4
| = T e s

|. Peter Martini
Ward Chesworth
Editors

extras.springer.com




Landscapes and Societies



Siena: Details of the fresco (1338-39) by Ambrogio Lorenzetti painted inside the Palazzo Pubblico
(City Hall of Siena). The fresco shows the effects of ‘good government’ in town (upper large part)
and in the countryside (lower left), and during ‘bad government’ in the countryside (lower right).
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Preface

Relationships between societies and environments have spawned an extensive lit-
erature going back at least to Plato. Some fundamental concepts crop up repeatedly,
yet individual societies have their idiosyncrasies in adapting to or in modifying their
environments to meet their needs. Collateral damage is a constant accompaniment to
our modifications. History shows that a relationship between society and landscape
that proved successful in one era, may fail at a later time. Because of factors such as
climate, economics, political and strategic conditions, to say nothing of pestilence,
war and conquest, adaptation is a continuing process. Human history is punctuated by
the continual need to adjust to fire, flood, earthquake, and volcanic eruption, to name
only the most obvious. In fact, at this late stage in our history we do not so much as
adapt to changing circumstances, as constantly readapt.

As societies evolve and enlarge they may reach the Malthusian limit of the human
carrying capacity of the local landscape. In the past when the human population was
small and there was lots of room we commonly escaped the problem by moving on.
If we stayed put, the options were to increase our ecological footprint to bring in the
resources of a wider area by trade, theft or war, the most highly organized form of
theft. Alternatively, we have found technological solutions to the problem, though on
a finite planet with our numbers still growing, we are forever looking for newer and
better technological fixes. Society is always a work in progress.

The simplest societies, at least in theory, have the greatest adaptability. Societies
that become increasingly stratified and custom-bound have a harder time. The more
evolved a society, the greater its impact on the Earth. History is unequivocal, complex
societies fail—whether by exhausting resources (soils most critically), fouling their
nests with wastes, or simply by failing to adapt to change in a sustainable way. Rise,
decline, sometimes rejuvenation, and fall is the pattern. Erstwhile successful societ-
ies have continually disappeared in history, only to be replaced by equally ephemeral
ones. While the second law of thermodynamics remains un-repealed, no culture or
civilization will last forever.

Consequently, this book presents the work of various scholars who were asked
to describe and analyze their respective examples in a multidisciplinary way. Such
analyses of the relationships between landscapes and societies at different times and
in different places is useful not only in its intrinsic value in contributing to the history
of Homo sapiens, but potentially in informing our present situation and helping us to
recognize opportunities and risks in planning for a more sustainable future than we
appear to be facing at present.
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The various chapters examine changes in selected landscapes and societies from
early Holocene times to the Present. In Part I we favor the Mediterranean centered
area because in a relatively small area a great variety of landscapes have interacted
with all manner of societies from simple nomadic and agrarian ones to the great civi-
lizations of Egypt, Greece and Rome. The interaction has been so great and so pro-
longed that an entire natural biome has become anthropic. Part II contains analyses
of societies from other parts of the globe. From Asia there are reports from the source
of eastern civilizations, China, as well as Japan, and Sri Lanka. There is also together
with a novel analysis of the effect of disease, particularly malaria, on the expansion
of the human footprint into the Pacific. Central America provides the example of one
of the great civilizations of the world, the Maya, which developed independently of
the founding civilizations of the Old World, and met its demise as a result of envi-
ronmental change, internecine conflict and finally invasion from Europe. From North
America the extremely variable, harsh Arctic landscape capable of sustaining only
relatively small number of people, comes the example of highly resilient Inuit com-
munities dealing with one of the world’s most extreme landscapes in the Arctic, as
well as an examination of the modern technological civilization of the western USA,
where societies survive for the present by transferring water across mountain chains.
All these cases reveal the mutability of human societies and their dynamic, reciprocal
relationship with changing landscapes.

We are grateful for the enthusiasm, hard work and scholarship of our collaborators,
and for the patient and graceful way they dealt with reviewers and editors. A volume
like this would not have been possible without the help of many people—colleagues,
students, technicians, family members—and supporting organizations, and we sin-
cerely thank them all. In particular, we would like to thank the scientific review-
ers who helped considerably in focusing the message of the various chapters, Mario
Panizza who helped during the early stages in the selection of a few contributors, and
the editorial staff of Springer and the Publishing Editors in charge of this volume, in
particular Petra D van Steenbergen and Cynthia de Jonge among them, for support
during the preparation of the book and in seeing it successfully published. We also
thank all publishers who allowed the reproduction of various figures as noted in the
appropriate captions.

I.P. Martini and W. Chesworth
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Part |
Introduction

A synopsis of the book is presented in terms of the basic concepts emphasized within
its 25 chapters. A variety of case histories are dealt with covering various times and
places. In addition, important terms used throughout the book, landscape, culture,
civilization and society amongst them, are examined. Finally, an analysis is made of
the extraordinary effect agriculture has had in transforming the surface of the Earth
into an increasingly anthropic construct.



Chapter 1

Summaries of the Contributions and a Few Considerations

|. Peter Martini and Ward Chesworth

Cultural, sociological and political factors determine
the nature of human societies, but the environment
clearly played a dominant role in our early histories
and continues to influence society. The objective of this
book is to examine this important factor in our history,
not only from the standpoint of how the environment
influences humanity, but also from the perspective
of how we affect the environment. A case history
approach is taken with revealing examples chosen to
cover prehistoric to recent times. Particular attention
is paid to the ways in which societies modified their
territories in response to changing conditions—matter
of some topicality now.

Meaning of the terms landscape and society are con-
sidered in more detail in the next chapter. For present
purposes landscape will be taken to mean a geologi-
cal/geomorphologic/environmental entity within the
terrestrial biosphere possessing attributes dependent
on climate, hydrology, soils, organisms and histori-
cal development. Society is considered to represent a
group of people living together within the landscape(s)
of a region, and sharing customs, language, laws or
institutions. All societies have their complexities, but
the ones considered the most complex in terms of insti-
tutions and material development are the ones we call
civilizations, a word used in this book as a non-judg-
mental, neutral designation.

Much has already been written on these topics, and
the subject is clearly of intrinsic interest, but poten-
tially there is a clear practical value in such studies.
It may be that in the give and take between humans
and the biosphere in the past, there are lessons to

I. P. Martini (<)

School of Environmental Sciences, University of Guelph
Guelph, ON N1G 2W1, Canada

e-mail: pmartini@uoguelph.ca

I. P. Martini, W. Chesworth (eds.), Landscapes and Societies,

be learned that could serve us well during the cur-
rent period of global change, for historical purposes
as well as for properly planning out present activi-
ties and our future. Clearly from ancient times much
has changed, particularly with increasingly powerful
technologies enabling modifications to the landscape
that dwarf most anthropic changes of former times.
However, although our sphere of influence has pro-
gressed from the village and its immediate environs
to McLuhan’s Global Village (McLuhan 1962), there
remain some basic principles of society/landscape
interaction that are brought out in the chapters of this
book.

The choice of case-histories is potentially very
large. Our selection has been guided by the need to
illustrate as concisely as possible, human populations
in a wide variety of landscapes over the time period
from Neolithic to the present when Homo sapiens
became the dominant large mammal in the biosphere.
We have favored the Mediterranean area because in
a relatively small region these requirements of time
and space are well satisfied. In addition, much geo-
logical, archaeological, and historical information is
available.

1.1 The Chapters: Brief Summaries

and Considerations’

Each chapter analyzes how certain landscapes may
have improved or damaged the prospects of a given
society at different times, and, conversely, how that

! Edited summaries submitted by authors are in regular fonts,
editors’ comments are in /falics. Any inaccuracy may be due
to editing.
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society coped with its landscape and tried to modify it,
well or badly, to the society’s advantage. The approach
is multidisciplinary though each chapter has its own
bias and approach depending on the interests of the
authors. This results in a variety of points of view
regarding the complex two-way interaction between
landscape and human beings, to our ultimate benefit in
understanding the issue.

In Chap.2 (A Semantic Introduction) Chesworth
provides a definition of commonly used terms: land-
scape society, culture, civilization.

In Chap.3 (Womb, Belly and Landscape in the
Anthropocene) Chesworth examines some major effects
humans had on the Earth’s surface during most of the
Holocene. Slightly more than 10,000 years ago agricul-
ture developed, as the new means of food production,
which currently dominates the human economy, and
indeed, the ecology of the Earth. We have become the
dominant large bodied species in the biosphere and have
gradually risen to prominence in all biomes. We have
taken over the temperate grasslands and much of the
temperate forests and converted them to arable farm-
land. A pristine Mediterranean biome no longer exists
in its type locality. Approximately 60% of the world’s
soils have now been modified by human use, half of that
amount, more or less completely. This anthropic make-
over of the landscape, justifies the recognition of this
latest geological age under the rubric of the Anthropo-
cene (Crutzen 2002). The major question of our time is
whether this makeover is so destructive of the biosphere,
that the civilization that arose from the practice of farm-
ing is not sustainable by farming over the long term.

Human modification of the landscape in a sub-
stantial way began when Homo erectus mastered fire.
Homo sapiens inherited that mastery and employed it
as part of its toolbox in clearing the landscape in the
revolutionary new food production system called agri-
culture. In exploiting soil, water and genetic resources
this Neolithic Revolution began a wholesale transfor-
mation of the landscapes of the Earth, that provides
Justification for designating all time since as a distinc-
tive geological era, the Anthropocene. Agricultural
sophistication and population numbers increased
through time in a punctuated fashion consisting of
rapid advances and temporary sharp retreats. By
increasing the area of land under cultivation, we were
always able, in a general way, to provide food for our
growing population. Later, when only marginal land
was left to exploit, we avoided collapse by increasing

I.P. Martini and W. Chesworth

the productivity of the land. Now, as famine beckons
again, we hope that the radical technique of genetic
engineering will save us. The problem is that popula-
tion always has the power to outgrow the food supply,
as the Reverend Thomas Malthus said over 200years
ago—an insight that has never been falsified.

In Chap.4 (Human Responses to Climatically-
Driven Landscape Change and Resource Scarcity:
Learning from the Past and Planning for the Future)
Brooks examines a number of periods of century-scale
rapid climate change (RCC) that have been identified
throughout the Holocene period (the past 10,000 years).
The best known of these occurred around 8200 and
4200years before present (BP). However, less well-
known, but qualitatively similar events occurred around
5900 and 5200 BP. This chapter reviews the evidence
for these events and for large changes in climate and
regional environments in the intervening period. The
author concludes that the 5900 and 5200 BP events
bracketed a period of profound change that represents
the last widespread reorganization of the global climate
system, and that they played a key role in the termi-
nation of the so-called Holocene Climatic Optimum.
The chapter goes on to review the evidence for human
responses to climatic and environmental change in
northern Africa and western Asia during the 6th millen-
nium BP, a crucial period in the development of human
civilization. Finally, the chapter discusses what we can
learn about human adaptation to RCC by examining
the 6th millennium BP, and draws some lessons for the
twenty-first century.

The development and collapse of societies are
issues too complex for a single explanation. Histori-
cal and archaeological information, however, indi-
cate that the collapse of past complex societies is the
rule. Although there is no reason to believe that pres-
ent societies will prove to be exceptions to the rule,
past experience may help us to delay the inevitable,
or indeed help in any transition to what comes next.
Some of the reasons for decline and collapse are: natu-
ral disasters (including climatic change), depletion of
resources, inability to respond rapidly to environmen-
tal or historical changes, including adaptation to a
new resource base, influence of neighboring societies
and intruders, internal class conflicts, mismanagement
of critical issues, social disfunction, religious factors,
and economic issues (Karling 2007). Climate change
has been the dominant environmental factor to affect
humanity during the Holocene, profoundly affecting
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the development of cultures and civilizations, and even
bringing about their demise. The conventional view is
that climatic stability and a benign environment are
necessary for the development of stable societies, and
that the opposite attributes lead to collapse (Redman
1999; Diamond 2005). Brooks’ contrarian view is that
sudden variations in climate within the overall Holo-
cene trend (he emphasizes the 5200 BP cold, arid epi-
sode) led to a concentration of populations from which
complex stratified societies developed.

In Chap.5 (Human Communities in a Drying
Landscape: Holocene Climate Change and Cultural
Response in the Central Sahara) Cremaschi and Zer-
boni analyze the effect of mid-Holocene droughts on
the landscape and human communities in arid lands
of Libya and central Sahara. They consider three dif-
ferent adjoining physiographic units that belong to
the same geographic and hydrologic ecosystems: the
Tadrart Acacus massif, the dune field of Uan Kasa, and
the fluvial valley of the Wadi Tanezzuft. The differing
reactions of each physiographic unit to climate change
is analyzed from a geoarchaeological perspective. The
human groups that settled in the region responded with
different adaptations to the drying environment, thus
giving rise to specific social dynamics. The termination
of the African Humid Period could be considered as
the turning point for the environments and settlements
in the central Sahara. The onset of aridity corresponds
to the abandonment of the Uan Kasa region and to a
strong reduction in the occupancy of caves and rock-
shelters in the Acacus range. On the contrary, along the
Wadi Tanezzuft the persistence of surface water reser-
voirs determined a change in the stream pattern, and an
alluvial plain formed. Furthermore, a large oasis came
into existence between ca. 4000 and 2000 year BP, to
be exploited by Late Pastoral-Neolithic communities,
and later by Garamantians. This marked the introduc-
tion of soil management and agricultural practices.
The Tanezzuft oasis suffered a drastic reduction in size
during the first centuries AD, at the time of the aban-
donment of the Garamantian settlements.

Cremaschi and Zerboni describe and compare the
different responses of their three chosen areas and
inhabitants to the overall Holocene desertification of
the north and central Sahara. In this case availability
of water was the dominant factor, but they conclude that
reaction of local physical environments and societies
differ independently of whether climate change, over-
grazing, or other human activities are considered.

In Chap.6 (The Desertification of the Egyptian
Sahara During the Holocene (the last 10,000years)
and Its Influence on the Rise of Egyptian Civiliza-
tion) Brookfield examines the overall continent-wide
climatic changes of North Africa and the adaptation
and evolution of early to middle Holocene societies
culminating in the Pharaonic civilization along the
Nile River. With the last retreat of the glaciers of the
Northern Hemisphere, wetter climates, comparable
to those of the Sudanian savannah, rapidly advanced
northwards reaching the northern Sahara (over 15°N
of latitude) by 10,000 year BP. There, between about
10,000 and 7700year BP, human societies developed
from hunting and gathering to multi-resource pasto-
ralists. From about 7700 BP until 7000 BP, rapid cli-
matic deterioration caused the progressive restriction
of these pastoral societies from northern to southern
Egypt (a distance of over 1000km) and by 5000 BP
such societies were practically limited to the northern
Sudan. During this climatic deterioration, from about
7000 BP to about 5000 BP, societies rapidly developed,
in refuges like the Nile Valley, from multiresource pas-
toralism to complex Pharaonic societies.

Brookfield provides a generalized picture of what
occurred to the Holocene populations of North Africa
and how they adapted and were moulded by the
numerous climatic changes that occurred, in particu-
lar the several droughts. The migration of many peo-
ple into refugia like the fertile Nile Valley led to the
development of the highly stratified Pharaonic civi-
lization. Whereas it is possible to provide a general
history of these transitions, as the societies become
more complex it is more difficult to relate cultural
changes to environmental changes accurately. This
must await more precise numerical dating methods
that will allow ordering of events on a centennial
scale.

In Chap.7 (Paleoenvironments and Prehistory in
the Holocene of SE Arabia) Goudie and Parker present
details of geomorphologic features of the Rub al Khali
of SE Arabia. Included are dunes, lakes, and fans.
Their careful numerical dating allows a reconstruction
of the environmental changes that occurred in the late
Quaternary. These changes can be linked to various
societal changes that occurred in response to wet and
dry phases. Important events included Upper Pleisto-
cene aridity, lower Holocene wetness, an abrupt, short-
lived drying at ca 8.2 ka, another drying at 6.0ka, and a
pronounced dry event from 4000 ka. Populations were



able to respond to these changes by emigration, return-
ing when conditions ameliorated.

Goudie and Parker consider the major drying
events that have affected northern Africa during the
Holocene (8200; 5200 and 4200 cal year BP) and
try to determine their influence on the societies of
southeast Arabia. The populations of some societ-
ies permanently diminished while others responded
by repeatedly leaving and re-colonizing an area as
environmental conditions worsened or ameliorated
respectively. This implied that localities existed in the
region that were less affected by the climatic change
and were sufficiently fertile to accommodate the influx
of displaced people, peacefully or otherwise. The same
kind of thing occurs nowadays in various parts of the
world, as environmental, and particularly economic,
refugees make for the richer countries. Food-aid to
poorer countries helps populations to stay in place,
but in the long run, it is incapable of helping them to
live sustainably within their local landscape.

In Chap.8 (Human Paleoecology in the Ancient
Metal-Smelting and Farming Complex in the Wadi
Faynan, SW Jordan, at the Desert Margin in the Mid-
dle East) Hunt and el-Rishi report on the remote, ardu-
ous Wadi Faynan, between the Edom Mountains and
the Wadi Araba in southern Jordan. It was a major cen-
ter for copper production from the Chalcolithic to the
Byzantine period. A field system dating from the Clas-
sical period shows that some kind of agricultural activ-
ity accompanied the industrial operations. The authors
review the human paleoecology of the Faynan com-
plex and provide new geoarchaeological evidence of
the environment in which the metal producers worked
and what they ate. They conclude that during the Clas-
sical period extensive arable farming was unlikely—
ploughsoils and the pollen of cultivated species are
very rare, while mollusc assemblages are inconsistent
with crops. The Faynan system required large numbers
of draught animals to supply the enormous quantities
of fuel required for smelting, to transport the ore from
mines to smelting sites, to export finished copper and
to import foodstuffs. Most of the latter could not have
been grown locally because of lack of water, as well as
low yields caused by the ubiquitous metal pollution.
Consequently, it is suggested that agricultural activity
was restricted to supplying some forage for the large
population of pack animals that the mining operations
required, and for feeding penned, imported livestock.
Most food must have been imported, and since it
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was not locally grown, would not have bioaccumu-
lated heavy metals. Benefit to the health of the metal
workers was a collateral result of this dependence on
relatively unpolluted, imported food. Inhalation and
ingestion of airborne particles and contaminated water
remained however, as hazards to the working popula-
tion (Pyatt et al. 2005).

Since antiquity, communities have been established
in locations inherently incapable of supporting the
population. Mining communities are a case in point,
and the Wadi Faynan mining community of SE Jordan
is a particularly good example. Established in a harsh
desert area (utilizing slaves as well) virtually all the
necessary food and supplies for humans and much for
the working animals was imported in exchange for
ore. Nowadays, with the help of modern technology,
willing populations establish a civilized existence by
bringing in water and greening the desert, as modern
Israel shows. Although admirably successful at least in
the short term, these experiments remain precarious,
being unsustainable by the local natural landscape.

In Chap. 9 (Empire and Environment in the North-
ern Fertile Crescent) Wilkinson covers the first mil-
lennia BC and AD in the Near East, and relates the
cultural landscapes of the later territorial empires of
the Near East to the local, including the atmospheric
environment. During this time, landscape changed in
ways that were new to the area. Massive canal sys-
tems were constructed on a monumental scale by the
Sasanians for example, though more representative
are smaller scale features such as extensive irriga-
tion systems of dispersed farms, villages and villas.
The latter commonly resulted in the colonization of
new lands between pre-existing “tell” settlements or
within the uplands. These dispersed settlements com-
monly resulted in terrain that had previously been
fairly stable, becoming eroded and thereby contribut-
ing increasing amounts of sediment to the lowlands
as valley fills. Landscape degradation was not simply
the result of local phenomena, population pressure or
agriculture for example. The needs of the empire had
to be served, which meant that goods and services not
obtainable locally, had to come from distant locations.
These distant locations suffered environmental degra-
dation for the greater good of other parts of the empire.
The extension of settlement into marginal lands was
frequently associated with the construction of exten-
sive canal systems in areas that had not been irrigated
before. These allowed environmental limitations to be
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over-ridden, but also imposed their own proxy envi-
ronmental record by withdrawing significant amounts
of water from streams. By creating the preconditions
for soil erosion, the spread of human settlement in the
landscape exacerbated the effects of rainstorms and
deluges when they occurred.

Population pressure and large structured societies
such as the Empires of the Fertile Crescent imposed
maximum exploitation on fertile lands and occupa-
tional expansion onto marginal landscapes. This
required modifications to the landscape and redistri-
bution of waters for irrigation. The consequence was
a degradation of the environmental conditions not
Just for local sustenance but also for the demands of
burgeoning distant populations of the empire. This
environmental degradation at a distance is now the
normal global pattern as our demands span the globe
and endanger the sustainability of producing societies
located far from the societies consuming the fruits of
their production.

In Chap. 10 (The Interplay Between Environ-
ment and People from Neolithic to Classical Times in
Greece and Albania) Fouache and Pavlopoulos exam-
ine the Neolithization of Greece and Albania, during
the Holocene climate optimum. Palinological investi-
gations indicate agricultural clearances as early as that
period through it is not until the Bronze Age that arable
agriculture and animal husbandry notably shaped the
landscape. Natural disasters such as volcanic eruptions
and earthquakes have actively contributed to the geo-
morphologic evolution here for millions of years, and
continue to do so. What is new is that the opening of
the landscapes by human beings led to the develop-
ment of erosion in often spectacular yet discontinuous
ways as a result of original combinations of climatic
and/or anthropic forces. The most spectacular conse-
quences were the alluviation of valley bottoms and the
progradation of deltas and coastal plains.

Anthropic deforestation particularly since mid-
Holocene, as well as other activities such as grazing,
have been important factors in helping to modify pris-
tine landscapes, augmenting the rate of natural pro-
cesses in doing so. Highly anthropicized nations such
as Greece clearly show the results: hydraulic regimes
(runoff'in particular) have been changed, intensity and
rates of erosion from slopes have been increased, and
sediments redistributed. The results consist, among
others, of modification in soil characteristics with
development of catenas at different scales from local

mounds to mountainous areas characterized by eroded
hilltops and thickened mid-slope and slope-foot soils.
At a larger scale, new landscapes are produced such
as silted valley floors, and extended coastal and del-
taic areas that locally prograde seaward.

In Chap. 11 (The Nuragic People: Their Settlements,
Economic Activities and Use of the Land, Sardinia,
Italy) Depalmas and Melis examine some aspects of
the little known Nuragic population of Bronze Age
Sardinia. The people were primarily sheep-herders
and farmers, though toward the end of their culture,
perhaps under Phoenician and other influences, they
adapted to fishing along the coast. They adapted to
various landscapes, first the fertile slopes of lava pla-
teaus near springs, later the tops of the plateaus, as
well as higher lands, and along the few narrow flood-
plains of the island. They seem to have mostly avoided
the larger lowlands of the Campidano tectonic basin
perhaps because it was partly covered by wetlands, so
that it was prone to malaria: a rampant scourge during
subsequent Roman times (Burke and Worcester 1996;
Hays 2005). They take their name from the high stone
towers called ‘nuraghi’, or ‘nuraghe’, which they con-
structed. Two main types were built, one resembling a
high platform with a corridor as entrance, and a second
the ‘tholos’ type, with a truncated conical, internally
domed tower. More ancient smaller settlements had
a single nuraghe, larger more recent ones had two or
more. A settlement of huts surrounds some. About 9000
towers were constructed from Middle to Late Bronze
Age. Analysis of the relationship between the monu-
ments and the settled areas indicates that the presence
of nuraghe was mainly determined by the environmen-
tal resources and the possible economic exploitation of
the area, rather than any defensive consideration. The
Nuragic people used a wide range of bronze and stone
tools as well as animal power, and caused a significant
degradation of the environment, primarily in the final
stages of the Nuragic period.

Relatively stable, mid-latitude climatic conditions
of isolated regions, such as the island of Sardinia, have
fostered the development of stable ancient cultures,
such as the Nuragic. During their existence, they did
not change much because they did not need to change.
As the population grew, the Nuraghi people slowly
expanded to occupy adjacent landscapes—mostly
highlands and high plains, and avoiding some the
largest lowlands containing wetlands locally infested
by malaria. Such cultures, lacking internal reasons for



change, are more prone to modifications and amalga-
mations from outside—trade, immigration and con-
quest, for example, however some inherent original
traits may persist for millennia.

In Chap. 12 (Floods, Mudflows, Landslides: Adap-
tation of Etruscan—Roman Communities to Hydro-
geological Hazards in the Arno River Catchment
(Tuscany, Central Italy)) Benvenuti et al. analyze the
different histories of three Etruscan-Roman sites, Pisa,
Gonfienti, and Lago degli Idoli, located respectively
in the vicinity of the estuary, in mid-course, and in the
headwaters of the drainage basin of the Arno River,
central Italy. Pisa had fluvial harbors that were occa-
sionally affected by catastrophic floods, but both the
Etruscans and the Romans continued to repair their
facilities to avoid losing those economically impor-
tant, irreplaceable sites. Gonfienti was mainly a com-
mercial and agricultural settlement that was repeatedly
damaged by floods and mudflows and was eventually
abandoned during Etruscan times. Finally the Lago
degli Idoli was a forested spring-site affected by local
landslides, which none the less remained an essentially
pristine locality. It was sacred to the Etruscans, but
there is no archaeological evidence to indicate that the
more pragmatic Romans held it in religious esteem.

Localization of settlements of ancient cultures and
civilizations as they developed were carefully chosen
to suit their needs, given the technology available.
Natural processes and/or human activities induced
damages. Wherever possible, changes to the landscape
and environment, inconvenient to the human inhabit-
ants, were remedied. Where this became too difficult,
flexible populations abandoned the sites and migrated.
More structured societies avoided abandonment by
repairing and rebuilding, provided that expenditure
of effort and resources were justified by the returns
from a region, including considerations of viability
or defense. Religion offered less practical reasons for
the occupation or abandonment of a site. The sacred
spring at Lago degli Idoli is a good example—revered
by the Etruscans, was given no religious status and not
visited by the Romans.

In Chap. 13 (Landscape Influences on the Develop-
ment of the Medieval-Early Renaissance City-States
of Pisa, Florence, and Siena, Italy) Martini et al.
recognize that growth and decline of any advanced
society is a complex matter. Political and sociologi-
cal factors generally dominate in all but the earli-
est stages, though environmental conditions remain
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influential. The environmental factor is examined
here in the context of the development of the neigh-
boring city—states of Pisa, Siena and Florence during
medieval to early-Renaissance times. Pisa developed
first because its harbor was used by the early crusad-
ers. During medieval times, Siena was next, favored
by its hilly position which lay on a major pilgrim route
to Rome. Florence flourished last, favored by its posi-
tion along the Arno River. Pisa was handicapped by
the siltation of its harbors and partly because of the
extensive wetlands surrounding the city. The difficul-
ties of Siena related to the limited space available for
expansion within a walled hill-top town. In addition,
there was a debilitating absence of water. Both reasons
stunted any potential growth and curtailed the city’s
industrial capabilities. Florence suffered from river
floods occasionally, but having access to abundant
hydraulic power could run mills for its industries. It
finally prevailed over its two neighbors.

Socio-economic and political factors and techno-
logy generally determine the fate of advanced societies,
but some are also strongly influenced by the landscape
they develop in. This is illustrated, for example, by
the medieval-early Renaissance city-states considered
here. Pisa and Florence are located in the same drain-
age basin, with Siena on a nearby hill. Landscape
characteristics favored a particular society over its
neighbors for a certain time, but became a liability
later.

In Chap. 14 (Paleo-Hazards in the Coastal Medi-
terranean: A Geoarchaeological Approach) Morhange
and Marriner examine the roles of human impacts and
natural hazards in shaping the evolution of Mediterra-
nean coastlines during the Holocene; where, when and
how societies transform the coastal zone; at what scales
and rhythms the changes take place; and what coastal
sedimentary archives tell us about human—environ-
ment interactions. During the past 20 years, geoarchae-
ological research in the Mediterranean has attempted
to understand the interplay between culture and nature,
and more particularly how environmental potential
and processes (sea-level changes and sediment supply
for example) have played a role in Holocene human
occupation of the coastal zone. This approach has
drawn on the multidisciplinary study of sedimentary
archives to attempt to differentiate between anthropo-
genic and natural forcings. The authors argue that the
latter has played an increasingly secondary role with
time. Archaeologists today are increasingly aware
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of the importance of the environment in understand-
ing the natural frameworks in which ancient societies
lived, and multidisciplinary dialog has become a cen-
tral pillar of most large-scale Mediterranean excava-
tions. Three important spatial scales of analysis have
emerged, local, regional, and Mediterranean.

Climatic changes and human activities bring about
erosion and redistribution of sediment. One effect is
the siltation of harbors, with the resulting sedimentary
deposits containing artefacts that illustrate habits and
technologies of the various societies that made and
used them. One observation to note (here and equally
with Chap. 8) is that pollution is not a modern inven-
tion—witness the toxic lead concentrations in the
pre-Hellenistic site of Alexandria, Egypt (Véron et al.
2006).

In Chap. 15 (Mount Etna, Sicily: Landscape Evo-
lution and Hazard Responses in the Pre-Industrial
Era) Chester et al. report on the Etna area of Sicily. In
terms of the relationships between people, land and the
creation of distinctive landscapes Etna is fascinating
because, in spite of the ever present threat of volcanic
eruptions and earthquakes, the flanks of the volcano
attracted settlers in large numbers throughout the pre-
industrial era. In this chapter the authors argue that this
contrast with the barren and increasingly highly eroded
lands of the Sicilian interior, was present in pre-his-
toric times, but became more marked in the 2000 years
which stretched from the Classical era to the late nine-
teenth century. Indeed, elements of contrast may still
be seen in the landscape today. The reasons for Etna’s
attraction not only relate to the agricultural and irriga-
tion potential of the region, but also to a range of social
and economic factors, not least the ability of people
successfully to develop indigenous and distinctive
means of coping with the ever present threat posed by
earthquakes and lava incursions.

The choice of a society to colonize a dangerous vol-
canic region is largely a pragmatic one. The benefits—
good agricultural terrain with fertile soils, geothermal
resources in places—outweigh the risk of eruptions
and earthquakes. In areas of explosive volcanism
(Vesuvius for example), tragedies that recur over a
long time, and loss of entire villages or displacement
of societies once every several centuries, are appar-
ently acceptable risks. Etna is a quieter volcano, and
although frequent eruptions and earthquakes occur
that are damaging to local features, they seldom lead
to a high mortality. People have adapted to them, and

in some places have even succeeded in diverting the
path of lava flows from important sites.

