials. Scapulae of macropods were
sharpenedalong onesideso that cooked tubers of D. bulbifera
could be sliced before being put in fresh water to make them
edible. Sharpened macropod and bird bones were put
through the septum of the nose during initiation and left
there as ornaments. Both pointed and spatula-shaped
implementswere made from macropod fibulae. The spatulae
were used to remove raw and cooked oyster flesh from
valves. Points were also used for this purpose aswell as to cut -
green fronds into thin strips to make pubic coverings, to
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pierce holes in bark and other plant materials, and as
grooming objects (Trigger 1981; Meehan 1981). Macropod
fibulae sharpened to a point and stingray barbs were used as
the tips of composite fishing spears. These artifacts had one
or several prongs and were used with a spearthrower to
_pierce fish.

- Both the bone points and spatulae are occasionally made
today. Sometimes they are used to procure oyster flesh;
sometimestheyaresold in craft shops. Bone “knives” remain
importantfood processing items, especially in the interior of
Arnhem Land. Coastal people tend to use snail shell graters
instead.

Wood and Plant Fiber

Canoes, both dugout and those made from folded sheets of
Eucalypt stringy bark, were used for transport across tidal
rivers and on freshwater swamps (Jones and Meehan 1977).
Fishing with multi-pronged spears and harpooning of turtles
and dugong was done from these platforms.

Digging sticks of many different kinds of wood were
made to prod for tubers and land snails or tortoises buried in
the mud of freshwater environments. Two sticks were twirled
tomake fireby friction. Impressive mortars a meter inlength
made from dense wood were used to crush and pound fruit
and nuts into edible consistency. In some parts of northern
Australia nuts from Pandanus spiralistrees are an important
foodin thelate dry season (Meehan, Gaffey, and Jones1979).
These delicious and energy-rich nuts are embedded in a
thick fibrous drupe. They were transversely chopped. The
implement used to free the nuts had a wooden handle and a
point made from a piece of hardwood. Other wooden points
were used to reduce plant fronds into thin strips suitable for
incorporation into pubic coverings and to make holes in
barkand other substances so they could belaced with cordage.

Hardwood batons or pounders were used on bush logs to
de-husk edible flesh from the fruits of the toxic Cycas angulata
plant. Many different kinds of spear heads were made from
a variety of woods, as were spear shafts and spearthrowers.

The other main type of plant material in the manufacture
ofartifactswas fiber of many different types, used in weaving
and cordage. Bags similar to European “string bags” were
commonly used in subsistence activities, to carry and sieve
food. Nets woven from string were used to catch fish, aswere
traps made of jungle vines, for example, Flagellaria indica.
Circular mats woven from split Pandanus fronds were used
to sit on, asabase for the preparation of food, and sometimes
asagarmentwhen modesty required. A hostof ornaments—
bracelets, belts, headbands—were created from plant fibers
and worn by people in secular as well as ceremonial life.

Many of the objects made from plant materials in the past -

continue to be manufactured today (table 3.2). Almostallare
also made for sale, but many remain useful elements in
aboriginal life.

Figure 34 Frank Gurrmanamana chops the drupes of Pandanus
spiralis as children retrieve the nuts with a metal prong set in a
wooden handle. .

Figure 3.5 Plant residues on an ethnographic metal prong used
for retrieving nuts from fruit of Pandanus spiralis. Width of field:
25 mm.

Adhesives
Wax from the hives of wild bees, gums of some trees such as
Terminalia, andjuice from tree orchids were used as adhesives
in artifact manufacture. Beeswax made firm the bindings
around stone ax heads and spear points and the launching
pins of spearthrowers and were also used to attach feathers
and other objects to ornaments. Orchid juice was used as a
fixative for ochers being applied to bark and fiber objects.
Traditional adhesives continue to be used by aboriginal
craftspeople today but European-made glues are also used
tostabilize ocher designs onbark paintingsand otherartifacts.

Arrival of New Material

Since Macassans and Europeans began to visit northern
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Figure 3.6 Feather barbules on a remnant of archaeological
feather decoration set in resin with string attachment. The
barbules can allow species identification. Width of field: 0.2 mm.

Table 3.3 Raw materials of artifacts examined

ETHNOGRAPHIC ARCHAEOLOGICAL
ARTIFACTS ARTIFACTS
Glass 2 3
Bone 19 7
Tooth 1 1
Shell 7 8
Wood 7 37
Soft plant 1 1
Stone 1 .72
Ocher - 2
Feathers - 1
Metal 8 2
TOTAL 46 134

Australia, a host of new materials have become available to
aboriginal manufacturers. The first was probably metal,
followed closely by glass. After thata flood of items appeared
such as cotton cloth or “calico” canvas and, more recently,
nylon and plastic threads and fabrics.

Many glass implements such as flakes and scrapers have
been found in the earliest levels of archaeological sites, some
manufactured from the chunky bases of wine bottles (Allen
1969). Glassis stillused today for cutting or scrapingartifacts.

Metal has transformed the aboriginal toolkit. Metal axes
and tomahawks have replaced their stone counterparts. Wire
of different thickness and malleability is used to make prongs
for fish spears and spatula-shaped ends of Pandanus nut
retrievers (figures 3.4, 3.5) and to bind metal spear points
ontowooden shafts. Corrugated iron is used to build shelters
and as large plates on which to butcher kangaroos. Metal
knives, hammers, and files are used, as well as other metal
tools and cooking utensils.

Nylon string, often recycled from flotsam, and brightly
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colored wool are woven into bags of the same style as those
made from Ficus string. People use nylon fishing lines with
metal hooks and purchase nylon fishing nets to drag in tidal
creeks. Thesereplace the more fragile types manufactured in
the past from Phragmites fiber.

Plastic containers, sheeting, and ropes are now common
features of aboriginal life. Blue plastic fiber is used as sails for
dugout canoes and to provide shade on exposed white
beaches. Items and food are carried in plastic bags from local
supermarkets and boats and canoes are secured with nylon
rope.

New materials become available to aboriginal people all
thetime. Oneby onetheir qualities are assessed, thenadopted,
modified, or rejected. They replace materials used in the past
or are used for new purposes. So far, however, despite the
ready availability of new materials, people continue to use
bush materials even though this means considerable
expenditure of time and effort.

Residues on Artifacts

The residue analysis was undertaken in conjunction with a
study of use-wear, manufacturing, and other traces. An aim
of this analysis was to identify the kind of recognizable
residues surviving on stone and arange of other raw materials
used by the aborigines for many purposes. An important
questionaddressed was: howwell can residue analysisidentify
details of subsistence tasks? Or, what is the appropriate level
or scale of analysis? Since the kind of microscope equipment
used is an important limiting factor on the nature of the
results, the equipment and techniques are described first.

All artifacts were examined under a low-power Nikon
SMZ2 stereomicroscope, up to about 40 magnifications.
Some traces on these artifacts were examined under a Leitz
metallographic microscope with vertical incident
illumination at magnifications ofx120 and x300. A limitation
of this analysis was that only brightfield illumination was
available, not darkfield. This may have hindered the precise
identification of some residues but not the recognition of
their presence.

Hemastix urinalysis test strips were used to screen for
blood residues (following Loy 1983, 1987). The solubility of
some residues was tested in alcohol and water. Otherwise the
main criteria for distinguishing residues depended upon
recognition of distinctive structures such as plant cells and
fibers, starch grains, mammal hairs, and collagen from skin,
bone tissue, and feathers (figure 3.6).

Animportantaspect of this study was to examine residues
on artifacts made from metal, wood, bone, glass, and shell as
wellas those on stone tools. This was important because little
research has been conducted on metal or organic tools, as
opposed to stone tools, and suitable flaking stone is known
to be quite scarce in many parts of Arnhem Land.

Forty-six ethnographic artifacts and 134 archaeological
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artifacts were examined microscopically (table 3.3). All
archaeological artifacts examined are less than 2000 years
old and most are probably less than a few hundred years old,
suggesting that they are relevant to the period during and
just before first contact with Europeans. |

~ The tools examined for residues included the items in
" table 3.4. Residues were found to survive well on all
ethnographic tools except metal digging sticks. Residues
survived less well on archaeological tools and particularly
poorly on metal, wood, and shell tools. The main difference
between residues on ethnographic and archaeological tools
was simply the quantity, which was considerably less on the
archaeological ones. The archaeological tools came from
both rock shelter and open sites. No wood was found in the
opensites although bone, seeds, and other organic materials
did survive (figure 3.7). Residues survived well on some
stone tools from open sites.

Organic residues were found on several archaeological
shells but, with the microscopes available, distinctive
structures were visible on only one of them (figure 3.8).
Blood residues were common on bone tools but there was
some difficulty in interpreting the residues as the result of
use or as remnants from manufacture out of the original
carcasses. This problem may be resolved by identifying the
blood to species level, as proposed by Loy (1987), and by
detailed analysis of where the residues occur. For example,
small bi-pointed spear prongs are completely worked by
scraping and grinding. Itis unlikely, therefore, that blood on
thesurface of these implements s from the original macropod
carcasses during the stages of extraction and modification of
the bone. These small prongs were also almost entirely
smeared with wax or resin, which might affect reaction to
blood screening tests and observations without darkfield
illumination.

Discussion .

The identification of residues in this study suggests that
stone was used in a variety of tasks including the processing
of both plant and animal materials. Although worked stones
are rare as archaeological finds in many parts of Arnhem
Land, residues on them seem to survive in better condition
and are more easily identifiable than residues on bone or
shell tools. The residues may thus give a false impression of
the importance of stone relative to other raw materials. We
would argue that one of the problems here is that too little is
known about the mechanics and residue taphonomy of shell
artifacts. There is a need for specialist studies of shell
implements, particularly in those parts of Australia where
stone is rare.

Ethnographic evidence is crucial in directing attenition to
shell artifacts which are common items of food debris, not
normally examined for traces of use. Ethnography is also
useful for assessing both the range of tasks that might be

Figure 3.7 Seeds set in resin on an archaeological shell tool.
These grass seeds are related to the resin haft, not use. Width of
field: 8 mm.

Figure 5.8 Use-wear and residues on an ethnographic shell tool
used for scraping wood. Width of field: 8 mm.

identifiable and the management strategies for particular
tools. For example, how were shell tools carried about and
discarded? There is a need for ethnographic observations of
life histories of individual artifacts, describing how they are
made, what they come into contact with, where they are
stored, and how they are used.

The replacement of bone by metal has been suggested by
residue analysis which identified similar plant residues on
archaeologicalbone and the ethnographic metal points. Study
of cut marks on the wooden artifacts indicates that both
metal and stone were used for woodworking in the recent
past. Specialist points made from bone designed specifically
forextractingnuts were probably replaced by specialist metal
points of similar design. On the other hand, multi-purpose

. stone and shell tools were .probab‘ly replaced by

multi-purpose metal ones. Metal knives were not examined
in this analysis.
Generally, the evidence suggests that residue analysis is

. particularly useful for reconstructing broad categories of
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Table 3.4 Tools and residues identified in the microscopic analysis

PLANT STARCH

TISSUE GRAINS BLOOD

STONE .
Flakes : o x
Hammerstones

Pounding/grinding -

Points . X

SHELL
Scraper X X
Grater X X

BONE

Grater X X
Knife

Point

Spatula

Spear prong

ES T T B B ]

WOO0OD
Digging stick
Firestocks
Nut retriever
Point
Spearhead

GLASS
Flakes X

METAL

Digging sticks

Nut retriever X
Tomahawks

HAFTING
RESIN
HAIR COLLAGEN ORWAX UNIDENTIFIED
X X
X
X
X
X X
X
X X X X
X X
X
X
X X

tool use in the past. The patterns of replacement observed
ethnographically suggest that the contemporary material
culture has maintained certain tool types, particularly
specialized implements; only the raw material from which
they are made has changed. In some cases, despite changes
in manufacturing materials, names have remained the same.
This has important implications for interpreting change in
thearchaeological record. Perhaps specialized single purpose
tools are most sensitive to changes in raw material.

In some cases replacement seems to be purely functional, '

as with replacement of wooden digging sticks by more
resilient metal rods. However, woodensticks used forlocating
turtles were not replaced because metal would have pierced
the carapace, which needs to be kept intact for cooking.
Residue analysis would probably not be able to distinguish
these varieties of digging sticks, although morphological
criteria and size might suggest two functional types. In other
cases, function may not be the most important factor in
replacement. The butt of a metal ax, for example, is used
interchangeably with a stone pestle in pounding some food
roots; itall seems to depend on whatishandy at the time. The
mortar used in these grinding tasks is usually stone, for

mostly functional reasons.

Some changes in material culture seem to involve only
new raw materials providing an improved way of doing
much the same thing. On the other hand, other introduced
productssuchasguns, motorcars, and radiosalter technology
inamore significant way, by allowing access to a much wider
range of goods and social contacts. The persistence of a
distinctively aboriginal technology means that ethnography
and residue analysis of material culture have great potential
for reconstructing pastsubsistence patterns. This persistence
is particularly apparent in plant processing, one of the few
activities in which stone tools are still used.

Harris (1977) has argﬁed thata cline existsfrom Melanesian
horticulture across Torres Strait to the aboriginal hunting
and gathering systems of north Queensland. Evidence for

" aboriginal management of plant foods in Australia ranges

from swamp foods like bulrush (Gott 1982; Head 1987) and
yams (Hallam1986) to manipulation ofthelocal environment
by fire-stick farming (Jones 1969; 1980). These practices are
ancient, perhaps extendingback into the early Holoceneand

Pleistocene. The antiquity of seed grinding as indicated by .

grinding stones is probably a Holocene innovation (Smith

ke
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1988). Although the planting of crops was never practiced, it
islikely that some intensification of plant food management
occurred in the last three thousand to four thousand years
(Beaton 1982; Beck et al. 1989; Lourandos 1985).
‘In Australia, therefore, the nature of the archaeological
eevidence for plant managementis in stark contrast to that for
“ the rest of the world. The indirect evidence from pollen,
charcoal, phytoliths, and physical anthropology is sparse.
So, too, is direct evidence from seeds. We argue that the
evidence from residues on stone and shell tools is likely to
provide some of the best evidence for plant exploitation and
that ethnographic studies are crucial for adequate
interpretation of the functions.

Postscript: October 1997

Reference to the antiquity of seed grinding in Australia
requires revision. Recent discovery and analysis of a
grinding-stone assemblage at Cuddie Springs suggest the
culinary preparation of seeds and sporocarps about thirty
thousand years ago (Fullagar and Field 1997). At this site in

the arid margins of southeastern Australia, seed grinding
becomes common as bones of extinct megafauna (including

" Genyornis sp. and Diprotodon sp.) become increasingly

scarce. Ofrelevance hereisthe fact thatitis preciselybecause
of microwear and residue studies that such dietary details
can be identified. Of particular importance are first, the role
of ethnographic studies in structuring studies of plant food
extraction and second, the analysis of starch grains and
phytoliths on stone tools which provides some of the best
evidence for plant exploitation. '
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Chapter 4 =

Root and Tuber Resources

Experimental Plant Processing and Resulting Microwear on Chipped Stone Tools

April K. Sievert

ROOT AND TUBER RESOURCES HAVE CONTRIBUTED
to subsistence adaptations of foragers and horticulturalists
in several areas of the world for a very long time (Yellen and
Lee 1976; Roosevelt 1980; Coursey 1980). As Léon notes,
tuber crops have, however, been viewed as crops secondary
to the cereals (1977). Some early writers believed that
dependence on root crops would not provide an adequate
subsistence base on which to develop high populations and
higherlevels of cultural complexity (Darlington1969). Roots
and tubers are “often regarded as relics of primitive
agriculture” (Léon1977:20) and may have had a dampening
effect on agricultural development (Darlington 1969).

Although domestication of cereals has been targeted by
experimental archaeologists in Eurasia through botanical
and technological experimentation, less is known about the
potential role of tuber crops. Reasons for the lack of an
interface between tuber cultivation and general studies of
the rise of agriculture in Eurasia include the following:

+ Theworld’s major tuber and root crops are tropical or
subtropical. Tuber domestication is evidentin tropical
areas: West Africa, Mesoamerica, South America, and
Southeast Asia in particular. Cassava (Manihot
esculenta) and yams (Dioscorea) are restricted to
tropical climates. The sweet potato (Ipomoea batatas)
and, to alesser extent, the potato (Solanum tuberosum)
and various hybrid forms have been adapted to
temperate environmental regimes. Although

* temperate climates produce their own native tubers,

* roots, and rhizomes, the extent of their exploitation is-

debatable. The potato (Solanum tuberosum) is one
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tropical starchy tuber which has been widely accepted
into the agricultural base of Eurasia.

Doubts concerning the potential for starchy tubers to
supply adequate nutrients and biases suggesting an
uncomplicated level of technology involved in
propagating tuberous resources have kept the study of
tuber domestication and utilization to a minimum,
especiallyin areaswhere tubers were clearly nota primary
horticultural focus. While it is true that many tubers,
roots, and rhizomes are not rich enough in protein
adequately to fulfill nutritional needs for large
populations, when coupled with other protein sources,
root crops can easily supply the necessary carbohydrates
(see table 4.1). The nutritive value of tubers as compared
to grains has been addressed elsewhere (Cowgill 1971). -

Botanical remains of root crops are perhaps more
ephemeral than remains from cereals. Usable portions of
the plant, rhizomes and tubers, are subject to invasion
and decay by fungi, bacteria, insects, and nematodes
(Onwueme 1978, Coursey 1967). Some important tubers,
such as Dioscorea spp., produce few seeds, a cordition
which is heightened by horticulture relying on vegetative
propagation. Archaeological recovery of the botanical
evidence for tuber utilization or horticulture has been,

until recently, relatively low. Although it is possible to
locateand identify starch grainsand charred or desiccated
“root and tuber material in some archaeological contexts,

these methods are still not widely applied (Hather 1994;
Loy1994; Ugent1994). In some cases, evidence for the use
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oftubers derives from indirect evidence of ethnohistorical
association coupled with technological correlates to root
crop horticulture (Roosevelt1980, Dole1960, Davis1975).

Nevertheless, there has been some.speculation that
_intensive utilization of tubers played somerole in the general
" intensification of plant use which may have preceded
domestication of cereals in some areas. The Mesolithic has
been characterized as a period supporting a general
adaptation involving roots, nuts, and seeds (Zvelebil 1986).
Climates of Europe during the Mesolithic may not have
supported growth of large enough tubers to make the
procurement of them profitable (Rowley-Conwy 1986:27).

Naturally, research on the development of tuber
horticulture focuses on areas where important starchytubers
were domesticated: the Americas, West Africa,and Southeast
Asiain particular. Léon (1977) offersa summary of worldwide
tuber and root domestication and dispersals. There hasbeen
considerable concern about tuber (cassava primarily)
utilization in South America and Mesoamerica (Roosevelt
1980, Bronson 1966, Davis 1975, DeBoer 1975, Cowgill 1971,
Dole 1960). Likewise, there has been interest in cassava
horticulture because of its implication in contributing to the
subsistence base of the Maya. Bronson (1966) presented a
casefordependency on tubers, especially cassava, as primary
stapleresources. Cowgill (1971) delineates the growing cycles
and soil requirements of cassava and concludes that cassava
would not grow well in the lowland Maya heartland of the
Petén region in Guatemala, an opinion supported by Léon
(1977:32). Marcus (1982) suggests that in later, postcontact
Maya times, roots such as jicama were considered to be
famine foods. It is clear, however, that tubers do become
important food crops in tropical regions and in Andean
South America. Processing implements have been cited as
evidence for tuber horticulture in these areas (Davis 1975,
Dole1960) but DeBoer (1975:420) concludes that the presence
of processing implements does not “cinch the case for manioc
cultivation.” DeBoer’s work does summarize archaeological
evidence for manioc cultivation in Mesoamerica. Roosevelt
(1980) presents an excellent specific case study ofa combined
maize and cassava adaptation in South America by using
ethnographicdetail to interpret archaeological data. In South
America, intensive cassava utilization is evident in the
archaeological record as early as 4000 BP (based on the
presence oflarge stone griddles used in bakingmaniocbread)
and probably formed a key component in tropical trade
networks (Lathrap1973:174-176). Data from South America’s
west coast, where the extremely dry climate is ideal for
preservation of organic materials, demonstrate that roots

and tubers were in use by 1800 to 1500 Bc (Ugent 1994;

Ugent, Pozorski, and Pozorski 1981, 1982, 1984, 1986).
Tuber utilization is more problematic in areas where
tubers are not known to have been domesticated. For

25

Table 4.1 Nutritional composition of selected tubers and roots*

. MOISTURE FAT CARBOHYDRATES PROTEIN
Cassava (Manihot) 61 0.3 35

1.0-2.0
Yams (Dioscoreae) 60-80 0.1-0.3 25-29 1.0-2.8
Sweet potatoes (Ipomoea) 70 0.2 25-30 1.0-2.0
Potatoes (Solanum) 70-77 0.2 -20-30 2.0

*by % of fresh weight; Sources: Salaman 1985: 122-123; Cowgill 1971; Onwueme 1978

example, if tubers figured at all in Mesolithic subsistence
patterns, then we need to be aware of the types of procurement
and processing procedures that typify tuber use. Root crops,
by virtue of their life cycles and characteristics, do present a
set of parameters for exploitation and cultivation, which
should be identifiable to some degree in any area of the
world. Examination of ethnographic reports regarding the
useoftubersandroots, coupled with ageneral understanding
of the botanical characteristics of tubers, can offer some
suggestions as to what to look for in the archaeological
record. Essentially then, we need to know much more about
the utilization of tubers, roots, and rhizomes, especially as it
applies to technology. My own research concerns
Mesoamerican and South American technology, but this
can be related to questions of root crop utilization in North
America and Europe as well. In particular, the purpose of
this chapter is to present findings concerning the use-wear
traces which are formed on chipped stone implements used
in processing tubers for storage and consumption.

Characteristics of root crops

There is considerable variability in the growth and
reproductive cycles of tuber crops. In general, several factors
characterize tuber crops, including photoperiodicity of tuber
growth; high starch and, therefore, high caloric content of
tubers; and toxicity. Tubers and roots represent storage
organs for the plant and as such contain large quantities of
starch and sugars. Although many types of root resources
canbe eaten, the ones which contain high starch contents are
the most important as food staples (Roosevelt 1980: 137).
Léon (197}:20) distinguishes between starchy tropical
tubers—potatoes, yams, and taro—and those temperate
varietiescommonly considered tobe vegetables, for example,
parsnips, carrots, or beets. In this chapter, I focus primarily
on cassava (Manihot esculenta),jicama (Pachyrrizus erosus),
potatoes (Solanum tuberosum), and carrots (Daucus carota).
Average ranges for nutrients for primary tuber and root
crops are shown in table 4.1. Tubers can contribute calories
and therefore energy to the diet. Protein content is variable
in amount and kind and usually averages approximately 2%
of fresh weight. In any case, tubers are structured such that
starchy material and vascular organs are packed into a moist
bundle and encased within an epidermis. This peel can be
thin and flexible, as in the case of the potato, or thick.and
cork-like or bark-like, which characterizes yam and cassava.
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Cassava, in particular has been widely studied
archaeologically and presents an interesting case in point.
There is only one species of cassava, Manihot esculenta.
Commonly called manioc or yuca, this is a perennial
dicotyledon producing a cluster of inflated roots which may
range in size from 15 to 100 cm (Onwueme 1978:112). The
plant does not exist in a wild state and was domesticated in
northeast Brazil and probably also in Central America.
Cassava grows well in warm, moist climates but is also, to
some degree, drought tolerant. It requires over 1000 mm of
rain annually. Cassava cannot tolerate water-saturated
substrates, being highly susceptible to rot, a factor which
necessitates adequate drainage. Tuber production is
photoperiodic, requiring equal darkness and daylight hours
formaximum growth. The optimal range s therefore between
15° north and 15° south latitudes (Onwueme 1978:110) with
some growth potential between 15° and 30° north and south
latitudes (Cock 1985:16).

Many tubers contain some sort of toxin to deter pests.
Although someargue that tubers containing toxic substances
require little extra preparation (DeBoer 1975: 420), others
have demonstrated that significant additional preparation is
required (Léon 1977, Dole 1960). In any case, special
processing techniques can serve both in the removal of
toxins and in the transformation of roots into a storable and
palatable foodstuff. Cassava cultivars, in particular, contain
some amount of cyanogenic glucosides, water-soluble
compounds which convert through hydrolysis with the
enzymelinamarase to hydrocyanic (prussic) acid (Onwueme
1978 , Cock 1985:26-27). So-called bitter varieties of cassava
contain relatively higher contents of cyanogenic glucosides,
which are present in the flesh of the tuber, the peel, and the
plant itself. So-called sweet varieties also contain the toxic
compounds, but in much smaller quantities and often only
in the peel. Bitter cultivars have the advantage of a longer
post-harvest storage life, whereas sweet varieties rot rapidly
following harvest.

Evenso, cassava tubers do notkeeplongafter harvestand
must be processed quickly and dried into a form which can
thenbe stored (Cock1985, Roosevelt1980, Lathrap 1973:174).
Bitter cassava cultivars deteriorate more slowly in the ground
than do sweet cultivars (Onwueme 1978), so that the
harvesting of bitter cassava may be done in a more leisurely
fashion, with less time constriction. The amount of poison in
the cassava depends not only on the genetic characteristics
of particular cultivars butalso on environmental conditions.
Other tubers contain other types of toxic substances. Yam
varieties, for example, contain alkaloids, tannins, and
steroidal saponins (Coursey1967:206). The presence of these
toxinsis especially high for wild yams and does present some
risk when wild yams and tubers are exploited in famine

situations (Cbursey 1967:148). The consideration of toxicity

is therefore an important one, even among foraging groups.
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Ethnographic use of tubers and roots

Evidence in the ethnographic literature on the utilization of
tubers or roots suggests that foragers in temperate regions
do rely on tuber resources. Indigenous populations along
the North American northwest coast, the Columbia Plateau,
and the Great Basin, for example, use roots extensively (see
table 4.2). Certain roots, including camas (Quamasia
quamash) were considered to be exploited intensively and
were highly valued for storage. Among foraging groups in
temperate environments, tubers are often regarded as staple
resources, but are always combined with other resources.
They are often used in conjunction with important protein
sources such as Pacific salmon. In these areas, no cultivation
was practiced and populations along the Northwest Coast
maintained a highly sedentery settlement system. Although
many types of rootsare utilized, camas is the mostimportant
asastaple. These roots are small, however, and in most cases
would notrequire the use of stone implementsin processing.
I located only one case, that of the Klallam Indians of the
Olympic Peninsula, where knives of any kind were used.
Here, the roots were scraped with shell knives (Gunther
1927:210). Roots which are small, thatislessthan1o cminany
dimension, are unlikely to be processed using stone tools.
Small roots can be dried without processing as soon as they
are harvested, cooked fresh, pounded into a paste, or made
into a flour without using knives. Only in cases in which
larger roots like cassava, yam, and possibly potato are used
intensively would some sort of cutting implement be
necessary. The most common use of stone tools in root-
processing is in a process of grating large raw roots to form
aflour or paste.

Tuber horticulture focuses on the larger fleshy roots and
tubers found in tropical environments. Cassava is a widely
used and important food crop in tropical lowland South
America, Central America, and the Caribbean (see table 4.3).
Here it is the primary source of starch and calories. Because
cassava is not a nutritionally complete food, cassava
horticultureis often combined with fishing or other foraging
and horticultural activities (see Roosevelt 1980: 126-137). In
Amazonian South America, especially, the technology for
processing cassava has been studied (Dole 1960, Farabee
1924; Meggars1971; Roosevelt1980; Wilbert1972; Roth 1924).
Processing methods serve both to remove hydrocyanic acid
and render the tubers storable. The process for producing
manioc meal or flour includes harvesting, peeling, gfating,

pressing, pounding, and sifting. Methods of processing

cassava carry the followingimplications for the use of chipped
stone tools. The roots must be peeled prior to grating, a
process that requires some form of cutting implement.
Grating the tubersusually involves the use of amanufactured
abrading utensil of somekind. This may assume a number of

forms, includingrough groundstoneimplements (Sturtevant -

1969:180) and manufactured composite grating boards.

A . .
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Table 42 Uses of tuber or root resources among North American foraging groups

CULTURE ROOT PLANTS USES ) . SOURCE
Klamath Camas (Quamasia quamash), arrowroot Staple spring food, stored Stern 1965: 12, 26
Nisqually Unspecified roots Dug with sticks, boiled Haegerlin and Gunther 1930: 20-21
Sanpoil Camas First spring plant food Ray 1930: 98-100
~ Kutchin Parsnip-like tuber Important early winter food 0Osgood 1936: 29
Bannock Camas Stored Steward 1938: 202
Shoshoni Camas Dug and used for storage Steward 1938: 209
Klallam Fern roots Skin scraped using shell knife; roasted, pounded, Gunther 1927: 210
) dried, and made into flour
Wishram Camas Staple food—roasted, pounded Spier and Spier 1930: 183
Onions, wild potato of many types, Peels of some scraped off
carrot and carrot-like roots Some small roots like "bitter wild potato”
pounded, dried, and made into loaves
Tanaina Fern roots, parsnip-like root Eaten and traded 0Osgood 1937: 41
Quinault Camas, fern roots, snakehead Camas roasted, mashed, made into loaves, baked, Olson 1936: 53
and stored; roots from “lady fern” roasted
and peeled; snakehead eaten raw or cooked
Hopi Wild potato Gathered in late autumn ’ Beaglehole 1937: 51
Ojibwa Jerusalem artichoke (Helianthus tuberosus) ~ Eaten raw Densmore 1974: 319
Wild potato (Sagittaria latifolia) Dried and boiled

Bulrush (Scirpus validus)

In the Amazon basin, cassava graters are usually
manufactured by embedding small stone chipsintoawooden
board (Davis1975; Meggars1971; Roosevelt 1980, Roth 1924).
I examined 14 cassava graters from the collections at the
Field Museum of Natural History in Chicago (figure 4.1a). In
most cases the stone pieces were very small, less than 8 mm
in any dimension. I saw only graters made of quartz, small
bits of sheet metal, or pieces of tree bark, but there is
ethnographic evidence for the use of flint or chert as well as
bone and shell (Meggars 1971, Roosevelt 1980, DeBoer 1975).

Experimental program

In evaluating the modes of use which may involve chipped
stone tools and tubers, ethnographic research forms a basis
for the construction of a set of experiments dealing with
various tuber and root-processing activities. Because the
most common activities involving large tubers require
peeling, reduction into smaller sized pieces, and possibly
grating, I carried outexperiments involving peeling, grating,
and slicing unpeeled tubers and slicing peeled tubers. My
analytical technique is high-power wear analysis (see Juel
Jensen 1988a; and Yerkes and Kardulias 1993 for a
comprehensive review of this technique).

Some experimentation using chipped stone implements
on roots or tubershas been reported. Lewenstein (1987:123)
used obsidian blades to peel and slice cassava. She reports
light edge rounding and no surface alterations other than
deepbilateral striations, and scalar or crescenticedge damage.

Davis (1975) produced a manioc grater using obsidian chips '
embedded into awooden board which was used for a period

of fourhours. Wear analysis was done at 30x magnification.

He notes a pattern of microflaking and what appears to be -

edge rounding: This he compares to edge damage noted on
obsidian flakes from archaeological contexts. Walker (1980)
also replicated a grater board using chert flakes produced
through bipolar reduction. His aim was to reproduce lithic
artifacts found at a site on St. Kitts in the Caribbean. Walker
found that wear patterns of blunting and some microflaking
were visible but did not develop as quickly as wear traces
from performing other motions, such as cutting or sawing.
Lewenstein and Walker (1984) also studied grater teeth of
obsidian and found a subtle pattern of edge microflaking on
experimental grater teeth that matched wear on some
obsidian microliths from Mexico.

Aldenderfer etal. (1989) reportbriefly on the development
and characteristics of root-processing alterations formed on
chert tools used to process cassava and jicama (Pachyrrizus
erosus), a sweet tuber eaten as a fruit or vegetable. In this
case, edge rounding as well as some polish formation are
noted for one piece used on cassava, but the incidence of
experimental pieces exhibiting unequivocal alteration islow
(10utof7). The details of alteration and polish are submitted
in detail as follows. A chert flake was used to whittle a cassava
root which had been partially peeled but allowed to dry
somewhat before further processing. In this case, alteration
from processing developed after 30 minutes. This occurred
in the form of a faint brightening and a flattening of
topographic features. The traces extend well back away from
the edges of the pieces. They are evident primarily along the
edgeand on the edges of flake scars and ridges away from the
edge. This experimental piece was made from a Guatemalan
chert having two distinct structural areas, a fine-grained
gray area and a coarse-grained light area. Wear traces are
visible mainly on the better quality portion of the edge, even
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Table 45 Uses of roots among South American horticultural groups

Used stone grater boards; used graters for tools
Pecled, grated, pounded, and sifted
Grated, peeled, squeezed, and made flour from

SOURCE

Stirling 1938: 107-108
Meggars 1971: 58-60

Taylor 1938: 130-131; 137-140
Farabee 1924: 20

Farabee 1924: 157

Meggars 1971: 89

Meggars 1971: 47

Meggars 1971: 69
Meggars 1971: 79

minimally cultivated; roots not a staple

Wilbert 1972: 130-131

and made into bread; used stone grater boards

CULTURE ROOT PLANTS USES AND PREPARATION
Jivaro Cassava (Manihot esculenta) Most important plant staple

Sweet cassava, sweet potato Year-round staples
Caribs Cassava Used graters, squeezers, sifters
Marcusis Cassava Used stone graters
Waiwai Cassava

~ Bitter cassava
Camayurd Cassava
' cassava; staple food year-round

Kayapo Sweet potato, sweet cassava Make bread
Siriono Sweet cassava, sweet potato Primarily foraging group, only
Makiritare Bitter cassava Peeled, grated, pounded, sifted,
Various Bitter and sweet cassava

Discussion of technology

Dole 1960

used for squeezing cassava pulp

across Amazon Basin region

though the working edge spans both areas. The traces
resemble alteration produced from cutting meat; however,
there is no greasy luster present. The traces do not really
spread, nor are they particularly smooth. This apparent
polish is only moderately bright. Edge damage is minimal.
Traces do not exhibit directionality. If grit were introduced
into the substrate, as in the case of cutting unpeeled or
unwashed tubers, some striations might be expected. One
striation was present on this experimental piece.

I initiated a more comprehensive experiment aimed at
reproducing the polish and alteration noted in the prior
experiment and extending the range of uses modes and root
type. A series of timed experiments were performed using
cassava, jicama, carrots (Daucus carota), and potatoes
(Solanum tuberosum,).

Also, in replicating the experiments of Davis (1975),
Walker (1980), and Lewenstein and Walker (1984), I
manufactured a manioc grater using 46 microliths of chert
and 10 of obsidian. The mean maximum dimension of the 56
flakes I used is 13.7 mm. This is somewhat larger than the
grater pieces reported by DeBoer (1975:430) at 8 mm, with
none exceeding 1 cm. I embedded these pieces into a pine
board. This posed some logistic problems because I wanted
to keep damage and alteration from factors other than
utilization to a minimum. I made holes in the wood using a
nail, following the techniques described in grater board
construction outlined by Wilbert (1972:130-131). The
microliths were then inserted. In order to force the pieces
into thewood, I cushioned each flake with cotton; positioned
the head of a nail on the flake, and then lightly struck the
pointofthe nail withahammer, applyingindirect percussion
to each microlith, forcing them into the wood. The cotton
kept the stone chips from becoming crushed or damaged.
The layout of flakes is shown in figure 4.1b. Following
insertion of all chips, I painted the wooden surface around

the chips with an organic mucilage, serving to anchor the
pieces. Ethnographic studies show that a resin, or a natural
latex, is often used for this purpose (Wilbert 1972, Meggars
1971); Walker (1980) used pine pitch in his experiment. The
microliths extruded from the wood a mean distance of
5.2 mm. This is greater than the distance stone chips extend
from the ethnographic graters I examined (approximately
2 mm). I did not want to apply enough force to bury the
piecesbecause I was trying notto damage them and I wanted
to be able to remove them with minimal damage after the
grating process was finished (figure 4.1c). ,

Peeled cassava roots were grated by pushing the root
gently over the extruding stone flakes. Force was applied
downward, in one direction only. Two obsidian microliths
came out immediately, and therefore should show no sign of
wear traces other than those resulting from insertion into the
wood. Six came out after 25 minutes of grating, one after 40
minutes, one after 50 minutes, and one after 60 minutes.
One piece came out at an unknown point during the process
and could notbe found later. The remaining microliths were *
used for 8o minutes. Therefore,  was able to produce a set of
microliths that would ideally show the development of wear
after differentamounts of time. Following the grating exercise
the board was left to dry out naturally, uncleaned. Bits of
grated cassava adhered to the stone for a period of one week.
Some of the mucilage coating was removed during grating.

The microliths were removed by first soaking the utensil
inwater for 5 hours to soften the wood and the mucilage. Any

-loosened pieces were removed. Microliths which were

immovablewere removed by taking a small nail and pounding
it into the wood approximately 1 to 2 mm away from each
flake, widening each hole and also providing leverage to
force the microliths up out of the wood. Although I was
careful not to touch the metal nail to the stone, in some cases
the metal may have scraped the stone, usually below the line
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of insertion into the wood. I therefore expect to find some
traces of metal on the microlithic test pieces. Before removing
the microliths, it was also necessary to mark lightly on the
side of each piece with a pencil the level of insertion into the
woodso it couldbe drawn. Therefore, some graphite tracings
are expected. I also examined six microliths which were
unused and unset as controls.

My expectation was that there might be traces of wear
typical of woodworking on the edges which were in contact
with the wooden board. I expected that for those pieces
which moved in the wood, the highest concentrations of
wear should be at the deepest point of insertion on the side
pointing toward the cassava and on the side pointing away,
onthemargin. Traces of root-processing should be confined
to the upper margin, above the line of insertion into the
wood, and should be best developed on the edges pointing
toward the top of the grater and on the tops of the microliths.

None of these expectations was met. Any alteration was
extremely subtle and lacked directionality. Traces are not
necessarily oriented to suggest direction of action. Many
pieces appear to be unused. Results from the manioc-grating
experiment were disappointing because few distinctive

- microtraces were identifiable on the microlithic stone tools
used in the experiment. Except for some slight rounding on
the flake used for s0 minutes, no microliths used forlessthan -
80 minutes exhibited wear. Utilization for 8o minutes
produced no well-developed polish but did produce some
forms of polish-like alterations, albeit very subtle ones.

Alteration is primarily in the form of edge rounding and
some faint brightening and smoothing along edges. In using
the grater, only the tops of the microliths came into contact
with the tubers. Sides of the pieces collected cassava which
may have cushioned the pieces from direct motion and
contact. No directionality was apparent on any of the cassava
grater bits.

The result of microscopic wear analysis of grater
microchips is summarized in table 4.4. The total umber of
analyzable chips was 53 because one was lost and two were so
highly lustrous as to obscure any actual wear traces. The
degree of alteration is qualitative. Very slight and slight
development implies a visible trace of use, but one that can
not be ascribed to specific worked material. Fair represents
the best developed microtraces noted for this particular
experiment and, in the case of polish,implies a visible polish
that conforms to the characteristics described for well-
developed root-processing: flat, brighter topography with
no directionality. ,

In addition, three chert flakes were damaged by metal
abrasion or battering during insertion and removal. Traces
of insertion into the wood were minimal. Of eight chips
showing some sort of insertion trace, only two appear to
havewood-typical polishes on ridges. Abrasionis presenton
two chips, at the margin of insertion into the wood, and four
exhibitaweakly developed undistinguishable polish on edges
or ridges. In no cases were the polishes either from use or
insertion widely distributed on the pieces but occurred as
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Table 44 Wear traces on microlithic tools from experimental cassava grating

EDGE DAMAGE EDGE ROUNDING WEAR POLISH
DEGREE CHERT OBSIDIAN 'TOTAL CHERT OBSIDIAN TOTAL CHERT  OBSIDIAN TOTAL
None 36 5 41 30 10 40 24 10 34
Very slight 2 0 2 0 6 10 0 10
Slight 5 5 10 0 6 8 0 8
Fair - 0 0 0 0 1 1 0 1
TOTAL 43 10 53 43 10 53 43 10 53
N=53

small patches on projections. Again, the problem is a short
period of use. Ethnographically produced cassava graters
require considerable time to manufacture and are used for
many hours over many years, implying that ethnographic
grater stones aswell as prehistoric grater stoneswould present
better developed wear traces.

Experiments done on jicama (Pachyrrizus erosus) were
disappointingin that distinctive alteration was not produced
experimentally. Jicama is a very moist root having a high
sugar content and a texture resembling that of apples. Both
obsidian and chert flakes were used for1o, 20, and 30 minutes
on jicama. The chert used was collected from the Petén
region of Guatemala, a Maya focal region. This particular
chert presents a highly waxy luster and no identifiable
alteration is visible. Given the rate at which polishes formed
on pieces used on cassava and potatoes, these jicama tools
were probably not used long enough for polishes to have
developed. Minimal edge damage of a scalar or crescentic
nature was the only alteration to the obsidian pieces.

Experiments were also done on potatoes (Solanum
tuberosum) . Russet potatoes were cut/sliced for a total of 2
hours. Theywere not peeled prior to cutting. After onehour,
traces resembling those found on the cassava tool described
above (and in Aldenderfer et al. 1989) were identifiable.
Well-developed traces were noted after 2 hours. The traces
occur as a brighter line along both faces of the used edge of
the piece (figure 4.2). Edge-rounding occurs. The traces are
somewhat reminiscent of wear from mechanical weathering
processes except that there is no abrasion, no striation, and
no directionality present. As the polish developed, itbecame
more extensively distributed but retained only moderate
brightness. Areas of well-developed polish become smoother
but are not glossy.

The texture of potatoes is like that of cassava in that the
root is composed of a fleshy moist nodule of starch. There is
little cellulose present in either type of root. In' order to
observe the characteristics of more fibrous, lessstarchyroots,
an experiment was also carried out on carrots (Daucus
carota). Experiments were done using carrots for a total of
one hour. The motion was a combination of cutting and
chipping using chert flakes. After each 20 minutes of use, the

pieces were examined. Alteration did develop during this -

timebutwasalso quite subtle, resembling the traces produced

intheoriginal experiment on cassavareported by Aldenderfer
et al. (1989) and described in depth above. I expected that
experiments on carrots, which are more fibrous and dense
and less starchy than cassava or potatoes, might resemble
traces produced customarily from working with soft woods
or woody green plants. This was not the case. Traces on the
tool used on carrots are not smooth, glossy, or spreading.
Again, traces are very slow to develop, and after one hour the
traces are clearly visible but not extensive. In none of these
cases does the polish resemble that obtained by using chert
on silicaceous plant material.

Microtraces on flintare slow to form when tuberous plant
materials are processed. I agree with Lewenstein (1987:123)
that processing roots with obsidian results in very little
distinctive alteration. Use-wear consists of edge damage, in
the form of crescentic microscarring. Lewenstein reports
that no polishes were formed, which is to be expected given
thatshe used obsidian rather than chert. Iwasableto produce
microwear polishes on chert tools by working cassava,
carrots, and potatoes. Although the alterations from working
rootsareverysubtle,apolish does develop eventually. Several
generalizations regarding these traces can be made:

+  Traces resulting from processing tuberous roots are
slow to form, but they do become visible eventually,
especially after 2 hours or more of use. The stage at
which polishes develop beyond a “generic weak stage”
(Vaughan 1985:28) is reached much later for “subtle
materials such as soft vegetable matter and fat or meat”
(Juel Jensen 1988a:55). This is a well recognized
consideration in distinguishing wear polishes (Juel
Jensen 1986, Keeley 1980, Unrath et al. 1986). Starchy,
moist roots certainly fall into a category of subtle plant
materials. In one experiment, I allowed a peeled cassava
rootto dry outbefore whittling at it with a chert flake. In
this case, polish developed clearly after 30 minutes of
use, suggesting that possibly reduction in root moisture
content increases the friction, accelerating the
development of polishes past the threshold of

 distinctiveness. In any case, water still makes up the
" major part of root volume.

+  Directionality is largely absent. This is a distinctive
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feature in its own right. When striations are present,
they are long and deep and are caused when grit from
unwashed tubers is dragged along the surface of the
stone. The polish itself does not exhibit directionality.

+ Alteration consists of a brightening and smoothing out of
natural topographicfeatures ofthe stone. Thetopography
ofthe polish itselfis flat. It does not spread and has a matte
surface except in areas of most intensive development,
which do become smoother but never glossy.

+  The microtraces, when they finally develop, are similar
for all the roots with which I experimented, including
fleshy tubers and more heavily vascularized roots.

+  Poorlydevelopedweartracesresemblenatural or chemical
weathering or erosion to some degree, except that there is
no directionality or abrasive pattern noticeable.

+  The polish is invasive and tapers off gradually to as
much as a millimeter away from the edge of the
experimental pieces.

The closest use-wear analogs to root-processing traces
are those that arise from cutting meat, except that root-
processing traces are entirely withouta greasy luster. Further
research should be directed at using tools for much longer
periodsoftime, atleast2to 4hours, so thatthetraces fromroot-
processing become more distinctive. This would ensure that
polish formation passes the “weak” or “generic” polish phase.