In Chap.16 (Romanian Carpathian Landscapes
and Cultures) Cioaca and Dinu examine human—land-
scape interactions in the mountainous areas of the
Romanian Carpathians through geomorphic and geo-
archeaologic analyses. Bottom valleys of intermontane
basins, mountain slopes and high planes were progres-
sively populated by Neolithic societies as population
pressure imposed, and climatic conditions allowed,
the higher terrains to be inhabited. As new lands were
utilized, husbandry evolved technically to adapt to the
characteristic of the various terrains. Intermontane
basins and valleys led initially to isolation of their
populations that therefore acquired distinctive charac-
teristics. Isolation ended as communication increased
between valleys, the peri-Carpathian planes, and the
rest of Europe. Eventually Romania was conquered
and colonized by Romans. The amalgamation of the
ancient Dacian culture and new customs introduced
from Rome produced the Daco-Roman civilization
that was the precursor of current Romanian civiliza-
tion. Although major changes in landscape and human
habits have occurred through the ages, great parts of
the Carpathian forests and the “wood culture” that
developed in them persist today.

Cioaca and Dinu provide an insight into the adap-
tation of ancient societies to mountainous areas.
These remain partly isolated in intermontane basins
and valleys, and partly expand progressively from the
more fertile and accessible valley bottoms onto the
surrounding highlands and adjacent lands. As com-
munication and commerce expanded to wider areas,
continent-wide influence and eventually conquest and
amalgamation with other societies led to the develop-
ment of the modern civilization that nonetheless partly
preserves some of the original attributes imparted by
the local landscape.

In Chap. 17 (Sea-Level Rise and the Response of
the Dutch People: Adaptive Strategies Based on Geo-
morphologic Principles Give Sustainable Solutions)
Jungerius examines the complex and schizophrenic
relationship of the inhabitants of the Netherlands with
the sea. On the one hand, half of the land is a creation
of the sea as ally. On the other, the sea is the enemy,
with loss of land due to sea-level rise. For the last mil-
lennium, the inhabitants of the Netherlands have had to
adapt their strategy of survival against the threat sev-
eral times. The first strategy was learning to cooperate
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and coordinate defense against this common foe. The
next and simplest strategy was preventing the floods
from inundating the land by building dikes around
polders. Pumping excess water out of the polders with
wind mills and later mechanical pumps was the fol-
lowing step. Then it became necessary to strengthen
the coastal dunes, the original, natural defense line.
This was effectuated by supplying sand. For the fifth
strategy the roles were reversed: the sea was forced to
retreat and the bottom of the North Sea was converted
to new land. Strategies based on geomorphologic prin-
ciples used by nature to build the coast have invariably
been shown throughout time to give the most sustain-
able results.

Jungerius provides insight into the ongoing, millen-
nial battle of the inhabitants of the Netherland against
the North Sea. This is not the only place in the world
where land reclamations from the sea have been made,
another example being the very extensive reclamations
of east China along the Yellow Sea coast since ancient
times. It stands apart from others however, because
of the sophisticated technology that has been applied
locally and the careful management of the waters and
of the ripening of the reclaimed land for agricultural
purposes. The strategy has not necessarily been to
build only immobile, impermeable barriers to com-
pletely seal off marine and river flood waters from
every locality at all times. Technogically more sophis-
ticated barriers that open under normal sea conditions
have also been built in places. Passage of tidal water
is thereby allowed, and ships can pass between sea
and canal. During major sea storms the barriers are
closed. Furthermore certain areas have been set aside
to be flooded during storms or river floods to allevi-
ate pressure against the existing sea-dams. Of inter-
est also is the defensive use of water during wartime.
Inundation of vast areas can be effected to impede or
retard the advance of enemy armies. Amsterdam, for
example, was surrounded by such floods which acted
like a vast moat during the Second World War (WWII).
The water was kept shallow—about 10cm depth—so
that boats could not be used by the enemy. Similarly
large areas of Eastern China were inundated by cutting
the levees of the Yellow River to retard the advance of
Japanese armies just before, and during WWII, as well
as in ancient times against earlier enemies.

In Chap. 18 (Perception of Volcanic Eruptions
in Iceland) Thordarson examines the perception the
inhabitants of Iceland have of volcanism. Iceland is one
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of the most volcanically active regions on Earth, and
its inhabitants have been exposed to volcanic eruptions
and their consequences since the time of settlement
about 1140years ago. It is not surprising therefore, to
discover that the nature and consequences of volcanic
eruptions are imprinted on the cultural landscape of
the nation. This evidence along with excellent preser-
vation of historical records provides an ideal platform
for evaluating social aspects of volcanism. A first pass
assessment of these records indicates that throughout
the country’s history, an eminently practical, down-to-
earth and matter-of-fact view towards volcanic erup-
tions has prevailed among the Icelanders.

Iceland is a land of fire (volcanoes), tremors (earth-
quakes), and ice (glaciers and outburst floods). Its
environment is harsh but ameliorated by the warm
North Atlantic Current. Volcanic activity provides
thermoelectric power, and warm water for heating
houses. Soils are fertile and are cropped to hay as fod-
der principally for sheep and horses, and some bar-
ley in the south. The sea around the island is a well
managed, rich fishery. Occasional explosive volcanic
events and climatic changes have created havoc and
famine leading to major emigrations from the island.
On the whole however, the people have adapted well
and communally, to the often harsh life on this rug-
ged landscape. The harshness comes through in the
Sflourishing literature of the island, from the sagas of
the Norse colonists, to writers of modern times such as
Halldor Laxness, who won the Nobel Prize for Litera-
ture in 1955. Illustrations are another source of knowl-
edge about the Icelanders perception of their lives,
the problems they face being represented as monsters
roaming the land.

In Chap. 19 (Holocene Environmental Changes
and the Evolution of the Neolithic Cultures in China)
Mo et al. report on the Neolithic cultures of east and
north China. The Neolithic cultures first appeared
about 10,000-8000years BP and flourished preferen-
tially in the areas of the Yangtze, Yellow, and Western
Liao rivers because of mild climate, copious precipi-
tations, and fertile soils. Low-lying floodplains were
most suitable to the development of rice culture,
while fertile loessial soils on higher ground became
the locus of dryland agriculture based on foxtail and
broom millet. Initially the various cultures of the dif-
ferent regions continued to evolve and flourish almost
simultaneously. From 6000 to 5000 year BP many new
cultural changes occurred as production techniques.
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Most significantly, the society became stratified. From
5000year BP onward, the evolution of the Neolithic
cultures of the various regions diverged due to local
response to strong climatic and other environmental
changes. The authors catalogue resulting crop failures
in certain areas and increasing flooding in others, as
well as internal and external social conflicts that led
to cultural regression and decrease in populations in
most areas. Environmental conditions, particularly soil
fertility, ultimately led to the prevalence of the culture
of the Zhongyuan region of the middle Yellow River
area. This culture gradually influenced the culture and
politics of the other regions, and became the center of
Chinese civilization.

Mo et al. synthesize information about the complex,
numerous societies that evolved and waned during
Neolithic times on the various landscapes of eastern
China. Temperature, precipitations and soil fertil-
ity greatly affected the progress of humankind in the
region. As today, so in the past, a rice-culture was
prevalent in the warmer, wetter lowlands of the south-
east affected by monsoonal precipitations, while wheat
culture prevailed in the northeast due to the wide
expanses of very fertile loessial soils in lowlands and
hills. It was the fertile valley of the middle-lower Yel-
low River in the north that sustained the consistently
evolving cultures that became the cradle of modern
Chinese civilization. The dark side is that the easily
eroded, re-worked loessial soils of the valley, were fre-
quently ravaged by floods, and large populations were
continually threatened, then as now.

In Chap. 20 (Landscape and Subsistence in Japa-
nese History) Barnes reviews the evolution of Japa-
nese civilization in terms of adaptations to life in a
tectonically active island arc, dominated by volcanoes
and mountains and with what little level ground there
is, mostly confined to the coast. The early hunter-gath-
erers, focussing on inland mountains and on coast-
lines, contrast with the imported wet-rice technology
focussed on the lowland plains. Why different ethnic
groups did not develop to exploit these radically dif-
ferent environments is a topic explored in depth. The
bifurcation of the historic agricultural system into wet-
rice cultivation and dry-field production is another
important topic. The modern situation differs from
the historical in that food importation has had devas-
tating consequences for local farming. The future of
food production in Japan relies not only in reversing
the decline of indigenous production but also on the

1

retreat to higher ground as sea-level rise takes its toll
on the bottomlands—now the locus not only of the
major paddy areas but also of urban and industrial
developments.

Barnes offers a brief, clear review of the evolution
of the Japanese civilization in a tectonically active
region consequently subjected to numerous earth-
quakes and landslides. It is also vexed by powerful sea
storms and the occasional tsunami along the coasts.
The country is for the most part mountainous with only
a third as coastal plains. These are part removed from
agricultural production by expanding urban areas and
their associated infrastructures such as routes of com-
munication, power lines and so on. From early times
Japanese populations adapted well to the complex
landscape and flourished, managing the production
of rice. Japanese society, like many others evolved on
islands, remained isolated and self sufficient for a long
time and acquired characteristic and lasting traits and
customs. Once opened to the world it rapidly devel-
oped into a modern, successful, technological society.
As such, it has lost self sufficiency with regard to food
and mineral resources and must rely on imports in
exchange for manufactured goods.

In Chap. 21 (Evolution of Hydraulic Societies in the
Ancient Anuradhapura Kingdom of Sri Lanka) Dhar-
masena analyzes the development of a sophisticated
hydraulic civilization in the dry lowland of the north-
ern part of Sri Lanka. The first of many invasions from
mainland India in 3000 BC introduced the religious
beliefs that governed the sacred town of Anuradhapura
in the north, where the hydraulic civilization was cen-
tered. Early societies of northern Sri Lanka developed
agricultural practices near rivers. They were dependent
on unreliable monsoon rains and vexed by recurring
droughts and floods. Irrigation canals were soon built
and small scale systems of irrigation were in operation
possibly by 500years BC. Subsequently the Sinhalese
constructed a complex system of canals and water stor-
age reservoirs locally called ‘tanks’, after the Portu-
guese ‘tanque’, to provide a technically sophisticated
irrigation system to regulate water distribution. Com-
pleted by the first century AD, several large-scale irri-
gation works existed fed both by harvesting the runoff
of catchment basins and where possible by diverting
water from streams. The organization of small tanks
into a cascading sequence within micro-catchments
allowed great efficiencies in water use. For instance,
drainage from the paddy fields in the upper part of the
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cascade flowed into a downstream tank for reuse in the
paddy fields below.

The original ancient hydraulic civilization of the dry
zone disappeared after the twelfth century AD. Break-
down of the efficient irrigation management system,
climatic change, malaria, depletion of soil fertility,
foreign invasions, and famine are some of the reasons
cited. However, the tank-cascade irrigation systems
based on natural drainage basins is still considered a
valid, lasting technology that, suitably modified for
modern needs is being recommended for restoration.

Sri Lanka is a country with two very distinct geo-
logical/geomorphologic and climatic regions: a hilly,
wet southern part and flat, dry northern lowlands. The
expansion of the population throughout the northern
dry lowlands was made possible by the implementa-
tion of an early, sophisticated irrigation system con-
sisting of interconnected small reservoirs and good
management and conservation practices of the water
resource. This irrigation system has lasted for millen-
nia, as have others such as the qanat system of Meso-
potamia satisfying the need of a vital resource in hot,
dry countries.

In Chap.22 (Disease in History: The Case of the
Austronesian Expansion in the Pacific) Sallares focuses
on the role of pathogens in history, taking as a specific
example the possible effects of malaria on the prehis-
toric migrations of speakers of Austronesian languages
from Taiwan across the Pacific and Indian Oceans.
Both the view that malaria assisted the Austronesian
migrations and the view that it hindered them have
been expressed in previous literature. In recent times
many of the western Pacific islands, where malaria is
present, have been less densely populated and have suf-
fered lower degrees of environmental degradation as a
result of human activity than the islands of Polynesia
in the eastern Pacific where malaria has never been
present. This chapter investigates the role of malaria in
the Austronesian migrations and its relevance to land-
scape history in this part of the world. Human genetic
mutations believed to be associated with resistance
to malaria, provide the scientific evidence on which
the argument is based. The conclusion is that malaria
probably hindered rather than helped the Austronesian
migrations.

Landscape is a contributing factor in the evolution
and demise of cultures and migrations of populations.
Elements of the landscape such as its productivity of
natural, cultivated or raised macro-organisms are
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usually considered to be paramount when dealing
with the well-being of human populations. The role of
microorganisms, though less understood until recently,
has been massive in determining the fortunes of many
societies. Suffice to mention only the effect of the Black
Death in fourteenth century Europe, in addition to the
long history of malaria, as emphasized by Sallares,
a scourge that persists in places around the world.
Malaria is closely tied to elements of the landscape
such as wetlands and some tropical forests, and had
important effects in shaping some societies. Italy pro-
vides a number of telling examples of the deaths from
malaria of war-leaders, of powerful political people
such as popes and cardinals, as well as famous art-
ists such as Dante Alighieri (Sallares 2002). A more
concrete effect is seen where communication routes
have been planned to avoid infected areas. Malaria
has clearly affected the migration and peopling of the
Western Pacific islands. Deforestation of some islands
for agricultural purposes changed the landscape so
that wetlands formed in places. These became breeding
grounds of the mosquito hosts of the malarial microor-
ganism. This led to health problems and loss of popu-
lation due to death and/or migration. In a seemingly
ironic, but common fate, islands and other localities in
the world have undergone more anthropic change in
the absence of malaria, than in its presence.

In Chap. 23 (Farms and Forests: Spatial and Tem-
poral Perspectives on Ancient Maya Landscapes)
Dunning and Beach analyze some aspects of the Maya
civilization. The Maya Lowlands, once thought of as
a relatively homogeneous region, is actually a mosaic
of habitats to which the ancient Maya adapted many
and varied systems of water management and agri-
culture. The overall trajectory of ancient Maya civi-
lization is probably best represented by a metastable
equilibrium model in which periods of relative envi-
ronmental and population stability were punctuated
by episodes of sudden change. Older models corre-
lated peaks in population with maximal environmental
degradation in the Late and Terminal Classic periods
(600-900 AD). Several recent cases, however, indicate
that the greatest impact was caused by relatively small
populations. Conversely large, densely settled popula-
tions sometimes stabilized the landscape through care-
ful conservation measures. Episodic periods of severe
drought played the greatest havoc with the ability of
the Maya to adopt successful long-term strategies to
meet their food and water needs. Interior regions of the
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Maya Lowlands with less secure water sources were
the most likely to experience extreme cycles of pop-
ulation growth and decline. In the long term, coastal
and low-lying areas with perennial wetlands generally
experienced less severe perturbations, but even here
the Maya had to adapt to rising sea and groundwater
levels and widespread landscape burial.

The Maya civilization has been long studied, but
new discoveries continue to be made and fresh insight
achieved. This complex, structured society became
progressively more populous and less resilient and
mobile in its relationship with a changing environment.
Changing climatic conditions, and spells of drought,
combined with intense deforestation that allowed
increased soil erosion, produced a progressively dete-
riorating environment. As a sophisticated society the
Maya tried to combat the inevitable by innovative agri-
cultural practices, building reservoirs to supply water
during periods of drought, and maintaining them free
of silt. As environmental conditions deteriorated, con-
flicts between communities increased and military pre-
dation occurred. Some sites could persist for a time,
while others had to be abandoned and the population
migrated. Some areas may have been overwhelmed to
the point of collapse by an unsustainable influx of refii-
gees. If history teaches lessons, this is one of them, and
the problem of environmental refugees is becoming a
serious one again in the modern world.

In Chap. 24 (Water Follows the People: Analysis
of Water use in the Western Great Plains and Rocky
Mountains of Colorado, USA) Wohl reviews the chal-
lenges presented by the semiarid climate of the State
of Colorado in western USA, to development of con-
temporary sustainable societies. The first settlers of
European descent who reached this region in the mid-
nineteenth century immediately began to engineer
water supplies, rather than adapting their lifestyles to
aridity as had wildlife and indigenous peoples. Exten-
sive manipulation of surface and ground water supplies
has facilitated rapid growth of irrigated agriculture
and locally dense human populations, but has also
produced unintended effects including water pollution
and endangerment of native plant and animal species.
Water shortages resulting from persistent drought and
increased population and water consumption, are forc-
ing contemporary societies in the region to use water
more efficiently, to allocate water differently among
competing human users, and to maintain sufficient sur-
face and ground water supplies to support endangered
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species and river ecosystems. The South Platte River
basin of Colorado serves as the primary case study to
explore these regional issues.

Wohl focuses her analysis on the water manage-
ment of modern societies in the semi-arid USA, spe-
cifically in the Rocky Mountains and foothills of
Colorado. Her title ironically reflects the misleading
nineteenth century slogan ‘water follows the plough’,
concocted to entice settlers to homestead in the arid
west. The low precipitation along the orographically
unfavorable eastern mountain flank and nearby plains
was not sufficient to support an expanding agriculture
modelled on the practices of the well watered east.
Modern technology has allowed the tapping of water
from the humid western side of the mountain chain and
its transmountain transport to the eastern side. This
is one more example of humans creating, nowadays
mostly for the purpose of short term financial gain, an
artificial condition not sustainable by the local land-
scape, instead of trying alternatives, dryland tech-
niques of water agriculture amongst them.

In Chap.25 (Frozen Coasts and the Development
of Inuit Culture in the North American Arctic) Park
examines the effects on past and present inhabitants of
the extreme seasonal changes in landscape in the North
American Arctic due to sea-ice formation and breakup.
Archaeological research has demonstrated that over
time the people of this daunting region developed a
complex adaptation to the frozen-coast environment,
which includes the sea ice. Early aspects of this adap-
tation included the hunting of small sea mammals in
open water from the shore or from the floe edge, fol-
lowed by the hunting of larger sea mammals in open
water from boats. The later and more complex aspects
of the adaptation included the hunting of ringed seals
at their breathing holes and living for some or all of
the winter far out on the sea ice. The successive stages
of this adaptation to the frozen-coast landscape can
be identified in the archaeological record of the Arc-
tic through the sequential appearance of technological
artefacts such as harpoons, drag floats, snow knives
and lamps.

Some landscapes cannot be drastically changed by
its inhabitants: adaptation of the human lifestyle is the
only answer. This is the case for Arctic regions where
ice is a major component of the landscape. Ice-distri-
bution, sunlight, and temperature drastically change
seasonally, and thereby totally modify the landscape
and its natural resources. Hunting and gathering, and
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in modern times, import from the south, are the only
means of sustenance in North America. In Europe and
Asia, husbandry of reindeer is also practiced. Park
examines the resilience of the ancient northern peo-
ple of North America and their delicate adaptation to
this variable, frozen landscape. Adaptation was pos-
sible because the people could rapidly change their
habits and locations according to the seasons and to
longer time periods. European tools and habits were
eventually introduced, and the forced agglomeration
of people into unmovable villages occurred. Old time
famine could now be avoided, but severe, mainly psy-
chological health problem, have become endemic. In
addition, global atmospheric circulation has ensured
that the overall environment of these remote communi-
ties is being subtly polluted from distant sources in the
industrialized south. As with other indigenous north-
ern populations of the continent, a new Inuit culture
is evolving that cannot be sustained by the local land-
scape. This makes for a difficult transitional period.

1.2 Commentary

The basic problem for any species in the biosphere is
ecological: how to derive sufficient sustenance from
its environment that it has a good chance to survive
and pass on its genes (Hardin 1993). Humankind is no
exception to this fundamental requirement. Where we
are exceptional is in succeeding so spectacularly. Big,
fierce animals need a large territory to support them
and are consequently rare in nature (Colinvaux 1978).
We have developed a foraging strategy of so successful
a kind, that although our Paleolithic ancestors passed
through the bottleneck of near-extinction (Wilson
2006) we have become the one big, fierce animal that
is not rare. On the contrary, we are so good at the eco-
logical practice of competitive exclusion (Rees 2004)
that we are now as a society (or pack) the most suc-
cessful predator in all biomes, terrestrial and marine.
Competitive exclusion for Homo sapiens means that
we take over all major landscapes as human habitat,
from lowlands (Jungerius?) to highlands (Cioaca and
Dinu), from coasts (Morhange and Marriner) to con-
tinental interiors (Wohl), from frigid (Park) to tropical
(Dunning and Beach), from tectonically quiet (Depal-

2 Undated references are to chapters of this book.
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mas and Melis; Dharmasena) to tectonically active
(Barnes; Chester; Fouache and Pavlopoulos; Thordar-
son), from sparsely populated (Goudie and Parker) to
highly urbanized (Barnes; Jungerius; Martini et al.)
and from dry (Brookfield; Brooks; Cremaschi and Zer-
boni; Hunt and el-Rishi; Wilkinson) to wet (Barnes).
Even active volcanoes are no absolute barrier to human
settlement (Chester et al.; Thordarson).

Elevation and relief have often presented problems
to human settlement and the general pattern of land-
scape adaptation has been to populate flat coastal and
near coastal areas first, as well as deltas and riparian
zones (Benvenuti et al.; Cioacd an Dinu; Mo et al.).
Desert regions have also presented difficulties, espe-
cially where an acceptance of the natural state of a
landscape (Brooks; Cremaschi and Zerboni) is replaced
by a determination to use advanced technological
resources to fix the problem (Wilkinson). Water has
always been problematic in areas of karst (Dunning
and Beach; Fouache and Pavlopoulos), where drought
is produced by excessive drainage through the highly
porous limestone landscapes.

Once we lived by hunting, gathering and scaveng-
ing, then some 10,000years ago, our foraging strat-
egy changed in a revolutionary way. We took charge
of food production in the technology called agricul-
ture. All our subsequent history is a kind of footnote
to that Neolithic Revolution that took place first in
SW Asia, North Africa and China (Brooks; Mo et al.;
Wilkinson), slightly later in the Americas (Dunning
and Beach), and later still as the technique diffused out
from the heartlands—for example 7000years ago in
the western Mediterranean (Chesworth Chap. 3), about
5000 years ago in Sri Lanka (Dharmasena). The food
production system drives all human economic activ-
ity (Smith 1776/1990), and as such is the basis of our
various socio-political systems. Once farming started,
technologies developed that allowed humanity to avoid
(no doubt temporarily) the usual control on the size of
a population—that is, the negative feedback that Dar-
win (1859/2010) called natural selection and Spencer
(1864—67/2002) the survival of the fittest. All of our
subsequent history, and our current predicament, is col-
ored by that fact. The first population explosion began
with the Agricultural or Neolithic Revolution and sub-
sequent spurts in population growth have followed
each expansion of farming onto new landscapes, and
each advancement in agricultural technique. Our agro-
footprint has been extended onto virtually all arable
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landscapes of the temperate zone (Barnes; Cioacad and
Dinu; Mo et al.; Wohl) into warmer climatic regimes
(Dharmasena; Dunning and Beach) and even into the
sub-Arctic (Thordarson). Some landscapes still retain
an attachment to hunter-gatherer economies (Barnes;
Park), and Romania (Cioacd and Dinu) is interesting in
having an area of unique woodland culture where agri-
culture is practiced in harmony with a kind of forest-
craft which pre-dated it. One way or another, humanity
has adapted and developed appropriate foraging strate-
gies for all climatic zones.

By the time the Agricultural Revolution had reached
the Atlantic coast of Europe, the first civilizations and
cities had appeared in Mesopotamia and Egypt (Brook-
field; Brooks; Chesworth Chap. 3), the first scripts had
been invented, and new technologies involving new
materials had come into being. Methods of cultivation
and water-management had advanced and were chang-
ing landscapes in widening circles of influence spread-
ing out from the original centers of civilization. Cities
were a new feature of the landscape, and in spite of
superficial differences, are recognizably the same the
world over, with monumental architecture, elaborate
communication systems, a division of labor, a strati-
fied social system with a hierarchy that commonly
hardens into a caste or class system.

The stratified nature of urban civilization created
new needs amongst the populace, and made new
demands on the landscape. Subdivision of labor was
formalized and specialized artisans of various types
plied their trades and sought for, and worked with
earth materials from clay to base and noble metals, as
well as gemstones, to make pots, implements, jewel-
lery and weapons. Mining communities grew up to
serve their needs, and an industrial element was added
to the growing human footprint on the landscape. Hunt
and el-Rishi (this volume) describe an early example
from Jordan—a prehistoric foretaste of the Industrial
Revolution that began to transform human society
centuries later. Excavations and mine sites became a
common feature of Middle Eastern landscapes, where
the rift that runs from the borders of Turkey, down the
Jordan valley, the Dead and Red seas and into Africa.
It is the site of numerous red-beds copper deposits that
have been worked since Chalcolithic and Bronze Age
times.

One of the clear trends since the beginnings of
civilization has been the increase in human technical
abilities, associated with and dependent on the devel-
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opment of new energy sources. Energy is the key to
modifying a landscape—the heat of the sun in nature,
often adapted by humans in the form of water and
wind power, and supplemented by human and later
animal muscle. Modification of landscapes by cultiva-
tors started with scratching and digging sticks and pro-
gressed through the simple wooden plough to the metal
mold-board plough pulled by oxen, and much later, the
horse. By the Iron Age even the heaviest soils could
be tackled, and the temperate clay plains of the world
came under agricultural attack for the first time.

With the exploitation of fossil fuels on an indus-
trial scale, starting with coal in the eighteenth century,
anthropic landscape-changes on a massive scale began
to appear for the first time in Europe since the great
earthworks of the Neolithic. The Netherlands provide
a case in point. In their constant battle with rising sea
levels, the Netherlanders soon saw the advantage of
adopting the Newcomen and Watt stationary steam
engines to increase their power to drain territory and
change seascape to landscape (Jungerius). Interest-
ingly, after centuries of experience the engineers in the
Netherlands have concluded that the best defenses were
provided by the natural dunes and that the best strategy
here is to work with nature and fortify the dunes. This
is an attitude that brings to mind the fatalistic approach
of North African societies, who in a sense, worked with
nature (if in a passive way) when they adjusted their
lives to aridification (Brooks; Cremaschi and Zerboni;
Goudie and Parker).

The uncontrolled growth of human numbers has
created the need to commandeer ever more territory
to grow food. The point of saturation has now been
reached in that all the best landscapes for arable agri-
culture have now been taken over according to the Mil-
lennium Ecosystem Assessment (2005) and modified
by the farmer. The Mediterranean region was the first
natural biome to become a more or less completely
anthropic one (Sect. B2, this volume), a fate that has
since overtaken the Mediterranean biome in Califor-
nia, Chile, Australia and South Africa and other areas
including those reported in this book. It is also pushing
agriculture into the marginal and inappropriate land-
scapes of arid regions, such as great parts of the western
United States (Wohl). Water has always been a problem
for farms and urban settlements in this region, and for
that reason, river diversions and reservoir construc-
tion have been common since the nineteenth century.
Now, engineering technology is capable and powerful
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enough to bring water from the far side of the Rocky
Mountains (Wohl). But at what stage do we decide with
the North African herdsmen and nomads that the land-
scapes of the Desert biome are inappropriate places for
high human and animal populations?

Biome-modification is practiced by all organisms
but we do it on a larger scale and more thoroughly than
any others. In this, we appear to have overshot the abil-
ity to support ourselves sustainably by about 25%. The
consequences are:

(a) Habitat destruction particularly by deforestation
of the landscape, and by competitive exclusion
generally. Coastal plains were particularly vul-
nerable to biome modification (Barnes; Mo et al.;

Morhange and Marriner). The temperate grassland

and much of the temperate forest biomes have also

been appropriated by Homo sapiens (Chesworth

Chap. 3). A complete utilization of the Earth’s pho-

tosynthetic capacity is threatened, with dire conse-

quences for biodiversity.

Over-exploitation of abiotic resources such as

soil, leading to erosion (Fouache and Pavlopoulos;

Wilkinson), acidification (Chesworth Chap.3),

salinization (Brook; Wohl), compaction, drain-

age impedance and soil fertility losses (Mo et
al.). Problems of water supply become increas-
ingly prevalent most obviously in arid areas, and
water-management becomes necessary, starting
with the irrigated, canalized landscapes of the

Neolithic societies in the valleys of the Tigris and

the Euphrates and in North Africa (Bookfield;

Brooks), but less obviously in ostensibly humid

areas such as the East Anglian region of the UK

(Chesworth Chap.3) or the Siena region of Italy

(Martini et al.). Since the Industrial Revolution,

over-exploitation of minerals and fossil fuels has

become a major problem.

(c) Over-exploitation, overkill and even mega-kill
by hunting, fishing, and collateral damage of the
biotic resource. Die off of indigenous animal com-
munities in island habitats of the Mediterranean,
as well as elsewhere, seem always to coincide with
settlements of such landscapes by humans.

(d) Effects of introduced species on native species (the
agricultural tool-kit expanding out of the Levant
eventually into the Americas, as well as adventi-
tious introductions). This is particularly critical
in terms of introduced microbes, with the famous

(b)
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example of the Spanish conquistadors, who, though
few in number were able, with the considerable
help of their European microbial allies, to con-
quer the Aztecs and the Incas. The introduction of
malaria in the Pacific (Sollares), of smallpox into
North America in the mid 1600s, and the encour-
agement of schistosomiasis by irrigation works in
Africa, Egypt are striking examples (Kloos 2002).

The geologists dictum ‘the present is the key to the
past’ no longer holds in at least one important respect.
Until the present, no large organism has become a
dominating geological force at the surface of the Earth.
Now, for better or worse, Homo sapiens has achieved
that distinction and we have entered a new division
of geological time: the Anthropocene. Every chapter
of this book is testament to the new era, and provides
multiple examples of the modifications that a thinking,
self-aware and ingenious primate has made.
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Chapter 2
A Semantic Introduction

Ward Chesworth

The objective here is to take a brief look at seman-
tic questions surrounding several words that are fre-
quently used in this book, and which relate directly to
the two nouns in the title: “Landscapes and Societies”.
This includes the obviously similar terms land, culture
and civilization, but also three words concerned with
the relationship between the two—determinism, adap-
tation and sustainability.

2.1 Landscape and Land

The Merriam-Webster definition of landscape is “the
landforms of a region in the aggregate”, which is
almost the same as the definition of topography in the
Oxford English Dictionary (OED): “the features of a
region or locality collectively”. For the OED land-
scape is: “a tract of land with its distinguishing char-
acteristics and features, esp. considered as a product
of modifying or shaping processes and agents (usu-
ally natural).” That is a better definition, and since
landscape is there defined as “a tract of land”, I will
take landscape and land to be synonyms. However,
it’s a bare-bones definition, and the details need to be
fleshed out. An examination of the phrase in paren-
thesis is also necessary.

The ideas of Aldo Leopold on the topic of land,
his “land organism”, are germane to the discussion.
According to Leopold (1993, p.46) the complexity of
the land organism is “the outstanding scientific dis-
covery of the twentieth century”. He wrote that “the
individual [human being] is a member of a community
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of interdependent parts [which includes] soils, waters,
plants, and animals, or collectively: the land.” The
concept owes much to earlier work by geographers.
Carl Sauer for example, wrote of the “phenomenol-
ogy of landscape” and emphasized that “the works of
man [were] an integral expression” of it (Sauer 1925,
p-21).

Notice Leopold’s introduction of the word commu-
nity into the debate. As an ecologist Leopold was well
aware of our Darwinian drive to compete within the
land organism, but in the interests of conservation he
was keen to develop a “land ethic” that would encour-
age human beings to cooperate as well as compete. He
hoped that seeing the land organism as a community,
with the strong need for cooperation that holds a com-
munity together, would provide a firm foundation for
the ethic he desired.

Even without Leopold’s ethical agenda, it is still
necessary to see landscape as a ‘community’ or, to use
a less anthropomorphic phrase, a complex of interre-
lationships. Only with this perspective is it possible to
appreciate how a landscape works, and how interde-
pendent its many parts are. It also encourages us to be
humble—the complexity of landscape is so great that
we do not yet seem to have a sufficient grasp of it to
live sustainably on it.

A final matter to clear up is the phrase “usually
natural” in the OED definition. Although as good Dar-
winians, we insist that human beings are an integral
part of the natural world, we normally distinguish our
activities and effects as being artificial rather than nat-
ural, a convention I will follow.

The fact is that little if any of the Earth’s surface is
free from human influence so that pristine nature if it
still exists, is rare. Our mark is seen even in the inhos-
pitable environments of the high mountains and high
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latitudes. Indeed it has been said that in the Holocene,
Homo sapiens became a geological force on the plan-
etary surface comparable to those such as volcanism,
tectonism, glaciation and weathering that have domi-
nated the landscape surface since Precambrian times
(Chesworth 1996). We have begun a new geological
epoch, the Anthropocene, says Crutzen (2002).

The Millennium Ecosystem Assessment Project
(2005, p.18) in its definition of landscape clearly rec-
ognizes the human component: a landscape is “an area
of land that contains a mosaic of ecosystems, including
human-dominated ecosystems. The term cultural land-
scape is often used when referring to landscapes con-
taining significant human populations or in which there
has been significant human influence on the land”.

In light of such considerations, I will take land or
landscape to be part of the macroscopic three dimen-
sional continuum of landforms that make up the Earth’s
land surface. It is composed of a chaotic complex of
rocks, minerals, soils, and amorphous solids, surface
water, ground water, organisms and products of their
decay, all of which interact and change the landscape,
with much feedback, in response to the forces of weath-
ering, tectonism and human activity. Landscapes are
transient features, maintained in a state of disequilib-
rium on scales ranging from micro to macroscopic, by
external forces powered by the energy of the sun, and
internal ones driven by the decay of unstable nuclides
within the Earth (Chesworth 1991). The movement
of water on and in a landscape is the principal natu-
ral means by which a gravitational equilibrium may
be approached, and the erosion of the loose skin of the
land surface, the soil, is the chief way that landscapes
are worn down towards a base level. Since the prac-
tice of agriculture requires the manipulation of both
soil and water, it was inevitable that farmers would
become a geomorphic force as their enterprise pros-
pered and became more intensive. Human activities
of all kinds now mark virtually all landscapes with an
indelible footprint.

2.2 Landscape Quality

Until about the eighteenth century, the quality of a
landscape was judged solely by how well it served the
purposes of humanity. Landscapes with deep, loamy
soils were considered fair and fruitful, while areas with
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poor drainage were foul and waste. From the Age of
Enlightenment onwards, landscapes were also consid-
ered to have an intrinsic quality of their own, regard-
less of their usefulness to us.

To the Romantics, beginning with Rousseau, and
to the landscape gardeners of the English school, this
quality was aesthetic in nature. To the scientists of the
late nineteenth century, and increasingly thereafter, it
was the role in the biosphere that defined the quality
of the landscape and its components. The ecologist for
example judges the landscape in terms of the differ-
ent types of habitat that it provides, and that ensures a
particular level of biodiversity. However, farmers, no
matter what their artistic or aesthetic propensities, are
practical people with a utilitarian perspective. Their
assessment of land is based above all else on the age-
old one of its ability to provide food and fibre to the
human population. Opinion in society at large is also
dominated by practical requirements—disposal of
wastes, provision of foundations for roads and build-
ings, maintenance of a built environment conducive to
human health, and so on (Thomas 1996).

Mention of human health brings to mind again
Aldo Leopold and his concept of the “health” of land,
another way of looking at landscape quality. Writing in
the 1930s, he said that “the land consists of soil, water,
plants, and animals, but health is more than a suffi-
ciency of these components. It is a state of vigorous
self-renewal in each of them, and in all collectively.
Such collective functioning of independent parts for
the maintenance of the whole is characteristic of an
organism. In this sense land is an organism, and con-
servation deals with its functional integrity or health”
(Leopold 1993). This is a clear anticipation of the idea
of Gaia introduced by Lovelock (1979/2000) with
notable support from Lynn Margulis (Margulis and
Sagan 1997).

At its simplest the Gaia Hypothesis considers that
the Earth acts as a kind of superorganism, maintain-
ing itself as a healthy abode for life. The state of the
planetary surface is constantly adjusted by biological
feedback mechanisms whenever inhospitable influ-
ences make themselves felt. Rather than the Gaia
Hypothesis it might be more accurate to speak of the
Gaia Syndrome, since as Kirchner (1989) points out,
the Gaia idea incorporates many hypotheses, which
he recognizes severally as Influential, Co-evolution-
ary, Homeostatic, Teleological and Optimizing Gaia
(Kirchner 1991). His basic criticisms are (a) that
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where Lovelock’s idea is right, for example the feed-
back mechanisms invoked, it is not original, and (b)
where it is original, for example in claiming that Gaia
has the teleological objective of maintaining homeo-
stasis in the interests of life, it is wrong. Lovelock in
fact, dropped the claim of teleology (that is that Gaia
is specifically constituted to achieve the end-point of a
planet in homeostasis) in his later publications.

The most notable discussion of Lovelock’s ideas in
terms of a consideration of landscape is by van Bree-
men (1993a). For the sake of argument he divides
soil properties into “favorable” (or pro-Gaia) and
“unfavorable” (or anti-Gaia). In his usage a favorable
property as one that “helps to increase the net primary
production on a definable part of the landscape with
a more or less uniform vegetation, of a size in the
order of 10-10°m?”. Favorable properties are found
for example in a soil (such as a loamy textured Luvi-
sol) with a high inherent fertility, and a structure that
includes a heterogeneous system of interconnected
pores. A structure of this kind will simultaneously
provide good anchoring for roots, good water-holding
capacity and good aeration. Unfavorable properties
occur in soils with little rooting-depth (Regosols and
Leptosols), a texture conducive to excessive drain-
age and droughtiness (Arenosols), heavy soils subject
to waterlogging (Vertisols), and soils developed in
extremely cold (Cryosols) or dry (Solonchaks, Solo-
netz) environments.

There is no conclusive evidence that natural soil-
forming processes are Gaia-directed in any way to lead
towards favorable properties and thus to a soil particu-
larly comfortable and hospitable towards life on Earth.
The fact is that the land surface is constantly modified
by weathering, soil-forming and soilwasting processes
to produce a kind of dump of natural wastes that is
in a state of continuous recycling. Life on Earth has
found this to be collaterally useful, and has evolved
into a “best fit” to the properties of the resulting soils.
Volk (2002) convincingly develops this Darwinian
explanation for the comfortable look that life has in
a landscape, and as van Breemen (1993b) says, natu-
ral selection explains everything without recourse to
teleology.

Consequently, the state of a landscape, whether it
is considered its quality, to use a neutral term, or its
health, to use a metaphorically loaded one, is perfectly
well explained without the invocation of a mystical
Gaia. The co-evolution of biotic and abiotic compo-
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nents of the Earth’s surface, under the influence of nat-
ural selection, is a completely adequate explanation.

2.3 Society, Culture and Civilization

These are amongst the most difficult words in Eng-
lish to pin down. The difficulty arises not only because
there is considerable overlap between them, but
because each has an abstract meaning in addition to a
concrete one. Society is the obvious place to start since
it subsumes the other two.

Society is clear in two main senses says Raymond
Williams (1983, p.291) “as our most general term for
the body of institutions and relationships within which
a relatively large group of people live; and as our most
abstract term for the condition in which such institu-
tions and relationships are formed.”

The word society has a long pedigree coming via
Norman French from the Latin ‘societas’ with the con-
notation of community, companionship or fellowship.
By the sixteenth century it had acquired the meaning
of a group of people living together in a country or
region, and sharing customs, laws or institutions. This
is where there is considerable overlap with culture,
again from a Latin root, ‘cultura’, meaning cultivation
or tending of land, though including also the cultivation
of the spirit (Williams 1983). In several western Euro-
pean languages it developed to connote the cultivation
of the intellect, and the arts in particular. By the nine-
teenth century the word had acquired the meaning of a
society in a particular place and time, characterized by
a common language, distinctive ideas, customs, social
behaviour, artefacts, and general way of life.

As culture is nested within society, so civilization is
nested within culture. The basic characteristic of civi-
lization is a society at a particular stage of complex-
ity. For example the OED says that civilization is “a
developed or advanced state of human society”. One
implication is that at a certain level of complexity a
society grades into a civilization. The direction that
complexity takes is most readily defined in concrete
terms. For example Richard Wright defines the term
as “a special kind of culture: large, complex societ-
ies based on the domestication of plants, animals, and
human beings ... typically [with] towns, cities, gov-
ernments, social classes, and specialized professions”
(Wright 2004, p.33).
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All three may be used as singular nouns to mean
society, culture or civilization in general. From the
late eighteenth to early nineteenth centuries they also
acquired plural meanings so that it became possible
to refer to Greek, Roman, Chinese or any number of
societies, cultures or civilizations—tacit recognition
that human communities differed from each other on
a regional basis. This raises a question central to the
objectives of this book: to what degree is human soci-
ety conditioned by landscape. Or, another way of ask-
ing the question: to what degree is it possible to state
that human society is deterministic in a geological,
geographical or geomorphologic sense.

2.4 Determinism

To many historians and pre-historians determinism
is a dirty word. A typical criticism is embedded in
Northrop Frye’s (1957) wise-crack that determinism is
a fallacy in which “a scholar with a special interest in
geography or economics expresses that interest by the
rhetorical device of putting his favorite subject into a
causal relationship with whatever interests him less”.
Jared Diamond’s “Guns Germs and Steel”, in which
the broad patterns of human history and prehistory
are determined by “biogeography, crop cytogenetics,
microbial evolution, animal behaviour, and other fields
remote from historians’ training” (Diamond 1997),
has recently reignited discussion of the topic. The
book was received well by the general public and the
author received a Pulitzer Prize for it but many schol-
ars were highly critical of what they considered to be
its deterministic approach. Judkins et al. (2008) is a
typical critique and references earlier ones. William H.
McNeill (1997) considers Diamond’s book “a clever
caricature rather than a serious effort to understand
what happened across the centuries and millennia of
world history”, a “sort of geographical reductionism”
that simplifies “the tangled web of recorded history
to four natural processes”. Three of the four are spe-
cifically landscape or physiographic attributes in the
strict sense, while one (the first) is concerned with the
Leopoldian extension of land to include the biospheric
aspects:

a. availability of domesticable plant and animal spe-
cies, since food production and the agricultural
surplus is necessary for the support of non-farming
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specialists and large populations that might give a
military advantage;

b. mountains, deserts and day lengths, varying with
latitude and “affecting rates of diffusion and migra-
tion, which differed greatly among continents”;

c. distances across open water, “influencing diffusion
between continents”;

d. continental differences in area or total population
size.

Distilled to its essence McNeill’s objection to Dia-
mond’s thesis is that it tends to rule out, or greatly
diminish the role of what he calls ‘cultural autonomy’,
that is, the “personal and collective behaviour shaped
by shared meanings [that] distinguishes us from other
species. It is the hallmark of humanity.” McNeill says
that Diamond ignores freedom of choice in favor of
“the tyranny of natural environments”.

McNeill is willing to grant that Diamond’s type of
determinism is indeed applicable to the early phases of
the history of human society “when technical skills and
organizational coordination were still undeveloped”
and we were “closely constrained by the local avail-
ability of food”. Now, however, “the vast differences
in the wealth and power that different human societies
have at their command today reflect what long chains
of ancestors did, and did not, do by way of accepting
and rejecting new ways of thought and action, most of
which were in no way dictated by, or directly depen-
dent on, environmental factors.”

2.5 Adaptation

There are two meanings to adaptation that are applica-
ble to the subject matter of this book: a general mean-
ing and a specialist, biological meaning.

The more general one of the two is exemplified
by a definition taken from the OED: the process of
modifying a thing so as to suit new conditions. The
“thing” here is the Earth’s land surface, and the “new
conditions” are those that result from human activities,
requirements and desires. Interpreted this way, it is the
reverse of determinism—the opposite direction of the
road from landscape to humanity implied by the latter
word.

The specialist meaning in modern biology comes
from the Darwinian theory of evolution. Thus in ecol-
ogy adaptation is the way that an organism, includ-
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ing Homo sapiens, adjusts to its environment in order
to improve its chances of survival, The adjustments
may include behavioural, physiological or structural
changes to the organism, either singly or together.

In the case of human adaptation, physiological and
structural change does not appear to have been par-
ticularly active since at least the appearance of the
Cro-Magnons. Consequently any adaptations since the
beginning of agriculture, and the origin of urban and
industrial civilization, have been essentially behav-
ioural. We have adjusted our behaviour to fit us for life
on virtually every type of landscape, in all terrestrial
biomes.

A specific form of adaptation (sometimes referred
to as exadaptation) amongst human beings is the
development of tools and technologies that act like
prosthetic devices in enabling us to deal with our
environment in ways that our physiology would oth-
erwise not allow (Catton 1980). This is manifestly
obvious in the tools we have devised to modify land-
scape to our needs, from the digging stick of the early
farmer to the massive excavator of the modern civil
engineer.

2.6 Sustainability

Sustainability is the property of being able to continue
to support the existence of an entity such as society
(Brown 1981). The basic concept is simple: a sustain-
able system is one that lasts.

Simple though the concept is, problems begin when
we try to define how long a system must last in order
for it to be labelled sustainable. Forever is not an
option on a finite planet governed by the laws of ther-
modynamics, so we must set a pragmatic limit. The
fact is that no human society has persisted in unbroken
succession for longer than about a thousand years, so
current attempts to devise systems of managing the
terrestrial landscape in a way sustainable to the inter-
ests of Homo sapiens are probably doomed to failure.
However, it is possible to speak of a society as living
sustainability within its environment for a specified
length of time—meaning that resources and wastes
were managed adequately enough to allow the society
to persist for that period. The point is that the term sus-
tainability only makes sense in the real world when a
time limit is imposed.
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Our current power to modify the environment has
now become problematic and the question of the sus-
tainability of human society is of growing concern.
We have more or less taken over a third of “human
friendly” landscapes, and have notably modified
another third. The temperate grasslands and the Medi-
terranean biome have been completely wrested from
their original inhabitants, and the temperate forests
are moving along the same path of human makeover.
In commandeering the habitats of other species we
threaten the integrity of the biosphere, our life-support
system, and many voices in the ecological commu-
nity consider that industrial civilization in particu-
lar, amongst human societies, is unsustainable (Rees
2008). Indeed, it has been said that the human species
has been adapted to the needs of short term interests
and is itself inherently unsustainable.
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Chapter 3

Womb, Belly and Landscape in the Anthropocene

Ward Chesworth

“the encounter between womb and belly and earth and water”

The poet William Cowper, enraptured by the beauty of
the English countryside, wrote “God made the country
and man made the town”.

He was wrong. Driven by the urgings of womb and
belly we made them both. Agriculture, involving the
increasingly large scale manipulation (husbandry) of
the soil, is what brought it about, and it began with
the Neolithic Revolution about 10,000—12,000 years
ago. Since then, all the usual geological processes that
shape the land surface “have been joined by a new and
immensely significant one, never before seen on the
planet, and one without which civilization would not
exist: agriculture” (Chesworth 2002, p.5). It was not
the first technology available to humans for modify-
ing the planetary surface. That was fire, first controlled
by Homo erectus (Stearns 2001), possibly as early as
1.8 million years ago, though evidence for this early
date (from Kenya) is controversial. Australia appears
to have been transformed by burning soon after Homo
sapiens arrived there some 40,000 years ago, and long
before agriculture was invented (Head 2000). Simi-
larly pre-agricultural peoples cleared forests in West-
ern Europe by burning, and as a consequence created
the acid, ericaceous heathlands referred to in the north
of England as moors, maybe as early as 20,000 years
ago (Mabey 1980). However, the human activity that
ultimately led to the wholesale transformation of the
land was undoubtedly agriculture, a process that will
be examined in this chapter.
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Marvin Harris’s (1980, p 40) definition of agriculture

I start with the historical context, then proceed to
consider the three important ways in which farming
has changed landscapes around the world. This leads to
a discussion of our ecological footprint, how and why
it grew so large, and whether it represents a sustainable
state. At the end of the chapter, and with apologies to
Shakespeare, I conclude that we bestride the landscape
like an ecological colossus.

3.1 Historical Background

From the outset, the development of human society had
areciprocal relationship with the land. In the beginning,
the nature of the land and its environmental ambience,
dictated where farming developed and how it expanded.
At the same time, farmers were modifying the land-
scape to suit their needs, though perhaps at the start,
not particularly systematically. Gradually, humanity
developed technologies and sources of power that have
allowed us to an increasing degree to mould the land to
our dictates. Figure3.1 provides the historical and pre-
historical context for this section of the chapter.

3.1.1 The Neolithic Revolution

The Neolithic Revolution brought about the greatest
material transformation in human history. In spite of
the adjective Neolithic (literally “new stone age”), “it
is not stone working methods but rather the technol-
ogy of food production that distinguishes this period
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Fig.3.1 The context of
human-landscape interactions
over the last 30,000 years.
Control of fire goes back

to Homo erectus and so has
always been available to
Homo sapiens to modify
landscapes. (After Chesworth
2008)
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from previous phases of human history” (Harris 1971,
p.174). Ultimately, by producing a surplus of food
in excess of the needs of the farming families them-
selves, it had one momentous consequence: civiliza-
tion. In effect, civilization and the written history of
the human species are footnotes to the Neolithic Revo-
lution (Chesworth 2008). Civilizations are “a special
kind of culture: large, complex societies based on the
domestication of plants, animals, and human beings
... typically [with] towns, cities, governments, social
classes, and specialized professions (Wright 2004,
p-33).” They bring with them “metallurgy, writing,
the city and the state” according to Hobsbawm (1996,
p.15), and have “changed Homo sapiens from a rare to
an abundant species” (Harris 1971, p.53). In making
these changes possible, agriculture opened “a radically

Use of fire to
modify habitat

new phase of human history” and is “perhaps the most
basic of all human revolutions” (McNeill 1991, p.40).

East (1924) states that soil, “common brown earth,
is the limiting factor which shall determine not only the
number of people the world can contain but also the com-
fort and therefore the final trend of their civilization.”
Aldo Leopold agrees, though significantly he broadens
the emphasis from soil to land. In a talk that he gave to
a meeting of the American Association for the Advance-
ment of Science in New Mexico in 1933, he said “the
reaction of land to occupancy determines the nature and
duration of civilization” (Leopold 1933, p.40).

Two points can be emphasized at this juncture. First,
civilization owes its origin to the exploitation of the
resources and processes of the landscape. Second, in
cultivating the landscape, farmers may provoke changes
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that bring about the collapse of civilization. In other
words, landscape is the alpha and omega of civilization.

Ideally, the landscape requirements of agriculture are
a soil of reasonable depth, half a meter say, with a high
inherent fertility, and the capacity to maintain, store, and
deliver water and soil nutrients to plants. Storage and
delivery requires the presence in the soil of components
capable of holding nutrients in readily available form
(that is, a form easily mobilized into the aqueous phase).
Organic matter, and the right type of clay mineral play
this role, and weathering and the erosional cycle are the
natural maintenance systems of soil fertility that the
early farmers depended upon. Strip away all the elabo-
rations of modern, industrialized agriculture, and these
are the basics revealed underneath.

A characteristic locality chosen by the earliest farm-
ers was essentially a landscape at base level, a situation
that would tend to minimize erosional losses of soil. A
lake, wetland or the lower reaches of a river, were typi-
cal, having as Sherratt (1980) points out, damp, silty,
and (commonly) easily worked soils. At this stage the
footprint on the landscape was punctual and miniscule,
being confined to localized sites in highland regions
such as the belt stretching from southern Turkey,
through northern Syria and Iraq to the Zagros Moun-
tains that mark the western highland rim of the “Fertile
Crescent” (Jarrige and Meadow 1980). The Neolithic
village of Catalhoytik in southeastern Turkey is typical
(Hodder 2007). Not only does the soil tend to be young
in these earliest agricultural regions (since mountain
slopes are prone to erosion) and fertile (because of the
continuous exposure of fresh parent material in the
erosional cycle), but orographically controlled rainfall
is adequate to sustain a crop.

After considerable trial and error in the highlands,
farming was introduced into the valleys of the Tigris
and Euphrates, where extensive areas of soil with a
high inherent fertility (river alluvium derived from the
erosional material washed down from the mountains)
occur. The rivers themselves delivered water more
reliably than the serendipity of rainfall, and the result-
ing surplus of food became large enough to sustain a
non-farming population, which allowed the develop-
ment of those cultures that we call civilized.

The earliest civilizations in the old world, in the
valleys of the Tigris and Euphrates, the Nile, Indus
and Huang Ho, are all based on large river systems,
draining an area where freshly exposed and lightly
weathered geological materials provide nutrient-
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rich sediment for distribution lower down the valley.
There they weather predominantly to fertile Fluvisols.
Because of the association with rivers, they have been
referred to as hydraulic civilizations, the earliest in the
world being Sumeria, at the head of the Persian Gulf
in what is now Iraq. As with all civilizations since, it
was based on the farmers’ surplus—allowing the sup-
port of elites, a division of labor, and a stratification
of society, that led to a rise of urban and administra-
tive centers (cities in other words) as well as trade
with neighboring peoples for raw materials that Sumer
lacked (Crawford 1991).

Sumeria is considered to be the site of the fabled
Garden of Eden with the name Eden believed to be
cognate with the Sumerian word Edin. This referred to
the wild uncultivated grassland of southern Mesopo-
tamia. Taking over grassland for the purpose of farm-
ing, is a feature that runs throughout human history.
By now, virtually all the major temperate grasslands
of the world such as the prairies of North America, the
steppes of Eurasia, and the pampas of Argentina have
been commandeered for agricultural purposes.

Irrigated landscapes are a characteristic of the
hydraulic civilizations. Irrigation allowed cultivation
to extend into the arid lands that bordered the river val-
leys. Consequently the agricultural footprint became
much more extensive and less punctual than in the
highland sites, and collaterally, soil erosion and irriga-
tion-induced salinization became a significant feature
of the human footprint on the landscape.

The subsequent spread of civilization away from the
great river valleys of the old world carried it into areas
such as southern and western Europe, where atmo-
spheric precipitation was reliable and irrigation unnec-
essary. The farmers migrating from the Levant brought
their techniques, crops and domesticated animals into
Europe at the rate of about 1 km/year (Sokal et al. 1991).
The diffusion was made easy by the absence of north-
south barriers to latitudinal migration, while moving
crops in an essentially east-west direction minimized
the amount of climatic variation to which the crop vari-
eties needed to be adapted (Diamond 1997).

3.1.2 Expansion into Europe

Two routes brought agriculture to the Atlantic coast—
one via the Mediterranean that exploited humid coastal
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Fig.3.2 The Neolithic spread
of agriculture into Europe
showing two major routes to
the Atlantic Coast from the
Levant—east to west across
the Mediterranean, and a
more northerly route along
the central European loess
belt. (After Renfrew 1994)
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localities, commonly near river mounths, with damp,
silty soils, the other via the soils of the alluvial plain of
the Danube valley and the loessial deposits of central
Europe (Fig. 3.2). These were light enough to be worked
by hoe, ard or wooden plough, while the heavier, clay-
rich soils of the river valleys remained off-limits until
the invention of the iron plough harnessed to draft ani-
mals. This technology was introduced between 2000
and 2500 years ago, and remained at the cutting edge
of cultivation until the eighteenth century. Given an
appropriate climate, it opened up new landscapes for
exploitation, and given a reasonable climate, the main
restriction on a soil became drainage and hydrodynam-
ics, rather than ease of husbandry.

By about 7000years ago, the distribution of the
Neolithic farming population around the Mediterra-
nean must have had the aspect of the much later scatter
of Greek colonies and trading posts that Plato described
as resembling frogs sitting round a pond. Pioneer cul-
tivators settled in those locations easily accessible by
boat, such as river mouths and adjacent valleys where
warm, wet and easily worked soils were to be found.
Here, the earliest sites of arable farming were all close
to the coast, at elevations below the present 200 m
mark, though it is important to note that there has been
a sea level rise since the early Neolithic and some sites
may now be on the seabed. In Spain, the Meseta, would
have been left to non-farming populations as being too
cold for the unadapted package of crops brought from

7400 '\\m’“\ -

W. Chesworth

6000 s

81

the Levant. Evidence from pollen and lithogenic dust
in the ombrotrophic Pena da Cadela bog in the Xis-
tral Mountains near Lugo, Spain, indicates agricultural
activity in the northwestern region of the peninsula by
about 6500years ago (Martinez Cortizas et al. 2005).
In other words, farming appeared on this part of the
Atlantic coast some 1000 years later than on the Medi-
terranean coast of Spain.

Further north, agriculture reached the Atlantic
slightly later as the history of farming in the British
Isles will show.

3.1.3 Synoptic History of British
Agriculture

For this part of the narrative I will develop the tem-
plate provided by Evans (1992). Britain as a whole
was typical of Atlantic Europe in being largely wooded
in its pre-Neolithic state, though there is evidence of
the Paleolithic use of fire to clear the land, possibly
as a means of controlling the movements of wild ani-
mals hunted for food. The first farmers entered the
island from across the North Sea between 4000 and
5000years ago. Early sites, for example along water
courses on the Cretaceous chalklands of southern Eng-
land, and on silty soils around the wetlands of Hold-
erness in Yorkshire, conform to usual requirements: a



3 Womb, Belly and Landscape in the Anthropocene

high water table with damp, light soils, workable by
rudimentary equipment. The chalklands of the south
appear to have been cleared the earliest, and the anthro-
pogenic erosion that began then has since accounted for
the removal of a cumulative 15-25 cm of soil, washed
from the higher ground into what are now dry valleys.
In Holderness the early farmers colonized sites north
of the Humber River, though elsewhere, in what are
now the North Yorkshire moors, clearance of trees by
fire produced an acid, heath-like landscape, unsuitable
for arable agriculture, on which podzolic soils, com-
monly gleyed, evolved out of the original forest soils
(luvisolic or umbrisolic).

Under Roman occupation, population in England
was about 4,000,000. Agricultural production inten-
sified with autumn planting of wheat, with the result
that the soil was unprotected during the stormy win-
ter months. More benign Roman introductions were
manuring and marling, the latter, like the former, serv-
ing to improve the fertility of soil, while also correct-
ing excessive drainage and acidity in coarse grained
soils. A lasting effect of marling, a practice that
continued into the twentieth century, can be seen in
Cheshire in the Midland Plain. Water filled marl-pits
litter the landscape like post-glacial kettles. They are
distinguishable from the latter by having a steep bank
where the marl (calcareous clay) was excavated, oppo-
site a gently sloping bank down which a cart could be
backed and loaded. A more occult change is also found
where sandy soils (in the region of Delamere Forest for
example) were cleared and marled for centuries. Illu-
viation of the fine grained component of the marl has
produced a clay-rich B horizon, locally known as the
foxes bench. On a profile scale this has an important
influence on near-surface water movement, in places
generating pseudo-gley, a subtle example of the way in
which human activities may alter local hydrology.

When the Romans withdrew, agricultural produc-
tivity diminished considerably as indicated by the
fact that erosion was greatly diminished. Population
dropped to about a half, then gradually grew until the
Black Death in the mid 1300s. By this time there was
no extensive forest left in southern Britain. Fallow-
ing had now been introduced to deal with problems
of soil fertility. This practice leaves fields vulnerable
to erosion until a cover of vegetation has been estab-
lished. After the plague, population was down to about
2-2.5million, again with a consequent decrease in ero-
sion. From 1500, population began to build again and
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after 1750, with the prosperity brought about by the
agricultural and industrial revolutions, it soared. The
introduction of the turnip and the four-fold rotation
from Holland, as well as improvements in ploughing
and drilling (Timmer 1969) were the principal innova-
tions, though enclosure of the land, begun much earlier,
was the main protection against the erosion caused by
cultivation. At this time, agriculture in England may
have come closer to being sustainable that it has been
before or since. Jaquetta Hawkes (1953, p. 162) com-
pared twentieth century unfavorably with eighteenth
century agriculture in this regard: “The struggle of 200
generations of cultivators had its culmination in the
high farming of the eighteenth and early nineteenth
centuries. Now those thousands of years of wooing
fertility under the sun and rain were to be half forgot-
ten in a third way of living which resembles the first,
that of the hunters in its predatory dependence on the
natural resources of the country.”

In the late eighteenth century, parish records reveal
another significant drop in population with the usual
knock-on effect on the landscape, of decreasing the
amount of erosion. Witham and Oppenheimer (2004)
have assembled documentary and proxy-climatic data
that implicates the volcanic haze of acid, toxic aerosols
from the Laki Crater eruption in Iceland in 1783—1784.
They claim that this fumigated Britain (and much of
Western Europe) during the notably hot 1783 English
summer and the subsequent severe winter.

An alteration to the landscape that had begun much
earlier, reached its culmination in the eighteenth and
early nineteenth centuries—the practice of enclosure;
that is, of enclosing farmland by means of hedgerows.
Ultimately, the open field agricultural landscape which
had been typical since Anglo Saxon times became
the patchwork quilt of smaller fields common until
the twentieth century. Enclosure caused great social
upheaval amongst the rural population since it excluded
many of the poor from land that had once been held in
common. Physically, its effect was to cut back on the
modification of the landscape by wind erosion.

In the eighteenth and nineteenth centuries improve-
ments in communication by canal and later by rail,
gave the farmer access to distant markets, and farm-
ing, which had become most intense in the vicinity of
cities, then intensified in areas outside the urban catch-
ments. In addition, the steam engine vastly increased
the farmer’s ability to remodel the landscape and to
work heavy, clay-rich soils. The Fowler method used
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a steam engine to haul ploughs by cable across a field,
and could break up about six acres of ley, compared
to horse drawn ploughing which could only manage
one (Fussell 1976). Water-logging remained a problem
for clay-rich soils however, until the development of
tile-drains in the second half of the nineteenth century
(Fussell 1976), a technology which invariably leads
to an increase of clay-movement, and the turbidity
of watercourses that collect the drainage (Stone and
Krishnappan 1997).