Another consideration involves prolonging contact of the
stonewith the rootsubstrate. Ethnographic graters I examined
intheField Museum of Natural Historyhad never been cleaned
of dried, grated cassava, and it would be unlikely for
archaeological specimens to have been cleaned immediately
after each use. The cassava used here had a very weakly acidic
pH of 6, and I would expect little or no chemical change of
polish over time given this particular root material. However,
sincesomeroots contain alkaloid poisonsor other compounds,
prolonged contact with the root residue could conceivably
alter the use-wear after utilization. (See Plisson and Mauger
1988 for a comprehensive discussion of chemical alteration of
wear polishes.) Alkaloid poisons or acids (prussic acid) could
perhaps alter the microtraces that develop; however, this has
never, to my knowledge, been empirically tested.

Conclusion :
Perhapsthemosttellingaspectofpolish produced from working

starchy roots is its rather generic appearance. As such, the
likelihood for attributing polishes or other use-wear traces on -

archaeological specimens to root-processing seems possible
but remote as the wear traces will likely seem ambiguous.
DeBoer (1975:120) suggests that merely finding evidence
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Figure 42 Wear traces from processing potatoes for 2 hours: a,
polish appears as brighter area along edge (100x); b, polish
appears as edge rounding and slight alteration of surface (200x)

of manioc or root-processing tools is not sufficient basis for
assuming cultivation of root crops. I would qualify this
assessment if the evidence for root-processing derives from
identification of use-related polishes on stone tools. If
microwear analysis does suggest root proccessing as an
alternative function for chipped stone tools in an
archaeological assemblage this might presenta good case for
intensive use of the tools. This, in turn, might be a good
indicator that root crops were either very intensively used or
perhaps even cultivated. This would be expecially true if
root-processing tools occurred in a large proportion within
an assemblage. In some cases, especially that of yams
(Dioscoreae spp.), the roots are used in propagation.
Unpeeled large roots are cut into pieces and re-rooted. This
method of propagation, which is important in Africa and
Southeast Asia, certainly implies the use of some sharp cutting
implement. Prior to the use of metal implements, stone tools
would be the obvious choice for such work, so that use-wear
from root cutting might be expected. ‘

The use-wear traces develop slowly, and therefore tools
mustbeused for aconsiderable period of time before polishes
develop. The maximum time of use in my experiment was 2
hours. It is reasonable to assume that people using stone
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tools for root-processing would worklonger than this period
of time, and that archaeological pieces would evince better
development of microtraces. It may not be assumed that
root-processing tools, once given up to this function, could
not be reused for something entirely different or that there
are not multipurpose household tools that are only
occasionally used to process roots. '
Attention to microtraces produced from processing roots
will be most valuable in areas where roots are known to have
been domesticated. In the South American centersfor potato
and cassava domestication, root-processing traces on stone
tools should notbe overlooked inarchaeological asemblages.
In otherareas, especially temperate regions where wild roots
are small, the overall likelihood of finding root-processing
traces would below. In other words, only a small proportion
of plant processing use-wear would be attributable to root-
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processing. Also, sinceroot-processing tracesresemble meat-
processingtraces to adegree, this could add some uncertainty
toidentification of wear polishes and damage. Still, it maybe
useful for wear analysts to be aware that distinctive root-
processing traces, however ambiguous and difficult to
distinguish, do indeed exist. The potential for identifying
root and tuber processing from stone tools will be much
higher ifresidue analysis, which has the potential for locating
starch grains, is done routinely as the first step.
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Chapter 5 =

Pulse Agronomy

Traditional Systems and Implications for Early Cultivation

Ann Butler

CURRENT OPINION HOLDS THAT GRAIN LEGUMES,
or pulses, were domesticated in association with cereals during
the earliest stages of agriculture in Southwest Asia and
subsequently in Europe, Central Asia,and North Africa (Zohary
1989a). Recently the mechanisms and sequences of this
domestication have been the subject of debate (Kislev 1988b,
Ladizinsky 19874, 1989a; Zohary 1989b, also see chapter 6). In
spite of this acknowledgment of the significance of legumes
since earliest times and the wealth of literature relating to the
agronomic and crop-processing practices associated with
pulses, little account seems to have been taken of these in
published discussions on the beginnings of agriculture.

Hillman (1973a, 1981) and others have observed the need
for more detailed studies of traditional farming practices still
surviving today. The value of the analysis of crop processing
in furthering our understanding of early crop residues from
archaeological sites, and where both legumes and cereals
were part of the crop assemblage recorded, has been
demonstrated by Jones (1983, 1984) in a detailed study of
cultivation in Greece.

This chapter attempts to redress thebalancealittle further
toward the pulses by considering some of the activities
employed in traditional systems of legume cultivation in the
temperate Old World and discussing some implications.

Role of the Lequme Crops

Legumesare cultivated to fulfillanumber of economic needs.

They are consumed by humans as a green vegetable or as a -

dried grain. In the green or dried states the whole plant is
valuable fodder and can be grazed or fed as hay; the dried

seed also may be feed for livestock. Legumes also offerarich .
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source of nutrients when used as a green manure (Osman et
al. 1990). Under consideration here are legumes grown as
pulse crops, harvested for the ripe seeds, primarily for human
food in temperate areas of Asia and Europe, with some
reference to North Africa.

Cultivated Species of Legumes in the Old World

The major species grown as pulses today, lentil, chickpea,
broad bean, pea, and to a lesser extent, chickling pea, have
been identified in archaeological deposits from early
agricultural sites. Less familiar species of Vicia, Lens, and
Lathyrus were also probably cultivated for human food in
antiquity; indeed, in certain areas small scale cropping of
some of these species still occurs, as exemplified by Lathyrus
ochrus on Cyprus (Jones 1992), though mainly as a source of
animal feed, both as grain and as hay (table 5.1). Today over
70% of pulse production worldwide hasbeen estimated to be
used in the form of dry seed for human consumption, rising
to 90% in Southeast Asia (Malik et al. 1988).

Pea, lentil, broad bean, and chickpea share the same
environment: the farming practices for each species are
often quite similar (Buddenhagen and Richards 1988),
though Lathyrus sativus and lentil are grown in dry areas
and broad beans and pea in wetter regions (Summerfield
and Roberts 1985). .

A variety of cropping patterns has been developed in
different regions. The system most readily observed and
most familiar to those in Europe and West Asia is that of
monocropping, the stages of which will be described briefly
first, beginning with the preparation of the seedbed for
planting and followed by notes on sowing, harvesting, and
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Table 5.1 Species of the tribe Vicieae that have been cultivated

SPECIES

Lathyrus annuus
Lathyrus aphaca
Lathyrus cicera
Lathyrus clymenum
Lathyrus gorgoni
Lathyrus hirsutus
Lathyrus latifolius
Lathyrus ochrus
Lathyrus odoratus
Lathyrus pratensis
Lathyrus rotundifolius
Lathyrus sativus
Lathyrus sylvestris
Lathyrus tingitanus
Lathyrus tuberosus
Lens culinaris

Lens nigricans

Pisum sativum elatius
Pisum sativum sativum arvense
Pisum sativum satisum sativum
Vicia articulata

Vicia benghalensis
Vicia cracca

Vicia ervilia

Vicia faba

Vicia graminea

Vicia hirsuta

Vicia johannis

Vicia michauxii

Vicia narbonensis
Vicia pannonica
Vicia sativa nigra
Vicia sativa sativa

USE

Grain legume crop

Fodder crop, India

Grain legume crop

Grain legume crop, Greece
Animal fodder

Winter pasture, USA

Cultigen, Turkey,W.Europe
Grain crop, Greece and Turkey
Essential oil extract horticulture
Pasture

Horticulture

Grain legume crop

Forage crop

Cultigen, Mediterranean, Morocco
Edible tubers, W.Asia

Grain legume crop

Grain legume crop

Fodder crop

Fodder and grain crop

Grain legume crop

Grain legume crop, Turkey
Poultry feed, green manure
Cultigen, China and Japan
Grain legume crop

Grain legume crop

Cultigen, S.America

Fodder crop, india, Soviet States
Grain legume crop, Turkey
Spring forage crop, Portugal
Grain legume crop and forage crop
Grain legume crop, Turkey
Green manure

Fodder crop, Europe

Sources: Aykroyd and Doughty 1982, Davis 1970, Duke 1981, Jones 1992, Sarpaki and Jones
1990, Summerfield and Roberts 1985, Thulin 1983, Townsend and Guest 1974, Zhukovsky 1924

crop cleaning practices commonly employed in Southeast
and West Asia and Southeast Europe. A number of
alternatives to monocropping are next considered.

It must be stressed that throughout this introductory
chapter many descriptions inevitably are generalizations:
much regional variation has been omitted. Emphasis has
been placed upon procedures that seem to differ from those
commonly associated with cereal production.

Monocropping of Pulses
Preparation of the seedbed
Seedbed preparation consists of removing the remains of the
crop of the previous season, weeding, and breaking up the
soil surface to make ready for planting. The nature and
scheduling of the previous crop, the availability of labor and
equipment, the soil type, and the climate govern the
treatments involved.

Commonly, cultivation ofalegume crop will follow cereals
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or fallow in rotation. Following a cereal harvest, the stubble
is usually grazed. Subsequently, the remaining weeds and
stubbleare plowed under. Similarly after a fallow period, the
land is plowed. Differences are found in the extent of weed
cover that tends to result from the two land uses: more weeds
tend to grow after a cereal harvest, since the weed species will
have shed their seed while the crop was standing prior to
harvest and grazing and thus actually be encouraged to
proliferate by the practice (Basler 1979).

The timing of the plowing is dependent upon the
availability of soil moisture, perhaps the main constraint on
legume growing (Papendick et al. 1988). In. areas where
autumn rains occur, the soil may be tilled shortly after the
first rainfall. This tends to stimulate the germination of
weeds, which are destroyed duringtilling, before the seedlings
become established, or they may be removed by hand before
they set seed. In western and southern Turkey, for example,
the ground for lentils is prepared by one or two plowings and
weedingin thelate summer, between Augustand September.
The importance of weeding is greater in relation to legume
crops than most others: characteristically legume species do
not compete well, particularly at the seedling stage. Even for
such cultigens as Vicia faba, which is robust and erect in
habit, yieldlosshasbeen estimated at over 50% where weeding
has been neglected (Kukula et al. 1985), while lentils can be
reduced up to 75% (Muehlbauer et al. 1985). In regions
where there is little or no autumn rainfall, the need is to
conserve soil moisture. Seedbed preparation consists of up
to three shallow plowings, or merely raking to remove the
weed cover and break the soil crust. Evaporation may be
reduced by leveling the furrows to decrease the surface area;
planking (flattening of furrows by a piece of wood) is
commonly employed in India (Lal 1985).

Inregions where soil erosion islikely, such asin southern
Iraq, itis minimized by coarse plowing to leave large clods in
the fine silty soils (Charles 1988). In certain areas, it is the

practice to reduce all tilling and retain the stubble of the

previous harvest to prevent excess erosion from either water
or wind (Harris and Pala 1987). Conservation tillage is a
concept that is now being applied to many regions in the
developing world (Papendick et al. 1988).

Stubble may be left standing in the fields over the winter
prior to a spring sowing season such as is the practice in
central Anatolia and the Iraqi Plateau, and here this may be
burnt off as the initial tilling procedure. Stubble burning
may reduce disease but has in fact been found to have little

- effect on weeds or subsequent seed yield of the crop (Harris

and Pala 1987).

Sowing

The sowing time is the result of a compromise between
provision of the maximum growing period for the crop and
the possible effects of a number of variables: the availability
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of water, the likelihood of frost, the presence of weed
competitors, parasites and predators, as well as temperature
fluctuations and day length. Thus where conditions allow,
autumn and winter are the preferred seasons for planting in
the Old World, but different crop species are influenced
differently by the various factors, and separate regimes may
" be used in the same areas for each species.

Typically, for lentils in the eastern Mediterranean region
such as Greece, and coastal Turkey, southern Turkey and
India, the sowing time is late October and early November
(Jones 1983; Sakar et al. 1988; Lal 1985). In Syria and Jordan,
the sowing period may be somewhat later, from December
to January (El Matt 1979; Antoun and Quol 1979; Saxena
1979). Soil moisture is the main limiting factor in these areas,
where winters are relatively mild. Experimental plantings of
lentil have yielded up to 100% better yields in the autumn
than in the spring (Sakar etal. 1988). However in the Central

Plateau of Turkey, Iran, and Iraq, temperatures fall rapidly

in the autumn, and frost damage curtails the establishment
of early plant growth; thus lentils are not planted until early
spring (Harris 1979).

Chickpeas, by contrast, are normally planted as a spring
crop. The main constraint to early planting of this species is
the susceptibility to attack by Ascochyta blight. Although
frost damage is not normally considered a great risk, and
despite the fact that delayed sowing carries the possibility of
failure due to late rains, in the Mediterranean region and
West Asia, the effects of blight are minimized and cropping
maximized by planting in the spring (Murinda and Saxena
1985; Pala and Nordblom 1987). Today recently developed
blight-resistant lines of chickpea are showing the increases
in seed yield possible following winter planting (Reddy and
Singh 1985).

Broad bean is another species that often is spring-sown.
In Central Asia, in the highland areas, the relatively high
water requirement ofbroad bean demandsrainfed conditions
found in spring; winter sowings have to be supported by
irrigation. In eastern Europe and western Asia, broad bean
grown asa pulse is nota major crop (Bond et al. 1985). Egypt
is known to be an important center for broad bean growing,
but here irrigation is almost invariably practiced.

Peas, being particularly sensitive to high temperature and
droughtstress, are normally grown in the cool season, where
soil moisture is sufficient or there is autumn rainfall (Davies
et al. 1985). . ‘

The method of sowing varies with the crop species and is
dependent upon the size of the seed (Charles 1985). Small-
seeded species, the lentils, vetches, Lathyrus species, and

smaller varieties of pea and chickpea, are broadcast. In
western Asia and most of the Indian subcontinent, .

broadcasting is followed by light plowing; however, this is
known to produceirregular stands because of the unevenness
of the soil cover. Broadcasting over shallow furrows or on
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ridges followed by leveling gives a more uniform result.
Sowing may be followed by light plowing or harrowing to

- cover the seed, but often, as is usual in Bangladesh, seeds

may be sown without subsequent burying, in spite of heavy
loss to birds (Malik et al. 1988). The usual planting depth
varies from 10 cm in Syria (El Matt1979) to 4 to 5 cmin cooler
areas in the Near East (Saxena 1979).

Hand placement, where one or more seeds are placed by
hand into prepared holes, on ridges, or along furrows, is the
more usual method where seedsarelarge, asin the bigger pea
and chickpea varieties and broad beans (Diekmann and
Papazian 1985; Mayouf1979). For lentil, too, drilled sowings
are occasionally carried out in northern Syria and Jordan
and give heavier yields than broadcast sowings (Saxena 1981;
Snobar et al. 1988).

Fertilizers in the form of manure, or dung cakes, may be
incorporated into the ground with the seedsbut traditionally
are not part of the soil treatment used in legume cultivation
(Lahoud et al. 1979; Eser 1979). Where soil moisture is very
limited, as in parts of India, seeds may be soaked before
planting or planted at a depth where the soil is still damp,
which requires plantings from over 10 to 25 cm deep
(Papendick et al. 1988; Smithson et al. 1985). Traditionally
most warm temperate pulse crops are rainfed (Papendick et
al.1988); irrigation is nota usual practice forlegumes (Nassib
et al. 1988), although some dry regions, such as the Central
Anatolian Plateau, do have a long history of irrigation
(Hillman 1990).

The sowing rate giving the optimal plant density and the
best yield varies with thelocation and the species and variety
of the cultigen. Figures quoted by Snobar et al. (1988) refer
mainly to modern practices used to obtain the best results
rather than to traditional sowings. However, these workers
reported that farmers in Jordan plant from 50 to 200 kg of
seeds perhectareindryland areas and that the higher weights
of seeds are used where the cultivar is larger seeded. Similar
figures are found in Syria (E1Matt1979) and Ethiopia (Telaye
1979). Ofinterest is the conclusion that where the population
density of the plants is increased above a certain level, the
plants tend to be taller with fewer branches and fewer pods
and therefore provide a lower seed yield (Murinda and
Saxena 1985).

Broad bean, hand-placed into drills and ridges, is
commonly planted at the rate of one or two seeds, 15 to 20
centimetersapart,in tworows per ridgein Egypt, for example,
and at a slightlylower density in Cyprus (Snobar et al. 1988).

Harvesting

Hand harvesting of grain legumes is still practiced in much
of West Asia, in certain areas of southern Europe, and in
Ethiopia. The description given by Jones (1983, 1984) of
pulse harvesting techniques on the Cycladic island of

~ Amorgosis similar to those recorded in Turkey and Syria by
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Hillman (1984a,b) and observed on Crete and Cyprusand in
southeastern Turkey by the author. The legume plants are
uprooted by hand or blunt sickle or are cut at low level by
sickle or scythe. Weeds areleft standing where possible. The
cut crop is piled into small heaps regularly distributed across
the field, weighed down by stones in windy regions, and left
to dry. The drying period varies with the location and
prevailing climatic conditions and may last from a few days
(Jones 1983) to a few weeks (Lal 1985) or several months.
Typically, at this stage the crop retains most or all of the straw
and includes some weeds, particularly species that grow in
intimate association with the crop, the climbing species,
which are often legumes.

The time of harvest varies with the climate and growing
period of the cultigen. In southern Turkey, for instance,
May is the typical harvest month for lentils, with chickpea
somewhat later. The stage at which the crop is cut is finely
judged. Shattering of the pods can result in heavy losses of
yield when the plants have reached complete maturity (Lal
1985). A compromise must be reached between ripeness (of
the majority of the pods and their seeds) and greenness (of
most of the plants). The moisture content needs to be about
30% (Haddad et al. 1988) and in lentils around 60% of the
pods are golden brown (Erskine 1985) or the leaves are
yellow (Lal 1985). In spite of such careful timing, up to a
quarter of the yield may be lost through pod shatter.

Records have been made of the work involved in hand
pulling pulses. In Syria, for lentil harvesting, between 12 and
20days’work per hectareis usual (Khayrallah 1981; Diekmann
and Papazian 1985). InJordan, 10 days’ work has been noted
as sufficient (Haddad 1988). Today the expense of thislabor
is one of the biggest incentives toward mechanization
(Hawtin and Potts 1988; Sakar et al. 1988).

Threshing

Threshing normally takes place near orimmediately adjacent
to the village on areas of relatively level ground trodden to a
hard floor. However, where fields are remote, smaller local
floors may be constructed. Today these sometimes have
concreted surfaces.

Bundles of the dried crop are carried to the floors using
animal transport where available, often ox, donkey, or mule.
Movement of the dry material generally takes place at periods
of the day when the strongest sun and highest temperatures
are least likely, in order to reduce pod shatter and seed loss.
The straw and pods are broken up by animal hooves or
threshing sledges. Where the harvest is small, or under
adverse conditions when processing has to take place under
cover, sticks or flails may be employed (Hillman 1981).

Winnowing

Winnowingis carried outby means of avariety ofequipment, -
ranging from hands, where the harvest is very small, to forks,
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shovels, fans, or baskets (Jones 1983; Hillman 1981, 1984a).
The time taken depends on the size of the harvest and the
wind strength. Jones (1983) surprisingly recorded that still
days were favored for winnowing because of the greater
degree of control that could be exercised over the deposition
of the fractions. Usually a steady gust-free breeze is
considered optimal, as described by Hillman (1984b) on
cereals.

Careis normally taken to retrieve all residues; the value of
legume straw and pod by-products as animal feed is very
high (Amirshahi 1979). Lentil straw is considered to be of
particularvalue and is fed to the most prized animals (Erskine
1985; Khayrallah1981). In Syriaand Jordan, and other regions
where the dry seasons limit the availability of other fodder,
lentil residues may actually have more commercial value
than the seeds themselves (Muelbauer et al. 1985).

Sieving and cleaning

Crop-sieving processes for pulses have been described in
detail by Hillman (1981, 1984a). Large and heavy fractions,
the straw nodes and pod fragments, are separated by coarse
sieves of mesh sizes that may vary with the crop. Forexample,
one coarse sieve recorded by the author in southern Turkey,
with a mesh size of 4 to 5 mm, was routinely used for cleaning
both thelentil and chickpea crop. The small weed seeds and
other impurities that have separated with the crop may be
removed by fine sieving. Hand sorting is a final stage usually
carried out immediately prior to processing the grain for
food, the cleanings commonly being used as chicken feed
(Jones 1983,1984).

It has been observed that implements connected with
legume cultivation are usually the same as those used for
cereals, that equipment specialized for processing pulses is
not normally used. Plows, drilling tools, sickles, scythes,
threshing sledges, winnowing forks and sieves, and animal
transport and traction are common to both types of crop.

Similarly, the type oflabor is the same: animals are usually
driven by men, the operation of specialized equipment is by
men; sowing, threshing, and winnowing with larger tools are
malework. Females traditionally do the processing that may
be carried out by hand, such as hand harvesting, weeding,
and grain cleaning, together with the use of the least
complicated implements such as sievesand sickles. Thusthe
techniques of seed agriculture used to be divided
approximately evenly between the sexes. However, with the
introduction of progressively more mechanization, it has

. been observed that men are now undertaking an increased

proportion of the work (Rassam and Tully 1986).
Described above is the system of monocropping pulses,

together with the crop-processing techniques that have been

likened by Hillman (1981, 1984a, 1985) to those used for free-

threshing cereals. However, other systems have been .

developed and are practiced todayinanumber of developing
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countries, and some of these are considered here that may
have had a particular relevance in antiquity.

Multiple Cropping

Certain environments and soils will support more than one
_cropping per unit of land per season. Where water supplies
~ are sufficient and the growing period prior to harvest is
short, yield can be more than doubled in this way.

Legumes, with their soil enriching properties, are
particularly suitable as components of these systems (Tiwari
1979). In Ethiopia, lentils are often planted as a second crop
immediately after the wheat or barley harvest; Lathyrus
sativus similarly may follow a summer chickpea crop
(Westphal 1974).

In India, following the main summer harvest of maize,
sorghum, or jute, the land may be used for lentil cultivation
supported by the moisture retained in the soils from the
earlier monsoon rains. In the northeast of the Indian
subcontinent sometimes a third crop may be planted,
although it is usual to apply some irrigation at this stage
(Saxena 1981).

These practices represent a variation of the standard
monocropping, and this intensification strategy has been
considered by Thomas (1983) in his work on agriculture in
the third millennium Bc in northwest Pakistan.

Mixed Cropping

Mixed cropping systems, where more than one species are
grown together in the same plot, are well known today
throughout Asia, North Africa, and Europe. Often they are
associated with tree crops or the production ofannual species
as animal fodder. It comes as something of a surprise to
some of usin the West to find that there are many regions in
the temperate Old World where grain crops for human
consumption are grown as components of mixed systems
and in which legumes play a major role.

The Indian subcontinent in particular displays a number
of alternatives to monoculture involving pulses. Relay
planting, known as utera, uses the broadcasting of legume
seeds into a standing crop of rice in dry paddy. Sowing takes
place ten days to three weeks prior to the rice harvest, the
legume crop making use of the residual soil moisture from
the monsoons, which resists evaporation because of the rice
cover. This system is common in India and Nepal where
lentil and Lathyrus sativus are deemed to be particularly
suitable for growing in this way. In northern India,
distinctions are made between species most suitable for
planting when the rice crop is near to harvest, at which time
chickpea is planted, and when the paddy crop is to be left

standing for longer, at which time pea and Lathyrus are -

favored (Bharati 1986; Bhattarai et al. 1988; Saxena 1981;
Tiwari1979). '
Somewhat similar is the practice of intersowing cereals
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withlegumesin West Asia. Inlower Iraq, for example, broad
beansandbarleyare sown together and harvested separately.

* By careful cutting with a sickle, the barley may be harvested

at the green stage up to three times successively before the
beanshaveripened. The beansareharvested by hand picking
ofindividual pods. Thestubbleis subsequently grazed (Guest
1930).

In Ethiopia, broad beans and peas are commonly grown
in association, and harvesting is timed to the stage when
most of the leaves have dropped and the upper pods are
yellow, which is when most of the pods are ripe and yet not
allhavedried, thebeansand peasbeingharvested separately.
The crop is cut with sickles and left in the fields to dry in
stacks which may be covered with grass for as long as 4 to 6
weeks before being threshed with animal hooves or sticks
and winnowed (Telaye 1979; Westphal 1974).

A more complex traditional system of mixed cropping of
pulsesinvolves the broadcastsowing of anumber of different
species in associations that resemble fodder cropping. Such
mixed sowingis practiced widely on the Indian subcontinent.
The individual species in these complex mixtures grow and
ripen at different rates and times and require harvesting by
hand picking as each matures. This entails the covering of
the same plot a number of times which inevitably results in
some loss of yield by treading. The grains are cleaned into
separate populations for storage and use (Bharati 1985).

As examples of this system, in India, chickpea may be
planted with wheat, barley, linseed, or mustard; broad bean
may be intersown with castor, groundnut, or cotton (Tiwari
1979). In Nepal, mixtures of chickpea, lentil, pea, broad
bean, and Lathyrus sativusare sown with rice, maize, linseed,
or mustard in a variety of combinations (Bhattarai et al.
1988). Chickpea and lentil are commonly intercropped with
mustard in Bangladesh (Papendick et al. 1988).

It has also been reported that broad bean, pea, and
Lathyrus are grown mixed with barley in Afghanistan
(Wassimi 1979).

The extent of success of mixed cropping of legumes with
other species relates to the different growth requirements
that each species withdraws from the soil and the degree of
competition. Generallylegumes compete poorlywith species
that have large leaf canopies. Yet species such as mustard
can act as a supporting medium for plants that climb or
sprawl and thus reduce the likelihood of lodging (Saxena
1981). Certain species in association, such as chickpea and
mustard, make particularly effective use of the soil moisture,
thedeeper roots of thelegume reaching water that the mustard
does not utilize (Bhatterai et al. 1988; Tiwari 1979). The
seeding ratios vary; an example of 50:50 by weight for cereals
andlegume mixtureshasbeen reported by Mirchandaniand
Misra (1957).

The labor input required in mixed cropping is low for

. most stages except for harvesting itself, which is highly labor
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intensive. Traditionally hand harvesting is predominantly
women’s work (Rassam and Tulley 1986); thus, this method
would be favored when the female workforce is large.

Considerations of the Cropping Systems
The range of cropping systems represents responses to
different environmental conditions and differing attitudes
of the farmers toward their various crops.

As mentioned above, in regions with autumn or winter
rains, monocropping of pulses is usual. Where the winters
are mild, autumn or winter sowings are practiced, as in the
eastern Mediterranean and at the lower altitudes in Turkey
and Syria. Where winters are more severe and carry risk of
damage to crops from frost and snow, spring-sown
monocropping is normal, as seen on the higher ground in
central Turkey, Iraq, and Iran.

Where crops are supported on soil moisture retained
from rainfall in the summer, mixed cropping for grain harvest
ismore usual, as seen in Afghanistan, the north of the Indian
subcontinent, southern Iraq, and North Africa.

However, mixed cropping is readily observed across all
these regions in the temperate Old World, when cultivation
is for animal feed. Thus Jones (1983) described, on the
Cycladicisland of Amorgos, Vicia sativaand Lathyrus sativus
grown separately for feed grain and together as a mixed crop
for hay. Broad beans and cereals were commonly grown
together as a fodder crop widely across Europe up to the
early nineteenth century (Bond1985). Innorth central Turkey
Vicia sativa is sown as green fodder with autumn sown
Triticum durum (Hillman 1990).

The difference that is most important between mixed
cropping for human food and for feed lies in the harvesting
and processing rather than the growing. Pulses, ashasbeen
described, are gathered, pulled, or cut as individual species
whenripe, or nearly so. Crops for feed are commonly pulled
or cutashayinthe green to dry stage, in a single operation for
the mixed population. The hay is left to dry in the fields,
similar to pulses under monocropping, before being
transported in bundles for sale.

The possible role of producing animal feed in the
development of early agriculture has been examined by
Bohrer (1972). Sheremarks that Lathyrus sativus for example,
when grown as fodder, can become a famine food by the
addition of threshing to separate the grains from the straw
residues, but she does not discuss the growing systems.

What does seem to require further thought is whether
mixed cropping has played a major role in the development
of pulse cultivation, and therefore whether mixed cropping
represents more than a regional variation in cropping
strategy. In other words, were pulses first cultivated in

mixed systems? To start with, itis worthwhile to examine the

attitude of the farmers toward pulse growing.
Legumes are seldom grown at their maximum
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productivity. In spite of their important role in nutrition,
the aspect of pulses as crops that is most greatly exploited by
the farmer seems to be their characteristic tolerance of
relatively adverse growing conditions. Many agricultural
systemsreflecta priority of attention given to and demanded
by cereals, with a minimum of expenditure of input into
pulses. Thus, traditionally legumes are grown on marginal
soils, often with limited availability of water, with little or no
tillage and the addition of no manure. The growing season
may be relegated to nonoptimal periods when the ground
hasbeen released from competing croppings and whenlabor
and equipment can be diverted from other tasks (Papendick
et al. 1988).

In traditional agriculture as practiced today, this attitude
of the farmer is difficult to reconcile with the constantly
reiterated statements about the significant position of
legumes in the repertoire of food plants (Agostini and Khan
1988; Brady 1988; Kishk 1979; Malik et al. 1988; Marsi 1979).
However, ifsuch an attitudeisitself part ofalong traditionin
agriculture, it might be a reflection of an adaptation in
farming most in sympathy with the natural requirements of
the species and a utilization of those species in the most
versatile way. The species discussed above are all members
of two closely related tribes, the Vicieae and the Cicerae.
Characteristically, most members of these tribes are
tendrillous and have a sprawling or climbing habit, often
being supported on associated vegetation. They disseminate
explosively and thus tend to establish diffuse populations. It
canbe seen therefore that mixed cropping systems can closely
reproduce conditions obtaining in the wild. The nodulating
rootsystems typical of thelegumes supportgrowth in ground
where some other species find insufficient nutrient. Hypogeal
germination allows for the development of seedlings under
cool conditions with some degree of frost protection. Some
species, notably Lathyrus sativus and lentil, have a marked
tolerance of drought. Generally the members of the Vicieae
and Cicerae compete poorlyand growbest under conditions
that act against strong growth of those plants that might
otherwise dominate the habitat. Growing the pulse cultigen
on marginal ground may be well tolerated, discriminating
against other species and favoring the pulses.

Under the best climatic conditions, and on fertile soils,
the harvest from pulse crops may not represent very good
yields compared to. those from cereals (Sanderson and Roy
1979). However, under poor conditions, pulses can really
come into their own. In times of famine, in particular, they
can provide a fail-safe source of grain. Together with the
value of the seeds for human food, the straw and pod by-
product as animal feed is of equal or greater worth. In times
offood glut, the green plants can be plowed in and add to the
nutrient status of the soil. Thus the pulse crops can be used

by the farmerwith great versatilityunder anumber of different .

circumstances, often with a minimum of expense in terms of
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labor or land treatment.

Implications of Early Cropping Systems on the Initial
Development of the Cultigens
The antiquity of mixed cropping is unknown, but it is of
interest that most areas that apply such systems for pulses
" uselandraces thathave been defined as “traditional cultivars
not subject to scientific selection: often a population or a
mixture of related genotypes” (Polhill and van der Maesen
1985). These small-seeded varieties can respond with some
success to the range of environmental conditions in their

particular geographical region and usually show the least

modification from the wild progenitors (Erskine 1985; Malik
et al. 1988; Telaye 1979; Wassimi 1979).

An important characteristic of the legume taxa is their
ability to exploit a wide range of environments (Adams and
Pipoly1980). Genetic diversity and phenotypic plasticity in
the wild species are reflected in a great flexibility of response
to the requirements of different habitats. The landraces
retain much of this ability to adapt.

The cultigens of seed crops that we know today have
developed in response to selection favoring the increased
control by humans over the dissemination and germination
ofthe plan, and increased seed yield. In the pulses, the most
highly developed cultivars have markedly larger seeds,
accompanying the generalized gigantism of many of the
vegetative parts of the plant and tendencies towards an erect
habit and determinate growth, as is most clearly
demonstrated by broad bean (Vicia faba). The seeds of the
landraces, by contrast, are often hard to separate from those
of their wild progenitors by their gross morphology, a
property that has particular relevance to those attempting to
identify and interpret archaeological material.

Itis commonlyheld that the cultivars grown for their seeds
have lost their natural means of dissemination and also lost
seed dormancy. In pulses within each population itis, however,
common to find a range of states of dehiscence and dormancy,
albeit reduced relative to that of the wild state.

The work of Ladizinsky (1985a, 1987a) on the genetics of
seed dormancy in lentil has shown that the hard seedcoat
conferring dormant properties on the seed is governed by a
recessive genotype for two loci in Lens orientalis, the
progenitor of the cultivated lentil, Lens culinaris. Similar
geneticmechanismsactin the other species. The property of
hardness of the seedcoat is conferred by such factors as
biochemical constituents, the tannins (Hadas 1976; Marbach
and Mayer1975; Nozzolillo and de Bezada 1984; Vaillancourt
etal. 1986), and morphological factors, such as the thickness
of the seedcoat (Werker et al. 1979; Butler 1989), that may

also be under environmental control (Argel and Humphries -

1983; Evenari et al. 1966; Saxena and Hawtin 1981).
Further, dehiscenceis not totallylostin cultivated legume
species, as can be appreciated from the need for the careful
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handling of the ripe crop atharvest to prevent pod shattering
described above and observed by Ladizinsky (1987a). Again,

* Ladizinsky (1979, 19854, 1987a) has investigated the genetics

oflegume crop species. He has found that a single mutation
and also possibly some modifying genes are responsible for
preventing pod dehiscenceinlentil, pea,and Lathyrus sativus,
and that other cultivated Vicia species, V. ervilia and V.
sativa, show varying amounts of pod shatter because of
incomplete modification of seed dispersal, associated with
their type of cultivation for hay rather than as pulse crops.
Ladizinsky (1987a, 1989a) has concluded that pod
indehiscencein pulsesislessimportant than nonbrittle rachis
in cereals.

It is apparent that legumes respond to a complex system
of factors controlling both dehiscence and seed dormancy
and that the loss of these functions in most of the cultivars is
by no means complete. Thus perhaps it should be asked
whether the selective pressures imposed by cultivation in the
pasthavebeen of insufficientintensity to cause such amarked
modification from the wild state as the total reduction of
natural dissemination and dormancy.

Mixed cropping of legumes for their seed as practiced in
the north of the Indian subcontinent would seem not to
require synchrony of germination of a particular species in
the sown mixture nor of ripening; thus, some dormancy
would not be a disadvantage. Since harvesting generally is
by hand picking as each component reaches the optimal
state of maturity, similarly a degree of dehiscence would also
be tolerable, and possibly even desirable, as can be the case
with species cultivated as fodder crops (Bhalla and Slattery
1984).

Ladizinsky (1987a) has proposed that the pulses
underwent modifications of their dormancy mechanism in
the course of being gathered by pre-agrarian foragers before
the first cultivation and thus differ from cereals. Zohary
(1989b, see also chapter 6) converselyarguesfor the similarity
between cereals and pulses as they both came into
domestication, that they both must have lost the means of
natural dissemination and dormancy by selection during
early cultivation. Both workers in these publications seem to
limit their considerations to the pulses growing under
conditions imposed by monocropping.

Kislevhasintroduced theidea that pulses were the earliest
domesticated plants in the Near East. He reasons that the
legumes that are dispersed in small patches and ripen in the
spring, a season in the Levant when resource stress is still
very high, could have been under pressure from competing
predationbyanimalsaswellashumansand that this pressure

. might have led to “experimentation in sowing pulses”

(1988D). Kislev suggests that this was taking place before
cereal cultivation.
Consideration of the cropping systems described above

. lends support to the idea of this earliest phase of pulse
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Figure 5.1 Winnowing Lathyrus sativus in Tigray, Highland Ethiopia

gy

Figure 5.2 A mixture of Pisum sativum and Vicia faba cultivated
and harvested as a single crop in Shewa, Highland Ethiopia

cultivation, but I would suggest that it is possible that the
broadcasting of seeds in mixed pepulations of different
species was more than a transitory stage practiced at the
earliest phase of cultivationand thatitrepresentsa widespread
cropping strategy of risk spreading that would probably
have existed hand-in-hand with the more intense cropping
of a staple seed crop, such as the cereals.

Much is made in the literature of the complementary
dietary status of legumes and pulses, particularly in terms of
their respective amino acid contents. However, it has been
noted by some authors that notall farming communities are
aware of the particular food value of their crops (Malik et al.
1988). Thusitseems possible thatlegumes were first cultivated
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for their properties of environmental tolerance and
adaptation rather than as a source of particular nutrients.

Conclusions

Conventionally grain legumes and cereals tend to be viewed
similarly as monocrops in discussions on early agriculture.
Certainly, monocropping of both seed crops is an early
tradition, particularly in the context of much of western
Asia. However, in the broader geographical regions of the
temperate Old World, a wide variety of mixed cropping
systems is employed in the production of pulses for human
food. Thesereflect an exploitation oflegume crops more for
their environmental tolerance and versatility of use than for
maximum productivity of grain.

Mixed systems of legume cultivation are ubiquitous
throughout Europe and Asia when used in the production of
fodder and animal feed.

A portion of the seeds of most pulse cultivars tend to
retain some of the character of dehiscence and dormancy of
their wild relatives, which while disadvantageous in
monocropping may be advantageous for mixed cropping.

These two observations lend support to the suggestion
that mixed cropping may have been an important stage in
the earliest cultivation of legumes for human food and
possibly was practiced at a time when already established
staples such as cereals were grown as monocrops.

The considerations of the different cropping systems for
pulses discussed above represent initial thoughts on a new
approach to pulses in early agriculture.

Much work needs to be done in recording methods of
legume cropping for feed as well as food, in growing
experiments involving mixed systems as well as
monocropping, and in analysis of the effects of cultivating
legume species under the different selective pressures that
result. The work of Willcox (chapter 11) at Jales will be an
important contribution.

Postscript: 1998

Recently, further ethnographical studies of traditional grain
agriculture in the Old World have been made by
archaeobotanists, for examplein Spain (Pefia Chocarro199s),
Syria (Al-Mouayad Al Azem 1991), and Ethiopia (D’Andrea
et al. 1997; Butler 1999).

Further observations on harvesting and crop processing

In Highland Ethiopia, ripe pulse crops such as Lathyrus
sativus are carefully uprooted by hand to yield virtually
weed-free harvests (McCann 1995: 62). For pulses and other
grain crops, basketry sieves are used in the field aswinnowing
trays (figure 5.1) and are used in the home to separate the
grains from contaminants such as small stones immediately
prior to food preparation (Butler 1999).
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Mixed cropping
In Highland Ethiopia, varieties of different crop taxa have
been developed with synchronous rates of germination and
seed maturation. Thus a mixed crop, such as pea with broad
bean, which is broadcast sown in one episode, can be
harvested together, and even may be processed, prepared
" for food, and consumed as one (Abate Tedla 1993; Butler
observations made from 1993-1997; figure 5.2).
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Chapter 6 =

Domestication of the Neolithic Near Eastern

Crop Assemblage

Daniel Zohary

SOUTHWEST ASIA, EUROPE, AND THE NILE VALLEY
are unique today as to the vast extent of their archaeo-
botanical exploration. In the last 40 years hundreds of
Mesolithic and Neolithic sites have been excavated over
these territories. Plant remains in many sites have been
expertly identified, culturally associated, and radiocarbon-
dated. The finds already identified the plants that gave rise to
agriculture in this part of the Old World and pointed out (in
general terms) where and when they had been taken into
cultivation. (For recent reviews see the various chapters in
van Zeist et al. [1991] and Zohary and Hopf [1993]).
Parallel progress has been achieved in determining the
wild ancestry of Old World crops. The wild progenitors of
most of these cultivated plants have now been satisfactorily
identified, both by comparative morphology and by genetic
analyses. Sound evidence on wild ancestry isalready available
for all eight members of the Neolithic Near Eastern crop

assemblage (table 6.1). Furthermore, comparisons and
crosses between the wild types and their cultivated
counterparts revealed the evolutionary changes brought
aboutby domestication. Theyalso indicated how these plants
could have acquired their adaptations to the new human-
made environment. As a result of these achievements,
Southwest Asia, Europe, and Egypt emerge as the first major
geographic area in which the combined evidence from
archaeology and the living plants allows a modern synthesis
of crop plant evolution. The rich archaeobotanical
documentation established the following facts:

*  Three cereals, emmer wheat Triticum turgidum subsp.
diccocum, barley Hordeum vulgare, and einkorn wheat
Triticum monococum (and in this order of importance)

were the main crops of the Pre-Pottery Neolithic B

(PPNB) farmiing villages that appeared in the Near East

Table 6.1 Eight founder crops of Neolithic agriculture in the Near East and the wild progenitors from which these crops have

been derived®

CROP SPECIES NAME

Emmer wheat Triticum turgidum subsp. dicoccum
Einkorn wheat Triticum monococcum

Barley Hordeum vulgare

Lentil ' Lens culinaris

Pea ‘ Pisum sativum

Chickpea Cicer arietinum

Bitter vetch Vicia ervilia

Flax » Linum usitatissimum

WILD PROGENITOR SPECIES NAME

Wild emmer . Triticum dicoccoides
Wild eikorn Triticum boeoticum
Wild barley Hordeum spontaneum
Wild lentil Lens orientalis

Wild pea Pisum humile

Wild chickpea Cicer reticulatum
wild bitter vetch - Vicia ervilia

Wild flax Linum bienne

* According to the rules of botanical nomenclature, once the wild progenitor of a cultivated plant is soundly identifled, it should not be ranked as an independent species but considered as the
wild race (subspeaes) of the crop. This is because the wild type and the cultivated derivative are not yet reproductively fully isolated from one another and are usually interconnected
genetically. As the progenitors of the eight Near Eastern founder crops are now satisfactorily identified. this rule should be applied to them. However, traditions die hard. Most
archaeobotanists still refer to the wild progenitors by their traditional binomial names. To avoid confusion, they are referred to in this manner in this chapter also.




arc at the end of the eighth millennium bc and at the
seventh millennium Bc (uncalibrated C time).
Fortunately, in all three grasses the charred remains
retrieved from the archaeological digs often retain
diagnostic morphological signs indicating whether the
excavated material represents wild or domestic forms.
The telltale feature (Zohary 1969, Harlan et al. 1973,
Hillman and Davies 1990a, Nesbitt and Samuel 1996) is
whether the ears are brittle (in wild forms) or nonbrittle
(in domestic forms). In wild emmer and wild einkorn
the abscission scarsare smooth, whilein domesticforms
theyare distinctively rough. Fortunatelyin their spikelet
forks, the upper scar is usually well preserved, making
the forks (which are retrieved mainly by flotation) akey
element for deciding whether one is confronted with
wild or cultivated material. As argued by van Zeist and
de Roller (1991-1992) the numerous spikelet forks (all
with rough scars) retrieved from aceramic (7200 BC
onwards) Cayonii provide convincing evidence that
thenand there wheat cultivation was practiced. Inbarley
we have a parallel situation. In nonbrittle forms a small
part of the adjacent internode frequently remains
adhering to the triplet’s upper node (“domesticated
type” in the sense used in Kislev 1997). However,
discrimination between wild and tame forms is
complicated by the fact that also in wild barley the 1 to 2
basal triplets (at the bottom of the ear) do not shatter
easily, and when entire ears are collected from the wild
and threshed, a small fraction of basal triplets with such
rachis breakage signs could “contaminate” the brittle
remains of wild populations. Therefore a claim for
domestication in barley (and also in wheats) should not
be based on the presence of a small proportion of
domesticated-type scars but on common occurrence of
these elements. Gordon Hillman maintains that basal
spikelets/triplets can be recognized morphologically in
wild emmer, einkorn, and barley. Very likely, it will be
possible to exclude such basal spikelets/tripletsin future
considerations. Another sign of domestication is the
appearance of relatively plump seeds (van Zeist and
Bakker-Heeres 1982). Compared with the scars,
however, seed shape is a much less reliable indication
for domestication.

The domestication of wheats and barley apparently
wenthandinhand with the introductioninto cultivation
of additional plants. The majority of the
archaeobotanically well explored Pre-Pottery Neolithic

B sites in the Near East also yielded remains of lentil
Lens culinaris, pea Pisum sativum and flax Linum.
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common than the cereals. Furthermore, their early
remains usually lack diagnostic marks allowing
discrimination between cultivated forms and material
collected from the wild. As argued later, however, some
direct clues and/or reasonable circumstantial evidence
strongly suggest that lentil, pea, flax, chickpea, and
bitter vetch were taken into cultivation together with
the cereals or a short time later.

The evidence for early domestication of additional Near
Eastern plants is much less convincing. A find from
PPNB Yiftah’el, Israel (Kislev 1985) hints that broad
bean Vicia faba might also belong to the early Neolithic
Near Eastern crop assemblage. Except for this single
find of numerous charred seeds, there are no other rich
records of broad bean from the seventh-sixth millennia
be, and the wild progenitor of this pulse has yet to be
discovered. Therefore, more definitive conclusions
about the time and place of V. faba domestication may
bereached onlywhenadditional archaeological evidence
is uncovered and/or when the wild ancestor of the crop
is discovered. Grass pea Lathyrus sativa too could have
been a Neolithic domesticant (see reviews by Kislev
1989a; Miller 1991; Zohary and Hopf 1993:115). Yet the
bulk of Neolithic grass pea finds does not come from the
Near East but from sixth and fifth millennia sites in
Greece and Bulgaria.