In the twentieth century increased erosion was
encouraged by socio-political decisions. In Britain in
the 1920s for example, the Ministry of Agriculture
encouraged the farmers of East Anglia to grow sugar
beet, a crop that provides poor protection to the soil.
Both the first and second world wars forced the Gov-
ernment to encourage increased food-production in
the interests of self-sufficiency. The result was to push
arable farming onto marginal soil (for example onto
the hilly flanks of the Pennines) with a consequent
increase in the erosion of agriculturally marginal soils.
More recently, the agricultural policies of the Euro-
pean Union have affected the British landscape, not
only in determining what crops might be grown, but
also in whether farmland would be kept in production
at all. Now, the new pressure on the landscape is com-
ing from the decision of the EU to produce 10% of the
gasoline and diesel needs of the Community by 2020,
in the form of biofuels (Schnepf 2006).

So-called market forces created a greater problem
of erosion after about 1960, when a more intensive,
monocropping form of industrial farming became com-
mon. This practice is made possible by the application
of artificial fertilizers, essentially an invention of the
nineteenth and early twentieth centuries, which slowly
replaced older techniques of manuring and rotation of
crops. Hedgerows were now removed to facilitate the
use of combine harvesters and other heavy machinery.
It is more than a little ironic that the removal of hedge-
rows should cause problems, in view of the fact that
their introduction during the enclosure movements of
former times was itself attended by considerable social
upheaval. At the present day, water erosion, resulting
from the planting of autumn cereals, has replaced
wind erosion as the principal landscape problem in the
United Kingdom.

A future development in British agriculture that is
likely to have its effect on the landscape is an increased
use of irrigation. Irrigation became common in some
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areas after Word Ward 2. Currently 60% of irrigated
farms and market gardens are in eastern England,
which has always been the drier half of the country. An
even drier climate has been projected for this region in
the future, and a greater need to irrigate land is there-
fore foreseen (Knox et al. 2000).

3.2 Landscape Change and the
Soil: Anthropic Change in the
Landscape

On the evidence of the foregoing section it is clear
that the conversion of landscape from its pristine to
its current, human-dominated state involves many pro-
cesses. Farmers clear, till, fertilize, irrigate and harvest,
thereby changing and remolding the land to a degree
that is irreversible at anything less than the geological
long term. Land-cover conversion, land degradation
and land-use intensification are the main processes of
change (Lambin 1997) and our impact has been ampli-
fied throughout history by technological progress,
associated especially with the exploitation of fossil
fuels in the last 200 years. These three processes are
dealt with below.

The decisions and policies of ruling elites, as well as
natural disasters, have also added a serendipitous ele-
ment to the changes that have taken place. Above all,
the needs of the human population, growing exponen-
tially until about a decade ago, has pushed agricultural
changes onto at least two thirds of the farmable land-
scapes of the world. Our contribution to change at the
planetary surface has become significant enough that
the last 10,000 years such that Crutzen’s (2002) term
Anthropocene may be extended to cover that period.

With the urban population now about 50% of the
total number of human beings on the planet, it may
seem that equal weight should be given to urbanization
as a landscape modifying factor. But the amount of the
landscape that is urban is less than 2% of the total, while
only a tenth of that can be considered densely built-up
with a strong direct impact (Meyer and Turner 1992).
Even so, the ecological footprint of a large city can
amount to hundreds of times the area of the city itself,
so it’s ultimate effect on the landscape as a whole is very
great. However, most of that footprint is accounted for
by agriculture and associated distribution systems that
are necessary to feed the urban dwellers.
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3.2.1 Conversion of the Land Cover

On entering new territory, farmers do what they have
always done. They remove existing vegetation as the
first stage of preparing the land for a crop. Removing
the original vegetation from a landscape is a direct
attack on the integrity of the natural biome, which
may have persisted before human intervention for
thousands of years. A relatively stable biome (state of
biostasis: Erhart 1964) is replaced by an ephemeral
state with vegetation changing annually. Currently,
the most active locus of change is in the tropical
forests of the world, where FAO (2005) estimated a
conversion rate of 15.5 millionha/year for the decade
1981-1990.

The most complete conversions have taken place in
three major areas of the temperate zone: the grassland
and forest biomes, and the much smaller Mediterranean
biome. As stated earlier, conversion of grassland goes
back to the first large scale agriculture in the world’s old-
est civilization, Sumeria, and has since become a major
theme in human history. Grassland is the natural vegeta-
tion of the drier parts of the loess deposits of the planet,
with forest occupying the wetter zones. The grassland
plains of the northern hemisphere are now crop and
range landscapes, while the forest in Europe and east-
ern North America has been largely converted to arable
land. The Mediterranean biome in its type locality of
southern Europe, the Levant and North Africa, has been
transformed over 8000 or 9000 years into a completely
anthropic landscape, and areas of the biome in Califor-
nia, Chile and southwestern Australia have proceeded
substantially along that route within the last 200 years.

Table3.1 An estimate of the degree to which land has been
converted from its original state. (Data from FAO 2005)

Undisturbed Disturbed

Human domi-

(%) (%) nated (%)
Europe 15.6 19.6 64.9
Asia 422 29.1 28.7
Africa 48.9 35.8 15.4
North America 56.3 18.8 24.9
Latin America & 62.5 22.5 15.1
Caribbean

Australasia 62.3 25.8 12.0
Antarctica 100.0 0.0 0.0

World 51.9 24.2 239
‘World minus area 27.0 37.0 36.0

of Rock, Ice &
Barrens
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The Mississippi watershed is a good example of the
changes that have taken place in the grassland biome
over the last 150 years or so. It has become the bread-
basket of the United States and even of the world via
food aid programs. As with other major temperate zone
grasslands, the inherent fertility of the soils comes pre-
dominantly from loessial parent materials, commonly
reworked by fluvial processes as in northern China,
and along the Danube in Europe. In the eastern part
of the Mississippi watershed, where rainfall is gener-
ally above 500 mm/year, the natural vegetation was
the tall grass prairie. This has been almost completely
converted into fields of wheat, corn and soya. Further
west, as far as the hundredth meridian, agriculture
expanded rapidly during the latter half of the nine-
teenth century once the railroad was available to bring
produce to market. Beyond the hundredth meridian, in
arid land that John Wesley Powell recognized as being
unsuitable for the agricultural technologies developed
in the eastern states and Europe (deBuys 2004) farming
has none the less expanded as a consequence of irriga-
tion technologies. Even the desert biome has become
a farmed landscape, thanks particularly to exploitation
of the Ogallala and other aquifers.

The tropical grassland, or savannah, has escaped
the wholesale conversion to human use suffered by
the temperate grassland, but it has not been totally
immune. As rangeland, it had been used in the Sahel
zone of Africa from time immemorial by nomadic
herdsmen following seasonal changes in the rain belt,
more or less sustainably. Indeed, part of the savannah
(for example in the ‘cerrado’ of Brazil) may itself be
anthropogenic, an artefact of the removal of forest by
burning (Mistry and Berardi 2006).

Conversion of arid and semi-arid landscapes to
farmland has also been a constant theme in agriculture
almost from the start, beginning with the great hydrau-
lic civilizations in the old world. In modern agricul-
ture it has made California the horticultural capital of
North America, and has turned the arid region south of
the Aral Sea into cotton plantations. I will return to this
subject under the next heading.

3.2.2 Land Degradation

The term land degradation applies to landscapes
that have already been converted to human use. The
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implication is that the productivity of the agro-eco-
system has been diminished by human activities. Soil
erosion is the main process of degradation, with other
significant processes being acidification, salinization,
organic matter loss, nutrient decline, compaction, and
waterlogging. Agricultural soils are particular prone to
degradation during severe weather events as the lowa
floods of 2008 emphasized.

Tilling the soil, breaks up its natural coherence so
that it becomes more easily moved by wind and water.
A pulse of eroded soil can be detected wherever the
beginnings of agriculture in a region can be reliably
dated. In Central America for example, soil erosion
contributed to lake sediments in Mexico from the
earliest agriculture there (Butzer 1993; O’Hara et al.
1993). Environmental degradation did not begin with
the Spanish therefore, in spite of earlier claims to the
contrary. Even so, this is not to claim that the begin-
nings of agriculture in Spain were any different. As
Martinez Cortizas et al. (2005) show, the first farm-
ers in northwest Spain left their mark in eroded soil
added as windblown sediment to an ombrotrophic bog
some 5000 years ago. Over millennia the changes to
the landscape may become immense. In the last 5000
years the coastline of the Persian Gulf for example has
advanced seaward by some 200-300km. Here, the
farmer has aided the natural erosional cycle by defor-
estation in the Taurus Mountains as well as by disturb-
ing the soils of the Tigris and Euphrates valleys with
an annual cultivation.

In ‘Dirt: The erosion of civilizations’ David R. Mont-
gomery has a useful discussion of land degradation in
ancient Greece (Montgomery 2007). Plato (427-347 BC)
believed that the hills around Athens had been defor-
ested, and the landscape became only a skeleton of its
former self. Both Plato and Aristotle (384-322 BC)
believed that farming during the age of Homer (the
Bronze Age in modern terminology) was to blame.
Modern dating essentially confirms this. In the Argolid
for example, a first pulse of erosion marks the intro-
duction of farming between about 6500 and 5500 years
ago. Between 4300 and 3600 years ago, the plough
was introduced and population growth pushed agri-
culture onto steeper slopes, producing another pulse
of erosion. The need to feed a growing population is
a common driver of landscape change, and when the
Romans came with their improved agriculture and
consequent population growth, another major episode
of soil erosion occurs. In total, since the beginnings
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of cultivation as much as a meter of soil may have
been stripped from lowland parts of the Argolid land-
scape (Montgomery 2007). By comparison, the rate of
soil formation in the humid temperate zone is gener-
ally between 2 and 3 cm per 1000 years, say between
15 and 20 cm since farming began in the Argolid. In
other words the Greeks have been losing soil there two
orders of magnitude faster than it forms.

Land degradation is most severe in semi-arid
regions, where wind erosion and irrigation-induced
salinization again, are the common problems (Lambin
1997). Together with loss of biodiversity, the overall
effect has been described as desertification (Binns
1990). It is estimated that 69.5% of the world dry-
lands are affected by various forms of land degrada-
tion (Dregne et al. 1991). In recent history, the classic
example was the Dustbowl of the American Midwest
in the 1930s. There, silty soils in Oklahoma, Texas,
and Kansas, were exposed to wind erosion in an area
that suffered periodic drought. The problem was exac-
erbated by the increased power of ploughing technol-
ogy—steam traction was introduced to the region in
the early twentieth century.

The US Department of Agriculture (USDA 2008)
classifies land in terms of an erodibility index: the ratio
of inherent erodibility to the soil loss tolerance. Inher-
ent erodibility for a given soil is the rate of erosion
(tons per acre per year) that would occur on land that
was continuously clean tilled throughout the year. The
soil loss tolerance, or T value, is an estimate of the rate
of soil erosion that can occur on a given soil without
significant long-term productivity loss. Thus, the erod-
ibility index captures both the propensity of a soil to
erode and the potential for damage from erosion. Land
can be highly erodible based on potential for water-
borne erosion, wind erosion, or both. A little more than
100 millionacres of US cropland are highly erodible,
that is about 25% of all cropland. Highly erodible land
is a special category with an erodibility index of eight
or larger.

Many techniques have been employed to deal with
the problem of enhanced soil erosion due to farming.
The most successful is to re-establish a permanent
land cover. Reforestation is the common technique
and is undoubtedly successful though aesthetically
the new plantations tend to look regimented and to
lack diversity. The Azores provide a different solu-
tion to the problem. They were uninhabited until the
fifteenth century when they were discovered by Por-
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tuguese mariners a few decades before the first voy-
age of Columbus. The islands were lush and wooded,
covered in deep, fertile soils developed on volcanic
ash, and the Portuguese settlers did what farmers
do on entering virgin territory, they chopped down
trees to make way for crops. By the early twentieth
century they had essentially removed all trees from
the major islands and their crops had become a sig-
nificant source of food for the mainland. Erosion by
streams and wind was gradually carrying the soil into
the sea, and the decision was made to switch from
crops to animals and arable land was converted to
pasture. Grass is as good as trees for anchoring soils,
so this was a successful conservation measure. How-
ever, as usual there were unintended consequences.
The wastes produced by a large population of cattle
has became so great that the eutrophication of sur-
face waters and the nitrate contamination of ground
waters has become a problem.

In fact, the addition of nitrogen into the natural
nutrient cycle is a problem worldwide. The numbers
are truly astonishing. 140 milliontonnes/year of N is
generated in the soil naturally. Human activities add
210milliontones each year—50% more than the nat-
ural processes. In the worst cases we can follow the
impact all the way to the ocean. The consequences are
clearly seen at the mouth of the Mississippi where a
500km dead zone has spread along the shore of the
Gulf of Mexico. In other words agriculture is now
affecting seascapes as well as landscapes.

Since tillage is a major contributor to soil erosion,
an alternative strategy in soil conservation is to farm
without tilling the land. Unfortunately it requires
an “agent-orange” approach to agriculture with the
farmer spreading pesticides and other chemicals on
the landscape in order for the crop to produce high
yields. Crop varieties now need to be selectively bred
to withstand the biocides designed to eliminate com-
petition—a new twist on the survival of the fittest:
the survival of the genetically engineered. Again,
the technique has malign consequences with chemi-
cal contamination being the most obvious. When
she warned about our excessive reliance on agricul-
tural chemicals in ‘Silent Spring’, Rachel Carson
was a voice crying in the wilderness (Carson 1962).
Even today, her warnings are largely discounted by
agribusiness.

The second common problem referred to in the
exploitation of arid zone soils, irrigation-induced
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salinization was probably first encountered by the
early farmers in Mesopotamia (Chew 2007). The
problem is that in these regions evapotranspiration
naturally exceeds water-input, so that evaporation
causes the deposition of salts in the upper part of the
solum. More water may then be added to flush the
salts down to the groundwater. Essentially the same
type of system invented in Mesopotamia whereby a
system of distributary canals carries water into dry
regions away from the riparian zone is employed
in the south-western United States, along the Rio
Grande in New Mexico for example, and salinization
is still a problem.

Compared with the classical regions of the first
civilizations irrigation is on a massive scale in modern
farming. A major difference is that in addition to sur-
face waters, ground water is also exploited, much of it
being fossil water and non-renewable. Consequently
the agricultural landscape of the dryer regions of the
USA, China, Pakistan, India, North Africa and Austra-
lia can only be considered as transient phenomena in
human history. Induced salinization is endemic to all
these regions. Furthermore, drainage of saline ground-
waters from irrigated areas may cause problems to
landscapes further dowstream. In California for exam-
ple, a major drain led to the Kesterton Dam, an artifi-
cial lake, which is now a toxic wasteland.

Climate change is bringing about a further compli-
cation. Rainfall is decreasing in desert areas world-
wide: in the last 25 years there has been a 16% drop in
the Dashti Kbir desert of Iran, 12% in the Kalahari, and
8% in the Atacama (Ezcurra 2006). In addition, much
of the irrigation water used in the Americas and cen-
tral Asia comes from rivers fed by mountain glaciers
and snow-packs. Accumulating evidence indicates that
this source is also shrinking on account of a decline in
atmospheric precipitations.

The conclusion must be that irrigated farmland is a
particularly unsustainable type of anthropogenic land-
scape, and the danger is that since we have become
increasingly dependent on food from irrigated land,
future policy makers will look at ways of increasing the
ecological footprint of the dry-land farmer by bringing
water from ever more distant sources. In the case of agri-
culture in the American Southwest, this could threaten
the integrity of the Great Lakes by water diversions out
of the catchment area. Eco-disaster by water diversion,
as for example in the case of the Aral Sea, is a caution-
ary lesson that needs to be emphasized.
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3.2.3 Intensification of Land Use
Intensification of land use is normally associated with
a need to grow more food, a need that may be driven
by such factors as population growth, market demand,
the drive to become self-sufficient as in time of war, or
by political decisions in support of strategies of advan-
tage to a particular social group or groups (Blaikie and
Brookfield 1987). Intensification may be brought about
by many mechanisms amongst which are introduction of
new crop varieties, fertilization, irrigation, drainage and
a general improvement in husbandry techniques (Net-
ting et al. 1993). All of these were involved in the inten-
sification of agriculture known as the ‘green revolution’,
introduced into the developing world in the 1970s.

Often, intensification takes place in regions of mate-
rial poverty, where population pressure has pushed
people onto marginal or unsafe land. Low lying estuar-
ies are a case in point, with Bangladesh being a prime
example. Sometimes the motive is profit, rather than
subsistence. The insatiable desire of the affluent world
for sea-food for example has made many farmers in
Southeast Asia rich. Mostly it involves the conversion of
the mangrove habitat into shrimp farms. In the southern
Thailand between 1975 and 1993, the mangrove habitat
decreased by about a half (from 312,700 to 168,683 ha)
as a result (Barbier and Sathirathai 2004). The long
term effect is to expose sulphides in the subsoil of the
mangrove regions, to weathering and the formation of
thionic soils. These have soil waters with a pH of 3 or
less, which mobilizes aluminum and produces an essen-
tially sterile coastal landscape. One deadly consequence
of this is that protection of coastal communities from
storm surges is largely removed—witness the carnage
of the 2004 tsunami in the Indian Ocean.
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3.3 Discussion:The Human Ecological
Footprint on the Land

Figure3.3 is a snapshot of the effect of humanity on
soil at present. It has been called an agrobleme (Jack-
son 2004), literally an agricultural scar, or since it is
our total ecological footprint on the land, including the
cities and the complex infrastructure of modern soci-
ety, anthrobleme or human scar (Chesworth 2008).
The term ecological footprint was invented by William
Rees and his co-development of footprint analysis is
described in Wackernagel and Rees (1996). It consti-
tutes the area of the biosphere, including both terres-
trial and aquatic ecosystems, required to produce the
resources that a population consumes and to assimi-
late the wastes, or at least a sub-set of the wastes, that
a population produces. In the form of maps such as
Fig.3.3, it summarizes the direct connection between
human beings and the landscape—Marvin Harris
(1971) encounter of the landscape with our reproduc-
tive prowess and our need for sustenance (“womb and
belly” in his words). The size of our footprint at this
time is a consequence of the growth of the human
population. This is a response—with feedback—to
the success of agriculture in providing a growing food
supply. In turn, this was made possible by farming
populations colonizing new soils and increasing their
productivity—our main strategies for keeping ahead
of Malthusian disaster since the Neolithic, and espe-
cially since the Industrial Revolution.

Before cities developed, the footprint was not much
bigger than the physical area needed for the farm itself.
As it is in peasant farming at the present time, that
minimal area would have been augmented by an area
of non-cultivated land used for forage and bedding for
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farm animals, for collection of fuel and wild foods and
for the hunting and trapping of bush meat. Judging by
the practice of peasant farmers in the Himalayas (per-
sonal observation during field work in Nepal from 1986
to 1989), and by small-scale farmers in northern Spain
(Felipe Macias, personal communication), at least 3ha
is used to support 1 ha of farmed land. Borgstrom (1972)
calls the extra area of land needed to support the area
actually farmed, ‘ghost acreage’. Estimating ghost acre-
age for a Neolithic farm can be no better than a back-of-
the-envelope calculation at present, but we might start
with the smallest area a subsistence farmer can survive
on at the present day. Rees (2004, p.90) notes that “the
area of world-average cropland used to produce the
diets of today’s high-income consumers can be as high
as 1.5ha (3.7acres) per capita, typically four to eight
times the cropland required by the poorest of the world’s
poor.” Consequently, as a generous estimate, I will take
half a hectare as the area of a Neolithic, subsistence
farm. If now we take the farming population to have
reached about 5,000,000 at some time in the early Neo-
lithic, say about 7000 or 8000 years ago (Cohen 1995),
a minimum cropped area of 2.5millionha, backed up
by a possible 7.5million “ghost” hectares would be
implied. This amounts to 107ha as a very approximate
figure for the agricultural footprint at that period. In the
world today, about 1.5billionha of land are under cul-
tivation (WRI 2008), which means that the Neolithic
agricultural footprint could have been no bigger than
0.01% of its present value.

The current size of the anthrobleme has involved
a virtual takeover of two biophysical units of the bio-
sphere, a major one—the temperate grassland biome—
and, in terms of area, a minor one—the Mediterranean
biome. In addition, the temperate forest biome has also
been largely commandeered for our use (Chesworth
2008). Essentially, we are capable of making all ter-
restrial biomes the habitat of Homo sapiens. As H. G.
Wells (1939, p.16) remarks, we are a species “who
will leave nothing undisturbed from the ocean bottom
to the stratosphere”.

3.3.1 Sustainability

Jackson (2004, p. 89) says “sustained life is a property
of an ecological system rather than a single organism
or species”. It is worth adding that agricultural produc-
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tivity, however manipulated by humanity, is a product
of the biosphere. Jackson also says that the base of the
ecological system is soil, which “for all practical pur-
poses a non-renewable resource, is in serious decline”.
The implication must be that farming as currently
practiced is an unsustainable activity, and that civili-
zation which is totally dependent on agriculture is an
unsustainable form of human society.

Since the Neolithic, agriculture has become an
increasingly powerful forcing factor on processes at
the earth’s surface. It attacks the vulnerable skin of the
landscape and routinely increases physical and chemi-
cal change by one or two orders of magnitude over nat-
ural values (and by even greater amounts in extreme
cases). The farmer has always depended on renewable
resources (sunlight, water, and seed for example), but
also on the natural capital of the land, which is non-
renewable on the scale of human generations. We have
continually drawn down this natural capital since the
Neolithic (Jackson 2004) by deforestation, soil erosion,
dust storms, salinization, and desertification. These are
only the more dramatic examples of change produced
by our agricultural methodology, which “has had seri-
ous flaws in it from the start” (Martin 1975, p. 180). To
begin with, the damage to the biosphere was sustain-
able because the agricultural population was small—a
few million at most, 10,000 years ago. But, this pow-
erful new method of food production set the human
population on a growth curve that maintained an expo-
nential rate of increase until the late twentieth century.
We now overshoot any chance of long term sustain-
ability by about 20% (Rees 2004).

As hunters and gatherers, our numbers were kept
in check by the Darwinian competition that defines
the biosphere. The domestication of crops and animals
seemed to allow us to escape that fate and our inven-
tiveness with regard to managing the fertility of soil,
commanding inorganic sources of energy, and devel-
oping efficient transport systems, have kept us grow-
ing until now. This modern period of exuberant growth
(Catton 1982) is what has led the present generation of
neo-classical economists to believe that there are no
limits to the human economy and it will grow for as far
into the future as we can see (Simon 1998).

However, there are limits to the growth of the
human economy Fig.3.4, so we need to consider the
likely outcome when a population approaches them,
and Malthus is the reliable guide in spite of repeated
claims to the contrary. To reiterate, he believed that
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Fig.3.4 Relationship between ecology and economy. a The “no
limits” view of the classical and neo-classical economist. The
environment is considered an infinite resource and waste recep-
tacle—an “externality” that may be ignored in economic calcu-

since population has the power to grow exponentially,
while food supply tends to increase only arithmetically.
Without controls the potential exists for society to be
reduced to a level of subsistence—"“misery” in Mal-
thus’ usage. In the limit, this could lead to collapse.
Examples can be found over and over again in human
history (Diamond 2005), and a cautionary example
used by many scholars of the subject is provided by
the history of Easter Island.

The original inhabitants of Easter Island probably
got there by chance as part of the diaspora of Mela-
nesian navigators who populated the South Pacific in
the first few centuries of the Common Era. Because of
the isolated nature of the place, the settlers were essen-
tially marooned once they got there. That was fine to
begin with because the island was well-forested, the
soils were derived from volcanic ash, and were fer-
tile. In addition there were lots of fish in the sea, and
the Melanesian navigators had the requisite skills and
equipment to hunt them. The new colonists cleared
land for agriculture, built sturdy boats, built up a com-
plex society, and prospered for a couple of hundred
years. Eventually the population outgrew the resources
of the island itself, and having chopped down the last
tree, could no longer build their fishing boats. As a
consequence a society that never recognized the limits
of'its existence, collapsed into barbarism and cannibal-
ism (Tainter 1988).

The fact of limits should have been obvious from
the great circumnavigations of the European Enlight-
enment. The earth is finite, and over the last 250 years
modern science has revealed two important sets of con-
straint to emphasize the fact. First there are the conser-

Recycling BIOSPHERE

lations. Consequently it is a model that contains no information
about ecosystem structure. b The ecological model shows the
economy nested within a finite biosphere. The economy can
only grow at the expense of the biosphere. (After Rees 2004)

vation principles of matter and energy that tell us that
we do not have access to infinite amounts of either.
Second we are animals like other animals, shaped by a
struggle for survival in a biosphere of finite resources.
This struggle kept the size of our population in check
until agriculture, especially in its fossil-fueled, modern
form, gave us the ability to compete so successfully
with other species that we could exclude them from
their own evolutionary niches and take over. These
constitute what Hardin (1995) refers to as the “default
conditions” of human life.

By following a path of development that fails to
recognize such important constraints we have appro-
priated, more or less completely, whole biomes to
produce our food. In the process our footprint on the
landscape has grown from a globally imperceptible
one in the Paleolithic and early Neolithic, to the situa-
tion shown in Fig3.3. Under the influence of agricul-
ture, forest and steppe have given way to manicured
farmland, rangeland, waste and desert, as population
reaches 7 billion. Kennedy (1993) for one believes that
Malthus prediction of 200 years ago is now becoming
a reality on a global scale.

Clearly this is an unsustainable way to live on a
planet, yet two areas seem to have managed the trick:
Egypt and northern China. Both have farmed specific
regions of the Earth’s surface continuously for more
than 5000years, and we might conclude that if they
can do it, we all can. However it was not accomplished
by some great feat of human ingenuity, it was all on
account of the contingencies of local geology. Egyp-
tian agriculture has been sustained by the Nile provid-
ing a reliable source of water and a predictable annual
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flood to add the sediment that keeps the soils fertile.
In essence, the fertilizer comes from the distant, nutri-
ent-rich volcanic rocks, weathering and eroding in
the Ethiopian Highlands. The early center of Chinese
civilization is similarly supported by the waters of the
Huang Ho and the fertile sediment of reworked loess,
which it spreads over its flood plain, and which origi-
nates as wind-borne dust from the Gobi Desert.

In all but very few instances, the natural fertility
exploited by early farmers was derived from geological
source materials fresh enough to contain a reasonable
store of nutrients that could be released by weathering.
In addition to the two examples already given, societies
in Mesopotamia, the Indus and Ganges valleys, and in
the Andes amongst others, depended on soils developed
on sediments derived from young fold-mountains. That
only the two instances mentioned in the preceding para-
graph have persisted as major agricultural producers
may have many causes—some river systems are diffi-
cult to manage, some are affected by neo-tectonic activ-
ity, some by climatic changes—but there seems little
doubt that all the early civilizations grew out of, and
were supported by, the local geological environment.

Unfortunately there are not enough of these geolog-
ically and geomorphologically benign environments
to go around and our attempts to engineer less benign
environments (witness the disaster of the Aral Sea)
have not proven to be sustainable. However, engineers
are can-do people and will tell you that given enough
energy any problem can be solved. This brings us up
against limits again: the pool of energy available to do
work is limited, and in keeping with the second law of
thermodynamics, will continually diminish. In building
our modern industrial civilization we have consumed
most of the low-hanging, low-entropy fruit, especially
oil and gas, the twin prime movers of human society
since the Second World War. Indeed, regarding this
last point, Bartlett (2004) has produced what amounts
to a minimalist definition of the landscape. He says
that land is what we use “to convert oil into food”.

Hoyle (1964, p. 99) makes the point in this way: and
there may not be enough left to allow a second kick at
the can if the civilization we have achieved collapses.
“It has often been said that, if the human species fails to
make a go of it here on Earth, some other species will
take over the running. ... this is not correct. We have,
or soon will have, exhausted the necessary physical
prerequisites so far as this planet is concerned. With
coal gone, oil gone, high-grade metallic ores gone, no
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species however competent can make the long climb
from primitive conditions to high-level technology.
This is a one-shot affair. If we fail, this planetary sys-
tem fails so far as intelligence is concerned.”

3.4 Conclusions

“Human social life is a response to the practical
problems of earthly existence” says Marvin Harris
(1980, p.22), and our agricultural use of landscape is
a response to the fundamental problem faced by any
species, of finding enough to eat. Unfortunately, agri-
culture is strategically situated to attack the biosphere
from within and since Neolithic times we have grown
to the stage where we are drawing down biospheric
and other resources by a margin of about 20% beyond
the level that might ensure sustainability. Our footprint
on the landscape is colossal and clearly involves the
wholesale conversion of the habitats of other species,
into our own. Inevitably the biodiversity of the earth
is diminished, perhaps to the degree that we may pro-
voking the sixth great extinction in geological history
(Lewin and Leakey 1996; Larsen 2004).

Only by adopting the no-limits ideas of economists
such as Julian Simon can we ever come to believe with
‘The skeptical environmentalist’ that “Food will get
cheaper and ever more people will be able to consume
more and better food” (Lomborg 2001, p. 109). There
is a limit to the amount of land we can consume in
pursuit of this rosy future and if we haven’t reached
it yet, we appear to be close. “The constraints of the
biosphere are fixed. The bottleneck through which we
are passing is real. It should be obvious to anyone not
in a euphoric delirium that whatever humanity does or
does not do, earth’s capacity to support our species is
approaching the limit” (Wilson 2002, p. 18).

Lomborg’s “euphoric delirium” is based on a short
term perspective of course—a perennial problem in the
history of farming. Tudge (1985) observes that agricul-
ture has never been seen as simply a means of feeding
people. It has always been used to serve the immediate
needs of generating profit, propping up ancient sys-
tems of fealty, or quantifying the importance of some
chief in heads of cattle.

Long term sustainability requires a different cast of
mind. We need to face the fact that the only response to
our unsustainable use of planetary capital, that seems
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at all likely at this juncture, is collapse. Consider how
we might approach the problem of engineering a soft-
landing into sustainability. We could begin by basing
our economics on ideas consistent with ecology as
Daly (2005) suggests. We could reduce or in some
cases eliminate our consumption of non-renewable
resources. For example we might forego fossil fuels
and use contemporary sunlight as our energy source,
either directly or in its secondary manifestations as
wind, water or tidal power. We could perennialize
our grain-crops and convert them into nitrogen-fixing
plants, thereby cutting down on soil erosion as well
as minimizing the need for fertilizer (Jackson 2004).
But no matter what combination of strategies we put
together we find that a solution remains impossible
because we have not solved the fundamental prob-
lem of the size of our ecological footprint caused by a
growing population (Ehrlich and Ehrlich 2008).

There are two major reasons that make the popula-
tion problem intractable. The first is the fact that for
millions of years we have been selected to propagate.
It’s what we do as organisms, part of our hard-wiring.
Over-riding this drive can perhaps be accomplished
but history suggests that short of war, pestilence, a per-
petual state of totalitarianism (vide the one-child-per-
family program in China) or natural disaster, planned
population control is essentially impossible. The sec-
ond difficulty is the prevailing attitude encouraged by
major religions. Believers have been taught by popes
and ayatollahs to consider birth-control sinful, and a
bar to a blissful afterlife in paradise.

The fact remains, a major adjustment to human
society will take place. Viewed dispassionately, it
appears more likely to be in the nature of a collapse
than otherwise. No doubt we will continue to hope for
the best—another one of our human traits—and dream
of, and strain every sinew to achieve, a sustainable
future for humanity. Successful or not, “sustainability
is the greatest collective exercise the human race will
ever have to undertake” says William Rees (2007).
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Partll
The Mediterranean and European World-
Arid Mediterranean Lands

Varied, well studied and thoroughly documented landscapes and societies occur in the
Mediterranean centered area and in Europe generally. This is where the civilization
born in Mesopotamia and Egypt, grew into the civilization we think of as western. A
first major contrast is observed between societies that have developed in the south-
ern (North Africa and Near East) and the northern areas (Europe). Both experienced
strong climatic changes during the Holocene, but southern ones, being closer to the
critical temperate-tropical boundary, have been greatly affected by desertification,
whereas northern ones were most affected by human makeover through intense agri-
cultural practices, deforestation in particular.

Desertification has overwhelmed most other influences in North African and Near
East lands. Nevertheless, during the transition from the lower Holocene wet, savan-
nah conditions to the final vast desert biome, local differences occurred as societies
adapted to their landscapes. In large wadis, where rivers had once flowed, oases
commonly persisted, for example, allowing some societies to survive in downsized
form. People also migrated toward major river valleys such as the Nile, Tigris and
Euphrates where farming techniques developed in earlier localities evolved into an
irrigated agriculture capable of sustaining large populations. From that came the first
population ‘explosions’ and the development of structured societies and the first civi-
lizations. Relatively large populations, in part enslaved, during Roman times, also
persisted in harsh desert areas where mineral resources were mined.

The temperate lands of south and mid Europe sustained a proliferation of cul-
tures several leading to major civilizations such as the Greek, Etruscan, and Roman
ones. Essentially every landscape was utilized baring high mountain peaks and, to a
lesser degree, malarial lowlands. Floodplains, hill country, intermontane basins and
even volcanic areas were preferred settlement localities. The variety of landscapes
settled, led to a great differentiation of societies and cultures, developmental differ-
ences being encountered even within the drainage basin of a single river. The intense
exploitation of a terrain and its by growing populations led to a significant anthropic
modification of the landscape. This triggered intense erosion, siltation of bottom
lands, progradation of coasts and deltas, and siltation of harbors. Through custom
or serendipity, if not management, some original landscape characteristics, forests
included, have been locally preserved, as in Romania. Conversely landscapes that
never existed before were created by human activity, the reclamation of land from the
sea in the Netherlands being an outstanding example.



Chapter 4

Human Responses to Climatically-driven Landscape
Change and Resource Scarcity: Learning from the Past

and Planning for the Future

Nicholas Brooks

4.1 Introduction

The study of past climatic and environmental changes
and human responses to such changes is increasingly
relevant today, as societies across the world begin to
confront anthropogenic climate change resulting prin-
cipally from the burning of fossil fuels and the result-
ing emission of greenhouse gases (Raupach et al.
2007; Somerville et al. 2007). While there is wide-
spread agreement among scientists and policy makers
that efforts should be made to prevent global mean
surface temperature rising by more than 2°C above
late pre-industrial values, current policy regimes risk
committing the world to a global warming of 4°C or
more by 2100 (Anderson and Bows 2008). Although
the precise consequences of a warming above 2°C are
uncertain, such a warming is likely to be associated
with systematic climatic reorganization and the trans-
formation of landscapes and biogeochemical systems
at scales ranging from the global to the local (IPCC
2007).

Evidence from the past indicates that climate can
change rapidly at global and regional scales, even in
the absence of obvious external driving mechanisms
(Alley 2003). In this context “rapid” climate change is
defined as involving changes in climate and climate-
sensitive natural systems of sufficient rate and mag-
nitude to be represented by large anomalies in proxy
records of climate spanning periods of decades to
centuries, noticeable over timescales of the order of
a human lifetime, and potentially problematic for the
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functioning of extant ecological and social systems.
Examples of past rapid climate change (hereafter abbre-
viated to RCC) include cooling, warming, changes in
atmospheric and oceanic circulation, increases and
decreases in sea level, changes in rainfall patterns, the
collapse of ecological systems, coherent advances and
recessions of glaciers and ice sheets over large areas,
and shifts from arid to humid conditions and vice versa
(Alley et al. 2003; Brooks 2006; Magny et al. 20006;
Jansen etal. 2007). Numerous studies suggest that
comparable changes are likely or plausible throughout
the twenty-first century and beyond, including large
and rapid increases in regional mean and maximum
temperatures, shifts in rainfall patterns, changes in the
behaviour of El Nifio and monsoon systems, increases
in global mean sea level of the order of 1 m per century
or more, extreme climatic and environmental desicca-
tion, the loss of water resources associated with the
melting of snow and ice at high altitudes, changes in
river flow, ecological collapse and species extinction,
the loss of natural resources (including forests, coral
reefs, fisheries, and pastures), and changes in the dis-
tribution and availability of agricultural land (Thomas
etal. 2005; Warren 2005; IPCC 2007; Rahmstorf
2007).

As a result of anthropogenic climate change,
human societies across the globe will have to adapt
to potentially profound changes in their environments,
and in the distribution and availability of key natu-
ral resources, particularly water and productive land.
While there is a burgeoning literature on adaptation
to climate change, most studies focus on recent, cur-
rent or near-future adaptation to small, incremental
changes in climate, for example as manifest through

See Plate 1 in the Color Plate Section; also available at: extras.
springer.com
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incremental increases in risk associated with climatic
extremes (Brooks et al. in press). Little attention is paid
to how societies might respond or adapt to large and/or
rapid changes in climatic or environmental conditions
that might fundamentally alter the nature of the envi-
ronmental constraints and opportunities that mediate
human activities and economic development (Brooks
et al. in press).

While there are no precise past analogues for human
impacts and adaptation associated with a global warm-
ing of more than 2°C above late pre-industrial values,
broad analogues for the kinds of changes in climate
and environment that might be experienced at regional
scales over the course of the twenty-first century and
beyond may be found in the very recent geologi-
cal past. Episodes of RCC have occurred throughout
the Holocene period (representing approximately the
past 10,000 years), and these episodes are becoming
increasingly well understood as a result of extensive
paleoenvironmental research (Mayewski et al. 2004).
Furthermore, the impacts of these changes on human
societies can be interrogated through the combined
interpretation of paleoenvironmental and archaeologi-
cal records (Brooks 20006).

This chapter seeks to identify how human societ-
ies responded to RCC in the middle Holocene period,
with a specific focus on the 6th millennium BP (all
dates are given in calendar years before present,
abbreviated to BP, with dates originally provided as
uncalibrated radiocarbon years converted to calen-
dar years BP using the Intcal calibration of Reimer
et al. (2004)). While much has been published about
episodes of RCC around 8200 and 4200 BP (Cullen
et al. 2000; Alley and Agﬁstsdéttir 2005; Rosen 2007),
the 6th millennium BP has been relatively neglected.
However, it is during the 6th millennium BP that the
Earth’s climate last appears to have undergone a wide-
spread and systematic reorganization, as discussed in
detail below. The premise of this chapter is that, as we
enter a period of global climatic reorganization driven
by human modification of the atmosphere, we might
learn some valuable lessons about how societies might
(and might not) adapt to RCC by examining human
responses to RCC during this last period of global cli-
matic transition. While the mechanisms driving global
climate change during these two periods are very dif-
ferent (Brooks 2006; Raupach et al. 2007), and while
such a comparison cannot provide precise analogues,
some very general lessons might be drawn by com-
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paring human responses to RCC in specific regions
and contexts separated widely in time and space. The
6th millennium BP was a time not only of profound
climatic and environmental change, but was a forma-
tive period in human history, during which the earli-
est large, urban, state-level societies (“civilizations™)
emerged (Brooks 2006).

The focus of this chapter is on the northern hemi-
sphere subtropics and adjacent regions (abbreviated to
NHST), and on northern Africa and Western Asia in
particular. These two regions have been selected for
a number of reasons. First, they furnish us with clear
and abundant evidence of profound environmental
changes that can be linked with episodes of RCC at
the beginning and end of the 6th millennium BP. Sec-
ond, extensive archaeological research has provided
us with ample evidence of cultural changes in these
regions which coincide with periods of regional and
global RCC. Third, the societies that developed in
these regions during the 6th millennium BP collec-
tively share some traits with modern societies, includ-
ing high population densities in large urban centers,
a high degree of social and economic differentiation,
formal systems of government, complex networks of
trade, intensive agricultural production and, outside of
urban areas, a high dependence on small scale agricul-
ture and pastoralism.

Evidence for RCC in the NHST, where the 6th mil-
lennium BP was a time of widespread climatic and
environmental desiccation (Brooks 2006) is placed
in the context of wider, global climatic change as
apparent in records from a variety of other regions
at both low and high latitudes. Human responses to
these changes are inferred from the archaeological
literature, focusing as far as possible on evidence
from specific locations where key changes in liveli-
hoods, mobility, settlement patterns and other aspects
of human behaviour either can be linked directly to,
or are coincident and compatible with, changes in cli-
matic and environmental conditions evident in local or
regional records.

The analysis that follows begins with a synthesis
of paleoclimatic information from a wide range of
sources, the aim of which is to provide a broad chron-
ological and phenomenological framework of Middle
Holocene climatic and environmental change. This
synthesis is followed by a discussion of archaeological
data from northern Africa and western Asia, focusing
on changes evident in the archaeological record that
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are suggestive of adaptation to RCC and its impacts on
landscapes. This discussion focuses on three key peri-
ods: the transition from the 7th to the 6th millennium
BP, the early-middle 6th millennium BP, and the end
of the 6th millennium BP. Finally, a variety of apparent
recurring responses to RCC and climatic desiccation
are identified. These are used to draw some broad les-
sons about adaptation to climatic and environmental
change that are relevant in the context of contempo-
rary anthropogenic climate change.

4.2 Linked Climatic and Environmental
Change in the Middle Holocene

4.2.1 Rapid Climate Change Events

and the Approach to the 6th
Millennium BP

The climatic amelioration that followed the Last Gla-
cial Maximum (LGM) some 21,000 years ago (Jansen
et al. 2007) was driven largely by increases in summer
solar heating (insolation) of the northern hemisphere
middle and high latitudes in the boreal summer, due to
cyclical changes in the Earth’s orbital dynamics (Fleit-
mann et al. 2003; Tuenter et al. 2003). This increase
in summer insolation led to the decay of the north-
ern hemisphere ice sheets, and reached a maximum
around 10,000 years ago (de Menocal et al. 2000; Guo
et al. 2000). Stronger summer solar heating of low
to middle latitude land masses also resulted in more
vigorous monsoon systems, and by about 10,000 BP
northern hemisphere monsoon rains extended many
hundreds of kilometers further north than during the
LGM, transforming areas that had been hyperarid des-
ert into well-watered savannah, scrub and open wood-
land (Hoelzmann et al. 1998; Gasse 2000; de Menocal
etal. 2000). Rainfall throughout the currently arid
NHST zone was much greater than today, and regions
such as the Sahara supported abundant flora and fauna,
which in turn sustained significant human populations
(Hoelzmann et al. 1998; Wei and Gasse 1999; Lin-
stadter and Kropelin 2004; Brooks et al. 2005). While
summer insolation was declining by around 9000 BP,
the warm, humid Holocene Climatic Optimum lasted
for some five millennia throughout most of the NHST
(de Menocal et al. 2000).

Superimposed on these long-term trends in insola-
tion were short-lived episodes of climatic disruption
manifest over regional and hemispheric scales, with
broadly synchronous changes evident in records from
different geographic regions. These episodes recurred
approximately every 1000-2000 years, typically last-
ing for decades to several centuries, and were asso-
ciated with cooling at middle and high northern
latitudes and enhanced aridity in the NHST (Bond
etal. 1997; Gasse 2000). The mechanisms behind
these events are not well understood, although it has
been proposed that they are driven by perturbations
to the North Atlantic circulation, and also that they
may be associated with solar variability (Neff et al.
2001; Mayewski et al. 2004). The extensively studied
event around 8200 BP has also been linked with the
outburst of glacial Lake Agassiz, formed by the melt-
ing of the Laurentide Ice Sheet, via the Hudson Bay
(Alley and Agustsdottir 2005). Bond etal. (1997)
identify eight cold events from an analysis of the
distribution and age of ice rafted debris in the North
Atlantic, at 11,100; 10,300; 9400; 8100; 5900, 4200;
2800; and 1400 BP.

A number of these Bond events coincided with arid
episodes in the NHST, during which monsoons weak-
ened and rainfall declined. For example, Wang et al.
(2005) examine changes in the isotopic composition of
rainwater over the past 9000 years by analysing vari-
ations in 60 in a stalagmite from Dongge Cave in
southern China (~25°N; 108°E; Fig.4.1), and identify
weak monsoon events centered at 8300; 7200; 6300;
5500; 4400; 2700; 1600; and 500 BP. Within the mar-
gins of error in these data, and considering their appar-
ent duration, the weak monsoon events at 8300; 4400;
2700; and 1600 BP may be viewed as broadly coinci-
dent with Bond events. Cooling and aridity signals in
widely separated geographical regions are particularly
well established around 8200 and 4200 BP (Cullen et al.
2000; Gasse 2000; Marchant and Hooghiemstra 2004;
Alley and Agustsdottir 2005; Parker et al. 2006). In
the record of Wang et al. (2005) weak monsoon events
around these times span the periods from 8400-8100
and 4400-3900 BP. Other regional records suggest
periods of enhanced aridity broadly coincident with
other Bond events, although these are generally less
well established and less spatially coherent (di Lernia
2002; Brooks 2006). In addition, data from across the
globe increasingly indicate an episode of cooling and
aridity around 5200 BP, as discussed below.
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Fig.4.1 Locations of sites mentioned in the text yielding evi-
dence of rapid climatic or environmental change during the
6th millennium BP, some of which are also referred to in the
discussion of earlier RCC. Geographical locations are given
below. Where no specific geographical name is given (sediment
core locations or multiple sites) a source is cited. / northern
coastal Peru; 2 Lake Titicaca; 3 Upper Midwestern USA sites
described by Baker et al. (2001a); 4 Cariaco Basin; 5 County
Mayo; 6 Lake Constance; 7 site 658C described by de Menocal

Whereas warm, humid conditions persisted for sev-
eral millennia in the NHST after the 8200 BP event,
this episode appears to have heralded the onset of
a more variable climate at low and middle northern
latitudes. Based on an analysis of Sr and Nd ratios in
dust deposited in marine sediments off Somalia (Site
905P, Fig.4.1), Jung etal. (2004) suggest that the
period around 8500 BP, possibly encompassing the
8200 event, marked an aridification step in the region
around the Arabian Sea. Jung et al. (2004) interpret
subsequent increased climatic variability as represent-
ing an intermediate step between the very humid con-
ditions of the very early Holocene and the arid climate
pertaining today, during which weaker orbital forcing
of the monsoon could not sustain a fully wet climatic
regime. This interpretation is consistent with paleoen-
vironmental records from the Saharan region, which
indicate a number of dry episodes, and a general trend
towards drier conditions and a more variable climate,
after about 8000 BP (de Menocal et al. 2000; Fig.4.1).
di Lernia (2002) provides detailed evidence from the
Libyan Fezzan (Fig.4.1), and summarizes evidence

et al. (2000); 8 Acacus Mountains; 9 Erg Uan Kasa and Edeyen
Murzugq; /0 Farafra Oasis; // Mount Kilimanjaro; /2 Mount
Kenya; /3 Hoti Cave; /4 Arabian Peninsula sites described by
Fleitmann et al. (2007); /5 Arabian Peninsular sites described
by Lezine et al. (1998); 16 Marine sediment core site described
by Jung et al. (2004); 17 site 74KL described by Sirocko et al.
(1993); 18 Lake Zeribar; /9 Lake Mirabad; 20 Lake Lunkaran-
sar; 21 Dongge Cave; 22 Region east of Ganga Plain; 23 Teng-
ger Desert

from other localities in North Africa, for an arid epi-
sode between about 7300 and 6900 BP. In Egypt, rain-
water-fed playas declined after about 7000 BP, with
progressive desertification apparent in records from
southern Egypt (Nicoll 2004).

In many parts of the world the end of the 7th mil-
lennium BP heralded the beginning of a long period
of climatic disruption focused on the 6th millennium
BP (Fig.4.1). Linstddter and Kropelin (2004) find
evidence for the collapse of the summer monsoon in
the Gilf Kebir region of southwestern Egypt around
6300 BP (coincident with the weak monsoon event
identified by Wang et al. (2005) in speleothem records
from Dongge Cave in southern China), while Wendorf
and Schild (1998) place the onset of hyper-aridity in
the eastern Sahara at around 6200 BP. Fluvio-lacus-
trine activity ceased on the Abu Tartar plateau in the
Western Desert of Egypt between Dakhla and Kharga
oases around this time (Bubenzer et al. 2007). In the
Thar Desert of northwestern India, water levels in Lake
Lunkaransar fell abruptly around 6400 BP (Enzel et al.
1999). Thompson et al. (2006) place the beginning
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of the Neoglaciation—a period of substantial glacier
advance evident across the globe—around 6400 BP.

4.2.2 NHST Aridification and
Widespread Climatic
Reorganization in the 6th
Millennium BP

Trends towards aridity in the NHST appear to have
accelerated around 6000 BP, with declines in lake lev-
els and vegetation changes indicating a shift to drier
conditions around the time of the 5900 BP Bond event
in northern Africa, North America, and various loca-
tions in Asia (Gasse and van Campo 1994; Damnati
2000; Guo etal. 2000; Baker etal. 2001a; Brooks
2006). For example, climatic deterioration is evident
between 6380 and 5950 BP in records from the Teng-
ger Desert of northwestern China (Zhang et al. 2000)
(Fig.4.1). At Farafra Oasis adjacent to the Nile Valley
a major phase of playa formation ceased around 6000
BP (Hassan et al. 2001; Fig.4.1), while lake levels in
many other Saharan regions began to decline around
6000 BP (Damnati 2000). Mayewski et al. (2004, pp.
248-250) identify the 6th millennium BP as a period
of extensive “rapid climate change” involving the “co-
occurrence of high-latitude cooling and low-latitude
aridity”.

There is currently some debate as to whether the
desiccation of the NHST that commenced in earnest
around 6000 BP was characterized by gradual or abrupt
change. Climatic variations inferred from speleothem
records recovered from caves in Oman and Yemen
(Fig.4.1) indicate a gradual retreat of the summer
ITCZ and weakening of the Indian summer monsoon
in response to slowly decreasing insolation (Fleitmann
et al. 2007). From these results, Fleitmann et al. (2007)
conclude that abrupt changes in monsoon climate were
short lived and superimposed on a much more gradual
long-term trend of decreasing monsoon precipitation.
Kuper and Kropelin (2006, p.807) similarly argue
that desiccation in the eastern Sahara was a gradual
process, and that apparent “abrupt drying events
elsewhere in the Sahara may be explained by fading
rainfall at a specific latitudinal position at a certain
moment, or by dropping local groundwater.” It might
therefore be concluded that apparent abrupt changes

were simply manifestations of highly localised envi-
ronmental responses to gradual changes in regional
climatic regimes. For example, a permanent retreat of
the summer monsoon south of about 23°N resulting
from a gradual, long-term southward migration of the
monsoon zone might explain the termination around
6100—-6000 BP of a speleothem record from Hoti Cave
in northern Oman (Fig.4.1; Neff et al. 2001).

In contrast, other authors interpret paleoenviron-
mental records as indicating stepwise climatic des-
iccation at regional scales. For example, Jung et al.
(2004) describe an aridification step around 6000 BP
in the terrestrial regions adjacent to the Arabian Sea,
indicated by a sharp increase in the ratio of ¥Sr to *°Sr
in clay sediments from an Arabian Sea sediment core
(Fig.4.1). de Menocal et al. (2000) argue for an abrupt
termination of humid conditions in northern Africa
around 5500 BP, based on sediment core data from Site
658C in the Eastern Tropical Atlantic off Cap Blanc,
Mauritania, which indicate a sharp increase in aeolian
dust deposition off the coast of Mauritania after about
5700 BP (Fig.4.2a), combined with results from cli-
mate simulations.

The record of de Menocal etal. (2000) of dust
fluxes to the eastern tropical Atlantic provides strong
evidence for rapid, climatically-driven landscape
change at the regional scale. After about 8000 BP, the
record indicates a gradual, long-term increase in dust
flux until the early 6th millennium BP, on which are
superimposed significant, century-scale variations
(Fig.4.2a). This long-term increase in dust flux sug-
gests a similarly gradual process of desiccation driven
by a gradually weakening and/or retreating monsoon
in the Saharan region, whereas the century-scale varia-
tions indicate the onset of a less stable climatic regime
after 8000 BP. Increases in dust deposition could result
from changes in atmospheric mobilization and trans-
port mechanisms, and in atmospheric circulation and
transport pathways (Brooks 2000). However, the most
likely explanation for high dust fluxes is increased
aridity and reduced vegetation cover in the Sahara,
resulting in a greater abundance of exposed erodible
sediments—particularly given the widespread evi-
dence of drier conditions after 8000 BP (Nicoll 2004;
Cremaschi 2002; di Lernia 2002). The very sharp
increase in dust deposition at around 5700-5600 BP
(Fig.4.2a) suggests a large and rapid increase in the
availability of erodible material. This is unlikely to be
the result of a gradual process of desiccation driven
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Fig.4.2 a Terrigenous
dust flux at Ocean Drilling
Program Site 658C off Cap
Blanc, Mauritania, West
Africa (From Vernet and
Faure (2001) with permis-
sion from authors & after
de Menocal et al. 2000).
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by a leisurely retreat of the African Monsoon, and is
more likely to have been associated with a widespread
and rapid (decadal to century scale) collapse of vegeta-
tion cover and soil moisture. Cremaschi (2002) and di
Lernia (2002) provide evidence for a dry interval in
the Acacus Mountains (Libyan Fezzan; Fig.4.1) and
adjacent regions between 5850 and 5600 BP, with a
transition to arid climate vegetation after 5800 BP in
the adjacent sand seas (Erg Uan Kasa and Edeyen of
Murzuq), heralding the onset of permanently arid con-
ditions which were well established by around 5000
BP. The region-wide nature of the inferred desiccation,
extending outside of Africa and into Western Asia, is
indicated by comparable records of increased dust
fluxes into the Arabian Sea over the same period (Jung
et al. 2004). Similar evidence is presented in earlier
work by Sirocko et al. (1993), who identify a general
increase in dust flux to the Arabian Sea after 5500 BP

(Fig.4.1), suggesting widespread desertification in
the adjacent terrestrial regions at a similar time to the
apparent collapse of Saharan vegetation.

Interpreted alongside the much more gradual
changes in monsoon rainfall evident in the records from
southern Arabia (Fleitmann et al. 2007), the inferred
rapid collapse of the monsoon in the Sahara suggests
that the hydrological cycle in the latter region may
have been sustained by feedback mechanisms such as
moisture recycling by vegetation. Such mechanisms
may have sustained the monsoon in a weak insolation
regime in the absence of external perturbations. How-
ever, disruption during a transient cold, arid episode
might have resulted in the relatively rapid collapse
of sensitive and fragile coupled monsoon-vegetation
systems, with the weak insolation regime insufficient
to drive a full recovery of this system (Brooks 2004).
Monsoon collapse in the Sahara might therefore have



4 Human Responses to Climatically-driven Landscape Change and Resource Scarcity 49

been triggered by the 5900 BP Bond event, although
it is unclear whether the apparent lag of some two
centuries between this event and the rapid increase
in dust deposition can be accounted for in terms of
margins of dating error and lagged responses associ-
ated with the time required for vegetation dieback to
translate into an increase in the availability of erodible
material. A lagged response is perhaps plausible given
the timescales associated with the transition from low
to high dust fluxes—whereas the onset of this transi-
tion was rapid, dust fluxes continued to increase for
some 4-5 centuries before stabilising at the end of the
6th millennium BP.

Drying in Western Asia at the time of the Saharan
desiccation is also identified by Lezine et al. (1998),
who present and review evidence for lacustrine activ-
ity in central, southern and eastern Arabia and find the
longest-lived lacustrine environments drying in the late
7th or the 6th millennium BP. Within the wider NHST
region, but outside of the monsoon zone, Stevens et al.
(2006) interpret a multi-proxy record from Lake Mira-
bad in the Zagros Mountains of Iran as indicating a
shift in rainfall regimes around 5800 BP, followed by
a 600year drought from 5700 to 5100 BP, reflecting
similar results from Lake Zeribar some 300km to the
northwest (Fig.4.1).

Regional desiccation in South Asia at this time is
indicated by the drying of Lake Lunkaransar and the
disappearance of vegetation in the surrounding dunes
in the Thar Desert by around 5500 BP (Enzel et al.
1999), loess sedimentation on the Ghaggar-Hakra
plain (Schuldenrein et al. 2004), and the cessation of
fluvial activity east of the Ganga plain (Srivastava
et al. 2003) (Fig.4.1).

Evidence for widespread regional changes in cli-
mate in the 6th millennium BP is not restricted to the
Afro-Asiatic arid belt. Ice cores from Mount Kiliman-
jaro and a lake record from Mount Kenya (Fig.4.1)
reveal significant 8'*0 depletions between 6500 and
5200 BP, indicating drying and cooling and/or anoma-
lously heavy snowfall (Barker et al. 2001c; Thompson
et al. 2002). Haug et al. (2001) find evidence in sedi-
ment records in the Cariaco Basin off the Venezuelan
coast for a reduction in river discharge commencing
around 5800 BP and culminating around 5200 BP,
indicating a long-term weakening of the summer mon-
soon regime and drying in northern South America
(Fig.4.1), revealing much more widespread changes

throughout the Intertropical Convergence Zone
(ITCZ). Prairie replaced forest in the Upper Midwest
of the USA in the early 6th millennium (Fig.4.1), sug-
gesting changes in large-scale atmospheric circulation
and the replacement of an essentially monsoonal circu-
lation with a zonal circulation more typical of the mid
latitudes (Baker et al. 2001a).

Evidence for more systemic changes in global cli-
mate in the early 6th millennium BP also comes from
northern coastal Peru, where a variety of data indicate
what Sandweiss et al. (2007) refer to as a major change
in the tropical Pacific climate at about 5800 BP. In par-
ticular, El Nifio events appear to have become more
frequent after 5800 BP, following a period of several
millennia during which El Nifio was weak or absent,
although a periodicity similar to that of today was not
established until around 3000 BP (Sandweiss et al.
2007). The shift to a more regular El Nifio was asso-
ciated with increased coastal upwelling and a fall in
sea surface temperatures of around 3°C off the coast of
Peru (Reitz and Sandweiss 2001; Andrus et al. 2004),
which would have increased atmospheric stability and
is likely to have suppressed rainfall (Brooks 2006). Dur-
ing the 6th millennium BP, Lake Titicaca (Fig.4.1) fell
to its lowest level in 25,000 years (Baker et al. 2001b),
providing further evidence of RCC in the Americas.

In Europe, there were three successive increases in
the level of Lake Constance between 5600 and 5300 BP
(Fig.4.1), during a period of climatic transition coin-
ciding with the so called Neoglaciation, when glaciers
advanced across the continent (Magny et al. 2006).
Thompson et al. (2006) conclude that glacial advance
in western North America, Europe, the Himalayas,
New Zealand, and the Andes occurred throughout the
6th millennium BP. Within this period, Casseldine
et al. (2005) also find evidence for an especially dry
period in County Mayo, Ireland (~54°N, 10°W) from
5800 to 5200 BP (Fig.4.1).

Evidence that the apparent widespread climatic
reorganization in the 6thmillennium BP was associated
with changes in North Atlantic circulation is presented
by McManus et al. (2004), who employ ratios of »*'Pa
to #°Th in sediments from a core from the subtropi-
cal North Atlantic Ocean as a kinematic proxy for the
meridional overturning circulation. *'Pa/>°Th ratios
fall sharply in the early 6th millennium BP, around
the time of the sharp increase in dust deposition off
the West African coast, and reach a minimum some
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1000years later, when they were lower than at any
time since the end of the Younger Dryas, when rapid
cooling at high latitudes was associated with aridity in
the NHST (Gasse 2000).

4.2.3 The 5200 BP Cold, Arid Crisis
and the end of the Holocene
Climatic Optimum

In recent years evidence has mounted for an abrupt
cold, arid event around 5200 BP, with indications of
such an event from both high and low latitude sites
across the globe (Fig.4.3). Although this event was not
identified by Bond et al. (1997), it exhibits the char-
acteristics of other Bond events, namely decadal to
century-scale cooling coupled with enhanced aridity.
While evidence for cooling and aridity around 5200 BP
is generally particularly pronounced at middle to high
latitudes and the NHST respectively, cooling is evident
at lower latitudes and also in the southern hemisphere,
and drying at higher northern latitudes. For example,
6'%0 records from ice cores from Mount Kilimanjaro
and speleothems in Soreq Cave in Israel (Fig.4.3) indi-
cate sharp, well defined and relatively short lived tem-
perature and rainfall minima respectively, centered on
5200 BP and exceeding in magnitude any other such
fluctuations over the past 11,000 years (Bar-Matthews
etal. 1999; Thompson etal. 2002). The centuries
immediately following 5200 BP coincided with the
termination of humid conditions throughout the Sahara

Fig.4.3 Locations of sites
mentioned in the text yielding
evidence of rapid climatic

or environmental change
around 5200 BP. / Huascaran;
2 Achill Island; 3 Lough Gur;
4 Inis Mor; 5 Tyrolean Alps;
6 Lake Constance; 7 Nekhen;
8 Kilimanjaro; 9 Soreq Cave;
10 Tengger Desert
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(Gasse 2000, 2002; Lancaster et al. 2002; Brooks et al.
2005), whereas the final alluvial deposits at Nekhen
in the Nile Valley date to around 5200 BP (Fig.4.3;
Hoffman et al. 1986). Elsewhere in the Afro-Asiatic
arid belt, Zhang (2000) identifies an abrupt tempera-
ture drop in the Tengger Desert of northwestern China
between 5340 and 5290 BP that signalled the end of
warm, humid conditions.

Evidence of rapid climate change in Europe is
found in the Tyrolean Alps (Fig. 4.3) at 5300-5050 BP,
when a persistent snow cover on previously deglaci-
ated areas, associated with a sudden and persistent
lowering of the equilibrium-line altitude resulted in
the burial and subsequent preservation of the “Ice-
man”, a corpse revealed by the ablation of a small
glacier in summer 1991 (Baroni and Orombelli 1996).
This event is approximately coincident with an abrupt
rise in the level of Lake Constance reconstructed by
Magny et al. (2006) from sediment and pollen analy-
sis of a sequence from Arbon-Bleiche (Fig.4.3), which
was associated with the abandonment of a Neolithic
lake shore village.