The plantremainsretrieved from the Near Eastern PPNB
sites reveal another important feature: As a rule, not a
single crop buta combination of cereals, pulses, and flax
seem to be the elements of food production in each of
these early farming villages; from the middle of the
seventh millennium onward sheep and goats wereadded
aswell. Moreover, the assemblage of the cropsisbasically
the sameall over the Near East “nucleararea” (see figure
6.1). In other words, a common “package” of crops and
domestic animals characterizes the emergence of early
Neolithic agriculture in the Near East arc.

The subsequent expansion of Neolithic agriculture to
Europe, central Asia, and the Nile Valley was based
upon this Near Eastern crop assemblage. The crops that
started food production in the Near East “nuclear area”
also initiated agriculture all over these vast territories.
(For a summary of the available documentation on
their spread, consult the various regional papers in van
Zeist et al. [1991] and Zohary and Hopf1993: 230-233).

Now that the Neolithic Near Eastern crop assemblage is

usitatissimum. In several sites chickpea Cicer arietinum ‘
and bitter vetch Vicia ervilia are present as well
(figure 6.1). Quantitatively all these five plants are less

already fairly well defined and the wild progenitors
satisfactorily identified, one is able to compare and contrast
the wild and cultivated forms in various ways. This chapter



DANIEL ZOHARY

Hacilar

Can Hasan

\ einkorn wheat
‘ emmer wheat

( barley

@— chickpea

\ flax

? lentil
P pea

—® bitter vetch

Cafer Hoyiik

Figure 6.1 Crop assemblage in the early Neolithic farming villages in the Near East before 6000 BC (uncalibrated radiocarbon dates).
Square signs represent the earliest sites, with deposits containing remains of domestic wheats (and probably also other founder
crops) dated before 7000 BC. Round site signs represent somewhat later PPNB sites dated to the seventh millenium BC. A short
whisker indicates that the crop is relatively rare and a long whisker that it is relatively common among the plant remains. Adapted

from Zohary and Hopf 1993: 37

focuses on the time of domestication (that is, what are the
earliestarchaeobotanical signs for the cultivation of the Near
East founder crops?), patterns of evolution under
domestication (that is, how similar [or how different] are the
evolutionary trends in the various crops, which belong
botanicallyto three different families—grasses, legumes, the
flax family?); and the mode of domestication (that is, was it
monophyletic or polyphyletic?). In other words, was each of
the founder crops taken into cultivation only once (or very
few times) or, alternatively, has the wild progenitor been
independently introduced into cultivation many times and
in different places?

First Signs of Domestication

Emmer wheat _

The earliest signs of emmer cultivation'come from Tell
Aswad, 25 km southeast of Damascus (van Zeist and
Bakker-Heeres 1982). Here morphologically definable
plump-seeded dicoccum remains appear in the lowest
habitation level Ia (7800-7600 BC) and continue to occur
in the two upper phases: Ib (7600-7300 Bc) and II (6925~
6600 BC). Significantly no narrow dicoccoides-like grains
were retrieved from Tell Aswad. Moreover, the climate
today in the rain-shadowed Damascus basin is far too
dry for wild wheat. Very probably it was arid also 10,000

years ago. As van Zeist and Bakker-Heeres emphasized,
the continuous presence of plump morphologically
discernible dicoccum grains, the total absence (from the
very start) of dicoccoides-like material, and the extreme
dryness (less than 200 mm annual rainfall) suggest that
emmer wheat was introduced into the Damascus basin—
already as a domesticated cereal—not later than 7800~
7600 BC. From 7500 BC onward, kernels corresponding

morphologically to dicoccum start to appear also in Tell

AbuHureyra, Northeastern Syria (Hillman 1975; Hillman
etal. 1989), and Jericho (Hopf1983). Both spikelet forks
and plump kernels were retrieved from the
contemporaneous PPNB at Cafer Hoyiik (de Moulins
1994) and Cayénii (van Zeist and de Roller 1991-1992).
Most convincing are the numerous forks retrieved (by
flotation) from the latter site—all showing the telltale
rough scar characteristic of nonbrittle cultivated emmer

“wheat. All these finds seem to indicate that at the middle

of the eighth millennium Bc emmer cultivation was well
underway in the Levant. Butas Nesbitt and Samuel (1996)
have warned, the emmer remains retrieved from eighth
millennium Bc contexts are still few and their quality of
preservation (and dating) is frequently far from ideal.
Thus, because of soil salinity, glume forks did not persist

. in Tell Abu Hureyra (Gordon Hillman, pers. comm.).
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The exact separation line between collection and
cultivation is still hard to draw.

Barley
In an earlier published report of this study, the author
_concluded that the first definite signs of barley domestication
~ appear in two Pre-Pottery Neolithic A sites, namely Netiv
Hagdud and Gilgal, in the Jordan Valley. The basis for this
conclusion was the Kislev et al. (1986) report on the presence
of up to10-11% nonbrittle barley triplets in samples obtained
from Netiv Hagdud. However, in a much more
comprehensive examination of the plant remains retrieved
from this site, Kislev (1997) found that the frequency of the
“domestication-type” barley remainswas, in fact, muchlower
(only 4%). Such lower frequency of rachis breakage (mixed
among a mass of brittle remains) does not necessarily signal
domestication. It could also be the outcome of collection of
Hordeum spontaneum from the wild—if entire ears
(containing the much less brittle 1 or 2 basal triplets) were
harvested. Therefore one has to conclude that there are not
yet any convincing signs of domesticated barley in early
eighth millennium Bc contexts, and the date of barley
domestication in the Near East has to be shifted forward.
Reliable indications appear only in PPNB sites more or less
at the end of the eighth millennium Bc and onward. Other
reports of nonbrittle remains in Near Eastern PPNB sites
need quantitative reevaluation (particularly when only few
nonbrittle elements were identified) and, following Gordon
Hillman’s suggestion, morphological reexamination to detect
and excludebasal triplets. However, as Kislev (1997) stresses,
the appearance of naked and/or six-rowed barley forms in
Phase II East in Tell Aswad (van Zeist and Bakker-Heeres
1982) and in PPNB Tell Abu Hureyra (Hillman 1975; Hillman
et al. 1989) is a sure sign that then and there barley was
already under domestication.

Einkorn wheat

Alsoin einkorn wheat the oldest definite signs of cultivation
come (to date) from the second half of the eighth millennium
BC.Morenumerousremains appear in PPNB contexts dated
to the end of the eighth millennium Bc and the seventh
millennium Bc (see review by Nesbitt and Samuel 1996:
Table 2). It is noteworthy that at Tell Aswad (van Zeist and
Bakker-Heeres 1982) there are no signs of einkorn wheat in
phase I, yet plump kernels corresponding morphologically
to cultivated einkorn appear in this site in phase IT (seventh
millennium Bc). A key find comes from PPNB (7300-6500
BC) Jericho (Hopf 1983). This site is located far away from
the natural range of wild einkorn, thus indicating that

einkorn was introduced into Jericho already as a -

domesticated cereal, and that in the more northern parts of
the Near Eastern arc, einkorn cultivation must have started
earlier. Einkorn spikelet forks (with diagnostic rough scars)

occur also in late eighth millennium Bc Cayonii (van Zeist

and de Roller 1991-1922).

Lentil, pea, and flax

In addition to wheats and barley, the majority of the early
Neolithic sites in the Near East also contain charred seed of
lentil, pea, and flax (figure 6.1 and reviews by Miller 1991;
Zohary and Hopf 1993). Yet it is not easy to determine
whether these remainsrepresent cultivated forms or material
collected from the wild. Usually the remains retrieved are
fewin number andlack diagnostic features needed toidentify
domestication. Increase in seed size is the most reliable trait.
However, this change was slow and gradual. Large seeds,
significantly different from thewild normsappear rather late
and provide only a delayed confirmation. Assessment of the
beginning of cultivation oflentil, pea, and flax depends more
on circumstantial evidence than on direct morphological
indications. Yet for all three plants, some clues are available.

Lentil seed dimensions in the seventh millennium Bc
contexts are not very different (2.5-3.0 mm) from those of
the wild progenitor Lens orientalis. The proposition that
lentil was taken into cultivation together with wheats and
barley or very soon afterward (Zohary and Hopf1973) relies
on circumstantial evidence: its association with cultivation
of cereals and the fact that when Near Eastern Neolithic
agriculture spread to Europe (sixth millennium Bc), lentil
was part of it. This assumption received further support
when an exceptionally large hoard of lentils was uncovered
at 6800 BCc PPNB Yifah’el, (Garfinkel et al: 1988). The sheer
quantity of the find (around 1,400,000 seeds) suggests
cultivation. Itis hard to imagine that such a volume could be
collected from wild plants, particularly in the neighborhood
of the site where wild lentils are very sparse. The occasional
occurrence of Galium tricornutum mericarps among the
lentil seed in Yiftah’el is also suggestive. This Galium is a
weed infesting traditional lentil cultivation. Since it does not
grow together with lentil in wild environments, its presence
also indicates cultivation.

Also for pea some direct evidence is available. It comes
from examination of seed coat texture. In most charred
remains this part of the seed does not survive, although
occasionally segments of seed coats remain intact. They are
indicative since wild peas have seed with a rough surface,
while under domestication, smooth coats evolved.
Significantly the remains from ca. 6500 BC Cayonil (van
Zeist1972) and 5850 to 5600 BC Catal Hityiik (Helbaek 1964)
already show the smooth coat texture characteristic of the
domestic varieties. This is a clear sign of domestication.

Similar to lentil, the increase in seed size in flax provided
only a delayed confirmation. The earliest signs of seed size
increase come from 6250 to 5950 BC Tell Ramad, Syria (van
Zeist and Bakker-Heeres 1982). In addition, support: for

. early cultivation of flax comes from the PPNB cave in Nahal
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Hemar near the Dead Sea. Here pieces of desiccated,
exquisitely woven linen were discovered and radiocarbon
dated to the second half of the seventh millennium Bc (Schick
1988). It is hard to imagine that such sophisticated use was
based on collection of the (rather rare) wild progenitor.

Chickpea and bitter vetch

The remains of these two pulses lack diagnostic marks for
determining domestication. Moreover, the appearance of
these two crops in early Neolithic Near Eastern sites is more
sporadic than that of lentil or pea. In chickpea the seeds
retrieved from 6500 BC Jericho (Hopf 1983) or from
contemporary ‘Ain Ghazal (Rollefson et al. 1985) could
indicate cultivation, since both sites are situated far away
from the distribution range of the wild progenitor (Cicer
reticulatum is endemic to South-East Turkey). The same
argument applies to bitter vetch. Charred seed of this pulse
wererecoveredin several aceramic Neolithicsitesin Southern
Turkey (for review consult Zohary and Hopf 1993: 111).
These sites lie within the distribution area of the wild
progenitor, however, and there is no way to decide whether
they came from wild or cultivated plants. Remains of bitter
vetch occur also outside the range of wild bitter vetch—in
several Neolithic farming villages in Greece and Bulgaria
dated to the sixth and the early fifth millennia Bc. These
indicate that when agriculture spread to Greece, bitter vetch
was part of the introduced crop assemblage. The beginning
of its cultivation should have occurred earlier.

In summary, the archaeobotanical evidence shows that
emmer wheat, barley, einkorn wheat, lentil, pea, and flax as
well as chickpea and bitter vetch were the founder crops of
Neolithic agriculture in the Near East. Both direct and
circumstantial evidence indicate that all these grains crops
were taken into cultivation more or less at the same time. In
emmer (the most important crop in this package)—and toa
lesser extentin einkorn—definite signs of cultivation already
appear in the second half of the eighth millennium 8c. All the
other sixfounder plants were very probably under cultivation
by 7000 BC. The fact that in the second half of the thirteenth
millennium Bc signs of emmer cultivation extend from
southeast Turkey to the Jordan Valley (figure 6.1) indicates
that cultivation of this cereal started significantly earlier.

Changes Under Domestication | :
When the wild progenitors and the cultivated derivatives of
the eight Neolithic founder crops (table 6.1) are compared,

the overallimpression is not of wide differences but rather of

closesimilarities (Zohary1989b). All these grains crops seem
tohavebeen takeninto cultivation in the same area (the Near
Eastern “arc”) and more or less at the same time. All were
derived from annual, predominately self-pollinated wild

progenitors. Consequently the genetic variation in both the -

wild ancestors and their cultivated counterpartsis structured

intheformof numeroustruebreedinglines. More important, -
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all eight crops—when compared with their wild ancestors—
exhibit similar changes under domestication. The key
characters showingsuch parallel evolution are the following.

Breakdown of the wild mode of seed dispersal

The most conspicuous change, it causes the retention of the
ripe seeds on the mother plant. (The seeds “wait” for the
harvester.) In wheats and barley (Zohary 1969; Harlan et al.
1973) the shift is from brittle to nonbrittle spikes. In pulses
(Zohary1989b) the changeisfrom dehiscent to nondehiscent
pods. In flax a splitting capsule changed into a nonsplitting
one. Significantly, in emmer, einkorn, barley, lentil, and pea,
and probably also in the three remaining founder crops, this
shift is brought about by mutation in a single major gene or,
more rarely, by mutations in two complementary genes.

Loss of the wild-type regulation of germination

Delayed and uneven germination is an essential survival
strategy for most Mediterranean annual plants, including
the wild ancestors of all eight near Eastern crops. In the wild
they all use seed dormancy devices to spread germination
over a span of time. Wild pulses show the most extreme
delays. Under domestication all eight crops lost the wild-
type dormancy devices and acquired full and immediate
germination.

Increase in seed size

This too is a conspicuous development under domestication.
The increase is most conspicuous in pulses and in flax. In
cereals the gain wasachieved mainly by evolving plumper seed.

Increase of yield potential
Under domestication, this was achieved by addition of extra

fertile flowers, increasing the size or number of inflorescences,
and so forth.

Changes in the plant habit .
Development of relatively erect or morerobust formsadapted
tomonoculture in the cultivated field also exhibiting uniform
ripening of their seed or fruit.

As already argued by several workers (Darlington 1963;
Zohary 1969, 1984; Harlan etal. 1973; Hammer 1984; Hillman
and Davies 1990a), the evolution of these traits under
domestication need not necessarily be the outcome of
selection consciously carried out by the cultivator. Instead,
the development of these traits (fully for1, 2, and 5; partly for

- 3and 4) can be best explained by assuming the operation of

unconscious or automatic selection (for a review, see Heiser
1988). In other words, the development of these traits in the
cultivated plants is, to a great extent, an automatic response
to their introduction into the new system of tilling, sowing,

and reaping. The similarities exhibited by all eight Near -

Eastern crops reflect their introduction into similar systems
of cultivation.
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Information is already available on the genetic nature of
some of these changes under domestication. Best studied is

the loss of the wild mode of seed dispersal. In all these Near -

Eastern crops the genetic basis for the breakdown of this
wild-type adaptation is simple. It is brought about by

_mutation in a single gene or, more rarely, by two
complementary mutations. With such genetic control, the
shift to the retention of the seed on the mother plant could
evolve quickly. How quickly depends on the rate of
appearance of spontaneous mutationsin these genesand the
size of theinitial cultivated populations. After theappearance
of a given mutation, the establishment of mutant lines (by
unconscious selection) could take place in only several
decades of years (Hillman and Davies 1990a), because all
these plants are predominantly self-pollinated. Because of
this pollination system, selection could have been equally
effectivein both recessive and dominant mutations. In other
words, the critical time element for the breakdown, at the
start of cultivation, of the wild mode of seed dispersal was the
time it took for the mutation to be induced.

Monophyletic vs. Polyphyletic Domestication
For each of the eight Near Eastern Neolithic crops (table 6.1)
the question can be asked: Wasits wild progenitor taken into
cultivation only once? If so, the crop is a product of a single
domestication event and monophyletic evolution.
Alternatively, thewild progenitor could have been introduced
into cultivation numerous times and in different places. If
this is the case, one is faced with multiple events of
domestication and with polyphyletic evolution of the crop.
Discriminating between these two types of origin can be
of considerable help when one wishes to reconstruct the
early history of cultivated plants. It has extra significance
whenapplied tokey cropsknown to have founded agriculture
in a given region. If the mode of origin of such crops is
elucidated, it can help to answer the basic question: how did
agriculture begin in the Near East?

Theoretical considerations

As suggested by Zohary (1996) the following genetic tests
and comparisons between crops and their closely related
wild relatives can provide clues for discriminating between
monophyletic and polyphyletic origins:

Founder effects. Founder effects, affecting genetic variation,
areexpected to occur when onlyasmall sample of individuals
are separated from their parental population to start a new
population in a new place. Due to sampling, only a limited

fraction of the total genetic variation present in the original .
population will enter the new one. Such effects are expected -

to have played a role also in domestication, because at any
site of domestication only a small “slice” of the total genetic

variation present in the wild progenitor will be introduced

into cultivation. Therefore, the richer is the genetic
polymorphism in the wild progenitor and the poorer its
representation in derivatives under domestication, the
stronger is the suspicion that the crop concernedisa product
ofasingle orveryfew events of domestication. Unambiguous
are situations in which the wild background contains several
distinct genetic variants, while under domestication we find
only one ofthese types. Such uniformity among the cultivars,
particularly if it repeats itself in different genes, strongly
suggestsmonophyletic origin. Attractive are situations where
the wild progenitor varies spatially and can be subdivided
into distinct geographicraces, each with its specificisozymes
or DNA fingerprinting. In such cases the comparisons can
pinpoint also the place of origin. In contrast, when the crop
displays a large proportion of the genetic polymorphism
which occurs in the wild, chances are that the wild ancestor
was introduced into cultivation multiple times. Yet one
shouldrealize that suchaninterpretationisnotalwayserror-
free. Secondaryhybridization (after domestication) between
the cultivars and their wild progenitor could also enrich the
variability in the crop and blur the original founder effect
patterns of variation.

Domestication traits. Clues for discriminating between single
and multiple domestications can also be obtained by
examining the genetic basis of domestication traits, that is,
traits which are disadvantageous under wild conditions but
which were automatically and promptly selected for once
thewild plants wereintroduced into cultivation. Conspicuous
changes of this kind are: (i) the establishment of nonbrittle
ears (in the wheats and barley) and nondehiscent pods (in
the pulses) and (ii) the loss of the wild-type germination
inhibitions. Asargued by Zohary (1996), the potential for the
development of a given domestication trait is frequently
found not in a single gene-locus but rather in several genes
found in the crop’s genome. Mutations in different genes
caneachbringaboutsimilar or “parallel” changes. Therefore,
ifinall cultivarsina given crop adomestication trait (such as
nonbrittle ears) is found to be controlled by the same major
gene (or the same combination of genes), the uniformity
suggestsasingle origin. In contrast, when in different cultivars
(or groups of cultivars) the domestication trait is governed
by different (nonallelic) mutations, one should suspect
multiple origins. _

An obvious advantage of using domestication traits as
indicators for discrimination between monophyletic and
polyphyletic origins is that such traits evolved only under
cultivation. Theyareabsentin the wild progenitor. Therefore
suchanalysisisfreefrom “noises” of secondaryhybridization
(between the crop and its wild relatives), a problem that can
plague founder effect assessments.

Species diversity. The rationale used in assessing founder
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effects can also be applied to species diversity. If the area of
origin harbors not only the wild progenitor of a given crop
but also several other closely related and equally attractive
wild species, the question can be asked: how many of these
wild species have derivatives under cultivation? Situations
where the wild background contains several similar attractive
candidates while in cultivation one finds the derivatives of
only one of them suggest single or very few events of
domestication. Of special significance are sibling species,
thatis, taxa thatare morphologically almost indistinguishable
from one another; yet, cytogenetic tests reveal that they are
effectively reproductivelyisolated from one anotherby cross-
incompatibility, hybrid inviability, or hybrid sterility barriers.
For the present considerations, sibling species are even more
reliable indicators than ordinary species. Because theyare so
similar morphologically, chances are that they would have
been picked up for cultivation at random.

Available evidence

The following information is already available for assessing
the mode of origin of the crops that started Neolithic
agriculture in the Near East.

Founder effects revealed by chromosome polymorphism. Rich
chromosomal polymorphism has been detected in the wild
lentil Lens orientalis. Fifteen Near Eastern collections of this
progenitor weretested cytogenetically (Ladizinsky etal. 1984)
and found to represent six distinct chromosome races. Six
accessions contained the “standard” karyotype. The other
nine differed from this chromosome type (and frequently
also from one another) by one or two reciprocal
translocations. (For information on their geographic
distribution see Zohary 1996: Fig. 9.2). In contrast, the
cultivated lentil L. culinaris is chromosomally uniform; its
karyotype was found to be identical with the “standard”
chromosome arrangement in wild orientalis. As already
argued by Zohary (1996), the chromosomal uniformity in
the cultivars suggests that this Near Eastern pulse was
domesticated only once or very few times.

Cytogenetic tests have also revealed (Ben-Ze’ev and
Zohary 1973) that the wild progenitor of the cultivated pea,
Pisum humile, is chromosomally polymorphic, although
less than the highly variable wild lentil. Six collections of this
wild pea have been tested, and they were found to fall into
two chromosomal races. Chromosomes in two samples, one
from the Golan in northern Israel and the other from central
Turkey, were found to be identical to the “standard”
karyotype characteristic of almost all pea cultivars. Four
other accessions, obtained from southern and central Israel,
differed from this karyotype by a single (and the same)
reciprocal translocation. Compared to lentil, the data

available on pea are much more fragmentary, yet they also

point to a single origin.
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Founder effects revealed by DNA polymorphism. Palmer and
his associates (1985) found that the wild forms of Pisum
sativumare polymorphicin their chloroplast DNA (cpDNA).
Significantly, the cpDNA pattern characteristic of the
cultivars was found in the same two accessions of wild P.
humile which were found to contain (Ben-Ze’ev and Zohary
1973) the “standard” karyotype. Admittedly the number of
the wild humile collections tested is insufficient. Yet the
results hint again to a single origin.

Similarly Clegg et al. (1984) examined cpDNA variation
in barley Hordeum vulgare, testing and comparing 11
accessions of wild barley H. spontaneum with 9 accessions of
cultivated barley. They found that wild spontaneum plants
comprised three chloroplast DNA lineages, while only one
oftheselineages was presentin the cultivated material. These
finds were later confirmed by the comprehensive tests made
by Neale et al. (1988). A much larger sample of wild barley
(245 accessions from 25 populations in Israel and 5
populations in Iran) was examined, together with a very
representative collection (62 accessions) of cultivated barley
(vulgare, distichum, deficiens, and irregulare forms). The
three lineages (---), (--+), and (++-) first detected by Clegg
etal. (1984) in wild H. spontaneum were represented in the
wild samples tested by them. In fact, some of the wild barley
populations contained two or even three chloroplast types.
In contrast, with only two exceptions, all the cultivated
material tested was uniform and belonged to the (---)
chloroplast family. Such results suggest a single or very few
events of domestication. :

Recently Heun etal. (1997) analyzed DNA obtained from
68 representative lines of cultivated einkorn and 268 lines of
wild einkorn. The latter originated both from the Near East
“fertile crescent” (94 samples) and from other parts of the
distribution area of this wild wheat (74 samples). Among the
wild einkornlines tested, a group of11lines which came from
the Karakadag range in southeast Turkey was distinctively
separated from all other wild einkorn lines; and genetically
mostsimilarto the tested cultivated einkornlines—indicating “
that they belong to the wild source from which the crop
could have evolved. The scale of the tests and the resolution
power of theamplified fragmentlength polymorphism DNA
analysis make this work very reliable. The data obtained
strongly support the assumption of monophyletic origin of
cultivated einkorn wheat. They also pinpoint the Karakadag
mountain range as the place of origin of this crop.

Evidence from domestication traits: The shift from brittle

. to nonbrittle ears or from dehiscent to nondehiscent pods is

the easiest to spot and the best studied domestication trait.
In emmer wheat (Love and Craig 1924), einkorn wheat
(Sharma and Waines 1980), barley (Takahashi 1964, 1972),
pea (Zohary, unpublished data), and lentil (Ladizinsky
1985a), crosses between the wild progenitors and the crops
have shown that in any tested cultivar the shift is controlled
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by a recessive mutation in a single major gene or (more
rarely) by a joint effect of two complementary genes. In all
these crops, breedershave also performed numerous crosses
between cultivars. Except for barley, none of these within-
crop crosses (which constitute tests for allelism) have been
reported to produce shattering or dehiscent F1 hybrids or F2
* segregants. Such results indicate that within each crop
(emmer wheat, einkorn wheat, pea, and lentil) the same gene
(or combination of two genes) is responsible for the
breakdown of the wild-type adaptation. They therefore point
toamonophyleticorigin. Onlyinbarley have crossesbetween
some nonbrittle cultivars result in F1 hybrids exhibiting
wild-type brittle ears—indicating the presence (under
domestication) of recessive mutations in two independent,
nonallelic, genes: bt1 and bt2 (Takahashi 1964,1972).

A second common development under domestication is
the loss of the wild-type inhibition of germination. This
physiological trait lends itself to an easy examination in
several of the Near Eastern pulses because in these crops it is
associated with changes in seed-coat morphology (thicker,
harder, impermeable testa in the wild forms; thinner, more
permeable testa in the cultivars). A well studied case is the
pea (Werker etal. 1979, Butler 1989). In some of these pulses
also the genetic control of this trait has been worked out.
Thus in lentil, crosses between cultivars and wild orientalis
showed that the shift from thick to thin testa is governed by
a single recessive mutation (Ladizinsky 1985a). Also in the
peaand the chickpea this change seems to be controlled by a
single major gene, or by a combination of two complementary
genes. Breeders have already carried out numerous inter-
varietal crosses in lentil, pea, and chickpea. Significantly,
thereare no reports on appearance of nonallelic interactions
(wild-type seed coat) among the F1 or F2 hybrid derivatives
in such crosses. This suggests a uniform genetic control of
the breakdown (under domestication) of wild-type seed
dormancy in each of these three pulses, and again supports
a single origin.

Evidence from species diversity: Pea, lentil, chickpea, and
wheats are each represented in the Near East not only by
their wild progenitor but also by several additional closely
related species that are very similar to the wild ancestor.

The genus Pisum contains not only P. humile and P.
elatius (considered to be the wild stock from which the crop
hasbeen derived) butalso wild P. fulvum. All these wild peas
thrive in the Near East (Zohary 1996: 149). Also P. fulvum is
an annual selfer, with sweet pods and tasty seeds. It is as
productive and as attractive as the other two wild peas. Yet
there are no signs that it has been taken into cultivation.

The genus Lens comprises four wild species: L. orientalis, .
L. odemensis, L. ervoides, and L. nigricans. All aré annual

selfers with more or less the same habitand similar lenticular
seeds. Yet only one wild-type (L. orientalis) has been taken

into cultivation, even though in the Mediterranean belt of .

the Levant and in southwest Turkey L. ervoides and L.

odemensis occur as well (see map in Zohary 1996: 150), and
that the fourth wild lentil, L. nigricans, (which is distributed

" mainly over the central and western parts of the

Mediterranean basin) also extends to western Turkey.

Five taxonomically closely related wild chickpeas, namely
Cicer reticulatum, C. echinospermum, C. judaicum,
C. pinnatifidum, and C. bijugum, are native to the Near East
(see map in Zohary 1996: 151). Again all are selfers, and all
have similar growth habit and taste. All have been placed
(together with the crop) in series Arietina section Monocicer
of the genus Cicer (van der Maesen1972,1987). Yetonly Cicer
reticulatum (which occurs only in southeast Turkey) has
been taken into cultivation.

Evidence from sibling species: Perhaps the mostindicative
information comes from the wheats, Triticum, where we are
faced by two pairs of sibling species.

Two wild tetraploid sibling wheats are native to the Near
East: (i) Wild emmer wheat Triticum dicoccoides (genomic
constitution: AABB) which is fully inter-fertile and
genomically homologous with cultivated emmer, durum
and other tetraploid wheat cultivars grouped in T. turgidum.
(ii) Wild Timopheev’s wheat T. araraticum (genomic
constitution: AAGG) which is inter-sterile with the first
wild-type (as well as with all T. turgidum cultivars). Wild
Timopheev’s wheat is inter-fertile and genomically
homologous only with tetraploid T. timopheevii, a half-
weed-half-cultivated wheat confined to a small area in the
Republic of Georgia. It is almost impossible to distinguish
morphologically between wild dicoccoides and wild
araraticum wheats. However, extensive cytogenetic tests
have already clarified the distribution of these two sibling
species. Both occur sympatrically in the central and eastern
parts of the near East “arc” (Zohary and Hopf1993: Map 3).
In addition, dicoccoides thrives alone in the south Levant,
while araraticum extends to Transcaucasia. Significantly, in
the extensive area in which these two wild wheats overlap,
araraticum seemsto beas common as (or even more common
than) dicoccoides. Yet in spite of this extensive sympatry,
only the AABB chromosome sets of wild dicoccoides are
found in the thousands of the tetraploid turgidum wheat
cultivars (aswell asin the hexaploid AABBDD bread wheats).
Therearealmostno cultivated derivatives with the araraticum
AAGG genomic constitution. The only exception is the very
local T. timopheevii native to the republic of Georgia, which
is very probably not a primary cultigen but a more recent,
secondary crop.

Also in the diploid wheats we are apparently faced—in
the wild—with a pair of sibling species. Asargued by Waines
and Barnhart (1992) and Waines (1996), there is a growing
body of evidence to suggest that in the Near East “arc” wild
einkorn T. boeoticum (which is fully inter-fertile with
cultivated einkorn T. monococcum) does not exist alone. Itis
frequently accompanied by a second diploid wild-type
T. urartu which is morphologically very similar to wild
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einkorn, butinter-sterile both with the boeoticum wild forms
and with the monococcum cultivars. The cytogenetic tests in
the wild diploid wheats are not as extensive as in the wild
tetraploid ones. Yet wheat geneticists (for example, Miller
1987a, Dvorak 1988, Waines and Barnhart 1992) already
regard this inter-sterile wild. T. urartu as a separate wild
diploid wheat species and stress the fact that it has nothingto
do with einkorn domestication. ,

In summary, both in tetraploid and diploid wheats, the
presence of sibling species in the wild, compared to the
uniformity under cultivation, suggests single rather than
multiple domestications.

Conclusions

Barring two or three exceptions (Heun et al. 1997; Neale et al.
1988), genetic tests that are sufficiently comprehensive and
specifically planned to throw light on the mode of origin of
the Near Eastern crops have not yet been attempted. The
evidence available consists mainly of facts extracted from
experiments designed to answer totally different questions.
Inevitably, these arejust fragments of information, frequently
inneed of further confirmation and additional support from
intentionally designed tests. But as argued by Zohary (1996),
inspite of theselimitations the gathered information already
invites the following conclusions:

+  Themode of domestications of cultivated plants need not
remain an open question. Several kinds of tests can be
proposed for obtaining critical evidence. If carried out on
asufficient scale such examinations could provide critical
clues for discriminating between monophyletic and
polyphyletic origins.

*  Some oftheavailable genetic evidence, suchas cp DNA
polymorphism in barley (Neale et al. 1988),
chromosome polymorphism in lentil, sibling species in
tetraploid wheats, or the information on allelism
available for the genes determining nonshattering in
wheats and barley (Zohary 1996), already appears
indicative. Moreover, these pieces of information were
recently beautifully augmented by the extensive DNA
fingerprinting of wild and cultivated einkorn wheat
(Heunetal.1997) which not only suggests monophyletic
origin but also pinpointed the location of einkorn
domestication. Taken together with the taxonomic
information on species divergence, the available

information suggests that emmer wheat (the most

important crop of southwestern Asian and European
Neolithic agriculture), einkorn wheat, as well as pea
andlentil (the main grain legumes) were probably each
* taken into cultivation only once, or at most very few

" times. Evidence pertaining to the mode of origin of -

chickpea, bitter vetch, and flax is more meager, yet
whatis available seems to be compatible with the notion
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of a single origin. Only in barley, where two different
nonshattering genes t and bt2) have been discovered

- (Takahashi 1964, 1972), is there an indication that this
important crop has been taken into cultivation more
than once. Yet, even in this cereal, the cp DNA data
(Neale et al. 1988) suggest that only very few events
have occurred.

The available data, fragmentary as they are, appear to
support the hypothesis that the development of grain
agriculture in the Near East was triggered (in each crop) by
a single domestication or, at most, by very few events.
However, the data tell us very little about the way the Near
Eastern Neolithic crop “package” was assembled. It remains
an open question whether the eight founder crops were
taken into cultivation together (in one place), or whether
different crops were domesticated each in a different site.
Yet once the first domesticated forms of wheats, barley,
pulses, and flax appeared in the Near East, they probably
spread over the “arc” in a manner similar to the way in
which they later spread into Europe, Caucasia, central Asia
and Egypt—not by independent introductions of the wild
progenitors into cultivation in additional sites but rather by
diffusion of the already existing domesticates over the Near
East. As argued by Zohary (1996) and Diamond (1997), itis
very likely that soon after the first nonshattering and ea
gsinating cereals, pulses, and flax appeared, their superior
performance under cultivation became decisive, and there
was no need for repeated domestication of the wild
progenitors (or addition of other grain species). Moreover,
because this new system of crop cultivation expanded
rapidly, there waslittle time for grain agriculture to develop
independently elsewhere in southwest Asia or in the
Mediterranean basin

Finally it should be noted that while monophyletic origin
is indicated for the majority of the Old World Neolithic
founder crops, it is an open question how common is this
mode of origin in crop plant evolution. In most cultivated
plants the genetic information necessary even for startingto
choose between monophyletic and polyphyletic origins is
still unavailable. In fact, only in two principal New World
plantstelltale data have already been gathered: They suggest
that cultivated maize Zea mayshad amonophyletic origin—
or atleast evolved from a geographically very restricted race
of wild maize (Doebley 1990); while for the common bean
Phaseolus vulgare indications are that it had a complex

~ origin and was taken into cultivation both in Mesoamerica

andin the Andes (Geptsand Debouck1991). Italso standsto
reason that many secondary crops (which first evolved as
weeds and only later entered food production) and many
fruit crops were picked up not once but several times. Yeta
solid assessment of the roles of monophyletic and
polyphyletic originsin plants under domestication will have
to wait until we acquire additional, critical data.




Chapter 7 =

Agriculture in the Near East in

the Seventh Millennium BC

Mordechai E. Kislev

THE CONCEPT OF THE NEOLITHIC, OR
agricultural, revolution introduced by Childe (1936:74;
1942:36) and Braidwood (1960:131) had profound impact on
contemporary prehistorians and archaeologists. Some recent
evidence however, seems to indicate that these broad terms
may not adequately describe the historic process leading to
domestication in the early Neolithic Near East. The lumping
together of plant and animal domestication under a single
headline blurs the independent evolutionary paths taken by
various domesticated species. Still, agricultural revolution
does accurately describe the nearly uniform spread from
southwest Asia to southeast Europe ofthe ensemble of plants,
including several species of wheat and barley, lentil, pea,
bitter vetch, and flax and animals such as sheep, goat, cattle,
and pig. Similarly, Neolithic revolution is applicable to the
impact of plant and animal husbandry, as well as pottery, on
the way of life, form of settlement, housing, vessels, tools,
and food of the Europeans in the early Neolithic period.

On the other extreme stands Harlan with his courageous
statements:

It has become apparent in the last two decades or so
thatabasicbarriertoanunderstanding of the processes
of plant domestication and agricultural origins is
philosophic in nature and concerns human self-
perception. Thetraditional view of all civilized peoples,
as judged by their literature, oral traditions,
mythologies, and religions, is that agriculture is an
invention, an idea, a technique brought to humans by
divine instruction....Recent studies have demolished
all of these preconceptions....Studies of surviving
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hunter-gatherers reveal a remarkable botanical
knowledge of the plants they live with...agricultural
systems evolved from a base of knowledge not
ignorance. They could have originated at any time or
place within reasonable ecological limits. (Harlan
1986:22)

However, for the Near East, it is suggested here that the
term evolution of agriculture should beadopted, as each crop
is likely to have evolved at different times and regions. Only
later, following accumulation of a variety of domesticated
species that occupied a whole array of niches, could the term

revolution be applicable.

Pulses may provide the best example of diffuse beginnings
of agriculture. It seems that the origin of chickling vetch
(Lathyrus sativus) was not contemporaneous with the so-
called agricultural revolution in the eighth millennium sc.
We still cannot identify its progenitor, but the
archaeobotanical evidence leads to the assumption that its
domestication occurred somewherein the Balkan peninsula,
about 6000 Bc (Kislev 1986; 1989a). A second pulse, which
appears not to belong to the Neolithic ensemble of the Near
East, is chickpea (Cicer arietinumy). Neolithic remnants of
this legume are very scanty and may, in fact, belong to wild
species, or alternatively, constitute an admixture of minor
importanceinlentil or pea fieldswithout being domesticated
yet. Living specimens of its progenitor, C. reticulatum, can
only be found in a relatively small region in southeast
Anatolia, in the upper catchment area of the Euphrates and
the Tigris, not too far from Cayonu (Ladizinsky 1975).

Indeed, most of the early Neolithic crops still growwild in
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the Near East. For hunter-gatherers who could obtain their
sustenance in the close vicinity of their villages, there is no
good reason for them to have changed their way of life and
begun to cultivate cereals and pulses. It is assumed that
domestication could occur where peoplé had close
acquaintance with a plant, but not where it is available in
quantity in the wild. A proper habitat for domestication may
be a region where the crop can easily be grown, for example,
in the fringe of its main area of distribution, but for some
reason it actually did not grow there in abundance.

The most acute problem in studying the history of
domestication from archaeobotanical evidence is that it is
often extremely difficult to distinguish between a domesticated
plantand its progenitor. In pulses, the best morphological trait
for domestication is the retention of seeds in the mature pod.
But it is practically hopeless to find direct evidence of that, at
least by the present techniques, because pod remains are not
uncovered from early sites. Unfortunately, in primitive cereals
aswell, such as emmer and einkorn wheats, it is still impossible
to tell by the Neolithic remains whether a crop species was wild
or domesticated. The ripe ear of wild wheat disarticulates
spontaneously into separate spikelets, while the ear of
domesticated hulled wheat disarticulates in the same manner
during threshing.

Barley too produces some difficulties in determining the
state ofitsdomestication. Seven importantelementshavebeen
used to distinguish between the wildand domesticated species:
finds of twisted kernels; finds of internode fragments of six-
rowed barley; finds of naked grains; grain shape and size;
disarticulation of wild barley versusfragmentation of therachis
of domesticated type; nature of the rachis node disarticulation
scar; and the histological structure of the abscission zone.

Finds of Twisted Kernels

Thesebelongto side spikelets of six-rowed barley. The current
view holds that the change from two- to six-rowed barley
occurred in the domesticform (de Candolle 1886:370; Zohary
1969:55). Therefore, this character may be used to indicate a
domesticated species. A few asymmetric naked grains have
been observed atlate aceramic Ramad, Ghoraife, and Aswad
(van Zeist and Bakker-Heeres 1982:205).

Finds of Internode Fragments of Six-rowed Barley

These exhibit some morphological changes of the internode
and its appendages, resulting from the appearance of two
additional twisted kernels on both sides of the existing straight
one. However, only one internode fragment from Ramad,
Syria, dated to the late seventh millennium Bc, has been
identified to date as that of six-rowed barley (van Zeist and
Bakker-Heeres 1982:178). '

Finds of Naked Grains
Naked grains, where husks are not adhering to the grain
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when mature, may be evidence of domestication, as some
two- and six-rowed strains are commonly grown today. The
earliest archaeobotanical finds include about eighty naked
kernels, out of a total of thirteen hundred barley kernels
from the Damascus basin, dated to the seventh millennium
bc (van Zeist and Bakker-Heeres 1982:205).

Grain Shape and Size

These characteristics have been used in the past, but are no
longer considered very useful. “ Modern grains of wild and
domestic two-rowed barley are not difficult to separate, as
the grain of wild barley are markedly thinner. However, in
subfossil charred grains this distinction is often less clear,
which is largely because of puffing and other deformations
of the grain through charring. It should be mentioned that
the size of the grains provides no clue in distinguishing
between wild and domestic barley. Under favorable climatic
and edaphic conditions Hordeum spontaneum (wild barley)
may develop grains of considerable size (van Zeist et al.
1986:209).

Disarticulation of Wild Barley Versus Fragmentation of
the Rachis of Domesticated Type

The clear diagnostic character distinguishing wild from
domesticated barley is the ability of the ear to disarticulate at
abscission zonesalongtherachisleading to separate spikelets
(Borand Guest1968:244). All other characters are derivative.
When ancient rachis segments show clear scars of
disarticulation they definitely belong to the wild species;
when these remnants exhibit more than one internode and
arebrokenirregularlyatrandom pointsalongtheinternode,
the signs of threshing, they are from the domesticated species.
However, rachis fragments longer than a single internode
are very rarely reported for the seventh and
eighth millennia Bc.

Nature of the Rachis Node Disarticulation Scar

Two types of scars can be distinguished among charred
internodes. One exhibits an intact articulation scar due to
natural ear disarticulation into individual spikelets and has
been attributed to shattering, brittle-rachised wild barley
(H. spontaneum). Not only is the node articulation scar
undamaged, but the internode base is also generally intact.
The second type shows a single internode or sometimes
internode segment with an attached part of the next
internode. It was identified as domesticated barley (H.

" distichon; van Zeist and Bakker-Heeres 1982: Figure 14, 8-10;

Kislev et al. 1986:198). Hitherto detailed studies of
archaeobotanical remnantswere carried out without similar
approaches to the modern, living populations. Recently,
hdwever, new observations have been carried out on a

modern population of H. spontaneum in Jerusalem. It was .

demonstrated that after artificial disarticulation, namely
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Table 7.1 Wild and domesticated cereal remains from the Middle East in the eighth and seventh millennia BC

T.MONOCOCCUM  T.DICCOCUM T. PARVICOCCUM HORDEUM VULGARE
SITE COUNTRY DATE (BC) SAMPLES GRAINS FORKS GRAINS FORKS  GRAINS INTERNODES  GRAINS INTERNODES

1. AbuHureyra(M.)  Syria  9000-8500 1 . - - ++ o+t - - + -
2. Mureybit Syria 8000-7600 20 1900 - - - - - 48 -
‘3. NetivHagdud . Israel 7750 50 - - + + - - ++ +++
4. Aswadl Syria  7800-7300 9 - 25 270 - - 32 23
5. Jericho (PPNA). Israel 7600-7200 4 - 3 6 6 - - 35 2
6. Cayonu1-3 Turkey  7500-7000 36 23 37 61 98 - - 2 -
7. AliKosh (B.M.) Iran 7500-6750 21 1 10 300 1400 - - 170 -
8. GanjDareh Iran 7500-6600 70 - - - - - - 180 2
9. Jericho (PPNB) Israel 7200-6500 14 2200 30 3100 27 - - 1300 5
10. Beidha VI Jordan 6750 1 - - ++ ++ - - +++++
11. Hacilar (acer.) Turkey 6750 1 + 42 + 24 - - + 2
12. Jarmo Iraq 6750 - + + + + - - ++ +
13. Aswadll Syria 6900-6600 21 17 - 1900 14000 150 1 400 310
14. ‘Ain Ghazal Jordan  7200-6200 35 - - ++ + - - +++ ++
15. Nahal Hemar Israel 6900-6300 4 - - - 1 - - 1 -
16. Ghoraife Syria 6800-6200 35 16 100 120 760 59 7 19 11
17. Can Hasan III _ Turkey  mid-8*m 4 10 8 20 + 100 + 48 +
18. AliKosh (A.K.) Iran 6750-6000 13 2 10 135 450 - - 41 -
19. AbuHureyra(N.)  Syria 6500-6000 54 ++ - +++. - - - +++ -
20. ElKowm Syria 6300-6100 2 - - 14 - 16 - 5 -
21. Bougqras Syria 6400-5900 6 - - 1 2 1363 - 96 2
22. Ramad Syria 6200-6000 47 200 1700 4400 37000 2000 920 850 580
Sources: 1. Hillman 1975 9. Hopf 1983 17. Hillman 1972

2. van Zeist 1970 10. Helbaek 1966

3. Kislev et al. 1986, and N.p. 11. Helbaek 1970

4, van Zeist and Bakker-Heeres 1985 12. Helbaek 1953

5. Hopf 1983 13. van Zeist and Bakker-Heeres 1985
6. van Zeist 1972 : 14. McCreery 1985

7. Helbaek 1969 15. Kislev 1988

8. van Zeist et al. 1986 16. van Zeist and Bakker-Heeres 1985

18. Helbaek 1969

19. Hillman 1975

20. van Zeist 1986

21. van Zeist and Waterbolk-van Rooyen 1983
22.van Zeist and Bakker-Heeres 1985.

Notes: Dates are sometimes rounded. All in uncalibrated radiocarbon years; Mesolithic Abu Hureyra is included although it is dated to the ninth millennium BC; figures in the columns of

T. monococcum include T. boeoticum; figures in the columns of T. dicoccum include T. dicoccoides; figures in the columns of T. parvicoccum include T. durum and T. aestivum; figures in the
columns of H. vulgare include H. distichon, H. spontaneum, and naked barley. A single fragment or half a grain is calculated as one grain. Two glume bases are calculated as one fork. When
identifications of remnants were too general, for example, T. monococcum/T. dicoccum, the sum of grains (or fork) was divided equally between the two taxa, if no comment was given by the
author. When forks only were not identified to the species, they were divided according to grain proportions. When grains and internodes were found intact, they were recorded as if found
separated. The figures have been rounded off for simplicity. Number of the + signs expresses relative abundance or order of magnitude.

Unfortunately, we do notknow for howlong domesticated
emmer had been cultivated before its transformation to T.
parvicoccum, in other words, when the mutation that changed
wild emmer to domesticated emmer wasadopted byhumans.
Was it one hundred years before 6900 to 6600 or a
millennium?

When our concepts of plant husbandry in the eighth
millennium are no longer influenced by today’s accepted
model of agricultural revolution, it will be easier to analyze
data objectively and identify the points that must be further
investigated. It seems, from the evidence, that barley of the
eighth millennium was entirely wild. The absence of evidence
for wheat domestication, together with today’s massiveliving
stands of wild barley, wild einkorn, and sometimes also wild
emmer in the Near East, leads one to conclude that these
species were not cultivated as well. The location of the sites
investigated within a day’s distance from wild cereal stands,
and the relativelylow human population density, strengthens
this suggestion. Indeed, hundreds of remnants of (wild or

domesticated) emmer wheat were found at Aswad I (78o00-
7300 BC), about 50 and 70 km from the isohyets of 300 and
600 mm, where wild emmer can grow naturally (van Zeist
and Bakker-Heeres 1982:168). The data may be proof for
establishment of cultivation when thinking of farmers, but,
assuming a hunter-gatherer society, the same data provides
good evidence for gathering of wild cereals. Moreover, T.
monococcumreported from somesiteswell beyond its natural
area, for example, Jericho (Hopf 1983:609), may well be
interpreted as belonging to the uppermost or the basal one-
grained spikelets of the ear of T. dicoccoides, especially when
their number are very small—three. On this occasion, it
must be stressed that further excavations of sites or layers
dated to 7000 to 6500 BC will be important for clarifying the
beginnings of agriculture of domesticated barley and free-
threshingwheat. These dates cannotbe shifted ahead because
the expansion of agriculture in Europe and Middle Asia

would then be too fast. However, the dates can be pushed -

back if new findings will validate earlier domestication. In
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breakingsingle spikelets one ata time by removing manually
the upper part of the spikelet from the plane of the rachis,
about 10% of the internodes retain a fragment of the upper
internode attached to the articulation scar. Occasionally the
lowest part of the rachis, a few internodes in length, remains
/intact, and the kernel alone is removed from the ear. This
" percentage increases when less fully ripe ears are artificially
disarticulated. Thereare differencesbetween the populations,
but, in general, the lower third of the ear shows a more
domesticated type of scar (Kislev1989b). Theseresults suggest
that the small percentage of so-called domesticated barley in
Netiv Hagdud, as well as in other early Neolithic sites, may
be better interpreted as wild barley.

This is the place to describe, with a small example, the
intellectual atmosphere existing at the 1988 roundtable
meetingin Jales. At the time of the first session it was difficult
to accept the new idea that about 10% of domestic type may
be normal in wild barley. It should be kept in mind that this
domestic typewas the only evidence for cereal domestication
in the eighth millennium. If the old interpretation is not
valid any more the participants had to change their concept
on the age of agriculture. Therefore, it was decided to repeat,
in the presence of the attendants, the checking of the nature
of the rachis node disarticulation scar, in a sample of wild
barley grown in the experimental plots at Jales. The results of
the mini experiment, which showed the same percentage,
were exhibited during the final session of the meeting.

The histological structure of the abscission zone. Elaborate
studies are reported on the related genera Triticum and
Aegilops. It was found that the fragility of the wheat rachis is
governed by several morphological and anatomical factors.
Fragility is favored by increased amount of tissue in the
breaking region, increased thickness of the abscission layer,
small size of its cells, poor lignification of their walls, deep
constriction at the rachis joint, and narrow base of the rachis
internode (Srinivas 1969; Zimmermann 1934). Also in wild
barley, the cells of the abscission zone are shorter than the
adjacent ones (Frank 1964). Similarly, the scanning electron
microscope has revealed that a charred segment of barley
from NetivHagdudbearinga fragment ofthe upper internode
exhibits the structure of wild barley (Kislev 1989b).

The dataaccumulated here reveals that we are not yetable
to confirm whether most crops of the eighth millennium
were domesticated or not. This conclusion is.valid for all
pulses whose wild progenitors are known, that is lentil, pea,
bitter vetch, and chickpea, as well as for the primitive cereals
einkorn and emmer wheats, except for two-rowed and wild
barley. The results of about 10% of “domesticated” type

amongrachis nodes of barley in archaeobotanical studies fit -

with the characteristics of wild barley. Moreover, if one
assumes that the 10% really represents domesticated barley,
one needs to explain the delay of 1000 years in the

establishment of the mutation in the fields. Only in the
seventh millennium isthere clear evidence of domestication.

- The finds of the naked wheat, Triticum parvicoccum, from

Aswad II, Ghoraife, and Ramad from Syria as well as Can
Hasan Il from South Anatoliaincludea considerable number
of rachis fragments, each including several internodes (van
Zeistand Bakker-Heeres1982: Figure 16; Hillman 1972: Table
1). These remnants unequivocally belong to domesticated
species (table 7.1). Also, a considerable number of nonbrittle
single internodes of barley occur in Ramad and perhaps in
AswadIl. They maybe considered asbelonging to the domes-
ticated species (van Zeistand Bakker-Heerees198s5: Table 18).
However, it is difficult to explain why the early rachis
fragments of domesticated barley consist of only single
internodes, while those of T. parvicoccum contain several
internodes. :

It seems that aside from the morphological characters
discussed above, thereisnoreliable or evenindirect criterion
for detecting a domesticated crop in the early Neolithic
period. Very large quantities of archaeological remains of a
crop may sometimes be a hint for domestication (Garfinkel
et al. 1988), but the tens of thousands of wild barley triplets
unearthed in Beidha (Helbaek 1966: 62) make the opposite
point. After all, a hunter-gatherer may need rather similar
amounts of food as a farmer. When an edible plant such as
wild barley is available in unlimited amounts in the
surroundings, it is not surprising to find large quantities in
certain places in the site. The presence of kernels of certain
weeds, such as Lolium temulentum, which have been changed
morphologically under domestication, may be used as an
indicator for the domestication of their host plants (Kislev
1980a:366). But, unfortunately, they have not yetbeen found
in those early sites.

Table 7.1 shows that much more information is required
before the beginning of agriculture can be accurately
described. There are at the moment, for the whole Near
East, about ten known sites per millennium that have
produced cereal remains, or one per century on average.
This means that there is a good chance that the conclusions
drawn from table 7.1 may be considerably influenced by
additional data. However, it is clear that in 6900 to 6600 BC
T. parvicoccum begins to appear. This species is a free-
threshing wheat, apparently tetraploid, that prevailed in the
ancient Near Eastand Mediterraneanregions (Kislevig8ob).
It is sometimes called T. durum/aestivum or T. turgidum
(van Zeist and Bakker-Heeres 1982:198; Zohary and Hopf
1988:44). In the same site (Ramad, SW Syria) and at the
same' time there is apparently sufficient evidence that

. domesticated barley also begins to appear (van Zeist and

Bakker-Heeres 1982: Table 18). However, T. parvicoccum
was preceded by emmer (7. dicoccum), which is a primitive,
domesticated hulled wheat (for review see Kislev 1984b:67;

. Zohary and Hopf 1988:37).
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Table 7.1 Wild and domesticated cereal remains from the Middle East in the eighth and seventh millennia BC

T.MONOCOCCUM  T.DICCOCUM T. PARVICOCCUM HORDEUM VULGARE
SITE COUNTRY DATE (BC) SAMPLES GRAINS FORKS GRAINS FORKS  GRAINS INTERNODES  GRAINS INTERNODES

1. AbuHureyra(M.)  Syria 9000-8500 11 . - - ++ ++ - - + -
2. Mureybit Syria 8000-7600 20 1900 - - - - - 48 -
'3, NetivHagdud ~ Israel 7750 50 - - + + - - ++ o+
4. Aswadl Syria 78007300 9 - 25 270 - - 32 23
5. Jericho (PPNA). Israel 7600-7200 4 - 3 6 6 - - 35 2
6. Cayonul-3 Turkey  7500-7000 36 23 37 61 98 - - 2 -
7. AliKosh (B.M.) Iran 7500-6750 21 1 10 300 1400 - - 170 -
8. GanjDareh Iran 7500-6600 70 - - - - - - 180 2
9. Jericho (PPNB) Israel 7200-6500 14 2200 30 3100 27 - - 1300 5
10. Beidha VI Jordan 6750 1 - - ++ ++ - - ++++ et
11. Hacilar (acer.) Turkey 6750 1 + 42 + 24 - - + 2
12. Jarmo Iraq 6750 - + + + + - - ++ +
13. Aswadll Syria 6900-6600 21 17 - 1900 14000 150 1 400 310
14. ‘Ain Ghazal Jordan  7200-6200 35 - - ++ + - - +++ ++
15. Nahal Hemar Israel  6900-6300 4 - - - 11 - - 1 -
16. Ghoraife Syria 6800-6200 35 16 100 120 760 59 7 19 11
17. Can Hasan III _ Turkey  mid-8"m 4 10 8 20 + 100 + 48 +
18. AliKosh (AK) Iran 6750-6000 13 2 10 135 450 - - 41 -
19. Abu Hureyra (N.) Syria 6500-6000 54 ++ - +++- - - - +++ -
20. ElKowm Syria  6300-6100 2 - - 14 - 16 - 5 -
21. Bougqras Syria 6400-5900 6 - - 1 2 1363 - 96 2
22. Ramad Syria 6200-6000 47 200 1700 4400 37000 2000 920 850 580
Sources: 1. Hillman 1975 9. Hopf 1983 17. Hillman 1972

2.van Zeist 1970
3, Kislev et al. 1986, and N.D. 11. Helbaek 1970

4. van Zeist and Bakker-Heeres 1985 12. Helbaek 1953

5. Hopf 1983 13. van Zeist and Bakker-Heeres 1985
6. van Zeist 1972 : 14. McCreery 1985

7. Helbaek 1969 15. Kislev 1988

8.van Zeist et al. 1986 16. van Zeist and Bakker-Heeres 1985

10. Helbaek 1966

18. Helbaek 1969

19. Hillman 1975

20. van Zeist 1986

21. van Zeist and Waterbolk-van Rooyen 1983
22. van Zeist and Bakker-Heeres 1985.

Notes: Dates are sometimes rounded. All in uncalibrated radiocarbon years; Mesolithic Abu Hureyra is included although it is dated to the ninth millennium BC; figures in the columns of

T. monococcum include T. boeoticum; figures in the columns of T. dicoccum include T. dicoccoides; figures in the columns of T. parvicoccum include T. durum and T. aestivum; figures in the
columns of H. vulgare include H. distichon, H. spontaneum, and naked barley. A single fragment or half a grain is calculated as one grain. Two glume bases are calculated as one fork. When
identifications of remnants were too general, for example, T. monococcum/T. dicoccum, the sum of grains (or fork) was divided equally between the two taxa, if no comment was given by the
author. When forks only were not identified to the species, they were divided according to grain proportions. When grains and internodes were found intact, they were recorded as if found
separated. The figures have been rounded off for simplicity. Number of the + signs expresses relative abundance or order of magnitude.

Unfortunately, we do notknow for howlong domesticated
emmer had been cultivated before its transformation to T.
parvicoccum, in other words, when the mutation that changed
wild emmer to domesticated emmer was adopted by humans.
Was it one hundred years before 6900 to 6600 or a
millennium?

When our concepts of plant husbandry in the eighth
millennium are no longer influenced by today’s accepted
model of agricultural revolution, it will be easier to analyze
data objectively and identify the points that must be further
investigated. It seems, from the evidence, that barley of the
eighth millennium wasentirely wild. The absence of evidence
forwheat domestication, together with today’s massiveliving
stands of wild barley, wild einkorn, and sometimes also wild
emmer in the Near East, leads one to conclude that these
species were not cultivated as well. The location of the sites
investigated within a day’s distance from wild cereal stands,
and the relativelylow human population density, strengthens
this suggestion. Indeed, hundreds of remnants of (wild or

domesticated) emmer wheat were found at Aswad I (7800-
7300 BC), about 50 and 70 km from the isohyets of 300 and
600 mm, where wild emmer can grow naturally (van Zeist
and Bakker-Heeres 1982:168). The data may be proof for
establishment of cultivation when thinking of farmers, but,
assuming a hunter-gatherer society, the same data provides
good evidence for gathering of wild cereals. Moreover, T.
monococcumreported from somessiteswell beyondits natural
area, for example, Jericho (Hopf 1983:609), may well be
interpreted as belonging to the uppermost or the basal one-
grained spikelets of the ear of T. dicoccoides, especially when
their number are very small—three. On this occasion, it
must be stressed that further excavations of sites or layers
dated to 7000 to 6500 BC will be important for clarifying the
beginnings of agriculture of domesticated barley and free-
threshingwheat. These dates cannotbe shifted ahead because
the expansion of agriculture in Europe and Middle Asia

would then be too fast. However, the dates can be pushed -

back if new findings will validate earlier domestication. In
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addition, earlier archaeobotanical remnants of einkorn or
emmer, well beyond their natural area of distribution, can
provide information about the beginning of spread of
domesticated hulled wheats. Mehrgarh in Pakistan may
provide an example (Costantini 1984:31). '
Based on the hypothesis that domesticated cereals were
" not the staple food in the eighth millennium, I would like to
put forward a model on the evolution of agriculture. Several
species of pulses, as well as figas a fruit tree, and perhaps flax
for clothing as well, were cultivated locally and on a small
scaleduring the eighth millennium or earlier (Kislev1987:289;
Kislev and Bar-Yosef 1988:178). Remnants of the diffused,
local pattern of cultivated species may be found even today
in remote places of the Near East, where single farmers or
people in isolated regions still grow odd pulses like Vicia
narbonensis, Lathyrus ochrus, and so forth, for consump-
tion. People of the eighth millennium could growanylegume
withlarger seeds. The finding of large quantities of lentil and
horsebean from Yiftah’el (6800 Bc) may be an example of
this, though it belongs to a somewhat later period (Kislev
1985a:319; Garfinkel et al. 1988). A second example is pea,
bittervetch, and other unidentified wild pulses from Cayonu I
(7500-7200 BC; van Zeist 1972:10). Among the progenitors

of the mostimportant modern pulses, Lens orientalis, Pisum
humile, wild Vicia ervilia, and V. sativa should be mentioned

" as possible crops. They, and perhaps other species, could

havebeen grown near somesites, each inits favorable habitat.
A wild pulse could easily substitute for protein-rich meat,
where animals could not be easily hunted. By automatic
selection they could betransformed into domesticates. When
such a pulse serves not as a staple but only as an additional
food, and when it is consumed for a relatively short time, the
various toxic contents have insufficient time to accumulate
in the body in quantities that may be dangerous to human
health. This situation hasbeen documented in some detail in
the case of Lathyrus sativusin India (Spencer et al. 1986:303).

A system of small-scale agriculture could have continued
for generationsuntillarge-scale cereal cultivation was practiced.
At that time, the meeting of these two types of agriculture
would havehad a mutual influenceand produced the ensemble
of the Neolithic agriculture at about 7000 to 6500 BC.
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Chapter 8 =

Cerealia-type Pollen in the Near East as Indicators

of Wild or Domestic Crops

Sytze Bottema

IN NORTHWEST EUROPEAN ARCHAEOLOGY
Cerealia-type pollen is invariably and traditionally linked
with farming. Detailed analysis of the various structures,
shapes, and dimensions of the pollen grains made a more
detailed identification possible. The appearance of Cerealia
pollen drew attention because the producing plants were not
indigenousin that part of the world. The behavior of Cerealia
pollen in records of the Near East is of great interest for those
who want to know more about the wild ancestors of wheat
andbarleyand the domesticates that subsequently developed.
If we want to be informed about the history of the various
cereal species in the wild as well as in various stages of
cultivation certain conditions have to be fulfilled. The pollen
types must differ enough from each other to be distinguished
during analytical work and they must be dispersed in such
numbers that they make up a fair share of the pollen
precipitation. ‘

Most pollen diagrams prepared for pollen sites in the
eastern Mediterranean and the Near East originate from
elevations over 500 to 600 meters where sediments are
constantly covered by water or where organic deposits do
not dry up during the summer. At lower elevations marshes
canbe found occasionally, forinstance on the Meditérranean
and the Black Sea coasts. Palynological evidence from the

~ lowland steppe and desert steppe is scarce and if present

rarely informative about the past vegetation because of
selective corrosion. Sediments from oxbow lakes formed by
the Balikh and the Khabur in the Syrian Djezireh were mostly
devoid of pollen. Obviously seasonal drought caused the
disappearance of the pollen. A good pollen diagram has been
obtained from the Bouara depression on the border of Syria

with Iraq, but this highly saline area is and was unsuitable for
cereal farming. ,
In the last 25 years a considerable number of polle
diagrams have been prepared for the Near East (figure 8.1).
Many of these sites are not situated within the so-called
"Fertile Crescent." This area is where the extensive stands of
wild cereals must have occurred and is the one that is of
interest for our investigations. Sites such as the Ghab, Akgol
(Konya), Van Sogiitlii, Zeribar, and Urmia (figure 8.1) come
into consideration, but even they are mainly located at the
edges of the distribution area for wild wheats as shown by
Harlan and Zohary (1966) and Sakamoto (1982).
Archaeological and paleoethnobotanical evidence from
the Near East mostly originates from outside the area studied
palynologically. Prehistoric settlements are generally situated
in the foothill region or the steppic lowlands. Unfortunately
not much reliable pollen evidence is available from these
areas. In this respect one could refer to the results of
palynological investigations of accumulation layers in
settlements. The Groningen palaeobotanical department of
the Biologisch-Archaeologisch Instituut was among the first
to start such investigations, for instance in 1965 in the
excavation of Bougras in Syria. After careful and thorough
studies thisapproach wasrejected (Bottema1975). The nature
of accumulation in prehistoric sites differs very much from
that in lake sediments or peat bogs. Accumulation in a
settlement canbe veryirregularin timeandistoalarge extent
formed by building debris, mainly mud brick that could even
contain secondary pollen. Still the absolute pollen content in

such settlement samples is unexpectedly low. This points to

aconsiderableloss of original pollen. Such pollenassemblages
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hardly match the modern pollen precipitation or subfossil
assemblages obtained from lakes or bogs. The pollen record
obtained from samples taken from prehistoric sites in the
Near East demonstrates a rather predictable high percentage
of Liguliflorae and/or Tubuliflorae. Such values are hardly or
not at all matched by those of extant vegetations
demonstrating many Compositae. Other factors, such as
selective preservation or nests of burrowing bees, also play a
role. This led to the conclusion that palynological evidence
on the role of wild cereal or domestic cereal species is
preferably obtained from lake and marsh sediments.

In this chapter we will try to evaluate the use of the cereal
pollen type as a tool to inform us about the role of food
gathering and farming in prehistoric times. First, the
identifiability of Cerealia pollen, its relative value in the
pollen precipitation, its presence or absence in time, and the
correlation of Cerealia-type pollen with other vegetational
elements in subfossil assemblages will be discussed.

Identification, production, distribution, and
representation of Cerealia pollen

An important characteristic for the identification of Cerealia
pollen is the size of the pollen grain in combination with the
size and shape of the annulus. In pollen analysis pollen grains
ascribed to the Cerealia type have to be larger than 40 . For
a discussion of this limit we refer to the-extensive study by
Beug (1961). The detailed study on identification of wild grass
and cereal pollen by Andersen (1979) is not used in this study
because the measurements taken by the author are maximum
diameters. The smaller size in Andersen’s study compared
with the measurements in figure 8.2 must be explained by
Andersen’s adding the largest diameter M+ to M-, the
diameter at a right angle to M+, and dividing this sum by 2.
The term Cerealia type implies that palynologically speaking
there remains the possibility that taxa other than Cerealia in
the strict sense are included. In those areas, for instance
northwestern Europe, where such types are thought to be
produced almost exclusively by cereals, a subdivision on the
basis of the grouping of the columellae is possible (Kérber-
Grohne 1957).

Beug measured the pollen of 84 species of Gramineae,
including those of wild and cultivated cereals, and divided
the various species according to size classes. The so-called
wild grass type covers those species with a pollen grain smaller
than 37 |, the Cerealia-type is defined as larger than 37 . In
practice 40 [Lis used as the lower limit in defining Cerealia-
type grains.

Beug measured Gramineae pollen grains embedded in
glycerine, whereas the reference material and the subfossil
samples of the Biologisch-Archaeologisch Instituut are
embedded in silicone oil. Control measurements on pollen

in silicone oil slides showed no important difference in size

compared with Beug’s measurements. It should be stressed
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Figure 8.2 Schematic presentation of Gramineae pollen
percentages of a series of size classes from 30 to 60 p. The left
column shows the lithology. Vertical hatching represents peat;
horizontal hatching, clay. The transition of clay to peat is dated
7135 * 180 BP (SI-736). The percentages are calculated on the
basis of a pollen sum including arboreal types and upland herb
types. Black circles indicate a range of 0.1 to 5% for the various
dimensions. At the bottom a modern spectrum from Waz Gol

in northern Syria is given for comparison.

that the wild grasses in Beug’s study originated in Europe.
Some of them can be found in the Near East; others are
represented only by related species. We can be certain that
the Cerealia type as defined by Beug also includes pollen of

wild grasses in the Near East. This was also emphasized by

van Zeist et al. (1975), who showed that pollen of Aegilops
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kotschyiisbigger than that of Triticum aestivum, the first type
averaging approximately 55 . Aegilops triuncialis pollen

from the reference collection of the Biologisch- -

Archaeologisch Instituut averages about 48 L.

" The specific Cerealia-type pollen size classes made by
“Beug are divided here into three groups : Group I (40-50 1)
" includes, among others, Hordeum vulgare, Triticum
aegilopoides, Triticum dicoccoides, Triticum dicoccum, and
Triticum monococcum and many wild grasses. Group II (50—
60 W) includes Triticum monococcum, Hordeum vulgare,
Hordeum spontaneum, Triticum aegilopoides, Triticum
dicoccoides, Secale cereale, Triticum dicoccum, Triticum
durum, Triticum compactum, Triticum aestivum, and
Triticum speltaand various wild grasses. Group III (60-70 W)
includes Triticum dicoccum, Triticum durum, Triticum
compactum, Triticum aestivum, Triticum spelta, and Secale
cereale. No wild grasses fall within the limits of this group.

The representation of pollen of wild barley, wild einkorn,
and wildemmerwheatin natural vegetations has been studied
only partly up to now. Some information can be obtained
from surface samples which have been taken in those parts of
the Fertile Crescent where wild cereals may be present. This
information will be discussed later.

Some information is available concerning the
representation of pollen of domesticated emmer and bread
wheat. Modern wheats are very much underrepresented in
the pollenrain because the speciesare self-pollinating. Iversen
(1973) postulated that primitive wheats are to some extent
wind-pollinating and release more pollen into the air than,
forinstance, modernbread wheat. However, pollen of emmer
wheat was absent or extremely rare in surface samples taken
directly outside an emmer wheat field (Reynolds 1992).

Inside and close to fields of emmer wheat, bread wheat,
andbarley remarkablylittle pollen precipitates, as was shown
by Firmin in his Vallée de I’Aisne project (1986). It was
already indicated by Robinson and Hubbard (1977) that
much pollen of hulled barley stays in the glumes.

The difference between Iversen’s statement that the more
primitive cereals are more wind-pollinating than their modern
counterpartsand the observation thathardlyany cereal pollen
is found in or outside test fields may be explained by the
fertilization modes. Modern emmer wheat turns out to be
99% self-fertilizing. About 1% of the plants are cross-
fertilizing. Three hours after self-fertilization cereals tend to
release pollen into the air, according to Zohary, which could
explain the presence of cereal-type pollen in the fossil record.

Cerealia Pollen and Other Pollen in Threshed Crops, Ripe
Ears, and Flowering Ears

Robinsonand Hubbard (1977) drewattention to unexpectedly-

high pollen contents of hand-threshed six-row hulled barley
caryopses. They demonstrated that each cereal grain could

have contained approximately 1500 cereal pollen and

approximately 100 other pollen grains. They describe the
way pollen may have remained or been trapped in spikelets
or glumes. I therefore tested the pollen content of various
cereal crops that were grown on my farm in Yde (Province of
Drenthe) or produced by R. Neef on an experimental farm in
Gittrup (West Germany).

The respective crops had been stored in different stages of
threshing. Club wheat (Triticun compactum) was hand-
threshed, winnowed, and stored as a clean sample. Einkorn
(Triticum monococcum) and emmer wheat (Triticum
dicoccum) had been threshed with an old-fashioned flailing-
stickand the hulled grains were separated from the stems and
stored. Naked two-row and six-row barley had been stored
as sheaves or as ears that had been cut off from the stems.
Pollen samples were prepared by boiling in 10% KOH,
followed by acetolysis. Lumps of cereal pollen were hardly
found. This may have been because of boiling with KOH (see
also Robinson and Hubbard 1977). Sample size, number of
pollen counted, and pollen types identified are listed in table
8.1. To calculate the absolute pollen content two Lycopodium
tablets containing 1000 spores were added to each sample.
The results are éxpressed as the number of cereal pollen per
kilogram threshed material. This is done because harvest
yieldsare generally given in kilograms per hectare. In the case
of flowering ears the number of caryopses were counted and
expressed in weight of dry, ripe material. The results of the
two varieties of naked barley are in fact minimum numbers,
as the glume bases and the chaff are included in the weight.

Theresultsin table 8.1showahigh number of cereal pollen
aswell as of other pollen types per caryopsis. This agrees very
well with the results given by Robinson and Hubbard. In the
case of the hulled material this could be expected. Numbers
of cereal pollen produced by einkorn, emmer wheat, naked
six-row barley, and two harvests of naked two-row barley,
one from the Netherlands and one from West Germany, are
highly consistent, varying from 1.2 x 10° to 5.1 X 10° per
kilogram. The relatively high value of pollen in the club-
wheat sample is rather unexpected. Although the pollen
measures only1% of the previous series, it still contains 1600
pollen per kilogram, this in spite of the threshing process
during which the caryopses were separated from the glumes
and other vegetational parts by winnowing.

Flowering ears of Hordeumvulgareand Triticum aestivum
contained 15 to 60 times more pollen than the threshed or
harvested material. These numbers must be considered as
minimum numbers as flowering was estimated when anthers
were visible. As some anthers may have fallen off, pollen may
have disappeared. Protective plastic bags fastened before
flowering were not much of a success as they prevented
evaporation. Thus the moisture content became so high that
normal flowers hardly developed. Asitwastoolate to develop
another system, ears that showed flowers were collected.
Triticum aestivum seed setting was already in an advanced
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stage although anthers were still present. Noncereal pollen
was presentin considerable amounts. The numbers of foreign
types shown in table 8.1 are expressed in percentages of the
Cerealia pollen. The results can be divided into two main
groups. The ripe crops demonstrate a large number of
noncereal types, some of which attain very high values. The
flowering cereals demonstrate a low number of extraneous
pollen types. : .

One might explain this difference by the time the crops are
exposed in the field. Plants that ripened stayed in the field
longer than those that were collected during the flowering
stage. In theory contamination of the ripening ears occurred
by a constant catch of pollen from nearby vegetations. It is,
however, rather puzzling how the club wheat contained a
high amount of Betula pollen, as the flowering of birch took
place earlyin the season. Part of the contamination originates
from wind-flowering species, for instance several tree species
and grasses. Still the grass pollen percentages in the plots L, II,
and [l varygreatly (3.9, 41.0,and 2.3%, respectively) although
the small plots bordered upon each other.

Part of the pollen found, such as Pinus, Picea, Centaurea
cyanus, Ericaceae, Filipendula, Linum, Sparganium-type, or
spore-producing Sphagnum, must come from regional
sources as the species concerned were not growing in the
garden nor in the vicinity of the plots. Many types are
produced by insect-pollinated taxa such ds Matricaria-type,
Leguminosae, and Oenothera lamarckiana found nearby.
Such pollen (and that of other insect-pollinated species)
could have been brought in by insects. Two beehives stood at
adistance of 15 meters from the experimental plots. The bees

may have gathered pollen of Oenothera but they were never |

seentovisitthe cereal stands. Nor were other insects observed
onthecrops, butitmustbeadmitted that no special attention
was paid to visiting insects. -

The extra-local vegetation, consisting mainly of oak, lime,
elm, and birch, was present in the cereal samples but not
according to the proportions of these species in the tree
stands. Theinconsistency of the pollen assemblages indicates
that the results are highly affected by coincidence. Still, one
clear statement canbe made. Crops broughtinto a settlement
bring in enormous amounts of cereal pollen, especially at the
spot where they are stored or processed, for instance by
threshing. It is very likely that threshing and winnowing also
release a significant amount of cereal pollen into the air.

After processing of cereal crop, pollen must have been
deposited together with a great number of other pollen types
in the settlement debris. The fact that especially the cereal
pollen is very rarely found in high numbers in samples taken
from the accumulation in prehistoric sites points to large-
scale destruction. Cerealia-type pollen is only demonstrated
in Iarge quantities in samples from waterlogged deposits as is

indicated by Robinson and Hubbard (1977). Pollen samples
from water-logged sediments from the harbor of Carthage
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(van Zeistand Bottema1983) and dating from Punic, Roman,
and Byzantine times contained up to approximately 23%
Cerealia-type pollen. Triat-Laval (1985) demonstrated
comparable results for the fifth century Ap harbor of Marseille.
In such cases these high percentages are probably not the
result of local threshing activities but they may originate
from transported cereals, as is indicated by the presence of a
large number of pollen in a clean club-wheat sample
(table 8.1). Nevertheless the effect of the town sewage systems
of drainage towards the harbor, as was the case in Carthage,
cannot be excluded without further investigation. The fact
that cereal pollen, which could be expected in large numbers
in prehistoric sites, is not found, is another reason to reject
the palynological investigation of prehistoric sites if no
waterlogged deposits are present. In the Near East such
conditions can hardly be expected.

From what is stated above about distribution one might
conclude that evidence concerning the presence of wild or
domesticated cereals by means of palynological investigation
of lake or marsh deposits is rather limited. Nevertheless
Cerealia-type pollen has been identified in the pollen samples
from cores taken in the Near East.

Cerealia-type Pollen Dimensions in Four Sites from Anatolia
During the analysis of four cores from Turkey, at Sogttld,
Tatli Goli, Ladik Gélii, and Kaz Goli, Cerealia-type pollen
grains have been measured. As a comparison the modern
Cerealia-type dimensions from Waz G0l in northern Syria
are given. '

The Sogiitlii core (figure 8.1) is taken from the area in
which Triticum boeoticum ssp. thaoudar can be expected to
occurin the natural vegetation. The other three corelocalities
are situated in northern Turkey, where wild cereals are not
likely to be found.

For group III (60-70 W) we have to consider Triticum
dicoccum, Triticum durum, and possibly Triticum aestivo/

compactum. Pollen of this size class are absent from all four

pollen sites. )

In group II (50-60 W) Triticum monococcum, Hordeum
vulgare, Triticum aegilopoides, Triticum dicoccoides, Triticum
dicoccum, Triticum durum, Triticum compactum, Triticum
aestivo/compactum, various Avena species and various wild
grasses have to be considered. This group is represented with
low numbers in Ségiitlii after ca. 7000 BP, and in Tatli Gold,
Ladik Golii, and Kaz Gélii this group is mainly absent.

The size class 40-50 W (group I) includes the species

“mentioned in group II together with a large number of wild

grass species. For the Sogiitlii core this size class is present
from ca. 7000 BP onward. From about 3500 BP up to modern
times the size range for this group is concentrated between 40
and 45 L. In the Ladik Gélii spectra, pollen of the size of group

Iare present from about the seventh millennium onward but -

some are found even before 12,000 BP. In Tatli Golii this size
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Table 8.1 Absolute number of cereal pollen per kg threshed material counted in samples from various plots

SAMPLE NUMBER - I II I IV \' VI VII VIII
Cerealia pollen counted ' 811 1032 1000 1000 506 1000 1368 1118
# of Lycopodium spores out of 1000 121 59 74 34 36 46 40 14
Calculated number of 1.6x10° 1.4x10° 12x10° 2.0x10° 2.2x10° 51x10° 65x10°  7.3x10°
Cerealia pollen perkg . ripe ripe ripe ripe ripe ripe flowering  flowering
" Dry weight in grams 42 12.4 11.8 15 64 43 5.2 11.0

OTHER POLLEN FOUND (Calculated in percentages of Cerealia)

Aesculus 0.2 . . . .

Alnus 0.9 0.1 0.1 . 24 14

Betula 10.4 . . 0.1 4.6 0.2

Castanea . 0.1 . 0.4 .

Corylus 0.4 . . . 0.8 .

Fagus . . . . 0.4 0.1

Hedera 0.1

Humulus 0.1 . . . .

Picea . . . . 0.2

Pinus 1.0 . 0.2 . 04~ .

Quercus 0.7 0.1 0.3 0.1 2.8 0.2

Salix 0.2 . .

Sambucus 0.1 . 01 . . .

Tilia 0.1 . 0.5 . 1.6 0.5

Ulmus 0.1 . . . S 06 .

Caryophyllaceae . . . . 0.4 0.1 . .
Chenopodiaceae 0.4 1.8 0.5 27.2 6.6 3.0 . 0.3
Artemisia vulgaris-type . 0.1 . . 0.6 0.1 . 3.0
Centaurea cyanus . . . . 0.3 0.4

Cirsium-type 0.1 . . . . . . .
Matricaria-type ) 0.4 0.2 0.4 1.2 2.0 114 . 0.1
Senecio-type . . . . . . . 0.1
Other Liguliflorae 0.1 - 0.1 ’

Other Tubuliflorae 0.1 0.1 . . .

Capsella-type . . . . 0.4

Other Cruciferae . 0.1 0.5 . .

Ericaceae-Calluna 0.2 0.1 0.1 . 3.6

Euphorbia . . 0.1 . . .

Zea mays . . . . . 0.2 . .
Gramineae < 40 1 2.3 0.8 8.2 4.0 410 - 3.9 0.7 1.4
Mentha-type . . . . 0.8 .

Lotus-type . . . . . 1.2

Vicia cf. faba . 0.1 . . 0.4 .

Other Leguminosae . . 23 . 9.9 4.5

Linum . . . . 0.4

Malva . . . . 0.2

Oenothera lamarckiana . . . . 1.0 .

Papaver . . . . 0.2 0.1 . .
Plantago lanceolata . . 0.1 . .04 0.3 . 0.1
Plantago media . N . . 0.2 . . A
Fagopyrum esculentum o IR . . 0.2 .

Polygonum aviculare-type . . . . 0.2 0.1

Polygonum persicaria-type . . ; . . 1.2 .

Rumex acetosa-type . . 0.1 .01 0.4 0.1

Crataegus-type . . . . 0.1 0.2

Filipendula . . . . 24 24

Potentillal-type . . . . 0.6 0.1 .

Other Rosaceae . . . . . 0.1 0.1
Verbascum-type . 02 06 o 0.8 0.2

Solanum nigrum 0.1 0.2 .. . 0.2 :

continued
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Table 8.1 Absolute number of cereal pollen per kg threshed material counted in samples from various plots, continued

SAMPLE NUMBER : I I

OTHER POLLEN FOUND (Calculated in percentages of Cerealia), continued

Galium-type . 0.1 0.1
Sparganium-type

Aquilégia-type

Delphinium-type

Ranunculus acer-type ' . . 0.1
Malabaila-type ' . . 0.2
Other Umbelliferae . . 0.1
Urtica . 0.3 0.9
SPORES

Sphagnum 0.1

GREEN ALGAE

Pediastrum kawraiskyi . . 0.1

v . \ VI viI VIII
0.2
0.8 .
0.1
0.1
0.1
. 0.6 0.5 . 0.1
0.1 0.6 L7 0.2 1.8
1.2

1= Triticum compactum, Yde 1986; Il = Hordeum distichum var. nudum, Yde 1986; I1l = Hordeum vulgare var. nudum, Yde 1986; IV = Hordeum distichum var. nudum, Gittrup 1986; V =
Triticum dicoccum, Yde 1986; V1= Triticum monoccum, Yde 1986; VII = Hordeum vulgare, Yde 1987; VIII = Triticum aestivum, Gittrup 1987

is met with from about 6000 to 4000 BP and about 2800 to
1500 BP. Kaz Golii shows some cereal-type pollen in this
category at about 8ooo BP. The dates mentioned above are
inferred dates based upon few radiocarbon dates and
assuming a constant sedimentation rate.

The results of the size analysis in the Sogiitlii core will be
discussed in more detail. The values of the pollen grains of
different sizes from 30 to 60 W are presented in figure 8.3 as
percentages of the pollen sum. Measurements were done
usingan ocular micrometer at 40ox magnification represent-
ing a scale corresponding with 2.5 {1 intervals. The Sogiitli
core represents a peat deposit down to approximately 1290
cm. From 1290 to 1380 cm clay is found. Part of the clay did
notyield any pollenand those spectrashown in figure 8.3 that
were analyzed are of poor quality. The fact that Cerealia-type
pollen was mostly met with in the peat samples may be owing
to preservation conditions, but the presence of such pollen
grains could also be ascribed partly to wild grasses growing in
the peat bog. The change in sedimentation at about 7000 BP
must very likely be ascribed to a change in climate.

Inthe modern pollen precipitation in Waz Gél, situated in

the upper reaches of the Balikh river in northern Syria,

Cerealia-type pollen is present at a rate of about 6%. Of this
percentage, most of the grains measure under 40 |1, a smaller
number measure between 40 and 50 p and none are over
60 W Cereal farming is found around Waz Gél, partly
irrigated, partly as dry farming. The results of the Waz Gol
analysis show that the Cerealia-type pollen found in Sogiitlii
may very well originate from cereal growing in that area.

Evidence of Cerealia Pollen in Subfossil and Modern
Assemblages

The previous sections dealt with theidentification of Cerealia- -

type pollen based upon the study of modern material.

Production, distribution, and representation were studied in
controlled experiments. In this section the information
available from the subfossil pollen record will be discussed.
The Cerealia curves will be compared with curves of a selection
of pollen types which are thought to represent vegetational
groups of importance during prehistoric times.

Eight pollen diagrams from six sites have been selected.
These are sites which lie within the distribution area of wild
cereal species as indicated by Harlan and Zohary (1966). It
should be stressed that wild barley, einkorn, and emmer
wheat not necessarily are found together in all the sites which
have been selected.

The information in the previous sections shows that the
presence of Cerealia pollen has to be treated cautiously. The
subfossil record of the selected sites shows that this pollen
typeis present duringlate Pleistocene and Holocene times. A
time period representing thelast15,000 yearshasbeen chosen
because it covers the time that farming developed as well as

the postulated food-gathering that preceded it. Some

diagrams represent only part of the last 15,000 years and it is
indicated in figure 8.3 where portions of the record are
available. In this schematic ﬁgui'e therelative Cerealia-pollen
values have been expressed in percentages, calculated on the
basis ofa pollen sum that includes the arboreal pollen and the
herb pollen types which are thought to be of regional origin.
The time scale for the various pollen records is based upon
radiocarbon dates and the sedimentation rate is calculated

. fromsuch dates. In the case of the Van core that was originally

varve-dated (Kempe and Degens 1978) the dating was
corrected with the help of the nearby Ségiitlii core. For a
discussion on the dating problems of the Van core the reader
isreferred to Bottema (1986). The translation of the Cerealia-
type percentages into quantitative vegetational record
remainsaproblem as the absolute pollen influx is notknown.
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Figure 83 Schematic presentation of relative Cerealia-type percentages in pollen sites from the Fertile Crescent

The absolute pollen production from the vegetation may
have changed during the period under discussion. There is
evidence that the absolute pollen influx increased toward
modern times, according to Tsukada (van Zeist and Bottema
1982). If this tendency is true, this may hold also for the
Cerealia-type pollen. |
The development of climate in the Near East as conclude
from the pollen evidence very likely influenced the
distribution area of the respective wild cereals. The cereal
belt may have narrowed or shifted upward under drier
conditions. Lower temperatures may have caused adownward
shift. The postulated rise in precipitation that became more
and more pronounced in the Fertile Crescent during Late

Glacial and Holocene times (van Zeist and Bottema 1982)

would have created suitable conditions for wild cereals at
lower levels. Increasing moisture must also have extended

thelimits of dryfarming up to about 5500 Bp, after which time .

modern conditions became established. ‘
Three diagrams from two sites, the Ghab and Zeribar,
demonstrate relatively important values up to 13,000 to
14,000 Bp. After that time Cerealia-type values decrease
considerably. Thisis also visible inthe diagrams of Akgoland
Urmia, where the record starts about that time with low
values. About 11,000 BP percentages increase again to reach
valueswhich are sometimes even higher thanbefore13,000 Bp.
If the Cerealia type represents wild wheats and/or wild
barley one could conclude that there was a decrease in
numbers of plants from c. 14,000 to 11,000 Bp. After 1,000 BP
the proportion of these species soon reached optimal

. numbers, as concluded from the pollen percentages. This

picture would suggest that the gathering of wild cereals was
less favorable from ca. 14,000 to 11,000 BP. After 11,000 BP
stands would have developed, offering better opportunity for
food gathering. One exception has to be made. The climatic
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development of the Near East was reviewed by van Zeist and
Bottema (1982). It was stressed that the climatic history of the
Fertile Crescent as concluded from the pollen record was not
synchronous. Increase in tree growth was very much in
advance in northern Israel compared to eastern Anatolia and
Iran. Favorable conditions were concluded from Tsukada’s
evidence on the Huleh record. Preliminary investigations on
new material obtained from the Huleh marshes by Uri Baruch
(Institute of Archaeology, The Hebrew University of
Jerusalem) and Bottema led to the conclusion that extensive
Quercus ithaburensis forest was present in that area dated
11,540%100 BP (GrN-14986). At the same time 4.6% Cerealia-
type pollen was found that may have been produced by
Triticum dicoccoides (measurements ranging from 40 to 49
). Conditions for this species must have been favorable in
northern Israel, at least during the period that matched the
Allergd of temperate Europe. Such conditions may have
played an important role in connection with the Natufian
culture. More to the north, in the Ghab valley in Syria, a delay
indevelopmentwas demonstrated by van Zeistand Woldring
(1980). To test the validity of this speculative statement,
information on charred remains from prehistoric settlements
is necessary.

Harlanand Zohary(1966) provide information concerning
the modern natural distribution of wild einkorn, emmer, and
barley. Wild barley seems to be connected mostly with open
oak forest; the two wheat species may occur in open oak
forest but especially wild einkorn also forms pure stands.
Although nodetailed information on potentialaccompanying
species—if there are any—is available, the subfossil record
will be studied in this respect.

First the behavior of the general Gramineae curves will be
compared to that of the Cerealia-type curve. The possibility
remains that there is some overlap in identification. On the
other hand, the changing climate indicated by the general
vegetation development may have influenced the grass as
well as the cereal species. From table 8.2 it can be seen that in
some localities a positive correlation is present whereas in
others no correlation or a negative correlation is found. In
fact this leaves both questions unanswered.

In some of the pollen diagrams cited above the Cerealia
type correlates clearly with some types, as is shown in table
8.3. This concerns the diagrams of Lake Urmia, Lake Zeribar,
Van, and Sogiitlii. A distinctly positive correlation was visible
for Quercus, Pistacia, and to some extent for Rheum or
Plantago maritima-type. A clearly negative correlation is
visible for Chenopodiaceae, Artemisia herba-alba-type and
in the Urmid record for Ferula-type. The role of these pollen
typesis described in various publications on the vegetational
history of the locations concerned (van Zeist and Bottema
1977; van Zeist and Woldring 1980; Bottema 1986). The

reconstruction of the dominant vegetation type will be briefly -
discussed. The Chenopodiaceae and Artemisia herba-alba
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Table 8.2 Correlation of curves of Cerealia type in various pollen
diagrams with those of wild grass-type Gramineae

Ghab 4I, I, III Positive correlation

Akgol Positive correlation

Van Goli No correlation

Sogiitli Generally positive correlation
Zeribar Ib No correlation or negative
Zeribar II Positive correlation

Lake Urmia Positive correlation

Table 83 Correlation of curves of Cerealia type in various pollen
diagrams with those of other pollen types apart from Gramineae

Lake Urmia Positive with Pistacia, Quercus, Salix; negative
with Chenopodiaceae, Artemisia herba-alba-type,
Ferula-type

Lake Zeribar Ib Positive with Pistacia, Quercus, Plantago, and I
maritima-type; partly Rheum; negative with
Chenopodiaceae, Artemisia herba-alba-type

Van Golii Positive with Pistacia, Quercus, partly Rheum;
negative with Chenopodiaceae, Artemisia herba-
alba-type

Akgol and Ghab ~ No clear correlation

Sogitli Positive with Pistacla, Quercus; negative with

Tubiliflorae, Liguliflorae, Centaurea solstitialis-type

type dominated the pollen assemblages in the respective sites
up to about 9ooo Bp. It is concluded that they represent a
time period during which steppe vegetations dominated the
areawhere the pollen cores were taken, namely eastern Turkey
and northwestern Iran. Trees were completely absent apart
fromafewlocal pistachio trees or some Salixwhich mayhave
occurred along streams or lakes.