Casseldine et al. (2005) identify a very short-lived,
extreme depositional event in County Mayo, Ireland
occurring between 5300 and 5050 BP which they sug-
gest was associated with a severe storm event or a
series of such events. This event occurred after a short
period characterized by extremely dry conditions and
is unique within the Holocene record at this site. Cas-
seldine et al. (2005) also review other paleoenviron-
mental records from Ireland, which include evidence
for hiatuses in lake sedimentation around 5250 BP at
Lough Gur in County Limerick (Ahlberg et al. 2001),
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and Inis Mor on the Aran Islands (Fig. 4.3; Molloy and
O’Connell 2004).

Ice cores from Huascaran in the northcentral Andes
of Peru (Fig.4.3), complemented by pollen evidence
indicating a lowering of the tree line, identify the onset
of a period of long-term cooling around 5200-5000 BP
after several millennia of relative warmth (Thompson
etal. 1995), indicating that the 5200 RCC was not
restricted to the northern hemisphere.

4.2.4 Summary

The transition to a full postglacial climate character-
ized by aridity at low latitudes and historical patterns
of glaciation at higher latitudes was a very long pro-
cess, commencing with the collapse of the remnant
ice sheets around 8200 BP and culminating well into
the late Holocene in some low-latitude regions. How-
ever, it appears that the 6th millennium BP represents
a key transitional period during which the global cli-
mate underwent a major reorganization. This transi-
tion appears to have been bracketed by RCC events at
around 5900 and 5200 BP, with evidence from across
the globe indicating climatic and environmental tran-
sitions from 5800 to 5200 BP. The 5900 RCC is evi-
dent in the marine records published by Bond et al.
(1997), and follows a period of several centuries in
which evidence of a shift towards aridity is widespread
throughought the NHST. The 5200 RCC has come to
light from a number of terrestrial records, which indi-
cate cooling and aridity signalled by glacial advance
in Europe and the final collapse of rainfall throughout
large swathes of the NHST. It is proposed that these
two transient episodes of RCC played a key role in the
transition to long-term aridity in the NHST, with the
5900 BP event helping to trigger widespread desertifi-
cation that began in the early 6th millennium BP and
continued into the middle of the millennium, and the
5200 BP event representing the effective termination
of the Holocene Climatic Optimum. While truly mod-
ern climatic and environmental conditions took a fur-
ther two millennia or more to evolve in some NHST
locations (Brooks et al. 2005; Brooks 2006), the end
of the 6th millennium BP saw the establishment of a
global climate that was broadly similar to that pertain-
ing throughout the historical period of the past five
millennia.

4.3 Human Responses to Climatic
and Environmental Change
in the Middle Holocene

4.3.1 Linking Environmental

and Cultural Change

The 6th millennium BP was a formative period in the
development of human societies. The earliest large,
complex, urban, state-level societies emerged in Meso-
potamia and Egypt in the middle and late 6th millen-
nium BP respectively, and the foundations of complex
societies were laid in South Asia, northern China, and
northern coastal Peru during the same period (Brooks
2006). Brooks (2006) has argued that climate change
and associated changes in the availability and distribu-
tion of resources played a key role in these develop-
ments. While RCC at 8200 and 4200 BP has received
a great deal of attention in the paleoenvironmental lit-
erature (Marchant and Hooghiemstra 2004; Alley and
Agustsdottir 2005; Rohling and Pilike 2005; Wang
et al. 2005) and increasingly in the archaeological lit-
erature (Weiss et al. 1993; Cullen et al. 2000; Wenxian
and Tungshen 2004; Clare et al. 2008), these events may
ultimately have been less important for the long-term
development of human societies than lesser known epi-
sodes of RCC in the 6th millennium BP, whose impacts
on landscapes and resources were more sustained.

The following discussion seeks to infer specific
human responses to RCC by considering archaeologi-
cal data within their paleoenvironmental contexts. The
discussion focuses on the Sahara, the Nile Valley, and
Mesopotamia, which provide us with evidence of pro-
found changes in environmental conditions that can
be linked with specific cultural changes at particular
localities, and/or evidence of cultural transitions that
coincide with episodes of regional-scale RCC and
which are consistent with their expected impacts. Each
of these three regions is discussed in turn, with par-
ticular attention given to (a) the widely recorded shift
towards aridity throughout the NHST in the late 7th
millennium BP and around the time of the 5900 BP
Bond event, (b) the period from around 5800-5500
BP, when marine and terrestrial records indicate rapid
landscape change associated with severe desertifi-
cation in Afro-Asiatic arid belt, and (c) the late 6th
millennium BP, with particular attention to climatic
deterioration around 5200 BP.
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4.3.2 The Sahara: Climate, Livelihoods,
Mobility and Social Organization

With the exception of the Nile, the Sahara contains no
permanent rivers, and outside oasis and highland areas
productive landscapes supporting human populations
were transformed to hyperarid desert with the collapse
of both summer monsoonal and winter rainfall as the
Holocene Climatic Optimum drew to a close (Brooks
et al. 2005; Brooks 2006). Consequently, the Sahara
has been described as a “theoretically ideal ‘training
ground’ for the analysis of social responses to major
environmental alterations” (di Lernia 2006, p.51) and
“a unique natural laboratory for the reconstruction of
the links between changing climate and environments,
and human occupation and adaptation” (Kuper and
Kropelin 2006, p.803). It is no coincidence that the
Sahara and the Nile Valley provide us with some of
the clearest evidence of human responses to severe,
climatically-driven, landscape change.

There is considerable evidence linking cultural and
environmental changes in the Sahara prior to the 6th
millennium BP. Changes in the number and distribu-
tion of occupation sites over time indicate an expan-
sion of human occupation in the Sahara north of 23°N
from the onset of humid conditions around 10,000
BP until about 7000 BP, with a temporary southward
shift in occupation around the time of the 8200 RCC
(Fig.4.2b; Vernet and Faure 2001). The cessation of
this expansion around 7000 BP coincided with the
arid episode from 7300 to 6900 BP evident in records
from across northern Africa (di Lernia 2002). In the
Fezzan region of the Libyan central Sahara (Fig.4.1),
which appears to have acted as refuge during dry peri-
ods throughout the middle and late Holocene (Brooks
et al. 2005; Brooks 2006), there is abundant evidence
of adaptation to aridity in the form of in-migration, the
emergence of transhumance, and the development of
vertically differentiated pastoralism, with sheep and
goats in highland areas and cattle in lowland areas
where activity was focused around the fringes of lakes
(di Lernia 2002).

Cremaschi (2002) and di Lernia (2002) present
a range of evidence indicating a severe and abrupt
transition to aridity in the Fezzan between 5850 and
5600 BP, coinciding with the onset of wider Saharan
aridity as inferred from the dust record of de Meno-
cal etal. (2000) as described above. In the Fezzan
this transition marked the end of the Holocene humid
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episode; while conditions remained more humid than
at present in some oasis localities until the late 4th
or 3rd millennium BP (di Lernia et al. 2002; Drake
et al. 2004), the majority of lowland areas desiccated
as lakes dried and present day arid climate vegetation
was established in the middle to late 6th millennium
BP (Cremaschi 2002; di Lernia 2002).

di Lernia (2002) identifies two types of response
to this humid-arid transition in the Fezzan. The first
involved increased mobility in the form of year-round,
large-scale movement of pastoralists, evident from
sites in the Acacus Mountains and the remains of
transient camps in adjacent regions, including on dry
lake beds. Cattle disappeared from most areas as the
emphasis shifted to sheep and goats (whose presence
is demonstrated by dung layers in the Acacus sites),
which are more tolerant of aridity. Exotic raw materi-
als, stone tools and ceramics indicate that these wide
ranging groups maintained contacts with regions many
hundreds of kilometers distant.

The second response involved the abandonment
of areas subject to desertification by certain pastoral
groups, which shifted their focus to oasis areas such
as the Wadi Tanezrouft and the Wadi al-Ajal (di Lernia
2002; Mattingly et al. 2003). In these areas the density
of occupation/settlement sites increased as populations
became more sedentary. Cattle herding persisted in
some localities, although the shift in emphasis to sheep
and goats is also apparent in these areas. An increase
in plant-related tools suggests more intensive exploi-
tation of the landscape and a possible move towards
cultivation (di Lernia 2002). The ultimate outcome of
this process of in-migration and innovation was the
emergence of the Garamantian Tribal Confederation
in the 3rd millennium BP, with a transition to irrigated
agriculture, urban living and organized political life
occurring only after the final disappearance of surface
water, and made possible by the peculiar topographic
and geographic characteristics of certain scarp-foot
oasis areas in this region (Mattingly et al. 2003; Brooks
et al. 2005; Brooks 2000).

In the data presented by Vernet and Faure (2001)
there is no significant change in the number of dated
occupation sites in the Sahara north of 23°N through-
out the 6th millennium BP (Fig.4.2b). However,
a steady increase in the number of such sites in the
southern Sahara and Sahel, south of 23°N, after 6000
BP suggests an expansion of population in this region
as conditions became drier. This might be the result of
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drier conditions facilitating the southward expansion
of pastoralism as humid climate barriers such as dis-
ease were removed (Smith 1984). Cattle appear in the
archaeological record in the early 6th millennium BP
in Mali and Mauritania, south of 23°N, lending weight
to this interpretation (Jousse 2004).

The transition from the 6th to the 5th millennium
BP is marked by a dramatic and permanent decline in
the number of dated occupation sites north of 23°N,
and by a less pronounced and temporary decline south
of 23°N (Fig.4.2b). Within the margins of dating error,
and given the temporal resolution of the occupation
site data, these apparent demographic changes may be
said to be broadly coincident with the 5200 BP RCC.
The decline in occupation sites both north and south
of 23°N suggests that the abandonment of desiccating
areas was associated with population decline and/or
the concentration of human populations in favorable
areas—environmental refugia—where water, pasture
and wild food resources were still available, echoing
the situation in the Fezzan earlier in the 6th millen-
nium as described by di Lernia (2002).

A further, dramatic increase in sites south of 23°N
is evident around 4000 BP, suggesting further expan-
sion of human populations in the southern regions
following the 4200 BP RCC. It is likely that “pull”
factors operated to encourage certain groups to move
into new areas, for example the retreat of lake shore-
lines and the resulting availability of new land. For
example, “... the first settlers of the Chad Basin in
Nigeria entered a ‘virgin’ area which had previously
been flooded” by Megalake Chad in the 4th millen-
nium BP (Breunig and Neumann 2002, p. 150). How-
ever, this expansion follows a second decline in the
number of sites north of 23°N around 4200 BP, sug-
gesting that the southward migration of groups flee-
ing aridity in more northerly regions also contributed
to demographic changes at this time. Such southward
migrations are “archaeologically traceable from Mau-
ritania to Niger” according to Breunig and Neumann
(2002, pp.149-150), who also associate them with
environmental deterioration.

Climatic and environmental changes in the Middle
Holocene Sahara, and in the 6th millennium BP in par-
ticular, also appear to have been associated with wider
changes in social organization. Such changes have been
inferred from the Saharan funerary record, particularly
from the wide variety of monumental stone funerary
structures which today are found in great abundance

throughout most of the Sahara (Gauthier 2009). Mon-
umental funerary architecture appears to have spread
throughout the Sahara in association with cattle pas-
toralism, and the earliest known monumental burials,
dating to the mid to late 8th millennium BP, contain
only faunal (principally cattle) remains (Sivili 2002; di
Lernia 2006). Funerary monuments were being used
for both human and animal internments by the early
to mid 7th millennium BP, placing the earliest monu-
mental human burials in the centuries following the
7300-6900 BP arid event in northern Africa (di Lernia
2002). Excavated monuments dating from the middle
of the 6th millennium BP onwards (coincident with or
rapidly following the abrupt transition to aridity), are
associated with human burials (Sivili 2002).

In a drying environment, monumental funerary
structures may have served to assert rights over land
at a time of heightened climatic insecurity, as increas-
ingly mobile pastoralists moved to new areas in search
of diminishing resources. di Lernia (2006) explic-
itly links the apparently rapid spread of pastoralism
throughout the central Sahara in the 7th millennium BP
with periods of aridity and a “leap-frogging” of pasto-
ral groups from one location to another in search of
resources. The transition from animal to human burials
around this time has been interpreted as an expression
of incipient social stratification (di Lernia et al. 2002),
a phenomenon which has been linked with increased
social organization or complexity in response to cli-
matic desiccation and resource scarcity throughout the
middle Holocene NHST (Brooks 2006). In the Acacus
region, monumental human burials emerged after the
shift towards permanent aridity around 5700 BP, a time
that di Lernia (2002) speculates was characterized not
only by increasing social stratification but also by con-
flict, the latter suggested in rock paintings and engrav-
ings. Within this context it may be significant that the
earliest monumental human burials in the Sahara were
of single adult males (di Lernia et al. 2002).

While the evidence for environmentally mediated
conflict may be equivocal, it seems beyond doubt that
in the middle Holocene Sahara, and during the 6th
millennium in particular, severe climatic desiccation
was a dominant factor driving migration, livelihood
innovation, and changes in social organization. Refer-
ring to the last of these, di Lernia et al. (2002, p.296)
conclude that “The stone tumuli nowadays punctuat-
ing the Saharan landscape may represent the solitary
funerary testimony of ... dramatic climatic change.”
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4.3.3 Egypt: Confinement
and Social Stratification

As the only permanent river in the Sahara, the Nile was
a natural focus for populations adapting to increasing
regional aridity in the middle Holocene, and there is
considerable evidence that the emergence of Egyptian
Dynastic civilization owed much to developments in
the adjacent desert. As in the wider Saharan region,
livelihood innovation, population movements and
changes in social organization are evident during
this period, with the 6th millennium BP representing
the formative period of Egyptian Dynastic Culture
(Midant-Reynes 2000; Wengrow 2001).

The beginnings of the Egyptian Predynastic period
may be dated to the late 7th millennium BP and the
emergence of the Badarian culture in the Upper (south-
ern) Egyptian Nile Valley, a culture whose origins,
while multiple and complex, were probably most heav-
ily influenced by events in the Western Desert (Hen-
drickx and Vermeersch 2000). It is during the Badarian
that evidence of social hierarchies first appears in
Upper Egypt, in the form of variations in the size of
burials and the wealth associated with them (Wilkin-
son 1999; Midant-Reynes 2000). The final centuries
of the 7th millennium BP also yield the earliest funer-
ary evidence of status differentiation in Lower (north-
ern) Egypt (Wilkinson 1999). Echoing the emergence
of social stratification in the wider Saharan region (di
Lernia et al. 2002), these developments took place at a
time of climatic and environmental desiccation in the
areas adjacent to the Nile (Wendorf and Schild 1998;
Linstadter and Kropelin 2004; Nicoll 2004; Bubenzer
et al. 2007). As in the central Sahara, the emergence of
the earliest social hierarchies in Egypt thus took place
at a time of environmental deterioration, as human
populations were facing a contraction in their geo-
graphical ranges and livelihood options.

After 6000 BP, when a phase of playa formation
ceased at Farafra Oasis (Hassan et al. 2001), aridity
accelerated in the areas adjacent to the Nile (Fig.4.4),
as in the wider Sahara region. Sahelian and Sudanian
vegetation was replaced with Acacia and scrub in the
vicinity of Oyo, grasslands in southern Egypt dimin-
ished, the Wadi Melik ran dry, and input to the Nile
from Wadi Howar was reduced (Nicoll 2004). Lakes
in the Fayum waned after 5700 BP, the Selima area
dried around 5600 BP, and most rainwater-fed playas
were significantly desiccated by 5500 BP, with dry-
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ing of playas at Bir Kiseiba around 5400 BP (Nicoll
2004). Hand-dug wells dating to the 6th millennium
BP at playa sites throughout the eastern Sahara attest
to diminishing surface water, and there is evidence
that many locations in southern Egypt were abandoned
after 6000 BP (Nicoll 2004). Malville et al. (1998)
identify the onset of hyperaridity at Nabta Playa in
southwestern Egypt around 5500 BP, and speculate
about the impact on the societies of the Nile Valley of
the arrival of nomadic groups from the adjacent des-
ert areas. The strong influence of pastoralists from the
desert regions adjacent to the Nile on the development
of what was to become Egyptian Dynastic culture may
be traced through the evolution of iconography and rit-
ual objects originating in the mobile pastoral cultures
of the Predynastic (Wengrow 2001).

Midant-Reynes (2000, p.232) describes a “grad-
ual movement of human settlements from the deserts
towards the [Nile] river valley” throughout the 6th mil-
lennium BP as the adjacent regions desiccated. Within
this context, the first permanent occupation at the key
Nile Valley settlement of Hierakonpolis (Fig.4.4) took
place around 6000 BP, followed by a dramatic increase
in the town’s population between about 5800 and 5400
BP, as Hierakonpolis became a dominant regional
political center (Hoffman et al. 1986).

The area of settlement at Hierakonpolis contracted
between the Nagada I or Amratian period (ca. 5800—
5500 BP) and the Naqada II or Gerzean period (ca.
5500-5200 BP), with settlement in the latter period
more tightly focused on the banks of the Nile (Midant-
Reynes 2000). Midant-Reynes (2000, p.232) describes
the population at Hierakonpolis as being “gradually
squeezed into the confines of the alluvial plain, aban-
doning the desertified wadis” in the final stages of the
Predynastic, towards the end of the 6th millennium
BP. As the surrounding areas dried, it appears that
cattle herders were adapting to a sedentary lifestyle at
Hierakonpolis during the Nagada II period from about
5500-5200 BP. Hoffman (1982) describes enclosures
with stalls and troughs associated with a large basin
containing the remains of barley, and close to a small
settlement interpreted as a herding station, evidence
summarized by Wengrow (2001, p.97) as suggesting
“an attempt to combine the maintenance of herds with
increased sedentism, probably through an increase in
artificial feeding with cultivated grain.” This is signifi-
cant as it indicates that previously mobile pastoralists
were adapting to a sedentary lifestyle in a riverine area
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Fig.4.4 Locations of sites
in the eastern Sahara and
Nile Valley mentioned in the
text. / Oyo; 2 Wadi Melik;

3 Wadi Howar; 4 Selima;

5 Bir Kiseiba; 6 Nabta Playa;
7 Gilf Kebir; 8 Hierakonpo-
lis; 9 Abydos; 10 Nekhen;

11 Mahasna; /2 Armant; 13
Kharga Oasis; /4 Abu Tartar
Plateau; /5 Dakhla Oasis;
16 Farafra Oasis
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with permanent surface water, at a time when adjacent
areas were becoming hyper-arid, echoing the confine-
ment of cattle herding to oasis areas in the Fezzan (di
Lernia 2002). At other sites in Upper Egypt human
activities also moved away from the marginal areas at
the fringe of the desert towards the Nile flood plain
(Midant-Reynes 2000).

This period of population growth, adaptation to
sedentary lifestyles, and early urban development in
the Upper Egyptian Nile Valley coincided with further
moves towards the formal hierarchies that would char-
acterize the Dynastic period. Wilkinson (1999, pp.29—
30) describes evidence of inherited status in Naqada I
child burials at Mahasna and Armant (Fig.4.4), indi-
cating that the heredity principle operated “to the ben-
efit of a restricted elite” at this time. Wilkinson (1999,

p-31) argues that “an ideology of power was being
formulated by the ruling lineages of Upper Egypt”
towards the end of the Naqgada I period (ca. 3800-3500
BP), based on the first appearance of motifs associated
with royal power in tombs at Hierakonpolis. Hierakon-
polis also boasts the earliest funerary murals, in the
so-called Painted Tomb, which is likely to date from
the Naqada II period, and which depict boats, hunting,
and images clearly representing violence and authority
that are reminiscent of later iconography from the very
late Predynastic and early Dynastic periods (Midant-
Reynes 2000).

The unification of Egypt in the Late Predynastic
Nagqada III period (5200-5000) BP took place within
a century or two of a period of further regional envi-
ronmental deterioration in the eastern Sahara that coin-
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cided with the more widespread 5200 BP RCC event.
Localised evidence of environmental change is appar-
ent in the vicinity of Hierakonpolis, where alluvial
deposits of the Nekhen Formation indicate that wadi
systems became effectively inactive around 5200 BP
(Hoffman et al. 1986). Away from the Nile, desicca-
tion of the Gilf Kebir was complete with the cessation
of the winter rains around 5300 BP (Linstddter and
Kropelin 2004).

These centuries saw a further concentration of settle-
ment along the banks of the Nile and a shift in empha-
sis from pastoralism to intensive agriculture supported
by irrigation. It is during this period that the first kings
of Upper Egypt are formally recorded, the royal cem-
etery was established at Abydos, and the earliest mon-
umental public architecture appears at Nekhen near
Hierakonpolis (Midant-Reynes 2000). Given the shift
from pastoralism to agriculture, it is significant that the
ceremonial King Scorpion mace head recovered from
Hierakonpolis and associated with one of the earliest
rulers of a unified Egypt, depicts the king opening an
irrigation channel.

The trends of increased social stratification and
organization in the Nile Valley that ultimately resulted
in the unification of Upper and Lower Egypt appear
to have been associated with increased competition
and conflict. The iconography of the Late Predynas-
tic period includes numerous depictions of crenellated
walls, interpreted by Midant-Reynes (2000, p.203) as
indicating “an ideological landscape that was evidently
marked by a tendency towards violence.” Some settle-
ments of this period, such as Elkab on the opposite
bank of the Nile to Hierakonpolis, were surrounded by
enclosure walls, and the town of Nekhen was heavily
fortified. The famous Narmer Palette portrays the uni-
fication of Egypt as a violent act, although the extent
to which this represents the reality of unification has
been questioned (Midant-Reynes 2000).

While there is still much debate concerning the
details of Egyptian unification, it was almost certainly
associated with an expansion of the Upper Egyptian
Nagqada culture at a time of RCC and deteriorating
regional environmental conditions, when “more and
more non-productive members of a growing popula-
tion were grouped together in the agricultural regions
of the flood plain, exerting demographic pressure
which would provide a decisive impetus for the Naqada
expansion” (Midant-Reynes 2000, p.237). This in turn
appears to have represented the culmination of trends
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towards increased settlement in the Nile Valley as
adjacent areas became unproductive, and greater social
stratification that was most likely associated with cer-
tain groups exploiting geographical, environmental,
economic or social advantages to exert greater control
over diminishing resources. Egypt appears to provide
us with an exemplary case study of how the confine-
ment of a growing population within an increasingly
restricted geographical area due to climatically-driven
environmental deterioration and resource scarcity can
stimulate competition and increased social organiza-
tion or complexity, resulting in social differentiation
and stratification (Brooks 2006). In the Nile Valley this
resulted not only in profound cultural change, but also
the creation of one of the world’s earliest states.

4.3.4 Mesopotamia: Shifting Settlement
Patterns and Urbanization

In Mesopotamia the late 7th and early 6th millen-
nia BP were associated with the transition from the
Ubaid to the Uruk culture. In northern Mesopotamia
(encompassing northern Iraq, northeastern Syria,
southeastern Anatolia and the northern Zagros Moun-
tains) the terminal Ubaid spanned several centuries.
Ubaid occupation ceased around 6300 BP in the cli-
matically marginal middle Khabur River region of
northeastern Syria (Fig.4.5), after some five centuries
of occupation, and widespread abandonment of sites
occurred around 5900 BP in the wider Khabur region
and at the site of Hamman et-Turkman (Akkermans
and Schwartz 2003). As certain sites were being aban-
doned at the end of the Ubaid, population agglomera-
tion was occurring at other locations. For example,
Ur et al. (2007) present evidence that the settlement
of immigrant groups in distinct clusters was the driv-
ing force behind the beginnings of an early phase of
urbanism at Tell Brak (Fig.4.5) in northeastern Syria
between 6200 and 5900 BP.

According to Akkermans and Schwartz (2003,
p-159) Ubaid groups in northern Mesopotamia
eschewed irrigation agriculture, and instead “clearly
favored the fertile, well-watered lands in regions
suited to dry farming”, with Ubaid sites in northeast-
ern Syria “primarily found along the Euphrates and
its tributaries”. In this context it is significant that the
abandonment of many of these sites during the termi-
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Fig.4.5 Locations of sites in
Mesopotamia mentioned in
the text. / Uruk-Warka; 2 Abu
Salabikh; 3 Tell Leilan; 4 Tell
Brak; 5 Hamman et Turkman;
6 Habuba Kabira; 7 Qraya

nal Ubaid coincided with a greater emphasis on animal
husbandry and pastoralism (alongside the hunting of
wild game), with intensified use of desert steppe envi-
ronments beyond the river valleys (Akkermans and
Schwartz 2003). Given the environmental context of
RCC and regional aridity during this period (Jung et al.
2004; Stevens et al. 20006), these factors strongly sug-
gest that people were adapting to drier conditions by
changing their livelihoods, settlement patterns and use
of the landscape, an interpretation also supported by
the fact that the large urban centers that were emerging
in this period, such as Tell Brak, were situated away
from riverine environments where arid conditions
would have had an adverse impact on unirrigated agri-
culture (Akkermans and Schwartz 2003). During the
long Ubaid period there was little social differentia-
tion, no permanent leadership or centralised authority,
little variation in settlement size or economic activity
within and between settlements, and no overt displays
of wealth or status (Akkermans and Schwartz 2003).
The onset of the Uruk period marked a shift to more
unequal societies, with a greater emphasis on the indi-
vidual, and explicit displays of social differentiation,
wealth and political power through phenomena such as
prestige goods and monumental public architecture.
As in the Nile Valley, the trend towards more differ-
entiated and hierarchical societies continued through-
out the 6th millennium BP in Mesopotamia, particularly

in the southern alluvial regions (southeastern Iraq and
the adjacent Susiana Plain on southwestern Iran). Here,
trends towards population agglomeration, urbanization
and inequality culminated in the development of the
city of Uruk-Warka (the ancient city of Uruk being sit-
uated near the modern settlement of Warka), the larg-
est urban center in the region (Fig.4.5; Pollock 2001).
Clear social and political hierarchies are apparent from
Uruk inscriptions and iconography, associated with a
strong political authority, a clear division of labor and
a complex administrative system (Wright 2001). Pol-
lock (2001) describes a repressive and violent politi-
cal environment in the region around Uruk-Warka,
coupled with evidence of demographic volatility and
unstable settlement patterns, and contrasts this with
apparently more stable and less repressive conditions
of adjacent areas in southern Mesopotamia.

The development of Uruk-Warka and other urban
centers was broadly coincident with the acceleration
of aridity in Western Asia and North Africa between
about 5800 and 5500 BP, as indicated by marine sedi-
ment records (Sirocko et al. 1993; de Menocal et al.
2000; Jung et al. 2004). This period of apparently rapid
regional environmental deterioration coincided with
the abandonment of villages in the Susiana Plain and
between Abu Salabikh and Tell al-Hayyad (Fig.4.5),
with the latter area given over to pasture and foraging
as river courses changed significantly (Algaze 2008).
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Algaze (2008) interprets these episodes of abandon-
ment as the creation of buffer zones between compet-
ing settlement centers. However, given the timing of
these phenomena and the wider context of environ-
mental change, we might ask whether such changes
in settlement patterns were in whole or in part asso-
ciated with migration to favorable localities in areas
that were otherwise becoming less habitable due to
environmental deterioration. Of course environmental
and political drivers may well have interacted, with
environmental deterioration resulting in the control
of dwindling resources by well placed elites, and/or
increasing conflict and repression as a less productive
environment undermined food security and the ability
of people to provide tribute to elite groups. Kennet and
Kennet (2006) argue that increasing aridity reduced
the productive potential of land and encouraged popu-
lation agglomeration in favorable areas, and also
increased competition for resources, stimulating urban
development and the emergence of coherent political
entities. They also propose that a stabilization and sub-
sequent fall in sea levels from around 6000 BP, after
several millennia of sea-level rise, exposed new coastal
land in southern Mesopotamia which resulted in more
extensive flood plains and a higher water table, per-
mitting irrigated agriculture which in turn supported
population growth through the production of food sur-
pluses. It is possible that changes in sea level and arid-
ity interacted; expansion of settlements and associated
population growth encouraged by falling sea levels
and the availability of newly productive areas might
have increased the population exposed to subsequent
arid crises, stimulating competition and population
movement.

A key development in mid-6th millennium BP
Mesoptamia was the Uruk expansion, indicated by the
establishment in northern Mesopotamia of settlements
characterized by southern Mesopotamian Uruk mate-
rial culture (Akkermans and Schwartz 2003). While
the Uruk expansion has been interpreted as an imperial
expansion by a polity centered on Uruk-Warka seeking
to establish control of key trading points on its periph-
ery (Algaze 1993), it is increasingly argued that cit-
ies and states in mid-6th millennium BP Mesopotamia
emerged in a “culturally homogenous but politically
fractious” environment (Algaze 2008, p.114). More
recently, it has been suggested that this expansion may
have been driven by the search for new cultivable lands
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by impoverished farmers from southern Mesopotamia
in the early-middle 6th millennium BP (Akkermans
and Schwartz 2003).

Uruk migrants may have been displaced from
southern Mesopotamia by increasingly powerful elites
(Ackermans and Schwartz 2003), and Pollock (2001,
p-220) goes so far as to argue that the Uruk colonists
were “essentially refugees” fleeing “heavy demands
for their labor and products” in a society that “was not,
for many people, a pleasant place to live”. Johnson
(1988—-1989) suggests that the Uruk expansion may
have been driven by demographic crises and unrest
in southern Mesopotamia, associated with competi-
tion and conflict that caused displacement and migra-
tion, although this interpretation remains controversial
(Akkermans and Schwartz 2003). While the nature of
the Uruk expansion, and of relations between south-
ern colonists and indigenous northern populations is
still hotly contested, recent evidence is suggestive of
violent conflict at key sites in northern Mesopotamia
where indigenous material culture was replaced by, or
combined with, Uruk-style artefacts, around the time
of the Uruk expansion (Lawler 2007). While the nature
of the Uruk expansion remains enigmatic, and while
firm evidence linking cultural changes with environ-
mental change during this period in Mesopotamia is
lacking, the coincidence of demographic change and
likely social disruption with widespread regional
desiccation demands further investigation. A further
notable coincidence in Mesopotamian history is the
collapse of the Uruk culture at the time of the 5200 BP
RCC. According to Wright (2001, p. 146) “From about
3350 BC until 3100 BC, the predominant dynamic [in
Greater Mesopotamia] is one of differential growth,
accelerating regional conflict, the emergence of very
large polities, and their collapse.” Uruk-related mate-
rial culture disappeared throughout most of northern
Mesopotamia around this time, and Uruk colonies in
the north, such as Habuba Kabira (founded in the mid
6th millennium BP and occupied for several centuries)
and Qraya (Fig. 4.5), were abandoned (Akkermans and
Schwartz 2003). This period saw the “abandonment
of many smaller settlements and formerly inhabited
areas” throughout greater Mesopotamia, and a further
increase in the importance of mobile pastoralism and
transhumance (Wright 2001, p. 146; Hole 1999). The
emergence of hierarchical settlement clusters for the
first time in some riverine areas (Wright 2001) sug-
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gests population agglomeration in favorable locations
on a scale that required significant social organization,
echoing the situation in the Nile Valley at this time.

Despite the regional collapse of the Uruk culture,
“the region around Uruk-Warka played host to a sud-
den tenfold increase in settlement density at about
3200 BC” (Matthews 2003, p. 110, citing Nissen 1988,
pp.66—67). Nissen (1988), deploying similar argu-
ments to those used more recently by Kennet and Ken-
net (2006), has proposed that this increase in population
was due to climatic desiccation, which lowered water
tables and prevented constant inundation, resulting in
the availability of new, fertile land in the Uruk-Warka
region. Such a phenomenon may well have acted as a
pull factor, enticing people to settle in this region, and
this may have been complemented by the push factor
of reduced productivity elsewhere. While the relative
roles of pull and push factors cannot easily be assessed,
it is worth recalling Pollock’s (2001) description of a
repressive and violent political economy in the Uruk-
Warka region, and noting that the iconography of this
period is representative of coercive authority and polit-
ical violence, with texts indicating controlled labor
(Wright 2001). If late 6th millennium BP in the Uruk-
Warka region was as unpleasant as has been suggested,
we might infer that the push factor of environmental
deterioration in neighboring areas probably played the
dominant role in encouraging people to congregate in
a geographically favorable, but socially and politically
unappealing location.

Links between climatically driven environmental
change and cultural change are less well established
for Mesopotamia than for the Sahara and Egypt, and
will remain so until the current lack of published,
high resolution paleoclimatic records from within the
Mesopotamian region is addressed. Nonetheless, the
coincidence of periods of widespread societal disrup-
tion and cultural transition with episodes of RCC, and
the compatibility of changes in settlement patterns and
livelihoods with expected responses to environmental
deterioration, is striking. Wright (2001) identifies key
periods of social disruption and cultural transition cen-
tered on the 5900 BP and 5200 BP RCC episodes, from
6100-5750 BP (4150-3800 BC) and 5300-5050 BP
(3350-3100 BC). These periods, and the 6th millen-
nium as a whole in Mesopotamia, deserve much more
attention in studies of linked environmental and cul-
tural change.

4.4 Synthesis: Recurring Responses
to RCC and Climatic Desiccation

The strength of the evidence linking cultural change
with climatic and environmental change varies across
the regions discussed above. Evidence from the Sahara
is particularly compelling, as a result of (a) the explicit
consideration of the links between climatic and cul-
tural change in archaeological studies, (b) consistent
evidence of such links apparent at different spatial
scales, and (c) the demonstrable severity of landscape
change in the Middle Holocene in this region. In Egypt
the likely role of desiccation in the areas adjacent to the
Nile has long been recognized as an important factor
in the development of Dynastic civilization (Hoffman
etal. 1986; Midant-Reynes 2000; Wilkinson 2003),
and new evidence continues to strengthen this link.
Crucially, this evidence explicitly links demographic
and cultural changes with evolving environmental
constraints in a drying landscape, through archacolog-
ical and paleoenvironmental data from specific loca-
tions in the Nile Valley and the surrounding desert.
In contrast, evidence of environmental and landscape
change that can be linked with archaeological data
in Mesopotamia is scarce, making the links between
environmental and cultural change in this region less
secure. Nonetheless, many of the trends and transitions
apparent in the Mesopotamian archaeological record
are consistent with responses to increased aridity, and
are coincident with periods of RCC and wider regional
desiccation. In addition, they represent broadly simi-
lar cultural changes to those apparent in the other two
regions examined here, as discussed below. In all the
regions examined, episodes of profound demographic
and cultural change, and transitions from one archaeo-
logical period to another, are coincident with RCC and
associated environmental transformation and deterio-
ration, a pattern that is repeated throughout the NHST
(Brooks 20006).

The intention here is not to propose a determinis-
tic model of environmentally-driven cultural change,
but rather to identify a set of common responses that,
while not universal, nonetheless recur across space
and time. While such common responses are strongly
suggested by archaeological and paleoenvironmental
records, it is clear that societies in different geographi-
cal regions did not all respond in the same way to any
given RCC event. Furthermore, different response or
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adaptation trajectories were followed during different
periods in any given region. The nature of responses
to RCC at any given time and place was mediated by
local environmental and cultural circumstances, and
the associated opportunities for, and constraints on,
adaptation.

The responses to RCC that were possible at any
given time and location depended on the magnitude
of the associated changes in the local environment,
and the impact these changes had on key resources.
For example, drier conditions in the Sahara through-
out the 7th millennium BP appear to have encouraged
the spread of mobile pastoralism. A greater reliance on
mobile pastoralism is also seen in parts of Mesopota-
mia during periods of regional-scale aridity. However,
drier conditions in Egypt at the end of the 6th millen-
nium BP were associated with a reduction in mobility
and a shift in emphasis from pastoralism to agriculture.
As in much of the Sahara, environmental change in
the regions adjacent to the Nile at the end of the 6th
millennium BP was so severe that mobile pastoralism
ceased to be viable.

The geographic differentiation of responses might
be also be illustrated by the beginning of the drift of
population towards the Nile in the very early 6th mil-
lennium, and the abandonment of riverine environ-
ments in the Middle Khabur region in northeastern
Syria in favor of the steppe at the same time. These
apparently opposing trends do have in common the
apparent abandonment of areas where desiccation
placed additional constraints on livelihood options,
and associated population agglomeration in areas seen
as more favorable. We might also point to contempo-
raneous adaptation strategies in the Fezzan based on
the sedentarization of cattle herding on the one hand,
and on enhanced mobility based on sheep and goat
herding on the other (di Lernia 2002). Whether peo-
ple were adapting to aridity by moving from river to
steppe or desert to river, or through increased mobility
or greater sedentism, this adaptation involved funda-
mental changes in livelihoods and the ways in which
landscapes were exploited.

The mediation of adaptation by local environmen-
tal factors should also be highlighted. For example,
irrigated agriculture could be adopted only where fer-
tile land existed alongside readily exploitable water
resource, as was the case in river valleys and in the
peculiar context of the scarp foot oases of the Libyan
Fezzan (Mattingly et al. 2003).
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In addition to environmental factors, adaptation
was probably mediated by pre-existing practices and
cultural preferences, as suggested by the fact that the
late Ubaid cultures in the Middle Khabur region of
northern Mesopotamia did not adapt their agriculture
to drier conditions by developing irrigation systems,
but instead shifted their focus to the adjacent steppe.
This may have resulted from a lack of expertise in
irrigation, cultural preferences for herding rather than
intensive agriculture, local environmental factors that
mitigated against irrigation, a perception that steppe
pastoralism was a more obvious and easier choice, or a
combination of these and other factors.

One very robust outcome of the cultural changes
that accompanied widespread desiccation in the NHST
was increased social stratification, which reached its
ultimate expression in the extremely hierarchical soci-
ety of early Dynastic Egypt and in the coercive early
states of southern Mesopotamia. The earliest evi-
dence of social hierarchy dates to the transition from
the 7th to the 6th millennium BP not only in Egypt
and Mesopotamia, but also in China (Liu 2004), and
is contemporaneous with the spread of social stratifi-
cation throughout the Sahara evident in the form of
monumental funerary architecture associated with
human internments. The move towards more unequal
societies is most readily understood as a manifesta-
tion of increased social organization or complexity.
Brooks (2006) argues that increased social complex-
ity in middle Holocene northern Africa, western Asia,
South Asia, north-central China and northern coastal
Peru resulted in large part from ad hoc adaptation to
resource scarcity. As the environments of these regions
became more arid, variable and marginal, greater social
organization would have been required to ensure food
security, and control over diminishing resources would
have provided mechanisms for the emergence of elites.
As resources became scarcer there would have been
more opportunities for groups occupying favorable
geographic, environmental, economic or social posi-
tions to exercise influence over access to resources,
and to demand some form of tribute, whether eco-
nomic or in terms of enhanced social status, from those
seeking such access.

If increasing social complexity, and by implication
the development of civilization itself (Brooks 2006),
represented a type of adaptation to climatically-induced
environmental deterioration and resource scarcity, it
was an adaptation associated with significant costs to
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large sections of society, principally a loss of individ-
ual autonomy and “economic and social subjugation”
(Kennet and Kennet 2007, p.252). The shift from the
relatively egalitarian societies of the 7th millennium
BP to more complex social systems in which minority
elites exerted power and influence over the majority of
the population is summed up by Algaze (2001 p.212),
who states that “Early Near Eastern villagers domes-
ticated plants and animals. Uruk urban institutions, in
turn, domesticated humans.”

4.5 Lessons from the 6th Millennium
BP for the Twenty-First Century

The 6th millennium BP provides us with an oppor-
tunity to examine actual societal responses to RCC,
and to ground the intensifying international adapta-
tion debate (Giddens 2009) in empirical evidence.
Despite the vast changes that have affected human
societies over the past 6000years, a large proportion
of the world’s population still depends on unirrigated
subsistence or small-scale agriculture, and pastoral-
ism remains an important pillar of many livelihoods.
Around half the world’s population currently lives
in urban centers (UNFPA 2007) — the culmination of
processes of urbanization that began in the 6th millen-
nium BP. Both urban and rural populations, and the
social and economic systems that bind them together,
will need to adapt to climate change over the coming
decades and centuries.

While there is a burgeoning industry emerging
around issues of adaptation funding and policy, the
bureaucratization of adaptation by governments and
development agencies will not wholly replace adap-
tation based on the independent actions of individu-
als and groups acting in response to environmental
and other pressures, and within the context of existing
opportunities and constraints. Autonomous adaptation
will continue to occur on an ad hoc basis, albeit within
contexts influenced to a greater or lesser extent by
policy. Where adaptation is policy driven, these poli-
cies will need to consider the implications of potential
RCC. As discussed at the beginning of this chapter, the
twenty-first century is likely to bear all the hallmarks
of a period of rapid climate change. Qualitatively simi-
lar processes of desiccation and environmental deteri-
oration to those operating in the 6th millennium NHST

are indicated by climate projections for the Maghreb,
the greater Kalahari region, Central Asia, and parts of
North America, while other regions will be affected by
loss of land and natural resources resulting from pro-
cesses such as sea level rise and ocean acidification
(Thomas et al. 2005; Christensen et al. 2007; Nicholls
et al. 2007). Current adaptation plans, programmes and
policies do not address such challenges (Brooks et al.
in press), and policymakers and development practi-
tioners are ill equipped to consider the implications of
RCC. The adaptation evidence base therefore needs to
be extended to encompass case studies of RCC, mak-
ing the 6th millennium BP particularly instructive. In
northern Africa, western Asia and elsewhere in the
NHST, RCC associated with environmental desicca-
tion and resource scarcity in the 6th millennium BP
appears to have been associated with the following
cultural processes or responses:

a. Changes in the nature of livelihoods and the way
in which landscapes were exploited, for example
transitions from pastoralism to agriculture and
vice versa, and changes in the types of pastoralism
practiced.

b. Migration out of areas where resource availabil-
ity fell below critical thresholds, illustrated by the
abandonment of much of the Sahara and riverine
settlements in the middle Khabur region of northern
Mesopotamia.

c. Population agglomeration in favorable locations
where resources remained available (environmen-
tal refugia) in otherwise less productive landscapes,
such as the Acacus region in the central Sahara, the
Nile Valley, and settlements such as Tell Brak and
Uruk-Warka in Mesopotamia. A concentration of
population in riverine areas in otherwise desiccating
environments during the 6th and 5th millennia BP
is indicated by archaeological records from across
the NHST and also northern coastal Peru (Brooks
2006).

d. Increased territoriality associated with competition
and conflict, suggested by evidence of violence and
the fortification of settlements, such as in Upper
Egypt and parts of Mesopotamia.

e. Changes in social organization driven by the need to
manage limited resources and high population den-
sities in restricted geographical areas, and widely
manifested in terms of greater social stratification
and inequality, evident across the NHST (Brooks
2006).
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f. Cultural fragmentation and collapse, for example
during the Ubaid-Uruk transition and at the end
of the Uruk period in Mesopotamia. Collapse of
centralised authority and societal disruption is also
well established at the time of the 4200 RCC in
Egypt (Hassan 1997), Mesopotamia (Weiss et al.
1993; Cullen et al. 2000) and China (Wenxiang and
Tungshen 2004).

Given the potential severity of anthropogenic climate
change and its environmental consequences in many
parts of the world, societies need to anticipate and
manage these types of responses, which appear to be
robust across time as well as space, and which have
been echoed in more recent times. For example, during
the famine triggered by severe and protracted drought
in the 1970s in the Sahel (Brooks 2004), livelihoods
collapsed and people from rural areas migrated to
urban centers, echoing processes of abandonment and
population agglomeration apparent in the distant past.
Some smallholders who lost their livelihoods became
laborers on larger farms, resulting in greater economic
dependency that qualitatively reflects the social strati-
fication of the 6th millennium BP (Heyd and Brooks
2009; Brooks et al. in press). It has also been argued
that the social impacts of drought on marginalised pop-
ulations exacerbated existing political grievances and
played a role in precipitating conflict between these
groups and central governments (Brooks et al. 2005).

Whereas climate change is often (and generally cor-
rectly) viewed as one factor among many influencing
the development of human societies over a variety of
timescales, evidence from the middle Holocene sug-
gests that where climate change is rapid and severe,
with large adverse impacts on resources, it can domi-
nate over other drivers of cultural change. An example
of such an instance is the extreme desiccation of the
Sahara, which meant that the only option for people in
many areas affected by climatically-driven landscape
change was to move. Examples such as this remind
us that there are limits to the potential for adaptation,
and that adaptation is not simply a question of iden-
tifying, elaborating and implementing the right mea-
sures. Where adaptation is possible in situ, the nature
of adaptation will be influenced by local geographic,
environmental and cultural factors as indicated above.
This is an important consideration for the identification
of adaptation measures, which needs to go beyond top-
down, technocratic approaches and pay close attention
to local contexts.
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The evidence from the 6th millennium BP indicates
that past transient RCC and associated social and cul-
tural transitions have tended to occur over timescales of
centuries, reinforcing the lesson that adaptation is a con-
tinuous process and not a one-off action. Furthermore,
adaptation to large environmental changes can result in
fundamental changes to the structure and organization
of human societies. Increased social inequality, gen-
erally associated with a rise in authoritarianism and a
loss of individual autonomy, as well as conflict in some
instances, appears to be a very robust consequence of
adaptation to resource scarcity. This is an important
consideration for development agencies whose remit
includes the promotion of human rights and poverty
reduction as well as adaptation, and also emphasises
that adaptation can be associated with costs to societies
and individuals that are not evenly distributed. These
lessons about the potential for adaptation to disrupt and
transform societies are at odds with current assumption
about adaptation as a means of broadly preserving exist-
ing social and economic systems and promoting devel-
opment and human welfare, and need to be integrated
into adaptation planning (Brooks et al. in press).

4.6 Conclusions

The 6th millennium BP represents the last phase of
major global climatic reorganization, and provides
us with striking examples of cultural changes likely
to have been associated with responses to RCC from
across the globe. Episodes of RCC around 5900 and
5200 BP appear to have played a key role in the ter-
mination of the Holocene Climatic Optimum, but have
been relatively neglected compared with qualitatively
similar events at 8200 and 4200 BP. These less well
known episodes coincided with profound cultural tran-
sitions, and may be more important than the 8200 and
4200 BP events in influencing the long-term develop-
ment of human societies.

The extent to which specific cultural changes can
be associated with particular episodes of RCC through
existing archaeological and paleoenvironmental
records varies greatly, and the links between climatic
and cultural change in the 6th millennium BP will con-
tinue to be hotly debated. Nonetheless, even where
local, high resolution records that can link cultural
changes with specific changes in the environment are
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lacking, the archaeological evidence often reveals pro-
cesses that are consistent with adaptation to RCC and
its impacts. These processes include changes in liveli-
hoods; abandonment of less productive areas; popula-
tion agglomeration in environmental refugia; increases
in mobility and sedentism depending on local prefer-
ences, opportunities and constraints; and increased
social organization and stratification. The last of these
illustrates that adaptation may be associated with
costs, while the widespread evidence of social disrup-
tion during periods of RCC tells us that adaptation is
far from being a smooth process.

While the mechanisms driving global climate
change in the 6th millennium BP were very different to
those operating today, an examination of human-envi-
ronment interactions during this period, as inferred
from archaeological records interpreted within their
paleoenvironmental contexts, gives us some valuable
insights into how human societies respond to rapid
changes in climate, landscapes and resource availabil-
ity. These insights are urgently required as the Earth
enters a period likely to be characterized by wide-
spread climatic reorganization and large-scale changes
in resource distribution after five millennia during
which the configuration of the global climate has been
relatively stable. In particular, the evidence base that
informs adaptation policy needs to be extended to
include examples of human responses to rapid and
severe climate change if it is to be representative of
the kinds of changes likely to occur over the coming
decades and centuries. Archaeology and paleoenvi-
ronmental studies therefore have a vital role to play in
framing and informing climate change policy.
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Chapter 5

Human Communities in a Drying Landscape: Holocene Climate
Change and Cultural Response in the Central Sahara

Mauro Cremaschi and Andrea Zerboni

5.1 Introduction

Dagge and Hamad (2008) report that Syria is in the
midst of an environmental emergency occasioned
by a drought that has affected the region since 2006.
Massive crop failure with harvests down by a half has
produced conditions where famine and even societal
collapse might be expected. Fortunately, the Syrian
government has been able to ameliorate the problem
with imports of food and potable water. In the distant
past disasters could not have been avoided in this way,
and famine would have resulted in the disaggregation
of the community or at least would have forced a dras-
tic change in survival strategies. Episodes similar to
those now affecting Syria have caused societal crises
throughout prehistory and history, with climate change
and human abuse of landscape and natural resources
playing crucial roles (Diamond 2005). Of course, local
differences need to be understood and treasured. The
reaction of the physical environment (the landscape)
to stress is not uniform across the globe, regardless
of whether we consider climate change, the impact of
grazing, or any other human activity.

The present day South Mediterranean arid environ-
ments (the subtropical arid belt) offer the opportunity
to investigate the human—landscape relationships for
the last 10 millennia. During the Holocene, the region
experienced a major change in landscape: the shift from
desert to savannah and back again. The environmental
effects of this cycle are comparable to the ecological
change which affected the mid-latitudes at the time of
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the waning of the Pleistocene glaciers. For instance, in
the Saharan region environmental conditions favor-
able for animal and plant life promoted a high human
concentration since the beginning of the Holocene.
Consequently, the later aridification affected a densely
populated landscape.

The case study analyzed in this chapter deals with
the effect of drought on the landscape and human com-
munities in the central Sahara. We report and discuss
the environmental changes that occurred in SW Fez-
zan (Libya; Fig.5.1), by considering three different
physiographic units: the Tadrart Acacus massif and the
two adjoining regions lying at the opposite sides of the
mountain range, the Erg Uan Kasa, and the fluvial val-
ley of the Wadi Tanezzuft (Fig.5.2). Furthermore, we
will analyze how in the same geographic and hydro-
logic ecosystems, different geomorphologic units react
to climate change. In addition and subsequent to envi-
ronmental modifications, the human dwellers gave rise
to different and complex social dynamics and adaptive
strategies.

5.2 Paleoclimate of Central Sahara

From the early to the middle Holocene, the SW Fezzan
area enjoyed, as did the entire Saharan region, a period
of high rainfall (Cremaschi 1998, 2002; deMeno-
cal etal. 2000; Gasse 2000; Hoelzmann et al. 2004;
Mayewski et al. 2004; Wendorf et al. 2007). The latter
was driven by the expansion of the summer monsoon
from the Gulf of Guinea and the migration of the ITCZ
(Intertropical Convergence Zone) to northern positions

See Plates 2, 3, 4 in the Color Plate Section; also available at:
extras.springer.com
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Fig.5.1 Landsat 7 satellite
imagery of the SW Fezzan,
indicating the localities men-
tioned in the text. In the insert
the position of the area in a
regional context is shown;
the present position of the
ITCZ (Intertropical Conver-
gence Zone) and the Northern
Hemisphere summer atmo-
spheric circulation pattern are
also reported (main winds are
indicated as arrows)
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(deMenocal et al. 2000; Gasse 2000). The main effect
of this climate change was the recharge of the local
aquifers (Cremaschi 1998; Zerboni 2006) and the acti-
vation of springs, rivers, and lakes, and the growth
of luxuriant vegetation (Mercuri 2008), determining
conditions suitable for animal life. Subsequently, the
entire area was settled by Epipaleolithic and Meso-
lithic groups (in this region defined as Early and Late
Acacus respectively) and later by Pastoral-Neolithic
communities (Cremaschi and di Lernia 1998; di Lernia
2002).

The so-called African Humid Period was inter-
rupted by several transitory dry spells (Mayewski et al.
2004; Kutzback and Liu 2007; Cremaschi et al. 2010)
and the termination of the wet phase is dated at ca.
5000year BP (Cremaschi 2002; Mayewski et al. 2004;
Zerboni 2006), due to the abrupt reduction in the inten-
sity of the African monsoon (deMenocal et al. 2000).
This event led to the present desert conditions follow-
ing different modalities as the varying physiographic
features responded differently to aridification (Gasse
2000; Kropelin et al. 2008). For much the same reason,
the human communities living in the region reacted in
different ways to face the constraint of a landscape
advancing toward aridity (di Lernia 2002; Brooks et al.
2005; Brooks 2006; Kuper and Krpelin 2006).
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The present climate of the SW Fezzan is hyper-
arid. The mean annual temperature is 30°C and the
mean annual rainfall is between 0 and 20 mm, which
is mostly distributed in spring and summer (Fantoli
1937; Walther and Lieth 1960). Occasional rainstorms
are recorded also in the winter season (Fantoli 1937).

5.3 Geological and Geomorphologic
Background

The Tadrart Acacus and the adjoining erg Uan Kasa
and Wadi Tanezzuft are located in SW Libya (Fig.5.1),
in the Fezzan region, well inside the hyperarid belt
of the Sahara desert, between 26° and 24° latitude
N. Geologically, this region belongs to the western
fringe of the wide geosyncline of the Murzuq Basin
(Goudarzi 1970; Kalefa El-Gahali 2005), whose base,
mainly composed of Paleozoic sandstone and marls,
lies upon the intrusive formation of the Tassili massif,
located in Algeria. The Paleozoic formations are cov-
ered by the Mesozoic sandstone and shale of the Mes-
sak Settafet ridge and Murzuq Basin (Kalefa El-Gahali
2005). The main geologic structural pattern consists of
a monocline characterized by an E-NE tilted cuesta in
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Tadrart Acacus

Fig.5.2 Landsat 7 satellite imagery of the investigated area,
indicating the localities mentioned in the text; dots represent
the main archaeological sites in the Tadrart Acacus area: / Uan
Afuda; 2 Uan Tabu; 3 Wadi Afar; 4 Uan Muhuggiag; 5 Uan
Telocat; 6 Wadi Sennadar

the Tassili and Tadrart Acacus areas (Goudarzi 1970;
Cremaschi 1998), and flat landscape in the Erg Uan
Kasa. The Wadi Tanezzuft valley is oriented according
the direction of the rock strata and is bounded by the
Tassili mountain to the west and the cliff of the Acacus
massif to the east. The wadi is underlain by the almost
impermeable Tanezzuft Formation composed of shales
and thin-bedded sandstones. On the western side of
the valley, along the geological contact between the
highly permeable Tassili sandstone and the Tanezzuft
Formation suitable conditions exist for development
of numerous springs that made this area rich in water
and palm groves (Desio 1937).

The Tadrart Acacus massif covers an area of
4800km? with a maximum elevation of 1100 masl in
the western part and is composed of Paleozoic sedimen-
tary rocks (Goudarzi 1970; Kalefa El-Gahali 2005). It
is dissected by a fossil drainage network whose NE—
SW, E-W, and N-S trending pattern is controlled by
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the tectonic structure (Galecic¢ 1984; Cremaschi 1998).
A scarp delimits the massif towards the west, whereas
to the east it grades through a pediment to the dune-
field of the Erg Uan Kasa. The mountains consist of
lower-middle Silurian shales (the Tanezzuft Forma-
tion), outcropping at the western fringe along the Tane-
zzuft valley, apparently conformably overlying upper
Silurian and lower Devonian sandstones (Acacus and
Tadrart formations). These formations display differ-
ent hydrological behaviour: the Tanezzuft Fm. has a
very low hydraulic conductivity and transmissivity and
acts as an aquiclude, whereas the Acacus and Tadrart
formations are highly permeable also being highly
fractured. Numerous fossil springs identifiable by the
presence of calcareous tufa had developed in the past
along the contact between these formations. At present
few springs are still active in the inner part of the mas-
sif, feeding small pools locally called ‘gheltas’.

The Erg Uan Kasa is a 200 km long, 20—35 km wide,
N-S oriented sand sea; it is located between the east-
ern fringe of the Tadrart Acacus massif and the western
escarpment of the Messak Settafet plateau. It consists
of parallel, NW-SE trending alignments of complex
linear sand dunes, more than 100m in height, and
separated by flat, wide interdune corridors (Cremaschi
1998). Its substrate consists of Devonian and Carbon-
iferous shales (Wadi Ubarracat Fm.) and Carbonifer-
ous-Permian thin bedded limestone (Wadi Tesalatin
Fm.) that deeps about 10° toward the northeast (Kalefa
El-Gahali 2005).

The Wadi Tanezzuft is a 200 km long, N—S oriented
valley with an ephemeral stream (Fantoli 1937). The
catchment basin is delimited to the west by the Tassili
and to the east by the Tadrart Acacus massifs. From
a geomorphologic point of view, the Wadi Tanezzuft
flows along the geological homocline constituted by
the Tassili sandstones to the west, the Acacus sandstone
to the east, and the Tanezzuft shale in the center. The
shape of the valley is asymmetrical being steeper to the
east and for that reason the widest part of the catchment
basin lies in the Tassili region. The source of the river is
located in the Takarkori area (southern Tadrart Acacus),
and its northern reach has been recently identified in a
wide endorheic depression at the western fringe of the
Edeyen of Ubari (Perego et al. 2007). The main course
of the wadi is surrounded by lowlands with inselberg/
pediment type relief, playas, and sand seas.

The Tadrart Acacus massif, the Erg Uan Kasa, and
the Wadi Tanezzuft are different neighboring physio-
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graphic units interconnected by the fact that the former
constitutes the hydrographical catchment of the latter.

5.4 The Wet Holocene: Landscapes
and Strategies

The onset of wet conditions at the beginning of the
Holocene led to the systematic occupation of the
central Sahara, with variations of human settlement
patterns and adaptive strategies depending on the char-
acteristics of each region. During subsequent millen-
nia the strategies were modified, with climate as one
of the driving factors.

5.4.1 |Inside the Mountain Range
of the Tadrart Acacus
5.4.1.1 Configuration and Paleoclimate

of the Tadrart Acacus at the Beginning
of the Holocene

The morphology of the Tadrart Acacus massif is rather
similar to that described for the Navajo Sandstone in
the Arizona and Utah deserts: the scarp of the valley
shows slick-rock slopes and slab walls. The valleys
and canyons dissecting the mountains are the relicts
of a landscape that has been shaped mostly under a
Tertiary equatorial climate (Busche and Erbe 1987).
The present morphology of the mountain is the result
of several processes the most important having been
fluvial and pseudo-karst actions on siliceous rocks
(Busche and Hagedorn 1980).

The original width of the valleys has been enlarged
by backwasting of scarps and by progressive under-
sapping processes (Busche and Hagedorn 1980; Bus-
che and Erbe 1987). Typical features developed such
as bluffs, rock arches, and stacks. Wide and deep rock-
shelters were also formed in massive sandstone units
by undersapping along bedding planes at the contact
between the sandstones beds and the shales; alcove-
shaped shelters occur at the head of the wadis. Today
the formation of the rockshelters is inactive. In fact,
the parts which can be reached by rain water or surface
runoff display black desert varnish, but the accumula-
tion of unvarnished blocks in front of them indicates
that some roof collapses have recently occurred. Fur-
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thermore, the retreating of the valley slopes exposes
relict tunnels of various caves that developed during
the Tertiary. The caves were an effect of the silica karst
processes acting at that time in response to the equato-
rial climate existing in the area. Therefore the walls
flanking the wadis and the steep slopes of the canyon
are pinpointed by a variety of rockshelters and caves
that were systematically occupied by the communities
living in the Tadrart Acacus since the Late Pleisto-
cene. Moreover, the caves preserved the most reliable
anthropogenic characteristics and natural proxies as
archives to reconstruct the environmental changes of
the region.

The most reliable proxy indicating the arrival of
the monsoon pattern of rainfall in the Tadrart Acacus
during the Holocene consists of calcareous tufa dis-
covered, and recently re-dated, near former springs
and pseudo-karst cavities (Carrara et al. 1998; Zerboni
2006; Cremaschi et al. 2010). Generally speaking, the
formation of calcareous tufa requires a continuous soil
cover, high metabolic soil activity induced by plants,
and high, constant water supply; furthermore, in the
present case, a saturation of the Tadrart Acacus aquifer
up to the upper reaches of the mountain system would
be required, which could only be sustained by high
rainfall. U/Th dating indicates that conditions suitable
for tufa formation began at ca. 9600 year BP and were
mostly interrupted at ca. 8200year BP (Cremaschi
et al. 2010), coinciding with the well known, cold-dry
event of North Atlantic origin (Fig.5.3; Alley et al.
1997). Tufa did not form later, indicating that during
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Fig.5.3 U-series dating indicates that spring tufa sedimentation
in the Tadrart Acacus took place between ca. 9600 and 8200 year
BP, as consequence of the northward shift of the SW African
Monsoon (Bars indicate the duration of the tufa deposition in
each locality; obtained dates are also reported). (After Cremaschi
etal. 2010)
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the middle Holocene the water supply and the intensity
of the monsoons did not reach again the intensity they
had during the very early Holocene.

5.4.1.2 Living in Caves and Rockshelters

The most important stratigraphic sequences recently
explored in the caves from the Tadrart Acacus massif
(Cremaschi and di Lernia 1998) permit the delineation
of the past environmental conditions of the area, their
modifications, and the consequences on human com-
munities. The evidence derives from the analysis of the
natural and anthropogenic deposits of the Uan Afuda
Cave (di Lernia 1999a), and the rockshelters of Uan
Tabu (Garcea 2001), Uan Muhuggiag (Pasa and Pasa
Durante 1962; Cremaschi and di Lernia 1998), Uan
Telocat, Wadi Sennadar (Cremaschi and di Lernia 1998).
The importance of these sites both for the archacology
of the central Sahara and for the environmental history
of the Holocene has been long known, since pioneer-
ing multidisciplinary researches were introduced in the
late 1950s (Pasa and Pasa Durante 1962), and a geoar-
chaeological approach was established at the beginning
of the 1990s (Cremaschi and di Lernia 1998). Many
radiocarbon dates are available (Fig.5.4).