Atabout 9ooo BP a slight increase in tree pollen is found,
indicatingthe occurrence of some Quercus and Pistacia trees.
A forest-steppe developed that gradually closed up into an
open oak forest, whereas at lower and drier elevations a

forest-steppe with Pistacia was present. From about 7000 to

5000 BP modern conditions became established. During the
expansion of tree species the role of the steppe vegetation in
those parts diminished. Artemisiaand Chenopodiaceae were

gradually replaced by grasses which dominated the herb

vegetation that was found in the steppe or open oak forest.
The vegetation development concluded from the pollen
record must have been caused by a change in climate. From
ca. 15,000 BP onward the global temperature gradually
increased, as is demonstrated from ample evidence in other
parts of the world. Temperature will not have been a limiting
factor for tree growth during most of the period under
discussion. The critical factor for many plant species,

- especially trees, was moisture. The species that produced the

Cerealia pollen played a role before Quercus and Pistacia
expanded, as can be seen in figure 8.2. The reason that the
Cerealia-type values were lowest from ca. 13,000 to 11,000 BP
must be explained by the fact that precipitation did not keep
pace with the increasing temperature, resulting in greater
dryness. For adetailed discussion on the climaticdevelopment
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of the Near East, the reader is referred to van Zeist and
Bottema (1982).

That Cerealia-type producing grasses, possibly wild -

cereals, were of some importance before 13,000 BP may be
explained by a lower moisture demand for these plants than
_is the case for trees. . ’

At present the open oak forest, the Zagros oak forest, is
found fromabout 800 to1300 m. Atlower elevations, receiving
less precipitation, a steppe forest including Pistacia occurs. A
steppe dominated by Artemisia and Chenopodiaceae prevails
beneath the steppe forest. The distribution maps of wild
barley, wild einkorn, and wild emmer drawn by Harlan and
Zohary (1966) coincide to a large extent with that of the open
oak forest. It is not surprising that the Cerealia-type values
present in pollen records of the sites quoted in table 8.3
correlate positively with the values of Quercus and Pistacia.

It can be concluded that Cerealia-type producing plants
profited largely from the same increase in precipitation that
favored the expansion of the trees in the area. It still has to be
proved that the Cerealia-type pollen found in the sediments
was produced by wild cereal species, but it is a plausible
explanation.

The situation in the Ghab and the Konya plain (Akgol)
differed from that of other sites (figure 8.3 and table 8.3). The
marshes of the Ghab caught the pollen rain of the forested
Jebel Alaouite in the west and the steppe in the east. Especially
the forest communities on the Jebel Alaouite differ very
much from those present at the other sites at the moment.
The same was also true for prehistoric times. The Konya
plain itself probably did not harbor wild cereals, which must
have been confined to the slopes of the mountains bordering
the plain. In the Akgol pollen record Cerealia-type values are
low and in many spectra the type is even absent. This must be
explained by the distance of the site from the potential stands
of wild cereals.

To translate subfossil pollen assemblages in terms of
vegetation, van Zeist and his colleagues made a detailed
study of the present-day pollen precipitation and its relation
to the extant vegetation. We are relatively well informed on
the representation of Cerealia-type pollen in the modern
pollen precipitation of large parts of the Near East. Surface
samples have been collected along transects from the
Levantine coast up to the higher part of the Iranian Zagros
andin variousdirections across the Anatolian plateau (Wright
et al. 1967; van Zeist et al. 1968 [1970]; 1975; Bottema and

Barkoudah 1979). The aim of such studies was to arrive at a
better understanding of the relation of the extant vegetation
and the pollen production of such vegetation. However, one
may question whether the ample evidence that was gathered
does actually inform us about the relation between cereal-
type pollen and the plant species that produced these types.
Onmany occasionsarelation could be demonstrated between
high Cerealia-type pollen percentages and nearby cereal
farming. That does not imply that low Cerealia-type
percentages found elsewhere were related to wild cereals.
The low values could of course have been produced by more
distant farming. A closelook at the plant species listed for the
various surface sample sites reveals the absence of wild
ancestors of domestic cereals. This may be largely due to the
principal aim of the investigations, namely, the study of the
behavior of arboreal pollen in relation to herb pollen that
defined the choice of the sites. On the other hand lack of time
often prevented a thorough description of the plant
communities present. If sampling had not taken place under
limited conditions, wild cereals would certainly have been
noticed if present. Another disadvantage of this method of
sampling results from the moment chosen for the descriptions
of the vegetation. During other seasons the presence of certain
species might have been demonstrated more easily; for some
of the samples taken no description of the accompanying
vegetation could be made whatsoever.

A closer study of the Cerealia-type grains found, for
instance by means of phase contrast, is of no great help
because of the relatively poor quality of pollen in surface
samples due to corrosion. The conclusion is that although we
are informed on the presence of Cerealia-type pollen in
various kinds of locations, the problem of the species
producing this type remains unsolved apart from situations
where farming is obvious. To obtain information on the
representation of wild cereal species in the modern pollen
precipitation a more detailed analysis is required. Such
investigations could be focused upon dense stands of wild
einkorn as have been reported for the slopes of the Karaca
Dag in southeastern Anatolia. At the same time an attempt
could be made to study the subfossil record. Although no
lakes are indicated on maps of the Karaga Dag, Dr.].].
Roodenberg located 13 place names in that area that include
the word gol (lake). Obviously small lakes must be present
which may contain sediments that could inform us about the
subfossil record of wild einkorn on the Karaga Dag.




Chapter 9 =

Pollen Analysis of Wild and Domestic Wheats
Under Experimental Cultivation

Marie-Francoisé Diot

WHEN STUDYING ARCHAEOLOGICAL SITES,
pollen analysts are confronted with the problem of
interpreting cereal ratios. By what percentages can crops be
distinguished in pollen diagrams? This question is particularly
interesting for regions where wild grain grew spontaneously
and where humans introduced a gradual process of
domestication, characterized by a series of ancient cereals
and tied to genetic changes. Most often, the relevant answers
refer to present data on modern cereals and use artificial or
natural (moss) pollen traps.

We tested these results by analyzing not only modern
cereals but also spontaneous and formerly domesticated
ones in order to determine whether their pollen dispersal is
identical. Byanalogywith pollen dataavailablein archaeology,
we also analyzed the atmospheric pollen dispersed then
trapped into sediment.

Thisstudy of spontaneous and domesticated (ancientand
" modern) wheats was carried out within the framework of
experimental cultivation atJalés (Ardéche)'in Mediterranean
climatic conditions. These conditions therefore resemble
those that must have existed in the Near East some ten
thousand years ago, at the beginning of agriculture. The
research willbe carried out over several yearsandis concerned
with diverse domestic plants. The results below correspond
‘to the beginning of this work, on six wheat species chosen
according to their chromosome structure (see table 9.1).

The seed came from botanic gardens, gene banks, or
experimental farms: Gatersleben, Germany, for 128; Butser
Farm, England, for 82B; and Plant Breeding Institute,

Table 9.1 Chromosome structure (ploidy) of wheat species
chosen for study

GROUP I DIPLOID (2n = 14 chromosomes)
Spontaneous (wild) einkorn wheat

Triticum boeoticum aegilopoides (Link) Schiem (seed from plot 55B)
Domestic wheat

Triticum monococcum L. var. vulgare Korn, einkorn (seed from plot 12B)

GROUP II TETRAPLOID (2n = 28 chromosomes)
Triticum dicoccum Schrank, emmer (seed from plot 82B)

GROUP III HEXAPLOID (2n = 42 chromosomes)
Triticum compactum Host (seed from plot 13B)
Triticum spelta L., spelt (seed from plot 9B)

Modern wheat
Triticum aestivum aestivum L., bread wheat, modern

talent variety) growing near the experimental crops. This

research was designed to explore threeareas: identification of

the various wheat species by their pollen; dispersal of wheat
pollen in comparison with the atmospheric sporopollen
context; and preservation of this pollen in the soil, in and
around the fields, and on the threshing floors.

Pollen Differentiation
First, it appeared necessary to distinguish wheat pollen and
thus determine the percentage of each in the modern pollen

“rainaround the fields at Jales. Pollen from wild cereal species

Cambridge, for the rest. The same analyses were carried out -

on a field of modern wheat ( Triticum aestivum aestivum L.,

66

differs from that of domestic species in size only. It is
conventionally accepted that the boundary between the two
isat 40 micrometers (Lm). Cereal domestication produceda
gradual increase to about 60 m. Species are characterized
by more or less large classes whose boundaries overlap.
Size of the pollen was estimated by measuring maximum

s
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diameter, following the methodology of H.J. Beug (1961).

Ripe stamens were taken directly from unripe ears in the

experimental plots and from a field of modern cereals. After

dehydration and acetolysis, the pollen was mounted onsslides

using a glycerin-gelatin preparation; a total of 250 grains per

species were counted. At4oox magnification, thereisa1.8 um
" interval between two consecutive measurements.

The size classes are shown in the form of histograms in
figure 9.1. Below the histograms are the measurements taken
by Beug (1961) on a large number of herbarium specimens
prepared in the same way. The different wheat pollens from
the Jales experimental plots are clearly distinctive, showing a
gradual increase in size from einkorn pollen to modern
wheat for the different species, according to their supposed
order of appearance in archaeology.

We must, however, note the difficulty in attempting to
determine the beginning of agriculture by measuring the
maximum diameter of pollen. In our experience, the average
diameter of einkorn (Triticum monococcum) pollen is close
to 40 um, hence lower than the mean values measured by
Beug. It is very close to the size of the spontaneous (wild)
wheat pollen sown in the Jales experimental plots (Triticum
boeoticum aegilopoides, plot 55B).>

Several observations seem to enable characterization of
thekinds of wheat sown at Jalés through measurements of the
maximum diameter of pollen. Emmer wheat (Triticum
dicoccum, sample 82B), for example, falls into the lowest
values, according to Beug. As for Triticum compactum, its
size diversity is greater than that shown by Beug’s numerous
measurements; it is linked to to the heterogeneity of the
wheat grain. This seed (plot 13B) may be derived from a
mixed landrace. For modern wheat (Triticum aestivum), the
two peaks at 56 and 61 um seem to correlate with the two
varieties sown together in the field, one bearded (prinqual)
and the other not (galla).

These observations lead to the hypothesis that each class
of maximum diameters for pollen is characteristic of one
species or group of species in relation to its polyploidy. It
would be interesting to make a series of measurements on
genetically well-known wheats to check whether this
hypothesis functions independently of environmental factors
such as plant nutrition and climate.

Pollen on Wheat Stalks 4

Before studying the dispersal of wheat pollen into the
atmosphere around the plots, let us examine what happens
on the plant itself. Pollen is produced in stamens, which are
contained in a net, then enclosed with the ovary in the flower

by glumes and palea and lemma (husks). Upon maturity,
fertilization takes place inside the flower (autogamy), then

the stamen’s net grows, making the stamen visible and
allowing pollen to disperse into the atmosphere. Wind-driven

crossfertilization (allogamy) varying between 1 and 9%
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Figure 9.1 Classes of maximum diameters for pollen from
wild and domestic wheats according to frequency (using
250 measurements). Below the histograms, maximum
(broken lines) and mean (continuous lines) intervals are
shown according to Beug (1981).

(Pesson and Louveaux 1984) was, however, shown by grain
formation even after stamen ablation (Percival 1921).
Fertilization can be influenced by climatic factors as we]l,
when the ripe stamen leaves the flower owing to a rapid
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extension of the netbefore complete growth of glumes, lemma,
and palea (Boyeldieu 1980).

Pollenis contained inlarge quantities in husks and may be
released when the grain is threshed (Robinson and Hubbard
1977; Greig 1982). These quantities are estimated at 10° to 10°
pollens per kilogram (Bottema 1988).

We did not count the absolute number of wheat pollen
grains but their percentage compared with total pollen and
spores,accordingtostandard methodologyin pollen analysis.
Wetook samples of ears as well as samples of stalks and leaves
from a plot of wild wheat and from a neighbouring field of a
modern variety of wheat— therefore from the same general
botanical environment. We rapidly washed the samples to
gather pollen and spores.

The percentages of wheat pollen are high (table 9.2),
between 56.3 and 98.1%. Nevertheless, the presence of other
pollen is surprising, since the wheat stalks had come up only
afewmonthsearlier. Pollen from the surrounding vegetation
corresponds to only twenty plants or so, including trees
several kilometers away. Foreign pollen grains are more
abundant on stalks and leaves than on ears, even though the
wheat was planted very close together.

The quantity of wheat pollen found on stalks in plots
appears to explain pollen concentration occurring when ears
and straw (stalks and leaves) are stored or treated, as we see
in the case of threshing floors. Although the pollen rain is
probably the same in both fields, spontaneous wheats have a
higher pollen ratio than domestic varieties. This difference s
perhapsbecause of the greater atmospheric dispersal of pollen
from wild wheats, which appears to contradict the natural
law by which the largest pollen grains (of modern wheat)
would be carried farther than smaller ones.

Pollen Preservation in Deposits
We attempted to determine whether pollen was preserved in
and around the fields and on the threshing floors.

On threshing floors
Separation of grain and glumes releases pollen (van Zeist and
Bottema 1983). Amounts of 20 to 35% of cereal pollen are

interpreted as indicating threshing floors (Richard 1985).

However, concentrations in threshing remains may vary
from 1to 100 (Behre 1981). In other structures (for example,
latrines), ratios reach 35% and are interpreted as remains of
cereal-based food (Greig 1981). ‘ o

We explored this question using deposits from

experimental threshing floors at Jales where, in experiments, -

wild wheats were threshed by trampling or beating against a
wall. For modern wheats, we took soil from a recent floor
where threshing had been carried out using mechanical
methods and abandoned only several years earlier. Wheat
pollen represented 19.2 to 26.6% (table 9.3). Such results
from the particular context at Jalés, in a Mediterranean-type
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Table 9.2 Pollen ratio of wild and modern wheat in the plots
prior to harvest (compared with the total amount of pollen and
spores trapped)

WILD WHEAT* MODERN WHEAT**
Ears 98.1% 76.2 %
Stalks and leaves 90.8 % 56.3 %

*Triticum boeoticum aegilopoides
**Triticum aestivum

Table 9.3 Pollen ratios for wild and modern wheats in deposits
inside and around crops as well as on threshing floors
(compared with overall pollen and spores counted)

WILD WHEAT* MODERN WHEAT**
Field 10.3 % 11.8 %
Border 29% 3.1%
At10 pm 25% 3.5%
At50 gm 1.4%
Threshing floor 26.6 % 19.2%

* Triticum boeoticum aegilopoides
** Triticum aestivum

climate, fit well with the norms used in palyno-archaeology.

In and around the wheat fields
As we have seen, pollen remains on the plant itself and little
disperses into the atmosphere. By studying natural traps
(moss), Bastin (1964) observed less than 3% cereal pollen
within 1000 meters of crops and a maximum of 5 to 12% on
the field borders. Moreover, such ratios are not in related to
the extent or proximity of crops (Heim 1970; Firmin 1986).

Our analyses dealt with the content of soil samples within
fields of wild and domestic wheats, between plants and on
field borders, as well as at 10 m and 50 m from plots. The
samples, of the same geological and pedological nature, were
taken at1 cm depth. Although this superficial soil may result
from mixing with an older deposit, this type of sampling
seemed to us preferable to a horizontal pollen trap, given the
context of experimentation for archaeology. The samples
were prepared using the so-called classic method:
hydrochloric acid (HCI) and hydrogen fluoride (HF),
concentration. in a liquor with a density of 2, and sieving
between 5and 200 um. Microscopic observation first reveals
the relatively poor condition of cereal pollen, which is often
folded, complicating the measurement of maximum
diameter. The results (table 9.3) show that within the field,
hence at the level of the ears, the percentage of wheat pollen
is10.3t011.8, and therefore already relativelylow. On the field
border and at 10 m, it is close to 3%; at 50 m, it falls to 1.4%.
These figures are of the same order as those obtained with
natural or artificial traps and therefore unrelated to any
factor involving preservation in soil deposits.

To summarize, cereal pollens disperse little outside the

plantinto theatmosphere, and samples taken from soil areas

representative of this phenomenon as traps.
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Conclusion

The pollen analyses carried out at Jalés demonstrate that it is
possible, in the case of the wheat species tested here, to
differentiate wheat species or groups of species by measuring
the maximum diameter of pollen. It would be interesting to
pursue this research in order to determine the relationship
* between pollen size and number of chromosomes.”

Cereal pollen is preserved in high proportion compared
with the general sporopollinic stock, on ears as well as on
stalks and leaves. This may explain their abundance in places
where ears and straw are used or stored. Their higher
frequency for wild wheats is perhaps linked to a higher rate of
wind dispersal than modern wheats.

The finding that the low dispersal of wheat pollen outside
ears is shown by analyses of soil deposits as effectively as by

- analyses of traps is an advantage for archaeological research.

Acknowledgement. This chapter was translated from French by
Jacqueline Gaudey, CRA, CNRS, France

Notes

1. Coordinated by P. Anderson. .

2. Seechapter 11 concerning this particular acquisition. Willcox and Anderson
noted the even-ripening behavior of no. 55 in the field, which may indicate
that it is a cross between wild and domestic einkorn.
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Domestication Rate in Wild Wheats and Barley

Under Primitive Cultivation

Preliminary Results and Archaeological Implications of Field Measurements

of Selection Cocfficient

Gordon C. Hillman and M. Stuart Davies

INTHIS CHAPTER,WE ADHERE TO THE NARROW,
classical definition of domestication, rather than the all-
embracing application advocated by Rindos (1984:152-166;
1989). The term domestication here refers to that process that

a) occursunder cultivation in populations of wild-type crops
sown originally from seed gathered from wild stands;

b) selectively advantages rare mutant plantslacking features

(especially reproductive features) necessary for their
survival in the wild; and

c) continues until these mutant types dominate the crop
population and the original wild types are eliminated;
that is, that process which renders crop populations
dependent on human intervention for their survival,
through the loss of wild-type adaptive features. Such a
processinvolvesgenotypic changes (which are onlytardily
reversible) in entire populations, rather than fully
reversible (plastic) changes in the phenotypes of
individual plants of the sort that apparently distinguish
wild and cultivated forms of Dioscorea yams in Africa
and that have recently been reproduced experimentally
by Chikwendu and Okezie (1989). '

The shift from hunting and gathering to cultivation and |

pastoralism represents the single most dramatic (and
ultimately the most catastrophic) set of changes that human
society has experienced since the mastery of fire. The
domestication of crop plants played a critical role in these
events, if only at a late stage.

Domestication was recognized as an example of
accelerated evolution by both Darwin (1859, 1868) and De
Candolle (1886), but it was Vavilov (1917, 1926, 1951) and
Engelbrecht (1917) who first postulated specific evolutionary
pathways involved in the domestication of cereals such as the
wild wheats and wild barley, and in the secondary
domestication of cereals such as rye and oats, Since then,
understanding of the possible processes involved has been
further extended by the work of, for example, Darlington
(1963, 1969, 1973), de Wet and Harlan 1975, Hammer (1984),
Harlan (1965, 1975), Harlan and others (1973), Hawkes (1969,
1983,19894, b), Heiser, (1965,1985, 1988, 1989), Johns (1989),
Ladizinsky (1979,19858,1987B,1989), Pickersgill (1971,1989),
Pickersgill and others (1976, 1979), Riley (1965), Schiemann
(1932), Schwanitz (1937), Wilson and Heiser (1979), and
Zohary (1969, 1984, 1989ab, chapter 6). Research in this field
continues apace, and the extent of still unresolved problems
is reflected in the current debate between Ladizinsky (19878,
1989ab)—proposinga model in which domestication of pulse
crops such as lentils occurred prior to any cultivation and
Zohary (1989b)—arguing that domestication of both pulses
and cereals could havé occurred only under cultivation.

For the wheats and barleys, the mechanism for
domestication outlined in a seminal paper by Wilke et al.

- (1972) and extended by Harris (1976) foreshadows what our

own studies suggest to have been the probable prehistoric
pathway. Their hypothesis, however, overlooks certain factors
neéessary for domestication to have occurred at all, and, like
most authors, they offer no estimate of the time required to
achieve domestication under their proposed system of
primitive cultivation. In the few published estimates, the
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time supposedly required to achieve unconscious domes-
tication rangesfrom1to 1000 years. However, crop geneticists
such as Harlan (1975), Ladizinsky (19878) and Zohary (1969,
1984, 1989b, chapter 6)—with their unrivalled knowledge of
the genetics and ecology of wild and domestic SW Asian
cereals and pulses—have long recognised that the
~ domestication of such crops could have been very rapid; thus
Zohary (1969, chapter 6) suggests that “once the mutation
occurred in the population taken into cultivation, mutant
lines could have established themselves in a matter of a very
few years.” Indeed, in 1968, Zohary (in the unpublished
discussion following presentation of his paper published in
1969) suggested a period of 20 years once the mutant was
present, and Ladizinsky (1987B) similarly suggests that his
proposed “domestication before cultivation” oflentils could
have occurredin about 25 years (although some ofhis starting
assumptions are puzzling). However, in no case known to us
have estimatesbeenbased on measurements of those selection
pressures responsible for domestication in the first place or
on formal mathematical modelling. It was against this
background that the present work was begun in 1972.

Assumptions

A dump-heap origin of domestic wheats and barley is
improbable; after two decades botanizing in the wild-cereal
heartlands of SW Asia, the first author has yet to see wild-
type einkorn, emmer, or barley thrivingin nitrogen-enriched
ruderal habitats analogous to prehistoric middens—whether
around human settlements, sheep/goat folds, or the heavily
eroded and bedunged rest areas formed by domestic animals
when grazing remote from their source settlement. The plants
characterizing such habitats are generally dominated by
genera toxic to livestock such as Datura, Hyoscayamus, and
Zygophyllum, but not by wild cereals—even when they grow
in abundance elsewhere in the same area (Hillman,
unpublished field notes). (This is not to say that wild barley,
for example, cannot grow in other habitats disturbed by
humans, especially those analogous to naturally disturbed
habitats such as mountain screes where wild barley often
grows so prolifically.) Also, while some subtle effects of
hunter-gatherer-mediated selection of the sort described by
Rindos (1984: 154-158) are clearly not impossible, the pre-
cultivation domestication scenario proposed for some pulses
by Ladizinsky (1987b, 1989b)—and contested by Zohary
(1989b) and previously dismissed in principle by Harlan et al.
(1973)—cannot be. extended to the cereals and seems
improbable even for the pulses.

The first cereal crops must therefore have been sown by
humans from seed gathered from wild stands and must have
been essentially of the wild type. It was consequently in the
course of cultivation that domestication (as defined above)
occurred. In the case of einkorn wheat, for example,r the
domestic form (Triticum monococcum L. subsp.

Figure 10.1 Wild einkorn wheat (Triticum monococcum ssp. boeoticum):
a, growing in oak (Quercus cerris) scrub on the lower S-facing slopes
of the Munzur Mts. in eastern Turkey, 1971; b, growing in the
ecotone between oak forest and steppe on the lower slopes of
Karadag in the Konya Basin of central Turkey, 1970. These were the
two locations at which we undertook preliminary field
measurements of the selection pressures generated by primitive
methods of harvesting wild einkorn. When growing in these
primary habitats, wild einkorn, like the other wild wheat-wild
emmer—commonly forms vast, dense stands resembling unfenced
fields and yielding just as much grain per hectare as some of their
domesticated progeny reared under traditional cultivation.
Photographs courtesy of GCH

monococcum) emerged from crops of its immediate
ancestor—wild einkorn (T. monococcumL. subsp. boeoticum
(Boiss.) A. and D. Léve) which still grows wild in the Near
East—mainly in the ecotone between oak forest and steppe
(figure1o.1). Throughoutthis chapter, cereals such aseinkorn,
emmer, and barley in their morphologically wild state but
growing under cultivation are therefore called cultivated,
wild-type cereals:

Wild einkorn Triticum monococcum Brittle rachis
(when cultivated, termed subsp. boeoticum
cultivated, wild-type) (also T. urartu)
" Domestic einkorn Triticum monococcum Tough rachis
subsp. monococcum (see below)

The term wild cereals is thus reserved for wild-type

. populations growing in wild habitats.”
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Figure 102 Near-ripe ears of wild einkorn from which the upper
spikelets have already been spontaneously shed. (The ears would
originally have had 20 to 26 spikelets.) Hills above Asvan in eastern
Turkey, 1971. Photograph courtesy of GCH

Aim of This Chapter
This chapter presents the preliminary results of an
experimental approach to measuring domestication rate in
crops of wild-type wheats and barley under primitive systems
of husbandry. The results indicate that domestication will
have occurred only if the wild-type crops were harvested in
specific ways (and, in certain circumstances, may also have
required shifting cultivation). The crop had to be harvested
when at least partially ripe (and not while still green as
evidenced archaeologically for some early cereals). Given
these requirements, the crop could have become completely
domesticated within two centuries, and maybe in as little as
20 to 30 years, without any form of conscious selection.
Morespecifically, the chapter considersthe possiblelength
of delays in the start of domestication owing to early crops of
wild-type cereals lacking domestic-type mutants; examines
the combination of primitive husbandry practices that would
have been necessary for any selective advantage to have been
unconsciously conferred on these mutants; considers the
state of ripeness (at harvest) necessary for crops to be able to
respond to these selective pressures; outlines field
measurements of the selective intensities (selection
coefficients) which arisewhen analogous husbandry practices
are applied experimentally to living wild-type crops;
summarizes the essential features of a mathematical model
which incorporates these measurements of selection
coefficients and other key variables and which describes the
rate of increase in domestic-type mutants that would have
occurredin early populations of wild-type cereal crops under
specific combinations of primitive husbandry practices;

considers why very early cultivators should have used that -

combination of husbandry methods which, we suggest,
unconsciously brought about the domestication of these
wild cereals; and concludes by considering whether these
events are likely to have left recognizable traces in
archaeological remains. There follows an appendix that
assesses the usefulness of some of the criteria used by
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archaeobotanists in distinguishing wild and domesticremains
of ancient cereals.

Differences Between Wild and Domestic Forms

of Wheat and Barley

In cereals such as wheat, even the most primitive domesticated
forms today differ from their wild progenitors in anumber of
polygenically determined grade characters such as awn
robustness, glume rigidity, grain size, numbers of fertile
florets, tillering tendency, uniformity of grain ripening,
photosyntheticrate, and the abundance ofbarbs and hairs on
the rachis and glumes (see, for example, Darlington 1963,
1969; de Wet 1977; Evans 1976; Hammer 1984; Harlan 1975;
Harlan etal. 1973; Heiser 1988; Ladizinsky 1985b,1987b,1989a;
Miller 1976; Percival 1921; Schiemann 1948; Schwanitz 1966;
Sharmaand Waines1980; Zohary1969,1984,1989a,b; chapter
6). All these authors note that the most critical adaptive
differences, however, involveloss of wild-type seed dormancy
and rachis fragility. Of these, only rachis fragility is readily
apparent morphologically.

Differences in Rachis Fragility
Inthe wild wheats and barley, the mature rachis disarticulates
between each of the fertile spikelets, thereby allowing them to
be shed spontaneously. Disarticulation occurs from the top
of the ear downwards (figure 10.3a). The arrow-like
morphology of the spikelets with their smooth points, springy
awns, long straight glumes, and backward-pointing barbs
and hairs thereafter ensures that they quickly penetrate any
surface litter and wedge themselves in cracks in the ground
where at least a proportion of them remain relatively safe
from birds, rodents and seed-eating ants. (In the Near East
where wild wheats and barley are native, pressure from these
predators is intense.) By contrast, in even the most primitive
of the domesticated wheats and barleys, the rachis fails to
disarticulate spontaneously, and the ear remains intact until
the crop is harvested and threshed (figure 10 3b).2 .
If sown in the wild, these domestic plants are unable to
reproduce themselves, as their spikelets are not efficiently
disseminated and protected from predation. Indeed, even if
their ears were eventually to disintegrate in the autumn rains,
the fact that their spikeletslack the self-implantation features
of the wild types ensures that they will fail to bury themselves;
the rough break in the rachis impedes penetration of the
ground litter, the glumes lack the recurved hairs and
prominent barbs, and the awns are weak and readily
deciduous and so fail in their task of pointing the spikelet
downwards through leaf litter (figure 10.3b). Such spikelets
quickly fall prey to birds, rodents, and ants, a fact that is
evident from the extreme rarity in the Near East of feral
domesticated cereals in anything other than modern habitats
(such as the first half-metre of motorway verges) of a type -
unlikely to have existed.in antiquity (contra the misleading
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suggestionsin Jarman1972). This near-absence of feral cereals
is the more significant in view of the widespread spillage of
cereal grains and spikelets which regularly occurs along the
waysides between between field and threshing yard. (For the
amounts lost, see ICARDA 1980; BSTID et al. 1981). Outside
cultivation, therefore, the domestic mutant is doomed.

Domestication Criterion ,
The measure of the degree of domestication in study
populations was the ratio of plants with semitough rachises
to plants with brittle rachises. The merits of using this
criterion are as follows: rachis fragility plays a crucial role in
the process of domestication, as the tougher forms of rachis
are lethal in the wild but are favored under certain forms of
cultivation; the different states of rachis toughness are
potentially recognizable in archaeological remains (see
below); and it is much easier to study in modern crop
populations than characters such as seed dormancy.
Doubts regarding the usefulness of this criterion were
voiced by Jarman (1972) but were mistaken: nobodywho has
harvested both wild einkorn in primary habitats and
domestic einkorn under cultivation could fail to recognise
the clear difference between the two forms in their degree of
rachis fragility - exceptin basal rachis nodes (see appendix).
This point is also strongly emphasised by Willcox (chapter
11) from the extensive field experiments at Jales. As
justification for her view, Jarman cites the infestation of
crops with ostensibly self-sown domestic einkorn recorded
by Schwanitz (1937). However, this weedy einkorn probably
represented either contamination of seed stocks of the host
crop by spikelets of normal (semitough) ears of weedy
domestic einkorn which were harvested and threshed
together with the host crop; self-sowing of relatively brittle-
rachised forms which inevitably emerge in some weed
populations of domestic einkorn—in response to the obvious
selective advantage of spikeletsbeing shed prior to the harvest
of the host crop; a combination of both strategies (each
based onadifferentrachis genotype) via disruptive selection
of the sort observed by Hillman (1978: 168) in segetal
populations of wild-type einkornin Turkey. (Seealso Harlan

1975, 1982; Harlan, chapter 1; Harlan et al. 1973; and de Wet

and Harlan 1975; who detail equivalent phenomena in, for
example, millet, sorghum and sugarcane).

However, this should not lead us to imagine that using
rachis fragility is without problems as a criterion for
recognising domestication inarchaeological remains. (Some

of these problems are discussed below.) It should also be -

stressed that, inreality, domestication isa complex syndrome
involving changesin many different characteristics, of which
rachis fragility is but one. '

Aichaeologiéal Evidence of Domestication
Rachis remains

Rachis remains of cereals such as wheat, barley, rye, and oats -
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are quite commonly preserved on later archaeological sites.
On most sites, they have resisted microbial decay only by
virtue of having been charred by fire immediately before
deposition. When preservation is good, these rachis remains
can often provide clear evidence of whether the cereal was of
the wild type with a fully brittle rachis (as in wild einkorn and
emmer), of the domestic type with a semitough rachis (as in
domestic einkorn and emmer), or of the domestic type with
a fully tough rachis (as in bread or macaroni wheats).
Distinguishing the first two can prove difficult, but generally,
disarticulation in wild cereals leaves a clean, semicircular or
reniform scar, while, in the semitough rachised domestic
derivatives, the scar is linear, jagged, and irregular, with no
clean abscission surface (figure 10.3; see also chapter 11).
However, as stressed in the appendix to this chapter, there
are at least two exceptions to this rule, and several other
complicating factors. Uncertain identifications of problem
specimens can nevertheless be checked by examining the
histology of tissues in the abscission zone of the rachis node
(Frank 1974, as cited by Kislev 19898; Kislev 1989B).

Substitute criteria

Apart from the complicating factors discussed in the appendix,
we also face the omnipresent problem that all forms of rachis
remains are remarkably rare on those early archaeological sites
dating from the beginnings of agriculture (that is, from the
earliest phases of the Aceramic Neolithic). In consequence,
archaeobotanists generally attempt to distinguish wild wheats
and barleys from their domestic derivatives using secondary
features such as grain shape. In the wheats, these grain features
areoften unsatisfactory, althoughinthebarleystheycan perform
ausefulrolein distinguishing six-rowed and naked domesticates
from the wild type.

Present Chronology of Remains of Domesticates

On the basis of these often problematic grain-based
characteristics, the earliest appearance of seemingly fully
domesticated cereals in western Eurasia is currently dated to
ca. 7800 BC (radiocarbon years; ca. 8800 Bc in calendar years)
at Neolithic Aswad in southwestern Syria, and fractionally
later at Jericho, Gilgal, and Netiv Hagdud in Palestine, the
Neolithic occupation at Abu Hureyra in northern Syria, and
slightlylater again at Cayonti in southeastern Turkey. In each
case, the cereals identified were emmer wheat and barley,
except at Neolithic Abu Hureyra and Cayonii where einkorn
was also found, together with rye at Abu Hureyra (Bar-Yosef
and Kislev 1989; Helbaek 1969; Hillman 1975; Hillman
Colledge and Harris, 1989; Hopf1983; Kislev 19898; Kislev et
al. 1986; van Zeist 1972; van Zeist and Bakker-Heeres 1979).

. Ofthesesites, only Netiv Hagdud and Neolithic Abu Hureyra

produced useful quantities of rachis remains.

Dating the Start of Cultivation (Rather than Domestication)
However, such finds do not necessarily date the beginnings
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of cultivation; they merely date the completion of the ensuing
process of domestication. If we are to date the beginnings of
cultivation, we must take the earliest date for the emergence
of ostensibly domesticated forms (currently ca. 8800 BC -
calibrated) and add to it thatblock of time required to achieve
full domestication once the crop was under cultivation. This
~ we have termed the period of predomestication cultivation.
However, not all forms of primitive husbandry advantage
tougher-rachised forms (see below), and it is therefore
possible that many of the earliest farmers would have applied
practices of this ineffective type for an indefinite period of
nondomestication cultivation before eventually adopting
those techniques of predomestication cultivation which
inexorably led to domestication.

This potentially long delay would have been preceded by
an additional delay (that is, more nondomestication
cultivation) because of the absence of semitough rachised
mutantsin thefirstcrop populations (see chapter 6). However,
this preliminary delayislikely to have been very shortin most
cases (see below).

To date the beginnings of even predomestication
cultivation, we therefore need to know

a) how quickly semitough-rachised phenotypes could have
appeared in early wild-type crops;

b) preciselywhich combination ofhusbandry methodswould
have effected domestication in awild-type crop (including
the state of maturity at which it had to be harvested);

c) whether other forms of husbandry would have been
completely ineffective in this role;

d) whether the initial husbandry methods used by the first
farmers were most likely to have been the ineffective ones,
and, if so, how quickly they would have swapped over to
the effective methods; and

e) how long the process would have taken once the effective
methods were applied. All five questions are addressed
below. (We return to the subject of the archaeological
record towards the end of the chapter.)

Raw Materials of Domestication

The domestic forms of einkorn, emmer, andbarley originated
from semitough rachised recessive mutants produced in (and
still being produced in) populations of brittle rachised wild
forms. In these wild populations, the mutants are very rare

because the net forward mutation rate of such genes is likely .
to be low (we have assumed a net forward mutation rate of 10

to 6 per plant generation); this mutation pressure is balanced
by rapid elimination of the mutant phenotypes which have

zero adaptive value in the wild; and this automatically .

eliminates halfthe mutant genesin the population because—
although the mutantalleleisrecessive to the wild-type (brittle-

" rachis) allele and so is manifested only when homozygous—

wild wheats and barley are inbreeders so that half the mutant
alleles end up in the homozygous stock.

If we take einkorn as our example and if we assume (as do
Sharma and Waines 1980: 215) that—of the two loci they
identified controlling rachis fragility— only one was initially
involved in domestication (see below), thenlarge wild stands
of this essentially inbreeding species will contain only one
homozygousindividual (producingsemitough rachised ears)
for every 2 to 4 million brittle-rachised individuals. The
concentration of additional mutant alleles carried
(unmanifested) in brittle-rachised heterozygotes will also be
low; because einkorn isan inbreeder and becausehomozygous
recessives are nonviable in the wild, half the recessive alleles
are eliminated in each generation. The wild types will
consequently be almostentirelyhomozygous with, nominally,
only one or two heterozygotes per 2 to 4 million brittle-
rachised types.

'However, these estimates are no more than a convenient
simplification. Not only was more than one locus eventually
involved but modifier genes could also have altered patterns
of dominance at these loci during the past eleven millennia
(see below). Nevertheless, the estimates are adequate for the
purpose of the provisional mathematical model presented
here, particularly as we use a very broad range of values for
each variable.

The Start of Cultivation

We must next consider what would have happened to these
rare semitough-rachised mutants, when, sometime around
the end of the Pleistocene, groups which had hitherto lived
primarily by hunting and gathering took seed stocks from
wild stands of brittle-rachised wheat or barley and sowed
them on clearedland elsewhere. (Why they should have done
this is not the subject of this chapter.) ,

In view of the very low frequencies of the mutants in wild
populations, it is probable that no mutants were present in
the initial stocks of seed gathered from wild stands (Zohary
1988). The vast majority (may be all) of the first crops would
therefore have lacked the mutant and been entirely of the
brittle-rachised type. Anyselection for domesticates therefore
had to wait until the mutants were thereafter generated
spontaneously within the early crops themselves.
Domestication can therefore be seen to have involved two
distinct stages (Zohary 1988). The first (preliminary) phase
involved cultivation of purely brittle-rachised populations
totally lacking semitough-rachised mutants and will have
continued until such time as the mutants were generated.
The length of this phase depended on the size of the crop
population, and in most cases is likely to have been very
short. The second phase began with the appearance of the
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Table 10.1 Size of early crop populations as basis for estimating the time required for the emergence of domestic mutants in the first

wild-type einkorn crops

GRAIN NEEDS*
Calculations based on 25% of economic grain
equivalent consumed by present-day subsistence 700 kg
farmers of Near East***
Calculations based on 25% of minimum
caloric need of modern humans and laboratory 330kg

measurements of calorie content of modern
wheat grain****

AREAS SOWN**
ASSUMING YIELDS OF ASSUMING YIELDS OF
500 KG PER HECTARE***** 1000 KG PER HECTARE*+*++*

2.8 hectares 1.4 hectares

0.75 hectares 0.4 hectares

Note: The table suggests the hectarage of wild-type cereals likely to have been sown (by the first farmers) for each nuclear family of five, assuming that grain from cultivated cereals provided a
modest 25% of their calorie requirements. The areas cultivated by extended families or entire farming communities would doubtless have been much larger.

* To provide 25% of total calorie requirements for a family of five per year
**  To provide grain sufficient for 25% of calorie needs for a family of five

#+*  Clark and Haswell (1967) cite consumption of mean “economic grain equivalent” (that is, the economic equivalent of total dependance on grain) of 650 kg/adult/year. Such a figure allows
for incomplete digestion/absorption of grain foods and for consumption in excess of theoretical minimum energy needs, but it is nevertheless well below the levels observed in recent

Anatolian villages practicing traditional forms of subsistence (Hillman 1973).

*+%%  Calorie needs of humans are here based on “standard nutritional unit” of 10° kcal/adult/year. The laboratory measurement of calorie yield of whole wheat flour used here = ca. 330 kcal/

100 g (at 12% moisture). (Both figures are taken from Legge, in press.)

weeex 5()) kg/hectare accords with the lowest returns expected from wild or primitive domestic cereals (for exami)le, see chapter 11; Hillman 1973; Russell 1988; Zohary 1969).
*+000¢ 1000 kg/hectare exceeds Zohary's (1969) top figures for wild emmer in primary habitats but is well below some of Willcox's (chapter 11) top figures for wild einkorn under primitive

cultivation.

first mutant phenotypes (initially at very low frequencies),
and its duration will have been largely independent of crop
population size. This second phase would have followed one
of two pathways: If husbandry methods were of a type which
selectively advantaged the mutant phenotypes, then a period
of predomestication cultivation would have automatically
culminated in full domestication of the crop. If, however, the
husbandry methods disadvantaged the mutants, then the
crop would have remained in its wild state indefinitely (that
is, nondomestication cultivation) until finally replaced by
domesticated seed-stocks obtained from elsewhere.

Preliminary Phase: Delay in Domestication Because of
Absence of Mutants in the First Crops

As noted above, the time required for semitough-rachised
mutants to be generated spontaneously within the initial
wild-type crop populations will have depended on the size of
the crop populations; in large populations, it would have
happened almostimmediately; in small populations, it would
have takenlonger, and any possibility of domestication would
then havebeen delayed for someyears. Inboth cases, however,
we are dealing only with probabilities, and there will have
been exceptions. . '

How big an area of cereals were the first farmers likely to
have sown and how long would the resulting predomesti-
cation delay have been? Regrettably, we still do not know the
extent to which the first farmers depended on cultivated
grain foods—and thence the areas they needed to sow. It is

nevertheless clear from the range of possibilities considered -

below that the areas sown were likely to have been sufficiently

large to ensure that the mutant became available within fewer -

than 20 years in most of the early crops of wheat and barley.

Table 10.1 offers estimates of the areas that might have
been sown to provide a modest 25% of the total calorie needs
of each nuclear family of five. (Although the figure of 25%
was selected merely as a convenient example for the present
calculations, it seems quite reasonable in the context ofa new
model for the initial adoption of einkorn cultivation in the
northern Fertile Crescent [Hillman 1986]). There is sadly no -
agreed upon figure for the likely grain yields per unit area or
for calorieyields from consumed grain, and we have therefore
used two levels of each. On this basis, the areas under
cultivation could have ranged from 0.3 to 3 hectares. (A
hectare plot is 100 x 100 metres, or about 2.5 acres). If,
however, cultivated grain foods provided only one-tenth of
calorie needs, then the sown areas could have ranged fromo.1
to1.2hectares.

It is, however, generally considered that there is little
point in going to the considerable trouble of cultivating
staple sources of carbohydrate such as wheat and barley
which are amenable to mass harvesting unless they meet a
major part of total calorie needs. (This contrasts with the
situation for other food crops such as the Old World pulses;
seechapters.) The smaller areas suggested above are therefore

" rather improbable. Furthermore, all the above estimates

assume separate cultivation by each family of five. Not only
does this ignore the food needs of dependent members of the
extended family, but, in reality, the collaborative subsistence
strategies of most recent hunter-gatherers suggests that the
earliest attempts at cultivating staples probably involved

- whole bands working jointly. The collective crops of entire

bands would clearly have occupied areas much larger than
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those estimated in table 10.1.

Given a mutation rate of 10, one homozygous mutant
plant can be expected in every 2 to 4 million of the brittle-
rachised wild type. At a modest sowing rate of about 200
spikelets per m? therefore, sucha mutation could be expected

_to appear (in a single growing season) in a cultivated area of
* nolarger than1to2 hectares. (200 spikelets per m*isbased on
sowing rates for wheat under recent traditional husbandry;
see Hillman 1973b). All the areas cited above (needed to
provide just 25% of the calorie need of mere nuclear families)
would have allowed mutants to be generated within just 5
years, and in inbreeders such as wheat and barley, the
homozygous recessive would appear 1 year later. With the
areas likely to have been collectively cultivated by whole
bands, the mutants probably appeared in just 2 years.

Even if the areas sown were as small as one-tenth hectare
(of roughly 30 x 30 m), the mutant form is likely to have
appeared in 10 to 20 years. Potentially longer delays from
cultivating yet smaller plots would probably have been cut
short by the farmers obtaining domestic seed stocks from
bands in whose crops the process of domestication started
almost immediately. (The agronomic advantages of
domesticates over wild-type crops would probably have been
recognised by at least some of the earliest farmers, and the
evidence for extensive social and trade networks amongst
bothrecentand ancienthunter-gatherers suggests that few of
the earliest farmers would have been cut off from seed stocks
of domesticates for very long.)

For the majority of early cultivators, therefore, the
constraints of crop population size and mutant availability
are unlikely to have delayed the start of domestication to a
degree which we can now detect archaeologically.*

Conscious or Unconscious Selection?

All the available evidence would suggest that, in the early
stages of cultivation, selection favoring semitough-rachised
mutants was entirely unconscious (that is, unintentional).
Indeed, estimates of the frequency of homozygous recessives
cited above suggest that farmers gathering their first seed
stocks from wild stands will have been unaware of the
existence of these tough-rachised mutant forms and that
theywould have remained oblivious of them foraslongasthe
crop stayed in its essentially wild-type state. The reasons are
asfollows: The mutants forms were extremelyrare (seeabove);
in cereals such as wild einkorn, the ears ripen very unevenly
(both within and between plants) such that mutant ears will
have looked no different from the thousands of ears which
had not yet shattered because they were still slightly unripe;

any ears which remained intact in the field after all the others .
had shattered would have been rapidly predated by birds

(they are much more readily predated if still attached to the
top of a culm). The mutants could not therefore have been

picked out by simply waiting until the end of the spikelet- .

shedding season.
There would therefore have been no real possibility of

" conscious selection during either nondomestication

cultivation or the early stages of predomestication cultivation.
Only once the frequency of semitough-rachised mutants had
risen to a level at which they were obvious in the crop stand
(perhaps around the 1 to 5% level) is conscious selection
likely to have been applied (see figure 10.11).

Similar arguments also allow us to dismiss the
thunderstorm theory, which proposes that, in wild stands of
cereals or in early wild-type crops, passing thunderstorms
would have shattered all the brittle ears, leaving only the rare,
semitough-rachised ears as the source of seed for next year’s
crop. A fully domesticated crop would thus have been
generated in just one year—with or without the farmers
awareness on the part of. The uneven ripening of einkorn
ears (coupled with rapid predation of isolated tough-rachised
ears), however, renders such a scenario highly improbable.

Our conclusion that unconscious selection was involved
in at least the early stages of domestication accords with
conventional wisdom. Unconscious selection in early crops
was first proposed by Darwin (1859, 1968). Its nature and
possible consequences weresubsequently explored by Vavilov
(1926), and thereafter by Darlington (1963, 1969), Harlan
(1975), Harlan et al. (1973), Ladizinsky (1987b, 1989a, b),
Rindos (1984), and Zohary (1969, 1984, 1989b, chapter 6),
and were recently reviewed by Heiser (1988).

Husbandry System Necessary for Domestication

Did this unconscious selection occur automatically at each
and all the early settlements cultivating wild-type cereals?
Oursstudies suggest not: the semitough-rachisedhomozygotes
would have experienced a positive selective advantage only
under specific conditions.

Assuming unconscious selection, evidence presented
below suggests that semitough-rachised homozygotes would
have been selectively advantaged in crops of wild-type wheat
or barley only if particular harvesting methods were used
(see Wilke et al. 1972); and the crops were harvested when
partially ripe or near ripe.

In some cases, there would have been two additional pre-
requisites, namely annual extensions or shifts in the areas
under cultivation; and each year’s seed stocks to be drawn
from the harvests of the previous season’s new plots.

In theory, these husbandry methodswould not necessarily
have been the most efficient nor the most familiar (from their
hunter-gatherer backgrounds). Theoretically, therefore, the
cereals of many of the earliest farmers could have continued
in their wild-type, brittle-rachised state for a period until
theywere eventually replaced by domesticated formsbrought
in as seed stocks from other farming settlements where the
effective (domestication-inducing) combination of
husbandry techniques had been applied (Hillman 1978:167).
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Figure 104 Harvesting trial plots of wild-type einkorn by beating
at the Cleppa Park facilities of the Department of Plant Science,
University College Cardiff (Wales) in 1979. On this occasion,
GCH was using a butter-pat, but generally the bare hand was
more effective. Photograph courtesy of Isobel Ellis.

Terms Used to Describe States of Ripeness

A fully ripe crop of a wild-type cereal is one in which the
spikelets have all been shed, and harvesting then involves
picking them up from the ground. The traditional methods
considered below (beating, reaping, uprooting, and so forth)
can thus be applied only to partially or near-ripe crops (in
which disarticulation has begun but is still incomplete) or to
completely unripe crops (in which no ‘spikelets have yet
starting disarticulating). Because wild einkorn ripens very
unevenly, the terms partially and near ripe necessarily refer
to the average state of the crop as a whole.*

Harvesting Methods and the Crop Maturity at Harvest
Our evidence indicates that, of the range of harvesting
methods available, domestication would have occurred only
if the crops were harvested while partially ripe (or near ripe)
by means of sickle reaping or uprooting.

There are five main harvesting methods with which the
earliest cereal cultivatorsarelikely to have been familiar from
their earlier experience as foragers. These methods will have
included beating ripe spikelets into baskets—applied to
partially or near-ripe stands in single or multiple passes
(though never, of course, to completely unripe stands);
reaping with sickles or other cutting implements—whether
onnear-ripe crops or on unripe ones; uprooting (likewise on
near-ripe or unripe ears); plucking or hand-stripping; and
harvesting by burning. The viability of each of these methods
isattested by ethnographic studies of wild-grass seed foragers
(whether hunter-gatherers or farmers supplementing their
harvests of domestic grains), by archaeological evidence, by
our own field experiments, by the field observations of
scientists such as Harlan (1989 and chapter 1) and Zohary
(chapter 6), and by experiments at archaeo-agricultural
research establishments such as Butser Ancient Farm (see
Reynolds 1981 and chapter 27) and the Jales-based Institut de
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Préhistoire Orientale (see chapters 11 and 12).

Harvesting by Beating the Ripe Spikelets into Baskets. Beating
the ears such that all ripe spikelets are knocked into a basket
can be very quick and efficient, and it involves the least
stooping. Applied to partially or near-ripe wild wheats or
barley, beating automatically harvests the spikelets from ripe
brittle-rachised ears, but leaves behind any tough-rachised
ears together with large numbers of unripe ears of the brittle
type. (Thelatter—oraproportion of them— can be harvested
a few days later in subsequent rounds of beating). Tough-
rachised ears left behind after the harvest are stripped by
birds, and even if their spikelets were to fall to the ground,
their almost complete failure to penetrate ground litter and
self-implant ensures their predation by rodents, birds, and
ants. In consequence, they do not contribute to the ensuing
generations of crops, even when the same patch is cultivated
next season.

Some spikelets from brittle-rachised ears invariably fall to
the ground during harvest. If the farmer relies on these to
seed next year’s crop, they will inevitably be of the wild type.
Likewise, new plots sown from the harvested seed will be
entirely of the wild type. Harvesting by beating thus selects
strongly in favor of the wild type and against tough-rachised
forms—regardless of what other husbandry practices
accompany it.

Beating was the harvesting method we found to take the
least effortand also produced the greatest yields per unit time
whenever we harvested wild-type einkorn in dry weather
(figure 10.4). Correspondingly, after trying many different
methods onawide range of grassesin four continents, Harlan
(chapter 1) notes:

of the traditional gathering techniques, the beater and basket
method produced the cleanest and most uniform material....
Having used both sickle and beater, I had to wonder why the
sickle was ever preferred to the beater...

It comes as no surprise, therefore, to find that beating was the
method favored by most of those recent hunter-gatherers
who were heavily dependent on wild-grass seed. In reviewing
their harvesting methods, Bohrer was able to state that
“sweeping, scooping and beating movements...characterize
most accounts of wild-grass seed harvests in the world”
(1972:145). For North America, Harris notes that “throughout
the Great Basin grass seeds were harvested by beating with a

“wooden or basketry paddle to knock the ripe seeds into a

basket” (1984:66). Most of the examples cited in the
remarkable review by Maurizio (1927:33-53) again involve
similar methods. (See also O’Connell et al. 1983 for a further
Australian example). Even those farming and pastoral groups

~ who supplemented their cultivated grain foods with wild-

grass seed commonly harvested the seed by beating, even
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F1gure 105 Harveshng trial plots of wild-type einkorn w1th a flint-bladed 51ckle at University College, Cardiff in 1979: a, Fayum—type
sickle, b, Carmel-type sickle . Photograph courtesy of Isobel Ellis

though they owned steel sickles (see, for example, Barth 1857
1:482, &11:29 [as cited by both Harlan 1989 and Bohrer1972];
Harlan 1989; Maurizio1927; Scudder1971). It should be noted
that these methods were also applied in harvesting the grain
of wild Elymus spp. which, as fellow members of the tribe
Triticeae, have ears not dissimilar to those of the wild wheats
and barley (for example, Maurizio [1927] for Mongolia and
northern Europe, and Stewart [1933,1941] for North America).

Beating cannot, however, be applied to domesticated
crops, and even ifapplied to wild-type crops, its advantage of
high returns per unit of harvesting time is outweighed by the
heavy harvesting losses per unit area. These disadvantages
are considered in detail below. '

Sickle reaping applied to partially ripe crops. This method
(figures 10.5 and 10.6) can select strongly in favor of tough-
rachised forms. However, in some cases this selection will
occur only if the grain is sown on new plots of land each year
using seed taken from last year’s new plots.

When a sickle is applied to the culms of wild wheats and

barley, some of the spikelets from the top (ripest) parts of the

mostmatureears promptly disarticulate and fall to the ground.
No equivalentloss is experienced by the semitough-rachised
ears, and their percentage representation in the harvested

spikelets is therefore greater than it was in the parent field.

Crops sown from the harvested grain will reflect this increased
proportion of tough-rachised forms, and this increase will
continue, year on year, for as long as crops are always sown
on new land from harvests taken from the previous year’s
new plot(s). Eventually, the crop will be composed entirely of
tough-rachised forms, and at this point, domestication (in
respect of the fixation of semitough rachis) is complete.

By contrast, those plots cultivated in previous years will
maintain crops of exclusively wild types because they are
self-sown by spikelets shed from brittle-rachised ears during
the previous season’s harvest. Clearly, then, seed taken from
this old land and sown on virgin plots would reverse the
process of domestication. (The effect of sowing additional
harvested grain [containing mutants] on these old plots is
considered below.)

Sickle reaping applied to unripe crops. Applied to completely
unripe (green) stands, this method would have had no
selective effect either way; potentially brittle rachises fail to
disarticulate while still unripe (unless dried), and so both
types get harvested in the same proportions in which theyare
represented in the field. Fields sown from the harvested
spikelets will thence produce the same proportions of either
type as in the previous year.’

However, if the crop is even fractionally ripe, there will be
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Figure 10.6 Traditional sickle-reaping of wheat (in this case, an
indigenous form of bread wheat) near Kaymakli in central
Turkey in 1974. The sickles were of steel and were toothed.
Photograph courtesy of GCH
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Figure 107 Children harvesting barley by uprooting near Goli
Dag in central Turkey in 1974. Until very recently, barley was
generally harvested by uprooting, whether with the bare hands
or with the help of an uprooting hook (Tur.: kili¢; see Hillman
1984,1985). Photograph courtesy of GCH

some loss of spikelets from the tops of some brittle-rachised
ears, and the semitough-rachised phenotype will thus be
selectively favored. In view of the uneven ripening of einkorn,
this effect will be avoided only in very unripe crops, and this
is rare, because such crops produce shrivelled, unfilled (and
therefore underweight) grain. In practice, therefore, unripe
generally means partially ripe, and sickle reaping applied to
such crops will still selectively advantage domesticates, albeit
at lower intensities (see below).

Harvesting wild cereals and other grasses in a partially
(or fully) unripe state offers the clear advantage of pre-
empting most of the loss of spikelets from brittle-rachised
ears which otherwise occurs during harvesting. This is
especially so in species which ripen more evenly, such as
wild emmer (T. dicoccoides), in which Unger-Hamilton
(1989) found that potential loss of spikelets was almost
completely pre empted by reaping it while it was green (see
also Anderson-Gerfaud 1988; chapter12; Anderson-Gerfaud
et al 1991; Willcox, chapter 11).

However, we know of only two cases of sickle reaping of
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unripe wild grasses amongst recent hunter-gatherers; the
firstisthe Kawaiisu harvest of Oryzopsisin Southern California
(Zigman 1941:142, as cited by Bohrer 1972:147); the second is
Allen’s (1974:314) citation of an aboriginal people of S.W.
Queensland (Australia) using flintknives to cuta wild millet—
presumably in the partially unripe state in both cases, in
order to avoid losses from shattering. In reviewing the
Australian evidence for grass-seed harvesting, Harris
(1984:65) also notes that Allen’s example is the only case of
blade harvesting known to him. :

By contrast, when harvesting cereals as crops in their
domesticated state, it is quite common to harvest them while
still partially unripe. The sweet-flavoured, milk-ripe or dough-
ripe grains of domestic wheats are used, for example, by
farmers in Schwabiaand Bavaria to make the highly esteemed
Griinkern, by the Syrian Arabs and Palestinians to make
frikké, and by the Turks to make firig (Hillman 1985:13-14).
Indeed, Percival (1921:140) suggests that harvesting grain-
crops when dough-ripe was fairly standard before the days of
the combine harvester. Even when applied to these
domesticated cereals, however, the advantages are the same:
superior flavor and prevention ofloss of grain during harvest
and transport (see Percival 1921:140). These advantages
presumably outweigh the disadvantage of the lower starch
content per grain and lower gross yields.

Harvesting partially ripe wild-type crops by uprooting. This
method (figure 10.7) shakes the ears in a manner similar to
sicklereaping, and the resultingloss of spikelets from the ripe
tops of near-ripe brittle-rachised ears selects for tough-

rachised mutants exactly as described in “Sickle reaping

applied to partially ripe crops” above. Once again, however,
this selective effect can be guaranteed in all cases only if the
seed stock is always taken from grain from last year’s new
plots and sown on new land each year.

With fully domesticated cereals, uprooting is still widely

used in traditional agriculture, especially for barley (for

example, Hillman 1985; Leser 1970) though not in areas with
clay soils which dry out in summer. Archaeological evidence
for uprooting of domesticates is also more widespread than
hitherto supposed (Hillman 1981), although such finds often
cannot determine whether the crops were ripe or unripe
when harvested.

Uprooting completely unripe crops. Applied to completely
unripe crops, this harvesting method, like sickle reaping (of

‘completely unripe crops), has no selective effect either way

(see “Sickle reaping applied to unripe crops” above) but
offers the advance of sweeter grain and preempting grain loss
during harvest. If the crop is even fractionally ripe, however,
some positive selection for the semitough-rachised phenotype

- will occur, as above. Harvesting unripe wild grasses by

uprooting has been recorded for a number of different
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aboriginal peoples of Australia; for example, Mitchell in 1835
(as cited by Allen 1974:313-4) observed it being applied on a
massive scale in the Darling River valley.

Harvesting by hand-plucking or stripping. Hand-stripping
“was apparently used by a number of hunter-gatherer groups
* forharvesting the seed of paniculate grasses (see, forexample,
O’Connell et al. 1983). We have found that loose-handed
stripping of the ripe, disarticulating spikelets (leavingbehind
the lower part of the ear) works like an inefficient form of
beating—with similar selective effects (see “Sickle reaping
applied to partially ripe crops” above). However, it is very
slow compared with beating and seems unlikely to have been
used on any scale for wild cereals in prehistory. (For adifferent
view, see Anderson-Gerfaud 1988.)

For the domestic cereals, Sigaut (1984) argues that the
stripping of whole ears has cultural affiliations which are
distinct from those of plucking and that the two terms should
be kept separate (see also Hillman 1985:6-7). However,
applied to brittle-rachised cereals, the two methods work in
the same way (see Anderson-Gerfaud 1988). Hand-plucking
(in the Sigaut sense) has been applied experimentally to
domesticated glume wheats with some success by Reynolds
(1981), and hand-plucking/stripping was used by some
Mongolian farmers to harvest domestic cereals (Rona Tas
1959:449, as cited by Bohrer 1972). On a larger scale, some
farming groups in the Spanish province of Asturias (Sigaut
1978) and in the Georgian SSR (Bregadze 1982a:86-88) harvest
their glume wheats by the bulk stripping of groups of ears
with the aid of a “stripping clamp” (Spanish mesorias;
Georgian shamkvi, shankvi or shakvi), consisting of a pair of
sticks joined at one end with a thong. Again, however, this
cumbersome method (as it would seem from Sigaut’s film of
its use in Asturias) would have been inappropriate for
harvesting brittle-rachised cereals.®

Harvesting ripe or unripe crops with the aid of fire. The crop
cansimply befired and the singed spikelets (or ears) thereafter
gathered from the ground. However, there is no selective
effect in either direction as the grain iskilled by the parching,
and the seed for subsequent crop generationshasbeharvested
from separate plots by one of the other methods.

Firing offers the advantage of controlling weeds and of
obviating the need for harvesting, threshing, primary
winnnowing, and parching the spikelets before dehusking
the grain (Hillman 1984b:141-3; 1985:11). Picking up the
spikelets from the ground is very time-consuming, and, in
our experience, it is difficult to get a fire to spread through a
~ loose stand of cereals anyway.

Summary of harvesting methods. Of the range of harvesting
methods that would have been available to the first farmers,

the only ones which would have induced domestication were

sickle reaping and uprooting applied when the crops were

partially or near-ripe. Although these methods wererelatively
unpopular amongstrecent hunter-gatherers exploiting wild-

- grass'seed, there would have been good reasons for their use

amongst some of the first farmers (see below).

Annual Shifts to Virgin Land Using Seed from Last Year's
New Plots: Could Domestication Have Occurred Without Them?
Existing evidence is equivocal but suggests that while this pair
of conditions may sometimes have been supplementary
prerequisites for domestication, in most cases domestication
could probably have occurred without them.

Only a small proportion of the harvested spikelets are
needed as seed for sowing next year’s crop. As a result, only
a small proportion of the harvested domestic-type mutants
finally get sown. In crops regularly resown on old plots, the
correspondingly reduced number of domestic mutants
(present in the seed stock) could possibly get swamped by
the self-sown wild-type spikelets shed spontaneously during
the preceding harvest. On any reused plots where this
swamping occurs, domestication clearly cannot proceed.
Domestication at such settlements will then occur onlyif the
farmer annually extends cultivation onto virgin land using
seed stocks harvested from last year’s new plots, as such a
strategy automatically avoids the self-sown wild-type
spikelets from the old plots ever contributing to subsequent
crop generations.”

However, thisswampingeffectassumes thatlarge numbers
of the spontaneously shed wild-type spikelets survive ant,
bird, and rodent predation between harvest and autumn
sowing. If, conversely, the proportion of harvested spikelets
sown on old plots by the farmer (say, 12%) is greater than the
proportion of spontaneously shed spikelets which survive
predation between harvest time and sowing (say, 10%), then
domestication could still occur—assuming the method used
to select the seed stocks from the harvested spikelets either
maintains or increases the relative abundance of mutants in
the seed (compared with their abundance in the bulk of
harvested grain from which the seed stock is drawn). As
quantified examples, a pair of possible scenatios (with
opposite effects) are outlined in figure 10.8. ‘

The determining factors are therefore the survival rate of
the wild-type spikelets (from fully brittle ears) that fall to the
ground during harvesting by sickle or uprooting; the
proportion of the harvested grain set aside as seed stocks for
sowing next year’s crop (this will correspond to the yield
ratio anticipated by the farmer [ “yield ratio” = grain yield per
unit of grain sown]); and the method used for selecting the
grain for sowing.

Survival Rate of Spikelet
For wild stands, Zohary (1988) notes that

from the time of harvesting to the time of the next planting,
those seeds that evaded the reaper and got spread
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[spontaneously] in thefield...are exposed to strong predation
by ants, rodents, and so forth. I estimate that, under Near
Eastern conditions, atleast 50 to 80% of these wild-type seeds
will be eliminated.

On cultivated grou_nd, Zohary (1989) suggests that the shed
spikelets are less protected from predation, and as many as
90% of them might be lost.

Yield Ratio

Yield ratios observed (for example, by Hillman 1973B) in
traditional, rain-fed wheat and barley cultivation in eastern
Turkey fall in the range 1:6.5 to 1:9. In such cases, therefore,
the farmers set aside 11 to 17% (roughly one-sixth to one-
ninth ) of their harvested grain for resowing. However, in the
first two years of his experimental cultivation of wild einkorn,
Willcox (chapter 11) obtained yield ratios ranging from1:2 to
1:33. Differences of this order clearly argue against using any
one value in the present calculations. Nevertheless, it is clear
that most of Hillman’s values and half of Willcox’s values
would allow farmers to use a smaller proportion of the
harvested spikelets as seed than the 20 to 50% of spontaneously
shed wild-type spikelets estimated by Zohary to survive in
wild stands. This would preclude domestication (in the
absence of annual shifts). If we use Zohary’s estimate of just
10% survival of spikelets shed from wild-type plants growing
on cultivated ground, however, then the percentage sown
could easily exceed this figure,and would allow domestication
to occur without shifting cultivation. From this spread of
values, therefore, it would seem that reuse of old plots which
arealready partially self-sown with spontaneously shed wild-
type spikelets could have either permitted domestication or
prevented it.

It could be argued that, with 10% or more of the shed
spikelets surviving field predation, the farmer could afford
to reduce the amount of sown seed to a level that would
(unwittingly) ensure that the mutants (present in the sown
seed) were always swamped by self-sown wild types and that
domestication would consequently never occur without
shifting cultivation. However, it should be remembered that
Zohary’s 10% survival refers to 10% of that approximately 50
to 60% of the spikelets which are spontaneously shed, that
is, just5to 6% of the original crop population. The quantities
of harvested spikelets that must then be sown to raise this
figure to the required 11 to 17% (see above) will thus range
from 5to 12% of the total parent crop (that is, 12 to 24% of the
40 t0 50% of the spikelets which got harvested). If we accept
Zohary’s 10% predation survival rate (and all the evidence
suggests we should), domestication would be precluded
only at the lowest sowing rates; at all the higher rates,
domestication could occur without any shifting cultivation.

However, if we assume higher rates of predation survival, -

the point of balance shifts upward.
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Selection Method

Itisimpossible to knowwhether the first farmers’ methods of
selecting their seed stocks from harvested spikelets would
have altered the proportion of mutants, and no estimates are
offered here.

In summary, therefore, it is clear that at one end of the
spectrum of possibilities, reuse of old plots could have
precluded -all possibility of domestication. Under such
conditions, domestication would have occurred only if
harvesting with sickles or by uprooting was combined with
annual shifts to virgin land using seed stocks from last year’s
new plots. At the other end of the spectrum of possibilities,
domestication could have occurred even if the farmers
consistently reused old plots. Present evidence supports
Zohary’s contention that this last scenario is the most
probable. However, it should be noted that if domestication
did, indeed, occur under a system in which old plots were
consistently reused, it would have proceeded much more
slowly than under a system of annual shifts to virgin land.

Once the Mutant Phenotype was Present in the Crop,
How Rapidly Will Domestication Have Occurred?

To produce a mathematical model of domestication rate
(thatis, therate of increase in semitough-rachised mutantsin
wild-type crops under primitive cultivation), we needed
measurements of mutation rates at the relevant loci, rates of
inbreeding/outbreeding in wild einkorn wheat, and the
selection coefficients arising from those husbandry methods
effective in inducing domestication. Reliable estimates exist
for the first two factors (see below), but not for selection
coefficient. Ininitiating this studyin the early 1970s, therefore,
our primary objective was to measure the selection pressures
which can result from combinations of primitive husbandry
of the sort likely to have been applied by the first farmers (as
outlined above).

Preliminary Measurements of Selection Coefficient

Selection pressure can be affected by several factors. We

nevertheless limited our field measurements to selection
pressures generated by the different methods of harvesting,
becauseharvesting method is the primary factor determining
selective pressure in all systems, it can produce a wide range
of different selection values, and these values are easily
measured by field experiment. In contrast, annual shifts in
cultivation (where these are necessary for domestication)
generally either permit domestication or preventitaltogether,

-and even though different rates of resowing old plots could

theoretically produce a range of different values for selection
coefficient, we were not in a position to measure them.

We chose to apply the harvesting experiments to wild
einkorn, as this particular wild cereal was available in large
dense stands throughout much of Turkey where one of us
wasthenbased. (Wealso usewild einkorn in the mathematical
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WILD-TYPE CROP WITH 0.1 % MUTANTS

(That is, every 20,000 spikelets will include an
average of 20 mutants and 19,990 wild types)

!

WILD-TYPE CROP WITH 0.1 % MUTANTS

(That is, every 20,000 spikelets will include an
average of 20 mutants and 19,990 wild types)

|

Harvesting with Harvesting with
sickles or sickles or
by uprooting by uprooting

50 % of wild- 50 % of spikelets 50 % of wild- 50 % of spikelets
type spikelets harvested type spikelets harvested
spontaneously (including all spontaneously (including all

shed the mutants) shed the mutants)

10,000 spikelets shed 10,000 spikelets harvested 10,000 spikelets shed 10,000 spikelets harvested

to ground; all wild type 20 mutants; 9,980 wild types to ground; all wild type 20 mutants; 9,980 wild types

90 % eaten by 10 % 10 % 90 % eaten as 90 % eaten by 10 % 25% 75 % eaten as
rodents, ants, survival set aside human food rodents, ants, survival set aside human food
and birds of predation as seed stocks - and birds of predation as seed stocks

. I

1,000 spikelets sown as seed : 1,000 shed spikelet
2 mutants; 998 wild types left to germinate; all wild type

N/ N/

1,000 shed spikelets
left to germinate; all wild type

2,500 spikelets sown as seed :
5 mutants; 2,495 wild types

Each spikelet Each spikelet
germinating into germinating into
anew plant anew plant
NEXT YEAR'S CROP NEXT YEAR'S CROP
Every 2,000 plants includes Every 3,500 plants now includes
an average of 2 mutants an average of 5 mutants

MUTANT FREQUENCY REMAINS AT 0.1 %
There has therefore been no selective advantage of mutants
and there is NO DOMESTICATION.

MUTANT FREQUENCY NOW INCREASED TO 0.14 %
That is, the mutant is increasing in abundance
and DOMESTICATION IS OCCURRING
despite the absence of shifting cultivation.

Example a: In this case, just 10% of the harvested spikelets are sown as seed
stock and contribute to the next crop generation. This is the same as the
proportion of spontaneously shed spikelets which survive predation (and
thereby also contribute). In such a scenario, the proportion of mutants
remains the same year-on-year; that is, the mutants are not selectively
advantaged and domestication is unlikely to occur without shifting
cultivation. (Use of 10% of the harvest as seed-stock represents the bottom
end of the range of sowing rates used by farmers who make allowance for
the fields already being partly self-sown with spontaneously shed spikelets.
Selection of seed-stock from the harvested grain is assumed to be random.)

Example b: In this case, the percentage of harvested spikelets used as seed
stock (25%) is greater than the proportion of spontaneously shed spikelets
surviving predation (10%). In such a scenario, the frequency of mutants
tends to increase year-on-year, and domestication can occur without
shifting cultivation. (Reserving 25% of the harvested grain as seed stock
represents the highest rates probable under.these circumstances.

Fig.ure 10.8 Was shifting cultivation of einkorn wheat necessary for its domestication? This figure presents a pair of calculated
examples: one where shifting cultivation would have been necessary and another where it would not. In both examples, the same
plots are resown every year, the crops initially contain 0.1% of semitough-rachised mutants (a starting mutant frequency of 0.1% [1

- per thousand] has been used purely for convenience and in this figure is expressed as 20 per 20,000); they are harvested with
sickles or by uprooting (these are the harvesting methods capable of inducing cultivation); 50% of the wild-type spikelets are lost to
the ground during harvesting (50% shedding is not too far from our measurements of loss rates with these forms of harvesting);
and 90% of these shed spikelets are eaten by rodents, birds, and ants (90% predatlon loss represents Zohary's [1989] estimate for
wild-type cereals on cultivated ground).
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Table 10.2 Preliminary measurements of the fitness of two rachis-fragility phenotypes present in populations of wild-type einkorn
wheat under the four principal harvesting methods available to early cultivators

HARVESTING TREATMENT

% OF AVAILABLE SPIKELETS HARVESTED
WITHIN EITHER PHENOTYPE

RELATIVE FITNESS OF WILD-TYPE
EITHER PHENOTYPE SPIKELETS

WILD TYPE TOUGH-EARED TYPE

1. Beating—repeated passes

COUNTED IN COL. ITT
WILDTYPE TOUGH-EARED TYPE

a 84% about 5% (1-10%) 0.84 about 0.05 1280

2. Beating—single pass a 38 990
’ b 48 about 5% (1-10%) 0.44 about 0.05 1100

c 45 1340

mean 44% 2330

3. Reaping with sickles a 35 1050
b 43 100% 0.40 1 1520

c 43 860

mean 40% 3430

4. Uprooting a 41 2300
b 37 100% 0.43 1 1240

c 51 1310

mean 43% 4850

“Fitness* is calculated as the proportion of that phenotype harvested and represents the probability of its being harvested and thereby contributing to ensuing generations by means of “seed-
stocks” taken from harvested spikelets. (Fitness values are expressed as decimals; multiplied by 100 equal percentages.)

model, below.) However, our results are equally valid for
emmer wheatandbarley, because, asnoted by Zohary (1988),
the wild types of all three of these Near Eastern founder crops
have parallel wild adaptations and have closely similar
pollination systems, domestication syndrome, and early
prehistory. Indeed, it is on Zohary’s advice that we have
extended the terms of reference of our chapter to cover all
three crops. '

After exploratory harvesting (which enabled us to
eliminate the most unworkable methods), a preliminary set
of simpleharvesting trialswas undertaken in1974 in relatively
dense stands of near-ripe wild einkorn growing in primary
habitats on the Munzur Mountains (near Cemisgezek in
eastern Turkey) and on Karadag (near Karaman in Central
Turkey). Four areas of the wild stands in either area were
simply dividedintoa series of1m? and the differentharvesting
techniques were applied to a scatter of these. In each, counts
were made of the numbers of spikelets harvested and the
numbers lost on the ground. The number of spikelets
harvested using any one method was expressed as a decimal
of the total number of spikelets of the brittle-rachised
phenotype produced in the same squares. We thereby
obtained ameasure offitness of the brittle-rachised phenotype
under each harvesting regime (see table10.2). (This measure
of fitness thus represents the probability that the seed would
contribute to the next generation asa result of being
incorporated into the harvest from which next year’s seed

* stockis to be taken). To obtain a rough measure of the fitness -

of the semitough-rachised phenotype, it was necessary to
compromise and use a cultivated glume wheat (emmer), as
semitough-rachised phenotypesare too rare in wild standsto
be measurable. We measured fitness under each harvesting

regime exactly as with the wild type, except that we used-

fewer replicates.

One of the harvesting treatments (treatment 1) involved
beating applied repeatedly to the same plots. The first of
these passes was timed to coincide with disarticulation of the
tops of the earliest ears, and the last with the point when only
the bottom third of the spikelets remained on the last ears to
ripen. In order to avoid trampling, this treatment was applied
to isolated meter squares. In reality, however, early farmers
would not have enjoyed this luxury, and trampling would
have produced losses which are not reflected in the present
result for this repeated passes treatment.

In these preliminary trials, no attempt was made to
measure fitness in totally unripe plants in which
disarticulation had yet to begin. Exploratory harvestingshad
suggested that the failure of completely unripe brittle-rachised
ears to disarticulate preempted any possibility of positive
selection for the tough-rachised phenotype. Thus, no form
of harvesting applied to totally unripe crops could lead to
domestication (see later discussion), and there seemed little
point in including such treatments in the hastily assembled
preliminary trials.

The results of the preliminary measurements of relative
fitness appear in table 10.2. The most notable features of the
results were as follows:

a) thebrittle-rachised phenotype showed intermediatelevels
offitness under each of the harvesting treatments 2,3, and
4, and (remarkably) the values were almost the same for
each (40%, 43%, and 44% respectively). The exception
was a very high fitness of 80% obtained when harvesting
by beating was applied in a series of “passes” (but see
_preceding two paragraphs).

b) In contrast, ripe, semitough-rachised plants (the domestic

type) showed a high fitness (tending to 100%) when
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harvested with sickles or by uprooting, but a
correspondingly low fitness when harvested by beating.
(Selection coefficient against each type under the various
harvesting methods can be calculated as 1-fitness).

A fitness of around 40% for brittle-rachised plants in

" three of the treatments accords with the recent estimate from
Harlan (chapter 1) for recovery rates when harvesting wild
grasses; heobserved, “Iestimate that no [harvesting] method
will recover more than half of the potential production.”
Nevertheless, substantially different values could be expected
with different degrees of average ripeness. The extreme fitness
values for the semitough-rachised (domestic) plants were as
expected, and more rigorous measurement would probably
have produced the same all-or-nothing result.

It was never intended, however, that the results of these
preliminary trials should be used statistically; the trials were
badly designed (from the statistical perspective), and a metal
(rather than flint-bladed) sickle had been used. The trials
were therefore repeated on a much larger scale using sown
populations under controlled conditions with properly
randomized treatments (using a split-plot design) and with
more ample replication.

Brittle-rachised wild einkorn (collected in the Munzur
Mts.: coll. no. GCH 3773) was sown in winter with a controlled
admixture of the domestic type atarate ofabout 200 spikelets
per m® in a field at the Cleppa Park Research Station of
University of Wales College of Cardiff. They appeared to
germinate well and produced 2 to 3 fertile tillers per plant.
This time, we used flint-bladed sickles of three types; the
Fayum type, a Natufian type, and a British Neolithic single-
piecesickle. (The Fayum type proved tobe the mostefficient).
The first year’s trial was ruined by a spring drought followed
by an extremely wet Welsh summer. The crop grew
(eventually), butthewet conditionsatharvest time prevented
the ears from disarticulating in any of the harvesting
treatments, even in the beating treatment. (Nevertheless,
many of the reaped ears disarticulated within two days of the
sheaves being allowed to dry in a heated room; figure 10.9).

In the following year, an identical crop was sown under
glass (figure1o.10). We sowed, however, too late although the
domestic type came into ear, the wild type merely formed
grassy tussocks lacking ears. (Ears would presumably have
developed in the second year of growth had we left the
tussocks to grow on.) In the absence of further opportunities
to re-run the trials, it was decided to use the preliminary
estimates from the earlier trials in Turkey—albeit merely as
a means of obtaining provisional estimates.

Two observations from the abortive trials in Wales are
nevertheless of interest: ‘

» Inawet summer, brittle-rachised ears fail to disarticulate
when ripe. Indeed, Sharma & Waines (1980:215) and

Figure 10.9 The results of harvesting wild-type einkorn by
beating in a wet Welsh summer. The potentially brittle-rachised
ears failed to disarticulate properly, and the beating had to
become so violent that whole ears were detached in the process,
Cardiff, 1979. Photograph courtesy of Isobel Ellis

of wild-type einkorn under glass in 1980 at University College,
Cardiff, 1980. Photograph courtesy of Stuart Davies

Willcox (chapter 11) found that even the morning dew was
enough to prevent disarticulation. An equivalent
phenomenon was also noted by Kuckuck (1964:99) in
crops of Iranian spelt wheat which, under damp
conditions, was transformed from a semitough-rachised
to a fully tough-rachised state.

+ The day length (photoperiod) required for triggering the

formation of the embryonic ear (the inflorescence
primordium) in our wild-type einkorn during the
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lengthening days of spring was much shorter than in our
particular genotype of domestic einkorn. Barring seed
vernalization requirements, sowing of this particular
domesticate could thus be delayed well into late spring
with no more than the usual depression in yields (see
chapter 11 for some yield-depression figures obtained
from late sowings of primitive domesticates). In our wild
type, however, it was totally disastrous. These results
further undermine the already untenable argument (for
example, in Sherratt 1980:316-21) that early wheat crops
must have been spring sown.

Computer Simulation of Domestication Rates

The purpose of recording fitness as outlined above was to
provide measurements for a computer model that would
simulate the increase in frequency of the semitough-rachised
(domestic) phenotype in otherwise brittle-rachised (wild
type) crops under primitive systems ofhusbandry. However,
such a simulation also requires measurements (or estimates)
of two other determining factors: Firstly, the frequency of
selfing or outcrossing; secondly, the frequency of the
semitough-rachised allelein the crop population at generation
zero, that is, at the start of cultivation (see “Raw materials of
domestication” above). The working assumptions of the
computer simulation were as follows:

Husbandry methods. The simulation necessarily assumes
that the husbandry methods used were those capable of
selecting for semitough-rachised phenotypes in a brittle-
rachised einkorn crop, namely harvesting when partially ripe
by sickle reaping or uprooting (combined, if necessary, with
annual shiftstovirgin plots using seed taken from the previous
year’s new plot[s]). Using the fitness values generated by
other methods (for example, harvesting by beating) merely
produces a situation of zero change, with the crop remaining
brittle-rachised indefinitely. Wetook no account of the lower
selective intensities which could result from resowing old
plots (in cases where this would not altogether prevent
domestication) as no reliable measurements were available.

Fitness levels. Inrunning the simulation, we used the levels
of fitness observed with sickle reaping and uprooting in the
preliminary Turkish field trials described above, namely 40
to 45% for the wild type and 100% for the domestic type. In
view of the preliminary nature of the measurements of fitness
in the wild-type and its potential susceptibility to variations

intheaptitude of the harvester, and the mean state of ripeness -

of the crop, however, we also added a broad spread of much
more conservative values for fitness of the wild type ranging
from 45 to'95%. Values in this range clearly produce slower
rates of domestication and correspond to the effect of
harvesting the crop when much less ripe. (Selection
coefficients against the wild type are 1 fitness.)
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Inbreeding frequency in einkorn. For the purpose of this
simulation, we have tested the effects of breeding behavior
ranging from complete outcrossing to complete inbreeding
(selfing). However, Zohary (1981) informed us that therate of
outcrossing in wild wheats is probably below 1%. Thus, for
Triticum dicoccoides (wild emmer) he notes that

...there is very little cross-pollination under natural
conditions... Thisis clear from (i) their floral biology (anther
dehiscence occurswithin the florets prior tolodiculeinflation -
and anther emergence), (ii) the almost complete lack of
intermediates when different forms are grown together, and
(iii), more recently, from electrophoretically discernable
proteinmarkersrevealing the predominance ofhomozygosity
in the individuals examined.

He concludes (1988)

allinall, I think thatitis safe to consider Triticum dicoccoides,
T. boeoticum and Hordeum spontaneum as predominantly
self-pollinated plants. In all three, the amount of cross
pollination could vary between 0.5 and 5%.

Willcox (chapter 11) cites what seems to be an aberrant
exception to this pattern observed by Boyeldieu (10 to 15%
outcrossing under hot conditions in North Africa); however,
the broad range of values used in our computer model (o to
90% outcrossing) clearly allows for such eventualities, and
for the unlikely possibility that there has been a major shift in
breedingbehavior of these cereals during the past11 millennia.

Allele frequency and mutation rate. It was noted above
that, in wild populations growing in primary habitats, the
semitough-rachised recessive alleles act effectively as lethals
when in homozygous state, since the grains never leave the
plant and cannot contribute to the next generation. They
therefore occur only in heterozygotes. In an inbreeder such
as einkorn, such heterozygotes will be rare and will occur at
a nominal frequency only a little above the mutation rate.
The same applies to the first crops. In gathering seed stocks
from wild stands to sow the initial crops of, say, wild-type
wheats, semitough-rachised phenotypes will generally have
been leftbehind if the spikelets were gathered by beating; so,
this low frequency of semitough-rachised alleles probably
continued into thefirst crops. Indeed, for the simulation, we
have chosen to err on the side of caution and use a mutation
rate of the brittle-rachis allele to the semitough-rachis allele
of only 1076 per locus per generation. But even at this
mutation rate, and given the total area of, say, einkorn crops
sown by early Near Eastern farmers (see above), the
semitough-rachised mutant will doubtlesshavebeen present

in the fields of at least some of them from the outset, and -

soon emerged in most of the others.
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Table 103 Number of generations required for the semitough-rachised phenotype of einkorn to reach a frequency of 99% at various
levels of selection against the wild-type phenotype and with various levels of inbreeding

SELECTION COEFFICIENT AGAINST FRAGILE RACHIS PHENOTYPE

% INBREEDING 0.05 0.1 0.2
0 * * *
10 _ . 4090 1040 860
" 20 2130 1010 450
30 _ 1440 680 310
40 1070 510 230
50 ‘ 840 380 180
60 690 330 150
70 580 280 130
80 490 240 110
90 420 210 95
100 360 180 84

0.3 0.4 0.5 0.6
* * * *

510 330 220 150
270 170 120 77
180 120 78 53
140 87 60 42
100 71 49 34
89 59 42 30
76 51 37 27
67 - 45 33 24
59 41 30 23
53 37 28 21

*No semitough-rachised homozygotes produced in the simulation, even after 8000 generations.

Note: The initial frequency of the semitough-rachis allele was taken as a conservative 10, and the allele was assumed to occur only in heterozygotes in generation.

Results

The results of the computer simulations are presented in
figures 10.11 and 10.12 and in table 10.3. Figure 10.11 shows
patterns of increase in the semitough-rachised (domestic)
phenotype under a range of selective intensities but with
inbreedingata constant100%. With a selection coefficient of
0.6 against the wild type (fitness = 0.4), as measured in our
preliminary field trials, domestication occurs within 20
generations (that is, within 20 years if the crop is sown
annually). Even with a selection coefficient as low as 0.1
against the brittle-rachised phenotype (fitness = o.1),
domestication is still complete within 200 generations (that
is, two centuries). Theselower selection coefficients probably
resemble those that would be generated by harvesting the
crop when it is less ripe and are perhaps more realistic.

In figure 10.12, selective intensity is set at the measured
value of 0.6, but the values used for inbreeding frequency
range from 100% to an improbable 10%. At the estimated
inbreeding frequency of99%, fixation occurs within 20 years;
and with a mere 70% inbreeding, it occurs within 30 years.
Evenwith10% inbreeding (equivalentto astrong outbreeder),
fixation still occurs within two centuries. Total outbreeding
(that is, 0% inbreeding) was also tested in the simulation but
showed the domestic phenotype remaining at an extremely
low frequency at even the 8000-year limit of the simulation
program. This last result might be regarded as explaining the
supposedly belated appearance in the archaeological record
of the domestic form of outbreeders such as rye. However,
new archaeological evidence indicates that domestic rye
emerged much earlier than hitherto assumed (Hillman1978;
Hillman & McLaren N.D.), and this can be explained only by
invoking an inbreeding ancestor such as Secale vavilovii as
proposed by Miller (1987) and Zohary (1990).

Table 10.3 shows the number of generations required for -

the domestic phenotype to achieve alevel of 99% in the crop
population with the full range of values used for both selection
coefficient and inbreeding frequency. It could be argued that
thefigures of practical relevance to studying the domestication
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Figure 10.11 Relative abundance of semitough-rachised (domestic)
phenotypes in populations of brittle-rachised wild-type einkorn
under a range of selective intensities but with a constant 100%
inbreeding and with the initial frequency of the semitough-rachis
allele taken as a conservative 107. Leftmost curve is closest to the
selection coefficients measured in our field trials (see table 10.2). (With
annual sowing, 1 plant generation = 1 year.)
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. Figure 10.12 Relative abundance of semitough-rachised (domestic)

phenotypes in cultivated populations of brittle-rachised wild-type
einkorn with a range of levels of inbreeding but under constant
selective intensity of 0.6, the value measured in preliminary field

. trials. The inbreeding rate in wild wheat suggested by Zohary (1980)

was "possibly greater than 99%”; that is, close to the first curve. (With
annual sowing, 1 plant generation = 1 year.)
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rates feasible in wild-type einkorn wheat are those in the
bottom right-hand corner, as these figures are based on the
value for selection coefficient that was recorded in our field
trials (namely S = 0.6) and Zohary’s estimate of probable
inbreeding frequency (namely > 99%). However, itis equally
(or more) realistic to use the domestication rates generated
by the lower selection coefficients (0.3 down to 0.1), as these
correspond to harvesting the crop when it is much less ripe,
and Willcox (pers. comm. and chapter 11) has found the bulk
harvesting of crops of wild-type einkorn is much more
efficient when they are in this state.

The results of the simulation therefore suggest that
domestication (in respect of the fixation of semitough rachis
in a brittle-rachised crop population) could be achieved
within 20 to 30 years—so long as the crop is harvested when
near ripe by means of sickle reaping or uprooting and it is
sown on virgin land every year using seed stocks taken from
last year’s new plots. Even if we use lower values of selection
coefficient corresponding to harvesting crops when much
less ripe, the process is still complete within two centuries.

This result broadly concurs with the rapid rates of
domestication proposed by Zohary (1969, 1984, chapter 6)
and Ladizinsky (1987b), although we would argue that
somewhatlonger periods maybe more probable, especially if
the effects of unripe reaping were combined with the effects
of repeatedly sowing the same plots. Even so, the fact that
wild einkorn (and probably also wild emmer and barley)
could have been domesticated within two centuries makes
domestication an event of such transience that it stands little
chance of being recognizable as a clinal process in samples of
plant remains recovered from archaeological sites.

Limitations of Computer Model

At a general level, it should be stressed that the computer
model is deterministic and takes little account of random
processes. Its aim is merely to give a general idea of the time-
scale of the domestication process. To this end, we applied a
number of simplifications in selecting values for some of the
variables. The most obvious simplifications were as follows:

Thesimulation assumes that the semitough-rachised state

in einkorn (the species used both in our field measurements
of selection coefficient and in the computer simulations) is
determined by a single allele. However, the work of Sharma
and Waines (1980:215) demonstrates that twolociare involved
in the control of the tough-rachis character in ssp.
monococcum. The 15:1 segregation ratio they found in the F,

progeny of crosses between ssp. boeoticum and ssp. -

monococcum also indicates that the two genes were assorting
independently, that is, they were not linked. The likelihood
of fixation of both alleles in a homozygous form in eaily
generationsis muchless than forasinglelocus. Once present,
and given a high degree of selfing, the genotype would,
however, show a similar rapid increase in frequency to the
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single genehomozygote. Theeffects of outbreedinginslowing

the rate of increase of the homozygote would, however, be

markedly more pronounced than for the single-gene model.
On the other hand, Sharma and Waines suggest that

simultaneous mutations at two loci seem highly improbable.
A plant homozygous for the recessive gene at one of the two
loci may have arisen firstand might have had some degree of
rachis toughness. This might have led early humans to select
such plants in the course of harvesting. Mutation at the -
second locus might have been another independent event
that occurred later in this already domesticated line, or this
second mutation might have occurred in another boeoticum
line. These two boeoticum lines, one homozygous for one
locus and the other homozygous for the second locus, by
hybridization and segregation mighthave givenrise to present
day monococcum homozygous for both loci. (1980:215)

Neither possibility conflicts with thebasic model presented
here, which is concerned merely with indicating the
approximate time scale necessary for the primary fixation of
increased rachis toughness under unconscious selection.
Certainly, with Sharma and Waines’ results indicating that
even in plants homozygous recessive at only one of the loci,
the rachis was tough enough for the ears to remain intact
when “left standing in the field for about one month in the
dry hot weather,” homozygosity at even one locus would
have been enough to have achieved domestication as
understood in our model. The same would probably have
been true if yet more loci had been involved.

The model secondly takes no account of the possible
effects of introgression of wild-type alleles from nearby wild
stands through occasional outcrosses. (Introgression is the
infiltration of genes from one population into another of a
different genotype.) Extensive areas of entirely wild-type
populations are almost certain to have existed in the vicinity
of the incipient domesticates and would have included
populations growing on the older cultivated land where the

early wheat or barley crops were probably wholly or partially -

self-sown with spikelets shed spontaneously from brittle-
rachised ears. Introgression of this sort could clearly slow
down the rate of domestication. Given the high degree of
selfing in wheats and barley, however, such introgression is
likely to have been relatively modest during the short period
involved in the process of domestication (contrast the effect
of longer term introgression discussed in the appendix).
Indeed, both Harlan (1965) and Ladizinsky (1985b:193) carry
the argument still further and suggest that introgression
from wild stands into domesticated (or incipiently
domesticated) cereals crops serving as pistillate parents was
probably insignificant at any stage.

We made no attempt to measure the effect of harvesting

crop populations at different stages of average ripeness, as
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this would clearly have involved much larger trials than those

considered here. In any case, the full range of selective

intensities likely to be generated by other levels of average

ripeness are included within the very broad range of values

for selection coefficient that were used in the simulation. In
fact, in view of the clear advantages of harvesting wild-type
~ crops when they are significantly underripe (see below, and
chapter 11), it is possible that the lower selection coefficients
are the more realistic ones, and that domestication required
anythingbetween 30 and 200 years (see the right-hand curves
in figure 10.11).

Wehavealso disregarded the possibility (however remote)
that, when sowing virgin land, the farmers might have
incorporated in their seed stocks some wild-type spikelets
gathered from old plots where brittle-rachised ears had
disarticulated during harvesting. This would clearly have
retarded domestication rate. However, the model assumes
that these early farmers will (in the early years, anyway) have
recognised the value ofleaving the shed spikelets to self-seed
earlier years’ plots, and that they would not, therefore, have
wasted time gathering up the spikelets to sow elsewhere.
Indeed, the recent field experiments of Willcox (chapter 11)
indicate that, with wild-type spikelets, a better germination
rate is obtained when they are left to self-implant than when
they are artificially buried. Clearly, then, the shed spikelets
would best be left where they fell. They would, in any case, be
awkward to collect, as they quickly disappear under surface
leaflitter and into cracks in the ground.

We have also taken no specific account of the possible
effects of modifier genes influencing the expression of the
genes determining rachis toughness. If major shifts have
occurred during the past eleven millennia in the expression
or degree of recessiveness of the semitough-rachised allele,
thenthe presentmodel would need modification. Fromrecent
work on cereal breedingat CIMMYT, however, Wilkes (1986)
suggests that modifier genes might merely have delayed full
fixation of the semitough-rachised phenotype and that the 30
or so years for achieving domestication in respect of major
genes (such as those determining rachis fragility) represents
one end of the range of time periods probably needed for the
full fixation of modifier genes and for the consequent
achievement of stability of rachis fragility state. This lack of
stability in the final stages of fixation of semitough rachis (or,
at least, the first episode of that process) could, he suggests,
produce fluctuations at the top end of the sigmoid curve as
notionally indicated in figure 10.13.

Fluctuations of this sort could conceivably account for the
remarkable mixtures of so called primitive and advanced

forms that continued to occur in essentially domesticated .
cropsforamillennium or more—rightinto thelate Aceramic

Neolithic—at sites such as Can Hasan Il in Turkey (Hillman
N.D.), although other interpretations of these mixtures are

possible (see appendix). Nevertheless, this should not have -

altered the speed with which domestication reached the near-
complete state, just short of complete fixation, which is the

" subject concerning us in this chapter.

Effects of Conscious Selection Imposed Midway

Through the Domestication Process

It was noted above that once the frequency of semitough-
rachised phenotypes had increased to a level at which they
became noticeablein the wild-type crop populations (perhaps
around the 1% level), the farmers might have consciously
accelerated the process by taking the semitough-rachised
ears, sowing the spikelets in a separate plot, and multiplying-
up the seed stocks to a level at which they had enough to re-
sow all of their cereal fields. From that point onwards, the
cropwould have been fully domesticated, barring fluctuations
owing to changes in modifier genes. If sown thinly, one
spikelet generally produces plants with at least 40 spikelets
(and generally more); so, the period of multiplying up could
have been as short as 3 or 4 years.

'Fromthe pointat which they sowed the more-or-less pure
semitough-rachised seed stocks, the graph would rise near
vertically (figure 10.13). However, it can be seen from figures
10.11and10.12 that, with even the fastest rate of domestication,
thetimerequired toreachthe1%levelisatleast1o generations
(that is, ten years). Intervention in the manner proposed
above would therefore have reduced minimum domestication
time by only half at the most.

Testing the Model in Long-term Field Trials

With the computer simulation indicating such a rapid rate
of domestication, it was clear that we could test the model
over a20- to 30-year period by cultivating wild-type einkorn
(or emmer or barley) under the combination of husbandry
systems proposed in the model. However, experience of
wild einkorn cultivation at Cardiff indicated that the Welsh
climate was too wet for such an experiment, and Patricia
Anderson-Gerfaud and Jacques Cauvin of the Institut de
Préhistoire Orientale kindly proposed including it in their
Cultures Préhistoriques Expérimentales program at Jales,
Ardeche,in the south of France. The trial isnowin the expert
hands of George Willcox and Patricia Anderson-Gerfaud as
part of a broad experimental study of early agronomy, and
some of their preliminary results are reported in Anderson-
Gerfaud (1988), in chapter 12, Willcox and Anderson-
Gerfaud 1991, and in chapter 11. If the increase in frequency
of the domestic phenotype follows the pattern indicated in
our simulation, then this should start to become apparent in
about 10 to 15 years. _ :

Such a test can, however, demonstrate merely that it was
feasible for unconscious domestication of einkorn (and
probably emmer and barley, too) to have occurred in this
way. It does not prove that it actually happened this quickly
11 millennia ago. ’ ‘
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. Total time for domestication without any conscious selection (barring the effects of modifier genes)
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Figure 10.13 Representation of effect of introducing conscious selection favoring semitough-rachised (domestic) plants in crops of
wild-type einkorn once their frequency reaches about 1 to 5%. (Compare with figures 10.11 and 10.12)

Why Should Any Early Farmers Have Used the
Required Forms of Husbandry?

The combination of husbandry methods required to achieve
domestication mayappear impractical. In each case, however,
there are sound agronomic reasons why they could have
been used by the earliest farmers.®

Why Harvest Partially Ripe Cereal Crops with Sickles or
by Uprooting? ‘
There are three possible explanations. Harvesting grain from
wild grasses/cereals by beating gives the greatest yield per
unit harvesting time. For the majority of hunter-gatherers
with extensive resources, beating therefore offers the most
energy efficient method of procurement. For cultivators
expending energy on land-clearance and tillage, however,
the pressure to maximize yields per unit area is likely to have
favored the harvesting of relatively unripe crops by uprooting
or with sickles. : o

In our field experiments, beating proved to be the most
convenient method of harvesting wild cereals, and it was the
method favored by most hunter-gatherers when harvesting
wild-grass seed (see “Harvesting methods...”). Harvesting
by beating is, however, more efficient than other methods

only in terms of the amount harvestable per unit time. In

terms of the amount harvestable per unit area, beating near-

ripe einkorn (with a single pass) is no better than uprooting

and sickling (see table 10.1), and, in practice, could result in
much lower returns than other harvesting methods. There
are three reasons for this:

+ Optimal returns from beating require multiple passes,
and thisinvolves trampling the crop before the final passes.
(By contrast, hunter-gatherers with very extensive wild
stands could probably have afforded to omit the second
and third passes.)

+ The onlyway of reducing the number of harvesting passes
is to delay harvest until the crop starts to shatter. In
practice, however, Willcox (chapter 11) has found that
mistiming the harvest by a couple of days can all too easily
lead to massive losses through pre-harvest spikelet-shed.
Again, when harvesting extensive wild stands as hunter-
gatherers, theselosses from the shedding of spikeletsmight
have been relatively inconsequential, but on cultivated
plots, extra losses mean tilling extra land to get the same
net return, and this is energy-expensive.

+  Ifthe farmers attempt to limit spikelet shed by harvesting
the crop half-green (prior to any spikelet-shed), then
harvesting by beating cannot be applied, as beating works

only if the ears are disarticulating. Uprooting or sickling

then offer the only solution (see chapters11and 12).
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Thus, despite our observation that harvesting by beating
givesthe greatestyield per unitharvesting time, for cultivators,
the pressure to maximise yield per unit area is likely to have
favoured the harvesting of relatively unripe crops by
“uprooting or with sickles.

This change reflects the substantially altered patterns of
energy input and resource distribution that occur with the
shift to cultivation. Hunter-gatherers exploit diffuse
resources, and pre-processing energy expenditure is limited
mainly to travel, harvest, and transport costs. In contrast,
cultivators generate their own highly concentrated resources,
with heavy pre-harvestenergy expenditure onland-clearance,
tillage, sowing, weeding, and crop protection. The methods
used by earlier generations for foraging diffuse resources
clearly had to be altered to maximise energy returns per unit
area of tilled land (in which there had been heavy energy
investment)—instead of maximizing energy returns per unit
of energy expended in harvesting and travel. One obvious
way of meeting this requirement was to replace beating by
sickle reaping or uprooting. Optimal foraging theory thus
offers a partial explanation for shifts in technology which, in
turn, can account for crop domestication. *

There are two further factors which may have encouraged
the first farmers to harvest with sickles or uprooting:

1. The farmers may have wanted a valuable secondary
product: straw, which could be harvested only by sickling or
uprooting. Straw might have been valued for lighting fires,
tempering mud brick or adobe, and, perhaps, as fodder.
Straw is invaluable for lighting domestic fires and still serves
this role in areas where paper is rare. Straw may well have
been needed for tempering mud brick or adobe. If sedentism
in southwestern Asia preceded the adoption of large-scale
cultivation, as present evidence suggests (see Harris 1977;
Hillman, Colledge and Harris 1989; Hillman 1986), then the
concomitant storage of crop harvests would have required
the construction of storage facilities even before cereal
cultivation began. Certainly, complex storage structures of
heavily straw-tempered mud bricks are present in even the
earliest agricultural level (D) at Ganj Dareh Tepe in the
southern Zagros, and they apparently pre-date the
construction of equivalent (though larger) adobe structures
for human habitation (Smith 1970 for the mud-brick
structures; van Zeist et al. 1984 for the earliest evidence of
domesticatesatthe samesite. Seealso Stordeurand Anderson-
Gerfaud [1985] and Anderson-Gerfaud [1986, 1988] for
evidence that the threshing method used at Ganj Dareh
would have necessitated harvesting the straw with the ears.)

Either way, straw-tempered adobe structures are common |
throughout much of southwestern Asiafrom the Pre-Pottery-

Neolithic B period onward.
Straw may also have been harvested to fire the harvest.

Sheaf-burning is an effective way of eliminating much of the

chaff and parching the spikelets ready for dehusking and
grinding (see Hillman 1984b:141-3). Indeed, we use this

- method ourselves whenever processing wild cereal grain for

consumption, asitsaves most of the threshingand winnowing.
However, it kills the grain and would not have been used to
clean the harvest from those plots providing seed stocks for
next year’s crop. Nevertheless, if uprooting or sickle reaping
(as a prelude to firing) was applied to the rest of the harvest,
farmers may have found it convenient to harvest the seed-
stock plots by the same method, even though the harvested
sheaves from these plots could not have been cleaned by
burning.

It might also be argued that the first farmers required
straw as fodder for domestic animals, especially for cattle.
Certainly, straw is used extensively in this role in the Near
East today. However, present archaeological evidence
suggests that there were no domestic cattle at this stage in the
relevant parts of the Near Eastand maybe few domestic sheep
or goats (see, for example, Legge and Rowley-Conwy in
Moore et al. 1999). As for the Bohrer (1972) hypothesis that
preagrarian or early cultivator groups fed cultivated fodder
to penned wild animals, all the available evidence suggests
that this is highly improbable.

If the first farmers suffered a few decades of wet
summers. they would have been forced to harvest by
uprooting or sickling, even if they had hitherto harvested
by beating. Our Cardiff field trials revealed that, in wet
summers, brittle-rachised einkorn fails to disarticulate,
and beating becomes ineffective. But while domestication
could not have occurred for as long as the crop failed to
disarticulate, a decade or two of wet summers could have
established a tradition of harvesting by uprooting or
sickling. It seems unlikely, however, that there was a
decade or more of wet summers in southwestern Asia
during the terminal Pleistocene (Byrne 1987)."

Why Should the Early Farmers Have Annually Extended
Cereal Cultivation onto Virgin Land (in Those Cases Where
It Might Have Been a Prerequisite for Domestication)?
Two sets of circumstances automatically necessitate annual
shifts in cultivation and might account for domestication
having occurred in cases where shifting cultivation wasa pre-
requisite. The firstinvolves shifting cultivation—with regular
shifts from old land onto virgin land. Since all the old plots
would have been conveniently self-sown with the wild-type
crop, deserting these old plots would presumably happen
only in the face of serious deterioration of crop yields. Yield
might fall because of depletion of phosphates in the calcic
soils typical of this region (Bunting 1987) or because of a
build-up of weed contaminants.

Annual extensions in the area under cultivation could
secondly have occurred without corresponding
abandonment of old land. The most obvious reason for
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adopting such a strategy would have been pressure from
expanding populations. Population pressure features in a
number of models for the beginnings of cultivation in
southwestern Asia (see Bar-Yosef and Kislev 1989; Binford
1968; Cohen 1977; Flannery 1969; Harris 1977; Hassan 1981;
Hillman 1986; Moore1985,1989; Smith and Young 1983), and
present evidence suggests that the population increases
accelerated still further after the adoption of agriculture. It is
inevitable, therefore, that cultivation had to be regularly or
episodically extended onto virgin land. (The later
development of intensification practices such as irrigation
would have merely reduced the frequency of these
extensions).

Why Take Their Stock of Seed (for Sowing) Exclusively
from the Grain Harvests of Last Season’s New Plots (in
Those Cases Where It Might Have Been a Prerequisite for
Domestication)?
Such a strategy may again have been adopted to minimise
weed infestation. In southwestern Asian steppe, field studies
have shown that concentration of most weed species
(including toxic-seeded genera such as Adonis) builds up
rapidly in the first few years of cultivation and then reaches a
plateau (Hillman, Colledge, and Harris 1989:253). Weed seed
frequencies in harvested grain would therefore have been
lowest in harvests from the new plots, and taking all seed
stocks from these plots would have assisted weed control.
In summary, therefore, there would have been good
grounds for the first wheat and barley farmers applying all of
those methods most likely to have resulted in the
domestication of wild type crops—even in the event of this
necessitating annual shifts to virgin land using seed stocks
taken exclusively from last year’s new plots. Such methods
were probably applied by many of the early farmers of the
area, though there were doubtless some who used other
methods and whose crops remained in a state of
nondomestication cultivation until they eventually obtained
seeds stocks of the new domesticates from other early farmers.

Domestication in the Archaeological Record

Our evidence suggests that the process of domestication
would have required only 20 to 200 years, with, perhaps, a
short period of “domestication delay” owing to the absence
of mutants in some of the earliest crops and an additional
delay if crops were repeatedly re-sown on the same plots
(assuming this would not have prevented domestication
altogether). Can we therefore expect to identify stages such as
predomestication cultivation or nondomestication
cultivation in the archaeological record?

Predomestication Cultivation

Predomestication cultivation s cultivation of wild-type crops

from the time of initial adoption of methods that would

GORDON C. HILLMAN and M. STUART DAVIES

induce domestication—to the point of eventual fixation of
domestic-type mutants in the crop populations. For
convenience, it can be taken to include the brief lead-in
period duringwhich, in very small crop populations, domestic
mutants were provisionally absent (see figure 10.14).

Scholars studying late Mesolithic and early Neolithic sites
in southwestern Asia have long hoped for a clear archaeo-
logical record of in situ domestication. Our simulation
suggests that this is unlikely to be realized: the 20- to 200-
year set of events involved in the domestication of einkorn
(and probably emmer and barley, too) stands little chance of
being preserved as a recognizable clinal sequence of
morphological changes in archaeological remains from early
sites. In Near Eastern archaeology, two decades after the
flotation revolution wesstillhave only quite scanty assemblages
of wild cereals and early domesticates from late Mesolithic
and early Neolithic sites. Even the rich remains from Abu
Hureyra appear to represent, on average, one brief event
(such as the charring of food residues on a domestic hearth)
per approximately 20 years per about 25 m? of excavated
occupation surface (Moore et al.. 1999; see also Miksicek
1987:221-222). Thereis thereforelittlehope thatasequence of
morphological changes occurring in a particular crop grown
bya particular household would be preserved in recognizable
format, say, 3- to 5- year intervalsin clearly stratified deposits;
local patterns of on-site deposition are too irregular in the
short term, and subsequent disturbance is too common. In
most cases, therefore, predomestication cultivation must be
regarded as archaeologically invisible—as a clinal process.

On the other hand, an occasional sample of remains from
acrop in the very process of domestication (characterised by
a mixture of wild- and domestic-type rachis fragments, and
representing just one point on the domestication curve)
could well be recovered as a chance find. Indeed, the mixed
assemblage of wild- and domestic-type rachis remains from
PPNA Netiv Hagdud in the Jordan Valley appeared to
represent just such a case (Kislev et al. 1986). However, there
are alternative interpretations for such a mixture, and after
more detailed study, Kislev (1989b, 1990) concluded that the
remains were all of the wild type. (These problems are
discussed further in the appendix.)

In the absence of remains of demonstrably transitional
crops, all we can hope to find is the following. On sites where
the pre-agrarian population continued its occupation after
starting to cultivate cereals, we will find merely one set of
occupation deposits with entirely wild plant foods (“wild”

‘both in terms of plant morphology and in terms of evidence

for mode of procurement) and an overlying set of deposits
containing remains of fully domesticated (semitough-
rachised) crops. From such remains we cannot tell whether
the shift from the wild-type cereal to the domestic type
represents on-the-spot domestication or the import of
domestic seed stocks from elsewhere.
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Alternatively, on sites where a preagrarian group moved
to a new site when they started cultivating cereals, we will

have merely one site (or set of sites) with entirely wild plant -

foods (that is, typical hunter-gatherer sites) and another site

(nearby or far away) complete with domesticates, with the
_dates of the lowest levels not significantly later than the
" uppermostlevel(s) of the firstsite(s). In such cases, we cannot
be certain that it was the same group that moved from one
site to the other, and therefore we cannot know whether “on-
the-spot” domestication was even a possibility, let alone
whether it had actually occurred.

Nondomestication Cultivation

Generally preceding predomestication cultivation and the
ensuing cultivation of domesticates, nondomestication
cultivation is the cultivation of crops (sometimes containing
mutants) using methods that cannot induce domestication.
It probably persisted at some settlements long after
domestication had occurred elsewhere.

At least a few of the earliest farming settlements were
probably of this type because harvesting by beating cannot
induce domestication, and the technique was probably as
popular amongst Mesolithic hunter-gatherers as it was
amongst recent hunter-gatherers. It was therefore likely to
have persisted among some of the first farmers despite its
disadvantages when applied to crops. Such settlements could
have continued cultivating wild-type cereals for some years,
until they either adopted alternative systems of husbandry of
the sort that induced domestication or obtained seed stocks
of domesticates from elsewhere. The more isolated the
settlement, the greater the possible period of nondomesti-
cation cultivation, although cultural conservatism could also
have played a critical role.

On sites of this sort, all cereal rachis remains will be of the
wild type, whether they were cultivated or not. From the
rachis remains alone, therefore, we will have no means of
knowing whether the site was occupied by cultivators or by
hunter-gatherers who harvested their cereals from wild stands.
If the upper levels of such a site contain domesticates, we will
again have no means of knowing whether

a) the occupants had eventually adopted different methods
of husbandry that induced in situ domestication;

b) they had belatedly obtained seed stocks of domesticates
from elsewhere; or

c) the original inhabitants had been replaced by cultivators
of domesticates from another area.

A range of the ancient husbandry systems identifiable (or |

unidentifiable) from archaeological remains is outlined in
table 10.4.

An Archaeological Example of Some of the Problems:

Abu Hureyra in Syria

Thelate Mesolithicoccupationsat thissite contained charred
remains of wild-type einkorn (subsp. boeoticum), while the
overlying Neolithic occupations produced charred remains
ofitsdomestic derivative (subsp. monococcum). It wasinitially
thought that the einkorn in the Mesolithic layers might have
been under some form of predomestication cultivation which
lasted several centuries and culminated in the appearance of
the fully fledged domesticates found in the Neolithic levels.
However, thereappeared to beabreak in occupation between
Mesolithic and Neolithic, and it was surmized that the final
stages of domestication might have taken place at another
(undiscovered) site before the occupants returned to Abu
Hureyra to establish the Neolithic occupation. This scenario
was finally rejected when completion of work on the present
simulation showed that our assumed time scale for
domestication was far too long.

This still left open two possibilities: the wild-type einkorn
was gathered from wild stands; or it was under cultivation of
a sort that would never, of itself, induce domestication
(Hillman 1975). The matter was finally resolved (Hillman,
Colledge, and Harris 1989) using the third of the methods
outlined below involving evidence from associated remains
of other plants.

Alternative Criteria for Recognizing Cultivation Prior

to Domestication

Although domestic-type rachis remains (when present) can
provide useful evidence that a crop had been under
cultivation, it was noted above that wild-type rachis remains
provide no means of distinguishing between wild cereals
gathered from the wild stands (as part of hunter-gatherer
subsistence) and wild cereals under predomestication or
nondomestication cultivation. For this, we have to use
alternative criteria.

Use of Micro-morphological Features Observable in -
Remains of Possible Cultigens

While macro-morphological characteristics such as
semitough rachis and increased grain size are advantaged
only by specific forms ofhusbandry, physiological traits such
asloss of seed dormancy are advanged by almost any form of
cultivation which involves annual sowing. Correspondingly,
annual sowing should also select for any histological
characteristics physiologically or chromosomallylinked with
absence of dormancy. Since even the earliest farmers probably
sowed their crops annually, these histological changes could
serve as markers for the very beginning of cultivation.

In certain legumes, the presence or absence of dormancy
has been found to be linked with testa color; and in other
legumes, testa color has been linked with differences in testa
structure visible under SEM (Butler 1989). There was clearly
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Figure 10.14 Diagrammatic summary of the principal events associated with the domestication of wheat and barley. Curves with stipple shading represent independent (later) episodes of
the adoption of cultivation and the eventual inducion of domestication. “X" marks the approximate starting point of each independent episode of domestication, thus assuming that the

domestication of each of the wheats and barleys occurred independently at a number of different early farming settlements. Whether this was actually.the case is still under debate.
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a possible link between testa structure and dormancy, and
thus a possibility that SEM-observable features of testa
histology could be used to identify the point in time when
cultivation began, even in cases where the form of husbandry
was of a type that would never select for more readily
recognizable domestication traits such as tough rachis,
(compare the work of Fritz [1986] and Smith [1987] on tests
of Chenopodium berlandieri; also Ismail [1988] on seed
polymorphism correlated with dormancy in Simmondsia).

However, early archaeological remains of legumes are
rare compared with cereal remains, and it was therefore
hoped thatequivalent SEM-observable criteria could be found
in the cereals and that they would survive in charred remains
as evidence of the earliest attempts at any nondomestication
cultivation. The necessary histological investigations were
undertaken on grain pericarps (particularly the transverse
celllayer; see Korber-Grohne1981) ofliving wild-type einkorn
from both primary and vegetal habitats, and charred wild-
type einkorn from Mesolithic Abu Hureyra. Sadly, no criteria
could be found in the modern grains which reliably
distinguished between wild-type einkorn exposed to
cultivation (whether as a crop or as a weed of crops) and wild
einkorn gatherered from primary habitats. Similarly, in the
ancientgrains of wild-type einkorn, no systematic diachronic
changes could be detected in pericarp histology that could be
attributed to any sort of domestication gradient (Colledge
1989; Hillman, Colledge and Harris1989:242-243).

Chemical Criteria

The possibility that loss of dormancy could be detected
through chemical criteria was tested in 1982 using pyrolysis
mass spectrometry (PYMS) as part of a broader exploration
of the chemo-taxonomic resolution of this form of analysis.
Lack of time has prevented us completing the analysis of the
(so far) promising-looking results, but, in the meantime,
similar work isbeing undertaken with the muchless expensive
(and thus archaeologically more useful) technique of infra-
red spectroscopy (IRS). IRS is already proving invaluable in
distinguishing charred (modernandancient) cereal grains of
not only different ploidies but also different classical species
(McLaren et al. 1990). It is therefore hoped that chemical
criteria of this sort might also be able to distinguish between
wild-type einkorn grains of the two genotypes concerned
here, and thence be used to help identify the start of
nondomestication cultivation. '

Evidence From Associated Remains of Other Plants

The question of whether or not wild-type cereals were under
cultivation can also be addressed through analyses of
associated remains of plants of other species which can
indicate the sort of plant communities from which the

potential éultigens came (for example, whetheritwasasegetal

community or a truly wild one). The rationale, together with

GORDON C. HILLMAN and M. STUART DAVIES

detailed examples, is presented in Hillman, Colledge and
Harris (1989) in the context of the investigations at Abu
Hureyra. At this site, this line of evidence indicated that the
wild-type einkorn from Mesolithic levels was gathered from
primary habitats (strictly as part of a hunter-gatherer
economy) and that it was not under cultivation.

Evidence From Associated Artifacts

Whenflint-bladed sickles are used to cutreeds, rushes, cereals,
orhay, distinctive patterns of wear or polish are generated on
the blade surfaces and are observable with epi-illuminating
light microscopes (see, for example, Andersen and Whitlow
1983; Anderson 1980; Anderson-Gerfaud 1983, 1986, 1988,
chapter 12; Ataman 1989, chapter 22; Keeley and Newcomer
1977; Korobkova 1978, 1981b; Moss 1983a; Newcomer et al.
1986; Stordeur and Anderson-Gerfaud 1985; Unger-Hamilton
1983,1985a,1988a, 1989). Korobkova (1978, 1981b) found that
when cut low on the culm, cereals grown on cultivated land
produced distinctive long scratches on the flint blades. The
source of the scratches was thought to be dust or grit blown-
or splashed up onto the lower culm from the tilled soil
surface. Certainly, relatively few such scratcheswere produced
by wild cereals growing in uncultivated primary habitats.
Here, then, was a potentially independent basis for
recognizingany form of cultivation which had involvedtilling
the soil and reaping low on the culm.

Unger-Hamilton (1985a,1988a,1989) incorporated studies
of this effect in a massive series of field trials conducted in
S.W. Asiaand Britain and applied the resulting criteria in the
interpretation of microscopic studies of flint blades from
Mesolithic and Neolithic sites in Palestine. Similar work
(though less specifically concerned with the “Korobkova
effect”) was also undertaken at a range of experimental
locations and early sites by Anderson-Gerfaud (1980, 1983,
1986, 1988, chapter 12). In both cases, the Mesolithic sites
(locally termed Epipaleolithic) were of the Natufian culture,
and the Neolithic sites were of the Pre-Pottery Neolithic A
and B cultures (abbreviated asPPNA and PPNB respectively).

Unger-Hamilton interprets her present dataas suggesting
that cereals were probably cultivated on a very small scale
throughout the latter part of the Mesolithic—beginning ca.
10,000 BC, around 2000 years before the earliest remains of
domesticated crops. The cereals were reaped whilestill unripe.
(Reaping unripe culms generates a quite different polish on
the blades—a point also observed in experiments by
Anderson 1980; Anderson-Gerfaud 1986, 1988, and chapter

“12; see also Andersen and Whitlow 1983). The cereals were

probably cut fairly low on the culms. The cultivation (of this
same type) remained small scale throughout the Pre-Pottery
Neolithic A (PPNA). At the start of the PPNB (ca. 8000 Bc),
cereal cultivation began to be practised on a large scale, and
the cereals were now harvested in the ripe (or partially ripe)
state. At this same point, culm width (as reflected by width of
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polish on sickle blades) increased from the narrow wild type
to the thick domestic type (Unger-Hamilton 1989).

In parallel work by Anderson-Gerfaud (1983,1988, chapter -

12, Anderson 1991), harvesting of cereals in the green state
was similarly demonstrated from Epi-Natufian and PPNA
_sickle blades recovered from Tell Mureybit in Syriaand from
* a few backed bladelets from Epipalaeolithic Abu Hureyra.
She also has evidence for cutting cereals fairly low on the
culm by the early Neolithic at Ganj Dareh Tepe in Iran
(Stordeur and Anderson-Gerfaud 1985; Anderson-Gerfaud
1986, 1988; and chapter 12).

Comparison of Present Evidence From Artifacts
and Charred Cereal Remains, in the Context of the
Domestication Model
Unger-Hamilton’s (1989) evidence for cereal cultivation
beginning by 10,000 BC in the southern Levant might appear
to conflict with the fact that the earliest finds of domesticated
cereals (again from the Levant) date from shortly after 8ooo Bc
(uncalibrated). However, in the context of our domestication
model, this apparent disparity makes sense.

Unger-Hamilton has indicated that the cereals apparently
under cultivation by ca. 10,000 Bc (uncalibrated) were
harvested with sickles, thus satisfyinga primary precondition
for domestication. However, the fact that throughout the
first 2000 years these cereals were seemingly harvested in the
green, completely unripe state (as they also were at Epi-
Natufian and PPNA levels [both essentially early Neolithic]
at Tell Mureybit in Syria [Anderson-Gerfaud 1983, 1988,and
chapter 12]) would clearly have precluded any positive
selection for semitough-rachised mutants, anyway. (Other
factors could clearly have contributed here.) Only at around
8000 BC does Unger-Hamilton encounter evidence for the
cerealshavingbeen harvested in the more mature state which
(according to our model) would have allowed domestication
to proceed. It is possibly significant, therefore, that it is
around this same date that we encounter the first
archaeological remains of domesticated cereals (currently
dated to ca. 7800 Bc [uncalibrated]) and that their earliest
appearance (sofar) isonsites in this samearea of thesouthern
Levant (see Bar-Yosef and Kislev 1989; van Zeist et al. 1972,
1979). It could perhaps also be significant that it was around
this same time that Unger-Hamilton’s cereals were first
cultivated on a large scale, and also acquired a secondary
domestic feature (thick culms). ,

However, it must be stressed that alternative explanations
exist for each aspect of the current evidence: '

+ Anyonesickleblade could have been used toharvestboth
wild and cultivated cereals. Thus, even if the scratches

came from harvesting small cultivated plots, as proposed,
thebouyant polish attributable to harvesting cerealsin the

green state could nevertheless have come from using the

selfsame blades to cut green wild cereals growing nearby.
Present evidence from the blades therefore cannot
altogether exclude the possibility that the cultivated plots
wereharvested ina sufficiently mature state tohaveallowed
domestication to proceed from the outset of cultivation
(assuming the other preconditions were satisfied).

The extreme paucity of charred remains of food plants
from early sites in the southern Levant suggests that the
current chronology of the earliest finds of domesticated
cereals mightbe purely fortuitous. The absence of charred
remains of Mesolithic domesticates could, for example,
beblamed on poor preservation of cereal remains on early
archaeological sites in the area and the still inadequate
standards of their recovery. This dearth of direct evidence
therefore offersno proofthat the process of domestication
did not begin simultaneously with the advent of the sickle
reaping identified by Unger-Hamilton from 10,000 BC.

The dust on the cereal culms which produced the scratches

"could theoretically have come, not from tillage, but from

natural disturbance in or near the wild stands concerned.
(Unger-Hamilton [1988a] is currently planning trials to
specifically test the extent to which abundance of scratches
on flint blades might be correlated with differences in soil
typeand natural soil disturbance such as nearby mountain
screes). Certainly, the work of Anderson (chapter12;1991)
and of Anderson-Gerfaud et al. (1991) indicates that
scratches can be generated without any cultivation, as
seems to have been the case at some Mesolithic sites in
Europe. However, as noninitiates in this area, we cannot
judge whether the European evidence matches the
apparently dramaticincreasein theabundance of scratches
which Unger-Hamilton (1989) records for the transition
from Natufian to PPNB in the Levant.

The Mesolithic blades might have been used to cut both
unripe wild cereals (thereby producing the unripe cereal
polish), and edible rhizomes of marsh plants such as
Typha (catstail), Phragmites (common reed), and
Schoenoplectus (bulrush). The occasional scratches on
the Mesolithic blades could then perhaps derive from the
mud attached to the rhizome surfaces. Rhizomaceceous
foodswere almost certainly staple sources of carbohydrate
among local hunter-gatherers in the Near Eastern
Mesolithic (see Hillman 1989; Hillman, Colledge, and
Harris 1989; Hillman Madeyska, and Hather 1989), but
their exploitation probably declined with increased
dependence on cultivated cereals. If, therefore, scratches
from muddy rhizomes and the dusty culms of cultivated
cereals prove to be indistinguishable, it will be difficult to
identify the point at which rhizome gathering declined/
ceased and the harvesting of cultivated cereals began.
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(GCH, Karen Hardy, and their Institute colleagues have
now completed the first round of extensive harvesting
trials of wild Typha rhizomes undertaken, in part, to see
whether the flint blades develop characteristic forms of
wear) '

+ The earliest cultivation of cereals might have involved no
tillage, inany case, but simply relied on sowing the spikelets
by dibbing (that is, in small holes made with a pointed
dibber or dibbing stick) or even direct onto soil mulched
with uprooted vegetation. Certainly, dibbing has proved
very successful with wild-type wheats in the Jales
experiments (Anderson 1989; Anderson-Gerfaud et al.
1991; chapters 11 and 12), just as zero tillage has proved so
successful in some ecologically less destructive forms of
modern agriculture—especially when combined with
generous mulching.

* The husbandry activities that selectively advantaged
semitough rachises or plumper grains are unlikely to have
been the same as those that favored wider culms. Itwould
therefore be unwise to attach any great significance to the
seemingly synchronous appearance in the archaeological
record of apparently domesticated grains/rachis remains
and independant evidence for thicker culms.

However, despite these alternative explanations, itis clear
that use-wear studies of sickle blades offers a potentially
useful source of independent evidence for the chronology of
cereal cultivation and domestication which archaeobotanists
cannot afford to ignore. Nevertheless, much more work is
clearly needed in this area (table 10.4).

Was the Domestication of Each Crop a Single

or Multiple Event?

It remains uncertain whether each domesticated crop had a
polyphyletic or monophyletic origin, that is, whether each
was domesticated several times or just once.

Clearly, einkorn, emmer, and barley were each
domesticated separately. However, different crop populations
of each of these species could themselves have been
domesticated independently at each of a number of different
early cultivator settlements. If, and how often, any such
independent domestications occurred will have depended
on three factors. The first factor was how quickly stocks from
newly domesticated crops were exchanged/traded across
regions where cultivation was being adopted for the first
time. Clearly, rapid exchange could have preempted potential
cases of independent domestication amongst hunter-
gatherers poised to start cultivating. The speed of exchange
will, in turn, have depended on the preexisting patterns of

social contact between bands, and the potential recipients’

perception of the agronomic advantages of the domesticated
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forms. The second factor washow bigan area of the Near East
was witnessing the adoption of cereal cultivation: the greater
the area, thie greater the chance of some early cultivators
beingisolated from exchange networks. According to Hillman
(1987), the area experiencing primaryadoption of cultivation
is likely to have embraced a broad sweep of the northern
“Fertile Crescent” and the Jordan Valley—at the very least.
This area might have allowed ample room for isolation,
although the extent and intricacy of the exchange networks
of recent hunter-gatherers suggests that any such isolation
would probably have been short-lived. The third factor was
the density of human occupance in these areas and, thence,
justhowmany different settlements could haveindependently
adopted cultivation and been in a position to independently
domesticate the crops concerned.

The lack of evidence relating to each of these factors
precludes firm conclusions. Nevertheless, in figure 10.14 we
have allowed for the possibility of several different episodes
of primary adoption of cultivation and subsequent
independent domestication.

But is there any evidence from the domesticates
themselves? The answer is a qualified yes. Using a range of
morphological and genetic criteria, Zohary (1989a:369-371)
argues thatbecause crops such as the wheats, peas, and lentils
represent such a limited segment of the full spectrum of
variation to be found in their respective wild ancestors, they
probably derive from a single domestication event in each
case. However, using similar evidence, Ladizinsky (1989a:385—
388) argues that the domesticated forms of pea and lentil, at
least, must havehad a polyphyletic origin; that is, crops of the
wild-type ancestors must have been domesticated more than
once. For the moment, therefore, the question remains open.

Either way, the narrowness of the genetic base of the initial
domesticates (relative to the diversity of the wild types)
allows their early establishment to be viewed as a classic
example of the founder effect (Ladizinsky 1985b).

A Further Stage of Domestication: The Appearance of
Secondary Crops with Fully Tough Rachises
All the foregoing has considered domestication in terms of
the fixation of semitough-rachised phenotypes in crop
populations of the brittle-rachised (wild) type—primarily
using einkorn wheat as our example. This process was
justifiably termed domestication, as the resulting plants were
incapable of surviving in the wild, and were (and still are)
dependent on human intervention for their reproduction.
However, domestication in the wheats can (and did) go
one step further. Tetraploid and hexaploid wheats that carry
mutant forms (“Q”) of the speltoid “q” alleles producea fully
tough rachis that fails to disarticulate, even when thoroughly
threshed and have thin deciduous glumes which release the
grain during threshing (Miller 1987; Muramatsu 1986). Such
plantsaretermed free-threshingor naked-grainedand include
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both bread wheat (T. aestivum) and macaroni wheat (T.
turgidumvar. durum)—both now grown worldwide. Because
these free-threshing wheats emerged from already
domesticated crops (such as emmer and spelt), they can be
termed secondary crops. This term is most commonly reserved
for crops such as rye and oats because they are traditionally
" thought to have emerged as domesticated weeds (complete
with tough rachises, or, in oats, tough rachillas) in fields of
primary founder crops, before eventually becoming
established as crops in their own right (Vavilov1917; Sencer
and Hawkes1980; Hillman1978). Although the domestication
of weed rye and weed oats is conventionally thought to be the
result of unconscious selection, models for the domestication
of free-threshing wheats have yet to be formulated, and
conscious selection may well have played a role."

However, new archaeological evidence of very early finds
of fully domesticated rye from Abu Hureyra in Syria now
suggest that rye was one of the original founder crops and not
a secondary crop after all (Hillman and McLaren). As
domestic rye is an outbreeder, this new evidence might seem
to conflict with our model which suggests that unconscious
domestication of an outbreeder like rye would have required
more than 8,000 years (see table 10.3). The explanation
probably lies in rye having evolved from an inbreeding
ancestor: Secale vavilovii which formed the first crop and
within which domestication occurred, the fully domesticated
crop thereafter acquiring the outbreeding habit as a result of
introgression from S. montanum (Davies and Hillman 1992;
Miller 1987; Zohary 1990).

Stability of the new domesticates

This chapter is limited to a discussion of the process of
domestication and its archaeological record and does not
discuss the stability of newly domesticated crops with regard
to introgression (gene infiltration from related genotypes)
and the evolution of various isolation mechanisms or the
later stages of crop plant evolution. These topics are amply
discussed by other authors (see, for example, Harlan [1973]
and Ladizinsky [1985b] on introgression and isolation
mechanisms).

Conclusions

Domestication of the wheats and barley appears to have
occurred under cultivation and not in response to selective
pressures arising in wild habitats from the exploitation of
wild cereal populations by hunter-gatherefs. On the other
hand, some form of edaphic preadaptation to naturally
- disturbed habitats (or, less probably, ruderal habitats) remains

apossibility. (Ruderal habitats are those disturbed by human
activities other than arable cultivation, that is, waste places.)

Correspondingly, the first cultivated wheat and
barley crops were inevitably of the wild, brittle-rachised type.

Although the quantities of grain used to sow these first

crops would generally have been too small to have included
domestic-type mutants, the crops would probably havebeen

- sufficiently large for the mutant to have been generated

within the first 2 to 5 years in most einkorn crops, and
perhaps a little longer for emmer and barley.

Selection favoring the semitough-rachised types of wheat
and barley was necessarily unconscious during the early
stages of domestication.

Unconscious domestication of wild-type wheatand barley
cropsrequired a combination of specifichusbandry methods:
the crops had to be harvested by uprooting or sickle reaping;
and the crops had to be near-ripe or partially ripe, but not so
unripe that none of the ears had started shattering. In certain
circumstances, unconscious selection of the domestic
mutants might have required annual extensions of cultivation
to new plots of virgin land and the seed for sowing these new
plots to be taken from last year’s virgin plots.

There are agronomically sound reasons why some of the
earliest farmers should have used these particular
combinations of husbandry methods.

‘Selective pressures generated by these techniques and
favouring the domestic semitough-rachised mutants
(relative to the wild brittle-rachised type) might have been
intense. Preliminary field trials with wild einkorn gave
measured values ofabout 60% against the wild type—relative
to the domestic type; that is, about 60% of the wild-type
spikelets were lost per crop generation, but none of the
domestic-type spikelets.

Given selective pressures of this order and with the high
levels of inbreeding typical of modern wild einkorn,
computer simulation indicates that the initially rare
semitough-rachised (domestic-type) einkorn phenotypes
could have achieved fixation (that is, domestication in the
classical sense) within 20 to 30 crop generations (that is,
within 20to 30 years). (Emmer and barley might have needed
longer.)

Inreality, selective pressures were probably farlessintense
because the crop was harvested when much less ripe.
Nevertheless, the computer simulationindicates thatat these
lower selective pressures, domestication of wild-type einkorn
could still have been achieved within one or two centuries.

In those crops where domestication was able to proceed
without shifting cultivation, selective pressures would have
been reduced still further—owing to the dilution effect of
wild-type plants originating from self-sown spikelets on the
re-used plots. However, this is unlikely to have added more
than a century or so to the domestication period.

There are other factors which could theoretically have
retarded domestication rate: greater outbreeding, heavy
introgression from neighbouring stands of wild cereals, and
gathering shed spikelets for sowing. It is improbable,
however, that they had a very great effect and even less
probable that they acted in-concert. -
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The farmers are likely to have applied some form of
conscious selection as soon as the domesticates reached
frequencies sufficient to attract their attention (perhaps
around the 1 to 5% level). From that point, the process of
domestication would have been complete within 3 to 4 years
(although the first part of the process would have been
unaffected). ' :

Such a transient sequence of events is unlikely to be
preserved on early sites as a recognizable progression, and we
will probably never find a full sequence of charred wheat or
barley remains manifesting unequivocal “on-the-spot”
domestication. Remains of a transitional crop might
occasionally be recovered by chance, but on most sites where
domestication occurred we are more likely to find remains of
wild cereals in one level and fully domestic cereals in the
levels above, with no way of knowing whether the
domesticates were imported or generated locally.

If ever found, remains of genuinely transitional crops
(resulting from in situ domestication) might be
indistinguishable from mixtures of wild- and domestic-type
rachis remains generated by introgression of wild-type genes
from neighbouring wild stands into already domesticated
crops or by taphonomic processes affecting the charred
remains. (See appendix).

In occupation deposits with remains of wild-type cereals,
it is nevertheless possible to distinguish between cases of
nondomestication cultivation and gathering from wild stands,
albeit not from the cereal remains themselves, but rather by
using evidence from associated remains of plants other than
cereals which are ecologically diagnostic; and/or perhaps
use-wear analysis of associated remains of sickle blades.
Chemical markers from the cereals themselves may also
eventually prove diagnostic at this level.

It remains uncertain whether each domesticated crop
type was domesticated several times or just once.
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Notes

1. Thereisasecond form of wild einkorn— Triticum urartu Tum. Although it
is near-identical to-T. monococcum subsp. boeoticum in morphology, the
work of Johnston and Dhaliwal (1976:1093) and Sharma and Waines
(1981:251) suggests that it is today reproductively isolated from T.
monococcum and that it was not the ancestor of domestic einkorn—
T. monococcum subsp. monococcum.)

2. In domestic emmer and einkorn wheats, the relatively tough rachis
nevertheless disarticulates when the ear is threshed, and it is therefore
termed semitough. However, this semitough rachis is not to be confused
with the fully tough rachis of, for example, bread and macaroni wheats
which remains intact when threshed, as it does in all the domestic barleys.

*3. Intheregion asawhole, the delay in the start of domestication is unlikely to

have exceeded a couple of years, even if the areas sown by each band were
minute. For the first cases of domestication in the Near East as a whole, the
critical factor was not the size of individual crop populations but the area of
all the early Near Eastern cereal populations combined (within each crop
species). Solong as the combined area exceeded 1to 2 hectares, there would
have been a good chance of the mutant appearing in one of the plots
(however small), and this would then have allowed the first cases of -
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domestication to proceed—just as soon as the mutant was selectively
advantaged by the relevant husbandry practices.

4. The“completelyunripe” category used here refers strictly torachis ripeness,
rather than ripeness of the grains, and it includes both the “green” and
“half-green” categories used by Willcox in chapter 11.

5. There would be no problem in sowing unripe grains — even at the milk-ripe
stage, as they are still capable of germinating, a perhaps surprizing fact
known to Percival (1921:140) and demonstrated in recent laboratory trials
by Willcox and Anderson-Gerfaud using a range of primitive wheats and
barleys (Anderson-Gerfaud, chapter 12; Anderson-Gerfaud et al. 1991;
Willcox 1988 and chapter 11).

6. Earstrippingwithbonetools carved from scapulaeas evidenced for Neolithic
GanjDareh Tepe (Stordeur and Anderson-Gerfaud 1985; Anderson-Gerfaud
1986, 1988) is not included here, as these authors’ experiments have
demonstrated that the method would have been used for a form of threshing
rather than primary harvesting.

7. Inreferringto the spikelets (or grain) setasideas seed for sowing next year’s
crop, we have avoided the term seed corn used in British English on account
of possible confusion to users of American English in which corn refers
specifically to Zea mays and does not serve as a generic term for all the local
cereals as it does (or has done hitherto) in British English. Instead, we use
the term seed stocks.

8. Nevertheless, some farmers doubtless used other methods such that their
cropsremained inastate of nondomestication cultivation until they obtained
seed stocks of domesticates from other farmers.

9. Itshould nevertheless be remembered that part of the “loss” from spikelet-
shed is of benefit to the farmers: the shed spikelets conveniently seed the old
plots ready for next year’s crop, as noted above. The only problem is that,
when harvesting crops in the “near-ripe” state, far more spikelets are lost
than are needed to seed the ground for next year, and Zohary (1988 and
1989) estimates that even 90% of them get eaten by ants and rodents
anyway . These excessive losses could have been reduced to the desired level
by harvesting the crop when less ripe. This would have deccelerated
domestication, but probably not beyond the level of the right-hand curves
of figure 10.11.

10. Itis worth adding that sickle reaping was the method used by Harlan (1967)
in his experimental harvesting of near-ripe wild einkorn near Viransehir in
southeast Turkey.)

11. Barley and rye are different from the wheats in that there is generally no
clear intermediate semitough-rachised state, merely fully brittle-rachised
wild types and fully tough-rachised domesticates.

Appendix
Problems in using rachis remains to distinguish wild and
domestic cereal as evidence of in-situ domestication
It was noted above that, where archaeological remains of
wheat or barley rachises survive, it is theoretically possible to
distinguish the wild and domestic forms via differencesin the
morphology of their rachis disarticulation scars. In many
cases, however, the distinction can be achieved only by
microscopic examination (ideally SEM) of abscission layer
histology—as described by Kislev (1989b, and Frank 1964 as
cited by Kislev).

In remains from late Mesolithic or early Neohthlc sites, a
sample containing a mixture of both wild- and domestic-
type rachises might seem to offer clear evidence that the

parentcrop wasin the very process of domestication. Indeed, -
justsuchamixture of wild and domesticbarleywas recovered

from PPNA Netiv Hagdud in the Jordan Valley and was
1n1t1ally suspected to come from a transitional crop (Kislev

et al. 1986). In reality, however, mixtures of this sort can be -

generated by circumstances other than half-complete
domestication. One alternative scenario (see “c” below) is

- advanced by Kislev (1989b, and chapter 7) who suggests that

the Netiv Hagdud barleys were probably entirely wild, after
all. However, there are certain other circumstances which
can also account for these mixtures, and some of these are
outlined below:

a) Mixtures of wild and domestic types can firstly result from
introgression of brittle-rachis alleles (from wild stands)
into nearby crop populations—through cross-pollination.
Thus, in the Near East, one commonly encounters crops
of six-rowed barley in which a fifth or more of the ears are
brittle-rachised. In each case, wild barley can be found
growingnearbyand would appear tohave cross-pollinated
earlier generations of the crop—this despite the
predominantly inbreeding behaviour of barleys, and
despite the recommended isolation distances for plant
breeding stations being a mere 180 m (Kernick 1961).
Ancientexamples of such introgressed crops mightinclude
.the charred remains of what Helbaek (1959, 1960a, and
1966a,b) described as “transitional crops” of emmer wheat
from Neolithic occupations at Jarmo (in Iraqi Kurdistan)
and Beidha (in Jordan). We now know that these finds are
probably too late to be cases of primary domestication;
instead, they are possibly the product of introgression of
semibrittle rachis alleles (from stands of wild emmer) into
already domesticated emmer crops. Certainly, wild emmer
could theoretically have grown spontaneously in the
vicinity of both sites. It is therefore safest to refer to such
finds merely as deriving from crops of “intermediate” or
“mixed” rachis morphology, rather than deriving from a
“transitional crop” which implies that it was undergoing
change from the wild to the domestic state.

b) Mixed remains of wild and domestic types can also be
generated by a related phenomenon, namely the invasion
of fully domesticated crops by wild-type plants growing
asweeds. Wild emmer is unlikely to have invaded cropsin
this way, as it apparently lacks weedy tendencies (see, for
example, Zohary & Hopf 1988). However, both einkorn
and barley are pernicious weeds of domestic cereals in
present day S.W. Asia, and probably were in the past, too.
(The problembecomes particularly intractible when wild
barley invades crops of 2-rowed domestic barley, as it
cannot be readily distinguished from the host crop until
close to maturity, and thus cannot be weeded out.) The
barley remains from Neolithic Beidha (Helbaek 1966a)
could conceivably represent the cleanings from just such
a crop, although Helbaek’s own interpretation remains
equally plausible.

A extension of the same syndrome arises in segetally
adapted populations of wild einkorn in which disruptive
selection has produced a mixture comprising (i) plants
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which retain their wild characteristics and which
disarticulate before or during harvest; and (ii) plants with
semitough rachises which get harvested and resown with
the host crop (see Hillman 1978:168). Charred remains of
such a weed complex can easily be misinterpreted,
especially when mixed with remains of the host crop, and
especiallywhen thishost crop isitselfalandrace combining
a diverse range of forms.

c) Kislev (1989b; chapter 7) has found that, if wild cerealsare
harvested green and then threshed (by hand) while still
damp,10% of the rachis nodes produce abscission scars of
the semitough-rachised “domestic” type. He further
suggests that this could account for the mixture of wild
and domestic types from Netiv Hagdud which his novel
studies ofabscission-layer histology revealed to be entirely
of the wild type. However, Willcox (chapter 11) has found
that these green-cut wild cereals disarticulate
spontaneously when allowed to dry out, and this leaves
normal, wild-type scars. The same pattern has also been
observed by Helbaek (1961). Both Willcox (chapter 11)
and Zohary (chapter 6) have further noted that foragers
or farmers are unlikely to have bothered to thresh freshly
cut green ears knowing the ears “thresh themselves” by
spontaneous disarticulation as soon as they dry out. It is
therefore highly improbable that green-cut wild cereals
everleftbehind charred remainswith domestic-typerachis
scars (except for the basal spikelets).

d) In even fully ripe wild wheats and barleys, the basal/sub-
basal 2 to 4 rachis segments often fail to disarticulate and,
if reaped and threshed, these basal nodes can produce
rough abscission scars of the semitough-rachised
(domestic) type (figure1o.3a). These basal rachis segments
are often disproportionately well-represented in any
charred remains—partly because they are more robust
and more likely to be preserved by charring (see Hillman
1981). Thus, rachis assemblages with a conspicuous
component of domestic-type abscission scars might derive

merely fromwild cerealsin which thebasal rachis segments

GORDON C. HILLMAN and M. STUART DAVIES

are overrepresented rather than from partially
domesticated crops. (Clearly, the basal segments will be
present only if harvesting was by sickle reaping or
uprooting.) In consequence, the validity of claimed
identifications of early domesticates based on rachis
remains with rough (“domestic type”) abscission scars
cannot be evaluated without accompanying details of the
relativeabundance ofbasal or sub-basal typesin the rachis
remains concerned. (Fortunately, these basal/sub-basal
rachis segments are readily recognised from their greater
thickness and heavier venation.)

e) Thereisfinally the problem of formswhichappear to be of
genuinely intermediate rachis morphology. These
invariably derive from botanic gardens; Willcox (chapter
11) cites examples received from the Plant Breeding
Institute, Cambridge, and we have accessed examples
frombotanic gardens/ gene banksat Bordeaux, Budapest,
Leningrad, Gartersleben, and Reading. Miller (1987) has
suggested that rachis toughness may be determined by
different loci in different populations. Some of the
intermediates may therefore be the product of unintended
crosses between plants of these different populations,
and, as such, represent modern “artifacts” of a sort that
would perhaps rarely have occurred in the past.

In addition to these problems of interpretation, it was noted
above that rachis remains are, in any case, very rare on most
early archaeological sites. It is for this reason that often
unsatisfactory substitute characters such as grain shape are
used in attempting to distinguish between wild and
domesticated forms. Nevertheless, it is hopefully clear from
this appendix that even when rachis remains do survive, they
rarely (ifever) offer a reliable means of distinguishing between
cases of genuine in situ domestication and those mixtures of
wild and domestic types which can resultfrom quite different
circumstances. This regrettably reaffirms the conclusion
(above) that the sequence of morphological changes involved
in domestication is unlikely ever to be archaeologically
visible as a clinal process.




Chapter 11 =

Archaeobotanical Significance of Growing Near Eastern
Progenitors of Domestic Plants at Jales, France

George H. Willcox

Author's note
This chapter, as published in 1992, described the results of
experimental cultivation of cereals at Jalés between 1985 and
1988; the results were presented at-the round table held at
Jalesin1988. Thiswasa trial period leading up to experiments
on selection rates in wild cereals. Now, over a decade later,
important new archaeobotanical results from a number of
key sites combined with theoretical results from continued
experiments at Jales have radically changed our
understanding of the origins of cereal and pulse agriculture
in Southwest Asia. The publications by Kislev on the
difficulties of distinguishing wild and domesticemmer wheats
(1989b:148), Hillman and Davies’ (1990) publication on rates
of domestication, and Baruch and Bottema’s (1991) and
Helmer etal. (1998) work on climatic change, which mightbe
a contributing factor in the emergence of cereal cultivation
(Cauvin et al. 1998), have begun to fill in the gaps in our
knowledge. In addition, DNA studies on modern cereals
(Heun et al. 1997) and a number of collective works such as
Harris (1996) and Damania et al. (1999) have contributed to
afar more complete understanding of early agriculture. Two
recent conferences on the origins of agriculture in South west
Asia, one at ICARDA (International Center forlAgricultural
Research in Dry Areas; Aleppo 1997: Damania and Valkoun
1997, Damania et al. 1999) and another at the University of
Groningen (1998), produced a consensus of opinion among
‘researchers who agreed that agricultural emergence was a
very slow and gradual process (Pringle 1998, Willcox 1997).

agriculturesites are helping our understanding of the process
of domestication: for example, Cafer Hoyiik (de Moulins

1997), Abu Hureyra (Hillman et al. 1989, Roitel and Willcox
in press), Caydnii (van Zeist and de Roller 1994), and Ashikli
(van Zeist 1995) have recently been published, and others
such as Jerfal Ahmar, Djade, Halula (Willcox 1996, Willcox
and Fornite in press), Nevali Cori (Pasternak 1995), Qermez
Dere, M’lefaat, Hallan Cemi, Nemrik (Nesbitt 1995), and
Gobekli Tepe are now being analyzed. In addition new
evidence has come to light concerning the present-day
distributions of wild cereals, particularly in Syria (Valkoun
1992,1997), butalso theirancient distribution (Hillman1996).
These new results have added concrete evidence that we can
compare with experimental data.

Following the roundtable meeting, and between 1988 and
1993, agricultural experifnents at Jales using wild einkorn
(Triticum boeoticum) concentrated on an attempt to test the
rapidity of the domestication process. A number of
researchers had suggested that the selective pressure, under
cultivation, for solid rachis cereals would have been high and
that domestication would have proceeded so rapidly that the
predomestic phasewould notshow up in the archaeobotanical
record. To test this hypothesis in the field we used the model
developed by Hillman and Davies (1990) in order to examine
arange of possible cultivation techniques. Preliminary results
have been published (Willcox 1990, but see also Willcox
1997, N.D.). ,

Experimental cultivation at Jales of wild einkorn showed
that spontaneous sowing was inevitable and may repreéent as

~ much as 25% of the crop. Spontanéous seed corn in a harvest
Archaeobotanical data from a number of new early

results in diminished selection rates (coefficients) for
semisolid rachis mutants of inbreeding populations of wild

 cereals under cultivation. This implies that the lapse in time
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Table 11.1 Temperature and rainfall statistics from two weather stations in Jales region

JAN  FEB MAR
SALINDRES (altitude: 195 M), 1956-1985
Avg. monthly max. temp. (overall mean = 18.1 C) 9.2 107 13.06
Abs. max. temp. 18.8  23.0 25.0
-Abs. min. temp. . -13.6 -14.5 -9.0
Avg. monthly rainfall: mm (1042 total) 820 673 944
COURBESSAC (altitude: 57 M) 1946-1987
Avg. monthly max. temp. (overall mean = 19.3 C) 10.1 117 14.8
Abs. max. temp. 209 234 255
Abs. min. temp. -12. -14 -6.4
Avg. monthly rainfall: mm (739 total) 58 63 67

APR MAY JUN JUL AUG SEP OCT NOV DEC
17.1 209 250 287 275 241 186 128 9.5
28.2 312 356 395 398 360 282 242 200
-1.9- 0.2 44 48 7.8 20 -05 -79 -13.0
78.7 89.0 685 398 62.7 189 142 1095  99.2
18.1 219 264 298 288 254 199 142 108
30.6 332 374 386 406 350 287 261 206
-1.1 -1.1 54 100 9.3 54 08 -33 -9.7
51 66 41 25 49 71 109 71 68

between the beginnings of cultivation and morphological
domestication (predomestic agriculture) may belonger than
suspected. These resultsareinevitably hypothetical. However
the archaeobotanical record, now better understood, does to
some extent endorse the hypothesis. First, we are beginning
to identify predomestic agriculture several centuries before
the appearance of domestication at a number of sites from
the associated weed taxa (Willcox 1996, Colledge 1997).
Second, wild types persist for long periods after morphological
domestication, for example at Aswad, Cayonii, and Halula.
This indicates that it was not possible to keep the two
populations apart well after domestication. The wild types
could have been gathered in the wild, or been part of the field
harvest as weeds or as part of the crop. In all cases the wild
types because of their similar (almost identical) morphology
would be difficult to keep separated from their domestic
counterparts. Intheinitial stages of domestication, thiswould
lower selection rates.

New evidence also suggests that there were multiple
domestication events,for example, Hillman’s evidence for
rye domestication and Willcox’s assessment of cereal
assemblage variation which were both presented in papers at
the Groningen conference in 1998. In addition, a number of
sites indicate that wild types were replaced progressively by
their domestic counterparts. Finally, in order to try to
understand these new results experiments now under way at
Jales are testing different cereals such T. urartu, wild emmer,
and wild barley.

=

THIS CHAPTER DESCRIBES SOME OF THE RESULTS
obtained from growing wild progenitors at the Institut de
Préhistoire Orientale at Jalés in southern France. The project,
* under the name of “Cultures Préhistoriques Expérimentales,”
was established in 1985 by Patricia Anderson, a member of the
“Equipe deRecherche Archéologique17,” under thedirectorship
of Jacques Cauvin, of the Centre National de Recherche
Scientifique.
"The domestication of plants was a consequence of their’
cultivation. The first signs of cultivation appear in the Middle

East at the end of the Epipaleolithic and the beginning of the
Neolithic, some 10,000 years ago (van Zeist and Bakker-
Heeres 1984). This can be variously described as proto-
agriculture or, preferably, pre-domestic cultivation, because
at the beginning the plants under cultivation were
morphologically wild and not yet domesticated.

This period of prehistory is still poorly understood, yet
the transition from hunter-gatherers to farmers was
fundamental to the history of mankind. The transition may
have been gradual, yet the actual domestication appears to
have been rapid (see chapter 10). Carbonized plant remains
which morphologically resemble wild progenitors have been
recovered from anumber of sites, butitis difficult to determine
whether they were cultivated or gathered from the wild
(Hillman et al. 1989; van Zeist and Casparie 1968; van Zeist
and Bakker-Heeres 1984). Our aim at Jales is to elucidate the
economy of this period by a process of simulation and
experiment, through the cultivation of the very same plants,
that is, the wild progenitors of the Old World domestic
plants. On the one hand, we can set up experiments, and on
the otherhand, theact of growing these plants under primitive
conditions is an apprenticeship which leads to increased
knowledge of how Neolithic man mighthave cultivated these
plants, which have not been cultivated on a large scale since
the Neolithic. This project was inspired by Gordon Hillman,
who started similar experiments in Wales but was thwarted
by unfavorable climatic conditions (see chapter 10).

The wild ancestors of domestic plants have not been
cultivated on a large scale since the early Neolithic because
they could not compete with domestic crops which have
evolved from them. The wild progenitors retained three
basic characteristics which are disadvantageous to the

prospective farmer, but essential for survival in the wild:

+  Dormancy
+ . Uneven ripening
+ - Natural dispersal at maturity

These three features constitute the mostimportant difference
between wild and domestic Old World cultivars. According




ARCHAEOBOTANICAL SIGNIFICANCE OF GROWING NEAR EASTERN PROGENITORS OF DOMESTIC PLANTS AT JALES, FRANCE 105

to a number of authorities (Harlan 1975; chapter 10; Zohary
and Hopf1988) these features were eliminated soon after the
beginning of agriculture, or, more precisely, the beginning of
cultivation.

Climate of the Region as Compared with That Occumng
in the Natural Habitat
Both wild diploid wheats and wild barley show great climatic
tolerancein terms of their natural distribution. Their habitats
vary greatly in both latitude and altitude. Einkorn, for
example, is found growing from o to 2000 m altitude and
from Macedonia through eastern Turkey to Iran and Irag;
the most dense stands occur today in southeast Turkey, at
altitudes between 9oo and 1500 m. Wild emmer is found at
100 mbelow sealevel in the Jordan valleyand at 1500 m on the
slopes of Mount Hermon (Zohary 1969). According to
Zohary, the three Near Eastern wild cereals are important
constituents of the sub-Mediterranean oak-park forest
vegetation belt, which receives between 400 and 1000 mm of
rainfall annually, falling mainly in the winter. In reality the
different climatic zones are occupied by different ecotypes
adapted to those particular conditions. Thus, it is not simply
a question of comparing the different climates but more of
finding ecotypes most suitable to the environment at Jales.
The broad botanical and climatic similarity of the two
regions tends to rule out the possibility of bias in our
experiments at Jales. The southern Ardeche, eastern
Mediterranean, southeast Anatolia, and Zagros mountain
region are in the same general climatic and vegetation belt.
The climate of the southern Ardécheis classic Mediterranean.
Jales is situated at 130 m but there is a modifying continental
influence of the Massif Central to the west and of the Alps to
the east. Table11.1 gives some statistics from twolocal weather
stations in the region. -

Vegetation in the Area of Jalés

The natural climax vegetation of the surroundlng hills
includes the following species: Quercus ilex, J. communis, Q.
pubescens, Pyrus pyraster, Buxus sempervirens, Celtis
orientalis, Juniperus oxycedrus, and Phylliria media. Olive
groves are also frequent. On the plain of Beaulieu where Jalés
is situated, the original flora has been totally replaced by
agriculture. The cultivated fields at Jales are situated on what
was meadow grassland, cut for hay, which accounts for such
speciesas Medicago sativa, Onobrychisviciafoliaandanumber
of grasses (see section on weeds below). Inevitably the
assemblage of plants making up the meadow determined
some of the weeds present in the fields.

The Crops

During the first year we planted a large variety of different |

progenitors and crop plants, in order to build up a reference

collection and gain experience in the behavior of a wide .

selection of plants. At the time of writing we have built up a
grain stock for replanting which allows us to cultivate plots

“large énough to evaluate our experiments. These consist

largely of wild progenitors of Old World cultivated plants,
but in addition we are growing four other crops of cultivated
wheats: Triticum aestivo-compactum #13,.T. dicoccum #82; T.
spelta #9, and T. monococcum #12.

Moreimportantly, we have five populations of wild diploid
wheats composed of Triticum boeoticum var. aegilopoides
#55 Plant Breeding Institute; T. b. aegilopoides #77 Asiaminor;
T. b. urartu #59 Armenia; T. b. thaoudar #38 Crimea; and T.
b. thaoudar #122 Eastern Anatolia. Of these five, our main
population, grown on a larger scale than the others, is #122.
This population was collected in 1986 in eastern Anatolia
near Karacadag (#7 collection M.-C. Falkowitz and D.
Vaughan) between Diyarbakir and Siverek at an altitude of
approximately oo mandinaregion wherethereisanannual
rainfall of approximately 600 mm. The winter mean average
temperatures arelower thanatJales, while the summer means
are more comparable. This population appears to be well
adapted to the climate at Jales and shows all the signs of being
a truly wild species, which is not the case with certain other
populations we have acquired from plant breeders.

In 1987 I collected the following wild progenitors in
southern Syria: Triticum dicoccoides #124; Hordeum
spontaneum #123; Pisum humile #127; Lens orientalis #130;
Vicia ervilia # 131. These plants were gathered from localities
inthe Jebel Druze, anigneousvolcanic massif predominantly
of basalt, in contrast to the calcareous substratum at Jales.
The wild cereals were collected at an altitude of 300 to 400 m
while the legumes came from a considerably higher altitude,
between 900 and 1000 m.

These plants were sown at Jales in the autumn of the same
year, with very poor results, both in germination and in
development. The reasons for these failures are no doubt
multiple—for example, the absence of the specific Rhizobium,
the nitrogen-fixing bacteria, in the case of the pulses—but
the overriding reason is poor adaptability to the soil and
climate of Jalés. We intend to continue planting these
populations in the hope of selecting traits that would render
them more adapted to this environment. However, it is
possible that we could collect other ecotypes of the same
species which would be suitable for this region from areas
with more similar soil and climate. While wild emmer and
barley may occur in or near cultivated areas, they do not to
my knowledge show the intermediate morphology that can
be seen in einkorn.

: Landrace populanons

In traditional farming communities the crops are highly
variable, being made up of many different lines or genotypes.

These are called landrace populations (Harlan 1975), and this
built-in variability is an advantage to the farmer in that the
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various lines are resistant to different hazards in nature. It is
onlywithin thelast century thatlandraces have been replaced
byuniform true-breeding crops of controlled parentage. The
populations we have gathered in the natural habitat show
variability even to the extent of having some wild emmer and
Aegilops speltoides mixed in, these having been accidentally
harvested at the same time, which could, at the limit, be
considered part of the same gene pool. The populations we
obtained from plant breeders, in contrast, are single-line,
true-breeding populations and are therefore less
representative of early farming practices, despite the fact that
they are wild progenitors.

Self-fertilization and its implications for crop plants

The Old World crops are all predominantly self-fertilizing.
Therate of selfing may vary depending on a variety of factors.
Boyeldieu (1980) reports that in wheat grown under hot
conditions in north Africa, the spikelets open prematurely,
raising the rate of cross-fertilization to ten or fifteen percent.
However, the fact that these plants are predominantly self-
fertilizing means that as a population they are made up of
numerous true-breeding lines which makes selection of
mutants (recessive or not) a straightforward process. For a
detailed discussion on how this affects the rates of
domestication, see chapter 10.

Time of Planting
Summer sowing
In their natural habitat the wild cereals sow themselves
immediately after ripening. Thus the time of sowing is
dependent on the altitude and latitude of the particular
ecotype. Natural dispersion will therefore vary from May to
August, following the relative ripening times in different
geographical areas. It is possible that the first farmers copied
the course of nature not just because it seemed the most
obviousbut to eliminate the problems of storage which could
lead rapidly to total loss of viability.

During the first year our stocks were attacked by moths
whoselarvae consume grain; ifthe stock had notbeen quickly
treated with insecticide we would almost certainly have lost

our crop. The spikelets are adapted to survive the hazards

encountered when dispersed naturally, that is, as soon as the
plants are ripe. The only major danger we have experienced
in the fields is from rodents. )

There is another important advantage in planting early,
though this remains to be proven, and that is to eliminate as
much as possible the effects of dormancy. Finally, early
planting may considerably increase tillering, a distinct
advantage in that yield in terms of grain sown to grain
harvested can be increased in this way. ‘

' The advantages of early planting are: no loss of viability

through storage, increased tillering, and reduction of the °

effects of dormancy.

GEORGE H. WILLCOX

Planting dates for Jalés
The planting dates for the crops sown at Jales are the following:

1985 15 to 20 October

1986 10 to 15 November

1987 25 to 27 November

1988  July to August and November

Until 1988 we planted according to the traditional times,
variation from year to year resulting from varying climatic
conditions and availability of labor. Spring planting always
produced a diminished crop. Our domestic emmer crop
produced twice as much from winter sowing when compared
with the spring sowing for a given area. We are now in the
process of experimenting with summer sowing techniques,
thatis, in Julyand August. Hillman observed Turkish farmers
planting in early September.

Spontaneous sowing

Following the 1987 harvest the spikelets that were lost by
natural shattering ( those that fell to the ground), were left to
geminate. Many germinated after the first rains during the
second week in July and subsequently developed nominally;
not a single plant flowered until the following year due
presumably to lack of vernalization. The stand produced in
1988 was as extensive as the planted crop of 1987 which
appeared to reproduce itself despite cropping. In 1988 we
would have liked to continue harvesting this spontaneous
crop, but unfortunately we arrived too late, the' majority of
the crop having already fallen; at the time of writing much of
the crop has been lost to rodents, which reached epidemic
proportions this year, apparently because of two successive
mild winters.

Spontaneous sowing under cultivated conditions

During the Neolithic it is possible that a method of
spontaneous sowing was used under conditions of cultivation:
that s, the crop was harvested at a time when a proportion of
the crop had already fallen. This method would not select for
asolid rachis and is a major argument against rapid selection
(for more detailed discussion, see chapter 10).

Spring planting and vernalization

Apart from the problems of storage, vernalization is the
major factor controlling the season for planting, whether
spring or winter. All Old World cereals can be planted in the

- winter but only those lacking the vernalization factor may be

planted in the spring. We have not as yet tested all our crops
for vernalization. T. boeoticum aegilopoides was both spring
and winter-sown in 1987/8 and exhibited poor tillering for
the spring-sown crop. In general, the wild wheats exhibit

varying degrees of vernalization requirement and thisalmost -

certainly depends on the geographical distribution of different

O S
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ecotypes. This kind of study is beyond the scope of this
project but those interested should refer to Mathon (1985)

who found a need for vernalization in all the wild einkornshe -

tested. It would appear that in the case of wild einkorn the
vernalization factor would have made spring planting
_improbable for Neolithic farmers.

Both modern and primitive farmers today traditionally
plant winter wheat crops because they give a much higher
yield; only when the winter crop fails or they lack the right
weather conditions for planting are they forced to plant in
spring. In semiarid regions the lack of precipitation in spring
results in an even greater difference between yields of winter
and spring crops. On the other hand, some crops are frost
sensitive or have a very short life cycle, as in the case of
Panicum miliaceum and certain modern barleys and pulses,
and so may be planted in the spring.

Methods of Planting

Sowing naked or hulled

Germination tests show that when wild einkorn is sown
naked the effect of germination inhibition is removed. It
would therefore be logical to sow naked grains; however, the
problem is that during removal of the glumes the grain is
frequently damaged. For this reason, we sow hulled grains.

Sowing with or without awns

Whileitisnot possible to throw the spikelets of awned cereals
in the same way as one can broadcast naked grains it is
perfectly possible to sprinkle the awned spikelets evenly over
the soil. At first we removed the awns, but now this does not
seem necessary. Contrary to what one might expect, the
spikelets do not enter the cultivated soil more easily with the
awns, whose function seems to be to help the spikelets
penetrate a mat of vegetation and cracks in the ground in the
wild situation, which they do very effectively. The awns serve
an important purpose during separation of the straw and the
spikelets because they burrow under the straw.

Depth of planting

Modem varieties of wheat are planted at a depth of between
2 and 5 cm. Wild wheats on the other hand have a much
smaller grain and therefore need to be planted at a more
shallow depth. The reason for poor germination in the field
in 1986 was probably in part owing to the fact that the grains
were sown too deeply. ' -

Density of sowing
The optimum density given for modem wheats is 250 to 300

plants per square meter. However this is within the context of .
giving maximum yield per acre, as opposed to the return

from a given amount of grain sown. It is the latter method of
measuring the success ofa given crop which would have been

of interest to Neolithic farmers. Sowing at a low density may .

Table 11.2 Germination tests for 7 to 21 October 1987

SPECIES REF. NAKED HULLED DOUBLE COMMENTS
GRAIN
# % % %
T. monoccoum 12 92 80 0
T. dicoccoides 18 56 17.5 0 Only 40 spikelets
T. thaoudar 122 82 80 0 Green
T. thaoudar 122 62 42 0 Half green(moldy)
T. thaoudar 122 92 90 0 Ripe
T. thaoudar 77 94 94 0 Green
T. thaoudar 77 98 96 18 Half green
T. thaoudar 77 92 84 46 Ripe
T. thaoudar 38 92 98 16 Green
T. thaoudar 38 100 95 10 Half green
T. thaoudar 38 100 100 20 Ripe
T. urartu 59 82 94 6 Ripe
T. compactum 13 90 - - Free threshing
H. spontaneum 33 97.5 58 - Ripe
52 54 - - Green

have been to his advantage because of increased tillering per
plant. Having said this we have noted several important
advantages when sowing wild wheats as densely as possible,
which are:

+  Elimination of weeds through increased competition
+  More uniform ripening

+  Ease of harvesting

+  Elimination of sterile tillers

+  Lesstilling required

In fact, dense sowing produces a population which is much
easier to harvest, and competion may cause it to ripen more
uniformly. For this reason dense sowing is seen as a possible
advantage to a farmer of wild cereals. It would also increase
the chances of cross-pollination in what are basically selfers.

Broadcast as opposed to furrow sowing

Both techniques have certain advantages. Broadcast sowing
undoubtedly requires more grain, although in our case the
figures may be exaggerated through lack of experience.
Agricultural manuals give the following figures for thenumber
of kilos of wheat to be planted per hectare: 150 to 225 for
broadcast by hand and 150 to 200 for furrow using seed drill.
Our main crop of wild einkorn gave the following figures:
200 to 250 for broadcast by hand and 60 to 100 for furrow
using seed drill. In terms of the number of stems per square
meter we have the following figures for Triticum boeoticum
thaoudar 122b: 402 broadcast and 436 furrow. Thus there is
little doubt which is the most efficient in terms of yield.
However, on a subjective level the ease of broadcast sowing
andits efficiency makesit preferable. The gesture of throwing
the seed, allowing it to slide out of the palm of the hand
creating an even spread over a wide surface, seems the most




108

natural of actions. Sowing in furrows is best suited to
mechanical farming. We intend to continue using the two
methods. In future, it will be important to record the number
of spikelets per square meter and the number of plants.

Eallow system
The fields at Jales have not been under cultivation long
enough to determine whether or not we will adopt a fallow
system. In terms of simulating the domestication process,
there is little doubt that a fallow system would favor the
domestic trait of the solid rachis, because there would be no
chance of spontaneous sowing of the crop. Thus 100% of
sown seed would have been harvested with no germination
offallen grain from the previous harvest (see also chapter10).
In the Middle East the open nature of the landscape lends
itself to the fallow system. For example, in southern Syria
before the introduction of fertilizers, fields were only
cultivated once every four years (Delbiet 1856). Hillman
reports that in eastern Turkey the fallow system increased
relative to the distance of fields from the village (Hillman
1973¢). A further extension of the fallow system is to open
new land every year. This would be useful in keeping
agricultural weeds at bay and also avoid depletion of soil
nutrients (for further discussion, see chapter 10).

Preparation of the soil

The soil before planting was prepared by ploughmg with a
tractor and then by passing a rotavator in the conventional
way. This aggressive tillage does not resemble the possible
methods of tilling available to Neolithic man and will in the
long term affect the weed species present in our fields. On the
otherhanditshould not greatly affect the behavior of the wild
progenitors.

Germination

Germination in the laboratory

This is carried out systematically every year by the local
agricultural college at Aubenas on samples of our seed grain,
in order to compare germination in the field with that in the
laboratory; test the levels of dormancy exhibited by our
crops; and test the viability of wild cereals harvested before
maturity. Table 11.2 gives the results of germination tests for
October 7 through 21 in 1987. Four important conclusions
can be tentatively drawn from these results: in the case of wild
einkorn, a crop harvested before maturity gives viable seed
for plantingthe following autumn; the glumesin the twinned-
grained einkorns tend to inhibit the germination of the
“second grain;” no twinned germination occurred in # 122;
wildemmerand wild barley gave poor results, perhapsbecause
of strong germination inhibitors; and #77 appears to lack the

dormancy factorwhenharvested ripe. This population, which

appears to be a single line (true-breeding), also tends to a

moresolid rachis. These results should be treated with caution

until further testshave been carried out to confirm them. The
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Table 11.3 Optimal harvest period

# . - 1986 1987 1988

122 1-5July 1-5 July 1-5July

55 5-10 July 10-15 July 10-15 July
59 25-30 June 5-10 July 10-15 July
77 5-10 July 5-10 July 10-15 July
38 5-10 July 5-10 July 10-15 July
124 - 20-25 May 15-20 June
123 - 15-20 May 10-15 June

Italic type is used to indicate collection in natural habitat.

choice of heads at different stages of ripeness is not based on
the development of the grain but on the following features:

green = all glumes green, unshattered
half green = top-most glumes dry, unshattered
ripe = glumes dry, top of ear shattered

Thereason for this method rather than the more conventional
method as used by agronomists, who use a scale based on the
hardness or softness of the grain, is that in the wild cereals, the
spikelets on any one ear will not all be at the same stage of
development. '

To further test the effects of regulation of germination,
thatis to test the dormancy factor in hulled wheats, we will be
carrying out tests over longer periods. Until now we have
only been testing for 14-day periods.

Germination in the field

Germination in the field has proved to be far more difficult to
assess, for two reasons: 1) when planting spikelets one is not
always surehow many grainsare present, and 2) our methods
of planting are such that it is not always easy to compare the
number of plants with the number of grains sown. In addition,
germinationin thefield isafunction of many different factors,
including:

+ Depth
+  Relative humidity
+  Temperature

~+ Time of planting

In many cases germination in the field was extremely
variable from area to area, but the reasons for this are difficult
to determine. Depth of planting and waterlogging are the
most probable reasons. From the archaeological point of

view it is obvious that it is the field germination which is
‘relative to the evolution of crop plants and the eventual loss

of dormancy. For this reason we will be including a program
offield experimentsin the future: for example, to test whether
summer sowing decreases the effects of dormancy.

The fact that our population of single-grain wild einkorn,
Triticum boeoticum aegilopoides, does not exhibit dormancy
suggests it is perhaps more predisposed to domestication.

" The majority of domestic einkorns are of course single-
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Figure 11.1 The abscission scars on the internodes of modern
domestic and wild einkorn. While the morphological difference
is clear in modern material 10,000 year after domestication, this
is not always the case with archaeobotanical material.

grained. However it could be misleading to make conclusions
from a single population.

Dormancy in the field

Atpresentwehavenoaccurate data on dormancyin thefield,
except to say that in a number of cases the emergence of the
seedlings in wild cereals is later than in their domestic
counterparts. Emergence under field conditions will be
determined primarily by the weather conditions in any one
year. Preliminary results show that in two-grained wild
einkorn, grains do not remain dormant in the soil for more
than the winter season.

Relative Ripening Times
One of the features of annuals in their natural habltat is that
there is no uniform ripening of seeds from one plant to
another or within the inflorescence. This is true for the wild
cerealsand pulses. Itisalso true for some of the more primitive
domestic cereals such as einkorn, emmer, and spelt. For this
reason it not always easy to estimate the time of ripening. In
table11.3 T have estimated the relative optimal five-day period
during which a harvest was carried out with minimum loss
through shattering and yet with a minimum number of
immature heads.

These figures represent crops sown in the winter: those
sown in the spring mature five to ten days later. The same

population in different plots may vary up to five days,
apparently depending on soil conditions; poor soil conditions

retard the development of the plants by a period of
apprommately five to ten days. In 1986 we sowed #38 and #77

very densely on rich soil. There was good germination and

the plots developed in a thick stand which appeared to force
them into maturing more uniformly. These two samples

" both come from the Cambridge Plant Breeding Institute and

have a rachis which behaves as an intermediate between wild
and domestic plants.

Once the crop plants retain their seeds, irregular ripening
becomes a harmless trait, and indeed remained with many
crop plants. However, from our experienceirregular ripening
is disadvantageous when cultivating nondomestic cereals,
this being an argument for rapid selection of a semisolid
rachis once cultivation began.

Natural Dispersal Mechanism in Predomestic Crops
Abscission layer and disarticulation of rachis

Before discussing the details of our observations it should be
noted that four different morphological types can be
distinguished as far as the rachis is concerned:

1) Wild einkorn, fragile rachis

2) Segetal einkorn, and many populations from plant
breeders, intermediate between 1 and 3

3) Domestic einkorn, emmer, and spelt with semibrittle/
solid rachis

4) Hard and soft free-threshing wheats with a solid rachis

In wild cereals the ear matures progressively with the
uppermost spikelets ripening first. As they dry out, the
abscission layer, whichisalreadyformed, separates on drying
and the segments fall. That the abscission layer in wild barley
is formed early in the development of the plant can be shown
by cutting an ear at an early stage, for example when it is in
flower, then allowing it to dry in the sun; eventually the ear
will break up just as it does at maturity, though not having
formed grain. Thus the danger of confusing the remains of a
green harvest ofa wild cereal with that of a solid or semirachis
population under the conditions of carbonization (pseudo-
solid rachis) would be extremely unlikely, since any crop
harvested green would be immediately dried, an almost
unavoidable process in a Mediterranean climate. In the case
of wild einkorn the same experlment was conducted for #122
with the same results.

Weather conditions, or more specifically relative humidity,
greatly affect the shattering of the rachis. Thus if a wild crop
is ripe, it is an advantage to harvest early in the morning,
while the dew is still on the plant, to avoid shattering.

According to Zohary the evolution of the semisolid rachis
involves only one gene (see chapter 6); he suggests that
theoretically the shift from brittle to nonbrittle rachis should
have been fast, and if the planted populations were large
enough it could have been accomplished in a matter of a few
generations (Zohary1969, 60). The presence of intermediate
types indicates the possibility of other genes being involved.
However these intermediate types have not been identified
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in archaeological sites.

Hillman and Davis (chapter 10) have measured selection
coefficientsand on this basis have estimated the time between
thebeginning of cultivation and the appearance ofa semisolid
rachised population. In 1984, Hillman suggested that we

_should attempt a simulation of the domestication process in
order to test the theory at Jales. This experiment has already
been set in motion as part of the project. However there
remains, in the experimental situation, the problem of
population size, which in the Neolithic was ample enough
(see chapter 10). Green harvesting, if this was indeed an
ancient harvesting technique, would beless selective in terms
of a population with a semisolid rachis population and may
tend to select for late ripening (see Willcox and Anderson,
“The effect of different harvesting techniques on mutant

frequency,” 1991).

Possible intermediate types

Two populations of wild einkorn, #77 and #38, retain their
spikelets more readily than the other populations, yet not as
efficiently as the true domesticates. These populations were
sent to us from the PBI in Cambridge, England, and their
history since they were collected has not been established at
the time of writing. Indeed this phenomenon could be
explained if the plants were collected from weed populations
where intermediate forms had evolved. For weedy ecotypes
this intermediate stage appears to be an advantage because
part of the population remains with the crop and part falls to
the ground (Harlan 1975). All the populations which were
obtained from plant breeders are true-breeding single-line
populations and two of these populations must have
originated from an intermediate type of parentage or from a
cross between wild and domestic forms which occurred
during breeding.

Rachis fracture in wild and domestic einkorn

The difference at the point of the break between wild and
domestic einkornsafter shattering can be clearly distinguished
(figure 11.1). Our conclusion is that the internodes from a
~ greenharvestwillbreak up after drying, but thatintermediate
“varieties such as we have seen in populations obtained from
plant breeders could complicate the issue. Whether these
types existed in antiquity has not been demonstrated.

Selection for the semisolid rachis

Because the Old World cereals and the pulses are all “selfers”
 the selection rates for nonshattering heads would have been

relatively quick, unlike cross-pollinators where recessive traits

would not be manifest so frequently. Domestic plants which

are cross-pollinating are often vegetatively propagated; thiss

as'with “selfers” advantageous mutants are not lost through

segregatidn and introgression, According to Harlan (1975)

tribes in Africa do consciously select seed from sorghums
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andbroomcorn millet. Itis doubtful that thiswasan important
factor in the development of Near Eastern cereals. However,
once the semisolid rachis genotype became obvious, thenit s
possible that Neolithic man could have consciously kept
back grain which to him seemed most suitable for cultivation.
For the evolution rates of the domestication of wild einkorn
in respect to the semisolid rachis, see chapter 10.

Methods of Harvesting

For a detailed discussion on the implications of different
harvesting techniques see chapter 12. The following
observations were found to be significant for interpreting the
archaeobotanical record:

* A harvester will attempt to avoid weeds, particularly
spiny plants such as thistles;

+  Shaking ripe heads into a container was unsuitable for
wild einkorn in our densely sown plots. However it may
be more suitable in the wild situation, especially in the
case of panicled grasses;

+  Uprooting contaminates grain stock with soil and so
may be more suitable for fodder crops such as hulled
barley and bitter vetch;

A green or premature harvest provides a viable crop
with less seed loss than a ripe harvest.

Threshing

Fragile rachis

At present we can only report on our experiments in
separating the spikelets from the straw, which is the first stage
of threshing (Hillman 1984a), and one that would be
eliminated if the harvest was carried out by shaking. For wild
einkorn the crop must be left to dry, which starts the process
of shattering the ears. Beating, trampling or flailing are all
effective methods (many others exist, Hillman 1984a). The
mostefficient method is to beat small sheaths againstawall in
order tobreak up any earswhich are not completely shattered.
Any straw that falls or becomes mixed with the spikelets is
automatically separated because the arrow-shaped spikelets
with their barbed awns always burrow down so that the straw
simply has to be raked off the surface from time to time.

Semifragile rachis (as seen in T. monococcum and

- T dicoccum)

These crops have a semifragile rachis. The process of
separating the spikelets from the straw is exactly the same as
for wild einkorn.. For this reason it would appear that the
semifragile rachis is indeed an advantage when threshing
hulled wheats, and this no doubt is why it was retamed inthe -
hulled wheats since the Neolithic.”
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Table 114 Weed species found among crops

This morphological feature occurs only with free-threshing
wheats where the chaff and the straw are separated from the
naked grains in the same operation. Why this labor-saving
characteristic was not adopted on a wide scale since solid

rachis forms were present during the Neolithic, is a mystery. .

Weed Species

Not all the species found growing among our crops are true

weed species; some come from the meadow flora which had -

Salicaceae Populus alba (suckers) Umbilliferae Daucus carota
Polygonaceae Polygonum aviculare Eryngium campestra
' P. persicaria Rubiaceae Galium verum
Fumex crispis G. aparine
_ _ Bilderdykia convolvulus Convolvulaceae Convolyulus arvensis
Chenopodiaceae Chenopodium alba Boragonaceae Heliotropium europaeum
_ Atriplex patula Verbenaceae Verbena officinalis
Amaranthaceae Amaranthus retroflexus Labiatae Galeopsis segetum
Caryophilaceae Stellaria media Calamintha nepeta
S. sp. Prunella vulgaris
Silene alba Salvia sclarea
Ranunculaceae Ranunculus bulbosus Solanaceae Solanum nigrum
Nigella damascena Scophulariaceae Linaria sp.
Papveraceae Papaver rhosas Kickseia sp.
P. somnifera Plantaginaceae Plantago major
Fumaria officinalis P. Iancelata
Crucifereae Sisymbrium officiale P. media
Capsella bursa-pastoris Campanulaceae Legousia speculum veneris
Resedaceae Reseda phyteuma Compositae Cirsium arvense
Rosaceae Potentillia reptans C. vulgaris
Agrimonia euphatoria Sonchus arvensis
Sanguisorba minor S. oleraceus
Fragaria vesca Senecio vulgaris
Leguminoseae Medicago arabica Helianthus annuas
M. sativa Carthamus lanatus
M. lupulina Lactuca serriola
_Ononis spinosa L. verminea
Melilotus altissima Picris echioides
M. officinalis P. hieracoides
M. alba Taraxacum vulgare
Trifolium pretense Tragopogon porifolium
T. dubium T. pratensis
Vicia sativa Achillea millefolium
V. benghalensis Centaurea nigrum
V. hirsuta Chrysanthemum
Lotus corniculatus leucanthemum
L. tenuis Cichorium intybus
Onobrychis viciifolia Liliaceae . Muscaria sp.
Lathyrus hirsutus Gramineae Lolium rigidum
L. sp. Bromus tectorum
Geraniaceae Geranium robenianum B. erectus
Euphorbiaceae Mercurialis annua B. sterilis
Euphorbia sp. Festuca pratensis
Polygalaceae Polygala vulgaris ' Cynodon dactylon
Malvaceae Malva sylvestris Setaria viridis
Althaea cannabina Gramineae spp
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