The basal parts of the most complete stratigraphic
sequences show evidence for a dry Upper Pleistocene
phase: at that time the so-called Ogolian desert was
at its apogee (Rognon 1989). Reddish aeolian sand
has been described at the base of the sections exca-
vated in the Uan Afuda cave (Fig.5.5) and in the Uan
Tabu rockshelter. These units are correlated with the
remains of fossil dunes deposited in the area, and have
been used as evidence of a general desert expansion
during the Late Pleistocene. The discovery at the base
of the rubified dune in the Uan Afuda cave of Middle
Paleolithic artefacts attributed to the Aterian cultural
phase (di Lernia 1999a), and the TL and OSL dating
of sand (90,000-69,000 year BP; Martini et al. 1998)
allow the correlation of the last Pleistocene expansion
of the desert with the MIS 4 isotopic stage.

The onset of wet conditions at the beginning of the
Holocene is marked in the Uan Afuda sequence by
the weathering of the dune (Fig.5.5) through rubifi-
cation and clay translocation; both processes require
high water availability and seasonality in precipitation.
The organic unit dated at ca. 9800 year BP that over-
laps the weathered dune represents a limit ante quem
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for the development of pedogenesis (Cremaschi 1998;
Cremaschi and Trombino 1999). This date accords
with the recharge of the water system as indicated by
the deposition of calcareous tufa.
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Fig.5.5 The stratigraphic
sequence of the Uan Afuda
Cave (After Cremaschi and
di Lernia 1998; di Lernia
1999a). (Units: 4 paleosol;

B Pleistocene aeolian sand,
weathered at the top; C col-
luvial sand; D organic matter,
hearths, and loose sand; £
modern aeolian sand. Key:

1 collapsed blocks; 2 aeolian
sand; 3 colluvial sand and
gypsum concretions; 4 loose
sand with charcoal, humified
organics; 5 hearth with stones
and ash lenses; 6 undecom-
posed vegetal remains;

7 loose sand)
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The beginning of a human presence in the study area
dating to the Holocene is marked by anthropogenic
sedimentation above the rubified dune. The deposits
in question have survived wind erosion and can be
regarded as lithostratigraphic units typical of the Holo-
cene. Deposits consist of plant fragments, coprolites,
finely subdivided organic matter in different stages of
humification, ash, charcoal, chemical precipitations,
and aeolian sand (Cremaschi 1998). Artificial accu-
mulation of fodder, mainly grass and vegetal frag-
ments, and its transformation through trampling, fire,
and addition of organic material related to the penning
practice at the site and to human dwelling, are the main
processes responsible for the sedimentation inside the
rockshelters.

The Holocene basal layers of the deposits in Uan
Afuda Cave are of colluvial origin (gray brown lami-
nated sand, including gypsum nodules). Toward their
top the organics are progressively better preserved
(massive dark brown organic sand, including lenses
of preserved plant remains with gypsum concretions),
indicating increasing aridity. An interruption in sedi-
mentation is recorded in caves by an erosional surface
dated between ca. 8000 and 7500year BP, thanks to
a humified dung layer. The pollen diagrams obtained
from the fill of rockshelters (Mercuri 2008) suggest
the same scenario of higher water availability. Recon-
struction of the landscape between 9800 and 8000 year
BP from these data suggests a patchwork of savan-
nah and wooded grassland. The diversified flora indi-



5 Human Communities in a Drying Landscape-Central Sahara

cated includes plants requiring permanent freshwater
sources (Typha, Potamogeton, Lemna, Scirpus), thus
confirming the occurrence of spring pools sustained by
constant water supply by precipitation.

Evidence of an Epipaleolithic human presence in
the mountain range is not as strong as in the lowlands
surrounding the Tadrart Acacus (see following sections
and Fig.5.6). It is dated to the 10th millennium BP
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(Cremaschi and di Lernia 1998). Stone structures, shal-
low hearths, lithics (including backed points), and less
commonly grinding implements are found at the base of
the sequence of Uan Afuda (di Lernia 1999c¢). No seeds
of wild cereals were found in the layers belonging to this
phase. The few faunal remains are mostly of Ammotra-
gus lervia (the Barbary sheep, a wild capriovid) indicat-
ing selective hunting. Even if rare and poor in findings,
Epipaleolithic sites inside the massif may be interpreted
as base camps for nomadic hunter groups.

In the Uan Afuda and Uan Tabu sites the layers con-
sisting of poorly decomposed organic matter enclose
archaeological materials dating back to the Mesolithic
phase. This period is marked by the introduction of
pottery, displaying dotted wavy line and packed zig-
zag decorations; at Uan Afuda and Uan Tabu pottery
production is documented since the first half of the
9th millennium BP (Cremaschi and di Lernia 1998;
di Lernia 1999¢; Garcea 2001). Mesolithic sites are
also rich in grinding equipment and lithics, including
backed tools and geometrics (lunates and triangles).
The main difference from the previous phase is seen
in a change in economic strategies from an economy of
specialized hunting of Ammotragus to hunting diversi-
fied to include small and large mammals, fish, and birds
(Cremaschi and di Lernia 1998). The most important
event however, was the introduction of the exploitation
of wild cereals (di Lernia 1999; Cremaschi and di Ler-
nia 1999), testified in caves and rockshelters by large
concentrations of straw and wild cereals seeds, either
complete or at different stages of processing (Mercuri
2008). Recently, we found a good evidence of the use of
wild plants in the Wadi Afar Cave, where entire layers
of the cave fill are made of straw, grass fragments, and
cereal seeds displaying different stages of processing.
Moreover potholes served as silos were found; some
are empty because of recent erosion, but a few, closed
by large, flat stones, preserve a large amount of wild
cereals (Fig.5.7). In one pothole, seeds were found in a
basket that was radiocarbon dated to ca. 8400 year BP.

Soil micromorphology of the Mesolithic anthro-
pogenic sediments provides revealing information
(Cremaschi and Trombino 1999, 2001). The strati-
graphic units are mainly composed of a large quantity
of poorly degraded, vegetal fragments (mainly grass),
lenses of ash and charcoal from hearths, and small
concentrations of sand with a lesser content of organ-
ics. The large quantity of straw (and phytolithes) and
a general sub-horizontal lamination in thin section
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Fig.5.7 The Wadi Afar Cave: a pothole served as silo, still pre-
serving a large quantity of wild cereals

(Fig.5.8) indicate both anthropic accumulation of
fodder and a continuous trampling; furthermore, the
presence of almost entire caprovids coprolite (4mmo-
tragus) and accumulation of fecal spherulites indicate
the presence of these animals inside the rockshelters.

Considering the evidence from the wadis Afar and
Uan Afuda, the intentional accumulation of straw and
the presence of seeds remains in the deposits and inside
the potholes (Fig.5.6), can be interpreted to indicate
that the rockshelter was a place used for processing
and storage of wild cereals. Moreover, at Uan Afuda
the occurrence of the pedofeatures related to tram-
pling, the massive presence of coprolites and dung in
the internal part of the cave, and the abundant presence
of straw and other vegetal remains interpreted as fod-
der, may indicate forced enclosure of Barbary sheep
and forms of taming (Cremaschi and di Lernia 1998;
di Lernia 1999a, c).

In the Acacus area the preservation of natural
resources (wild cereals and Ammotragus) is recorded
between 8500 and 8000year BP (the last part of the
Mesolithic presence in the area), and it constitutes an
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Fig.5.8 Microphotographs of the sedimentary sequence of the
Uan Afuda Cave. a Undecomposed straw (cross polarized light).
b Crystallitic fabric of calcite, corresponding to ash lenses (cross
polarized light)

attempt at conservation of the food for special peri-
ods (Cremaschi and di Lernia 1998, 1999; di Lernia
1999a, b). This evidences the complexity of subsistence
strategies adopted by the Mesolithic groups (di Lernia
1999a). The reasons for the storage of food (cereals
in natural silos and Ammotragus penning inside the
rockshelters) are not completely understood. In addi-
tion to cultural implication, it could indicate a change
in environmental conditions and a reduction in natural
resources. One of the possible driving factors might be
the dry phase with progressive reduction in water-avail-
ability dated here at ca. 8000 year BP (Zerboni 2006).
Changes in the exploitation of the landscape may
also be investigated by deciphering the perception that
people had of their environment, as displayed in rock
art. The earliest expressions of the central Saharan rock
art are mainly of mythological representations, includ-
ing fantasy animals, but in some cases it is possible to
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identify realistic figures, which may be compared with
the geoarchaeological evidence for ecological signifi-
cance (Cremaschi et al. 2008). Large animals typical
of the savannah environment (Large Wild Fauna style)
are the most representative figures of the beginning of
the Holocene. They indicate the interest in wild game
of the Epipaleolithic and Mesolithic hunters. Ammo-
tragus is depicted in the so-called Round Heads style.
The 8000 year BP climatic deterioration appears to be
supported by the representation of Orix dammah, a
large antelope adapted to arid environments, in several
rockshelters of the Tadrart Acacus. The early Holocene
dry event could be expected to have facilitated the
migration of the Orix inside the massif from the sandy
lowlands, where they were confined earlier (Cremas-
chi et al. 2008).

Following the early Holocene dry spell, recharge of
the water resources and the restoration of environmen-
tal conditions more suitable for life date from 7500 to
5000year BP (Cremaschi and di Lernia 1998, 1999).
The human population living in the area dramatically
changed its adaptive strategy. The archaeological
sequence of the Uan Muhuggiag rockshelter (Fig.5.9)
was generated through the occupation of Pastoral-
Neolithic groups and is sufficiently well preserved
to serve as a reference stratigraphic section (Pasa and
Pasa Durante 1962; Cremaschi and di Lernia 1998).
The older units of the deposit consist of gray sand that
has suffered strong humification of the organic frac-
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Fig.5.9 The stratigraphic K]
sequence of the Uan Muhug- 5
giag rockshelter (After [®)
Cremaschi and di Lernia =
1998). (Units: 4 humified
sand; B straw and ash lenses; 6690 + 130
C organic sand. Key: / loose
sand and coprolites; 2 dung; 3
ash lenses; 4 organic deposits, 6900 + 200
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tion with movement of solutes that indicates water
percolation. Pollen content documents a savannah
plant cover (Mercuri 2008). In the upper part of the
sequence hearths are common, and organic matter of
unrecompensed plant and grass fragments is progres-
sively better preserved toward the top. A trend towards
aridity is indicated by a peak in the concentration of
Panicum pollen.

The Early Pastoral-Neolithic occupation of the
Tadrart Acacus is mainly documented in the inner
part of the massif. This probably indicates a sort of
continuity with the settlement pattern adopted by the
Mesolithic groups, as well as the existence of peculiar
environmental conditions such as higher water avail-
ability. Food production has been confirmed for this
phase (Cremaschi and di Lernia 1999), but processing
of wild cereals and hunting continued to be practiced
(Mercuri 2008). In the site of Uan Muhuggiag, as in
other sites along the Wadi Teshuinat, archaeological
deposits dating to the Middle Pastoral-Neolithic phase
consist of alternating lenses of hearths, undecomposed
vegetal remains, and coprolites. A seasonal occupa-
tion of the rockshelters by shepherds moving with
their ovicaprines flocks is indicated (Cremaschi and
di Lernia 1998). Micromorphology can help in bet-
ter understanding the configuration of the settlements.
Coprolites, spherulites, wood charcoals, bones, plant
fragments, and phytolithes occur at different frequen-
cies in each level, which may be interpreted as evi-

Stratigraphic units

undecomposed vegetal

remains; 5 humified organic

deposits; 6 humified organic
deposits with gypsum and 0l *
carbonate concretions) :
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dence for differing uses of the rockshelter (Fig.5.10).
Charcoal, bones, and hearths indicate human dwelling
inside caves, the occurrence of coprolites and their
strong increase at the top, where charcoal and bone
fragments decrease and disappear, shows that although
penning is present from the base, it becomes dominant
in the last phase of occupation when the rockshelters
became stables. Changes in economic strategies show

Fig.5.10 Microphotographs of the sedimentary sequence of the
Uan Muhuggiag rockshelter. a Undecomposed ovicaprines cop-
rolites (indicated by arrows); the groundmass displays evidence
of trampling (plane polarized light). b Arrows indicate clusters
of spherulites (cross polarized light)
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a parallel trend with the climatic variations inferred
from the anthropogenic deposits. All this underlines
the increase of aridity at the transition from the 6th
to the 5th millennium BP (Cremaschi and di Lernia
1998).

In the Middle Pastoral-Neolithic phase goats were
not the only component of flocks. Cattle were also
present—large herds are represented on the walls
of many caves used as stables by Pastoral-Neolithic
shepherds. In addition to rock art representations, the
landscape of the Tadrart Acacus still preserves signs
of its pastoral exploitation, such as tracks on the rocky
slopes of the massif left by the continuous trampling
of herds during their migrations. The tracks are ancient
and a Middle Holocene age is confirmed by a dark
rock varnish that was deposited in the central Sahara
starting around 5000 year BP (Zerboni 2008).

5.4.2 TheErgUan Kasa

During the wet Holocene, the main effect of the
enhanced water supply to the central Sahara was the
rise of the water table and the formation of lakes and
ponds. This has been particularly noticed in the low-
lands at the eastern fringe of the Tadrart Acacus, occu-
pied by the dunes of the Erg Uan Kasa. This region
represents the discharge area of the main wadis dis-
secting the massif.

5.4.2.1 Geomorphology and Sediments

In the area of the Erg Uan Kasa, Holocene lake depos-
its and hydromorphic soils were found associated with
archaeological sites. The sedimentary record here is
heavily affected by wind erosion and represents only a
small part of the former lakes (Cremaschi 2002).

A thick hydromorphic horizon, consisting of
bleached and mottled sand and friable weathered sand-
stone (saprolite), systematically occurs at the base of
the dunes and in the bedrock in the whole area covered
by the erg. This phenomenon is the result of water-log-
ging below the water table for a long period. Enhanced
rainfall would explain the high water table. Because
of the higher reflectance of the bleached sand, the
hydromorphic horizon is visible on Landsat satellite
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imagery. The prevalence and extent of water-satura-
tion would have been due to the ability conferred on
the dunes by a high porosity, which made them poten-
tially large reservoirs.

The availability of water promoted weathering
along the dune slopes and formation of inceptisols.
At the base of the dunes, springs gave rise, in suitable
topographic and geomorphologic conditions, to small
and shallow lakes or ponds (Cremaschi 1998, 2002).
Lacustrine deposits are located in the interdune corri-
dors, mainly at the fringes of the dunes, where they are
protected from wind erosion. The sedimentary facies
identified in the field (Fig.5.11) consist of bioturbated
organic sand with vegetal remains indicating shallow
water; dark organic silt representing the shore facies;
and biochemical calcareous silt, including a rich mol-

Fig.5.11 Erg Uan Kasa. a Organic sand deposit at the base
of the dune, corresponding to shore facies. b Discontinuously
laminated, organic sand at the center of the basin, covered by
calcareous silt, containing mollusc shells
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luscan fauna composed of few species. Characteris-
tic species are Lymnaea natalensis, Valvata nilotica,
Biomphalaria pfeifferi, and Afrogyrus oasiensis, typi-
cal of permanent fresh or hypohaline waters (Girod
2005), and indicative of full lacustrine sedimentation.
In the Erg Uan Kasa the thickness of the lacustrine
sediments is generally low in comparison with the
Holocene sequence found in the Edeyen of Murzuq
where they consist of carbonatic mud up to 2m thick
(Zerboni 2006). Radiocarbon dates obtained from
organic layers at the base of the sequence and from
littoral facies indicate that in the erg the water table
was rising from ca. 8900year BP (almost coincident
with the beginning of spring activity inside the Tadrart
Acacus) (Fig.5.4). The Uan Kasa lakes and those of
the Edeyen of Murzuq (150 km east from the Erg Uan
Kasa) reached their highest stand during the 8th and
7th millennia BP (Cremaschi 1998, 2002; Zerboni
2006). However, evidence of the negative fluctuation
recorded in the Edeyen of Murzuq in coincidence with
the 8200 year BP event is lacking in the Uan Kasa area
(Cremaschi 1998; Zerboni 2006).

The typical configuration of a lake deposit in the
Erg Uan Kasa (Cremaschi 1998) consists of a basin
up to Skm long and 2km wide, with sedimentary
sequences on weathered bedrock ranging from 1 to
2m thick. Marginal facies consist of organic and bio-
turbated silty sand, grading toward the center of the
basin, into organic sand discontinuously laminated and
superposed on a thin, hydromorphic, massive sand. At
the center of the basin these deposits are covered by
discontinuously laminated, calcareous silt containing
molluscs (Fig.5.11). The calcareous sediments are
concentrated in the middle of the basin and they may
indicate a phase of strong biological activity in the lake
connected to a high water level. The organic depos-
its at the upper part of the sequence are interpreted as
progression of the marginal facies toward the center of
the basin as the lake level progressively dropped. The
sequences are sometimes capped by a thick gypsum
carbonate crust that marks the transformation of the
lakes into sabkas.

5.4.2.2 Settlementsin the Erg Uan Kasa

The archaeological sites are generally located close
to former standing water bodies. More than 350 sites
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(Fig.5.6), ranging from the Early Acacus up to the
Late Pastoral-Neolithic phase, have been identified
mostly at the base of the dunes in correspondence to
paleolake shores, marsh deposits, and paleosols. The
environmental constraint for this was the hydrologi-
cal behaviour of sand dunes under conditions of water
saturation. This resulted in the formation of ecologi-
cal niches at the fringe of the dunes rich in vegetation,
suitable for animal life, and therefore attractive to pre-
historic communities.

The Epipaleolithic sites consist of clusters of
‘débitage’, micro-blade cores, and formal tools such as
backed tools, points, lunates, and particularly pedun-
colated Ounan points (Fig.5.13; Cremaschi and di
Lernia 1998). No primary archaeological structures
or faunal remains are associated with these sites. Nev-
ertheless, the occurrence of some specialized tools
(hooks) may suggest fishing activities. The Epipaleo-
lithic sites are not actually located along the shores of
former lakes that are along the dune fringes, but rather
they are buried within the organic deposits at the base
of the lacustrine sequences. They are therefore related
to the very beginning of lacustrine sedimentation in
the area. No direct radiometric dates are available for
the Epipaleolithic sites, but the “C age obtained from
the organic sediments covering them should be con-
sidered as a limit ante quem for the human frequenta-
tion. These dates range from ca. 8700 to 8500 year BP,
placing them at the very beginning of the wet phase in
the area. During this phase the raw material employed
in the lithic industry is largely represented by local
lithotypes, such as very fine quartzarenite commonly
outcropping in the Messak Settafet and Tadrart Aca-
cus regions, and silcrete that outcrops inside the erg.
The assemblage also includes Jurassic to Cretaceous
flint obtained from remote areas (likely from northern
regions). This indicates a high mobility of the hunter-
gatherer groups promoted by the extension of a green
corridor to the entire central Sahara (Hoelzmann et al.
2004).

Mesolithic sites are rare in the erg (Fig.5.6) and
can be distinguished in the field from Epipaleolithic
ones because of the configuration and occurrence of
specific archaeological materials (Cremaschi and di
Lernia 1996). They are associated with microlithic
equipment and pottery fragments decorated with a
dotted wavy line, found together with large grinding
equipment and clusters of poorly preserved fireplaces
(Cremaschi and di Lernia 1996). These features sug-
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gest, for the 8th millennium BP, a change in exploita-
tion of resources toward the introduction of wild plant
processing, as also documented in the Tadrart Acacus
(di Lernia 1999a; Mercuri 2008).

The Early and Middle Pastoral-Neolithic sites date
back to the 7th and 6th millennia BP and represent
50% of the archacological evidences identified in the
area (Fig.5.6). Their large number indicates the apo-
gee of the Pastoral-Neolithic cattle herders and their
good adaptation to the wet environment. Generally
speaking, the sites are regularly related to the geomor-
phologic features of a high standing water level and
the objects they are composed of (such as lithics, pot-
tery, bone fragments, stones) are systematically scat-
tered for hundreds of meters (sometimes up to few
kilometers) in continuity along the former shores of
the interdune lakes and on the slope above (Fig.5.12).

Fig.5.12 Erg Uan Kasa. a Configuration of a Pastoral-Neolithic
archaeological site laying on the dune slope; the surface is dot-
ted by artifacts. b Faunal remains and a complete Middle Pasto-
ral-Neolithic pot residual of differential wind erosion
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Fig.5.13 Erg Uan Kasa. a Epipaleolithic stone tools. b Some
examples of Middle Pastoral-Neolithic pottery

The spatial configuration of the archaeological fea-
tures is well preserved and consists of clusters of
several tens to hundreds of fireplaces, pits containing
cattle bones, entire vessels, and grinding stones. Entire
pots and grinding equipment were found semi-buried
among fireplaces and probably represent hiding places
(Fig.5.12). By contrast, pits filled with animal bones
are much more commonly located outside the perim-
eter of the sites.

The large size of the sites is interpreted to indicate a
dense population, probably with recurrent occupation
of the same places along the lake shores (Cremaschi
and di Lernia 1998; di Lernia 1999b; Biagetti and di
Lernia 2003). Support for this view is also provided by
the permanent siting of heavy duty tools and large ves-
sels, difficult to transport, and ready for reuse during
subsequent visits. The sites of the lakes are therefore
interpreted a terminus in the transhumance route con-
necting the lakes in the Erg Uan Kasa to the mountain
ranges of Tadrart Acacus (Cremaschi and di Lernia
1998; di Lernia 1999a, b; Biagetti and di Lernia 2003).
This strict connection is further demonstrated by the
provenance of the raw material employed for lithics
(quarzarenite) and grinding equipment (quartzaren-
ite and sandstone), that derive from the Acacus area.
However occurrence of grinding equipment obtained
from granite and micaschist also indicates that trans-
humance may have extended at least to the western
slopes of the Algerian Tassili (250km to the west) or/
and to the westernmost outcrops of the Tibesti granite
(350km to the east).

79

5.4.3 The Wadi Tanezzuft and the Garat
Ouda Paleolake

5.4.3.1 Physiography

During the wet Holocene the Wadi Tanezzuft was a
large river, fed by several influents from the Tassili
and from the upper Tadrart Acacus. At its maximum
extension, it was about 200km long and ended in a
large interdune lake close to the Edeyen of Ubari at
about 60 km north of the Tadrart Acacus massif. In this
region three main physiographic features still preserve
paleoenvironmental records of the alluvial plain of the
Tanezzuft valley (early to late Holocene), the interdune
basins of the ErgTanezzuft (early Holocene), and the
playas fed by lateral branches of the main river (early
and middle Holocene).

The fluvial sedimentation inside the main valley
was already active by the 7th millennium BP, but the
deposits of this age are deeply buried in the middle of
the wadi and outcrop only locally at its margins. In the
early to middle Holocene (ca. 8000—6000 year BP) the
discharge of the Wadi Tanezzuft was large enough to
carry coarse sediments deposited as longitudinal gravel
bars (Fig.5.14) in a braided river system, turning
downstream into large meanders (Perego et al. 2007),
which architecture appears well preserved in satellite
images. After 5000 year BP, as an effect of the reduced
discharge, the grain size of the sediment transported
also changed, as the gravel load was replaced by sand
and mud, and an alluvial plain deposited along the main
branches of the river. The overbank deposits belonging
to the last aggradation phase are constituted by upward
fining cycles of cross laminated sand, sandy silt, and
sandy clay, often weathered into inceptisols or entisols.
The deposition of silty sediments is dated between 4000
and 3000year BP by the presence of several archaeo-
logical sites with fireplaces entombed within the allu-
vial deposits (Cremaschi and di Lernia 2001).

In the middle part of the wadi, a few kilometers
north from the village of Ghat, the course of the river
bordered the Erg Tanezzuft. Although the erg is not
very wide, it is similar to the larger Erg Uan Kasa. It is
composed of linear and star dunes separated by inter-
dune corridors. Lacustrine deposits occur along the
corridors at the base of the dune slopes, which consist
of hydromorphic horizons and organic sand deposited
during the early and middle Holocene.
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Fig.5.14 The Wadi Tanezzuft as from Landsat 7 satellite imag-
ery a On the left b a detail of the meander bars dating to the
early-middle Holocene. The progressive contraction of the oasis
is indicated in a. (Key: / extent of the late 6th millennium BP
oasis; 2 extent of the 4th-3rd millennium BP oasis; 3 extent of
the 2nd millennium BP oasis)

During the early Holocene the water supply from
the Wadi Tanezzuft was very large and several minor
channels branched out from the main stream into the
lowlands and depressions of the floodplain (Cremaschi
2001; Cremaschi et al. 2005). A similar phenomenon
is reported in northern Egypt where at the beginning
of the Holocene the Nile bed silted up high enough to
let the river overflow into the Fayum depression, feed-
ing the ancient lake Moeris (Hassan 1986).

The Garat Ouda playa is the widest basin of the
area. It hosted a lake some 80 km? wide in a depression
dammed to the north and to the west by the south-east-
ern fringes of the Erg Titersine, and to the east and the
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south by Inselberg-type reliefs and flat-irons. Close to
the dune, shore deposits are still preserved and consist
of black organic sand some tens of centimeters thick
intercalated with bleached sand. Fish bones and vegetal
remains have been found in the organic horizons. On
Landsat satellite images, the bright reflectance of the
area of Garat Ouda is produced by light gray to white
silt that fill the depression. The flat area covered by the
silt corresponds to the alluvial plain formed during the
early to mid-Holocene by the lateral branch of the Wadi
Tanezzuft. In the southern part of the basin there is a
system of meandering paleochannels that become the
distributaries of a delta toward the middle of the allu-
vial plain. These channels are not evident on Landsat
images but their shape is very clear in Ikonos images
(Fig.5.15). Furthermore, channel deposits (consisting
of pink silty sand) are evident in the field, as is the fact
that differential aeolian erosion has lowered the sur-
face of the alluvial plain by more than 50 cm. On sat-
ellite images the architecture of the middle Holocene
lower fluvial reaches and delta appear well preserved,
and through the superimposition of the channels, a
progressive migration of the main course towards the
east can be discerned (Cremaschi et al. 2005).

Fig.5.15 A detail of the meandering paleochannel of the ter-
minal reach of the left branch of the Wadi Tanezzuft in the area
of Garat Ouda (Ikonos satellite imagery): the black triangles
represent single middle Pastoral-Neolithic fireplaces, dotting
the perimeter of the paleochannel. Insert: the location of the
paleochannel in the Garat Ouda area
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5.4.3.2 Settlements

A few Epipaleolithic and Mesolithic sites have been
discovered at the margin of the early Holocene Tane-
zzuft river, mostly in the northern part of the valley.
They consist of clusters of lithics eventually associated
with fireplaces, large grinding equipment and pottery
with dotted wavy line decoration. Commonly, Meso-
lithic sites are buried in the silt of the alluvial plain,
indicating that the settlements were located close to
the former bank of the Wadi Tanezzuft. The Early and
Middle Pastoral-Neolithic sites occur in large number
along the main wadi course and inside the small ergs
surrounding it. The sites display similar features to
contemporary sites in the Erg Uan Kasa (Cremaschi
and di Lernia 2001). The Pastoral-Neolithic sites were
mostly located in the vicinity of river banks or close to
former lakes, especially in the central and northern part
of the valley, whereas evidence dating to these phases
are almost lacking south of the Erg Tanezzuft.

The distribution of sites in the Erg Tanezzuft is simi-
lar to that described for the Erg Uan Kasa and is related
to the geological evidence of former standing water.
Sites date almost to the Early and Middle Pastoral-
Neolithic periods. At a site (97/180) located in an inter-
dune corridor of the Erg Tanezzuft there is a catenary
sequence of soils and sediments at the base of the dune
slope, which may be regarded as representative for
settlement in this area (Cremaschi and di Lernia 2001).
On the floor of the corridor, lacustrine sediments occur
consisting of black sand with mollusc shells. Upwards,
along the slope, these sediments grade into hydromor-
phic soil with root casts, superposed on hydromorphic
sand. Above these, there is red weathered sand, cov-
ered in turn by the mobile part of the dune. Around the
fringe of the inner part of the corridor, which roughly
corresponds to the shore of a former lake, there is a
middle Pastoral-Neolithic semi-permanent camp.
Radiocarbon dating indicates that the site was contem-
poraneous with the lacustrine sedimentation.

The archaeological record is particularly rich and
well preserved in the area of the Garat Ouda playa, and
indicates adaptation to a fluvial-lacustrine transitional
environment. The Epipaleolithic sites are located
along the former shore of the lake in the northern part
of the area. The sites of the Pastoral-Neolithic periods
are dominant and consist of more than 2500 fireplaces
and grinding equipment distributed as a continuous
belt along the lower fluvial reaches near the deltaic
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areas (Cremaschi et al. 2005). The main concentra-
tions of archaeological features form small mounds up
to 1 m high. This is a post-depositional effect of wind
erosion, which lowered the area surrounding the sites
but not the sites themselves protected by the concen-
tration of stones and artefacts. The strong relationship
between the former channels and the distribution of
sites is clearly visible on Ikonos satellite imagery of
a meander of the lowermost fluvial reaches feeding
a delta located in the center of the Garat Ouda area
(Fig.5.15). Fireplaces systematically dot the two banks
of the channel and some occur nearby (up to 30m) on
the surrounding alluvial plain. Several pits containing
charred faunal remains have also been observed. Fau-
nal remains are of fish, crocodile, and hippopotamus,
and of cattle (as in the Erg Uan Kasa) better preserved
along the paleochannel. Bones belonging to large
animals are mainly found scattered throughout the
archaeological sites, and fish bones are concentrated
in small mounds that are the remains of garbage pits
or fireplaces partially removed by wind erosion. This
suggests a specific exploitation of the area of Garat
Ouda through hunting and especially fishing integrat-
ing the Pastoral-Neolithic practice of herding.

5.5 Droughtat 5000 Years BP

The main climate change toward aridity in the Sahara
(termination of the African Humid Period) is dated
at ca. 5000year BP (deMenocal et al. 2000; Kropelin
et al. 2008). Dry conditions did not affect the whole
region simultaneously, and effects on the landscape dif-
fered depending on geographical position and geomor-
phologic conditions. In SW Fezzan the desiccation of
the lakes, together with other environmental evidence
(such as rivers activity, pollen data, dendroclimato-
logical studies), indicates that this occurred during the
middle Holocene, and correlates with the weakening of
the monsoon rainfall and its retreat to southern regions
(Cremaschi 1998, 2002; Zerboni 2006, 2008). This dry
event is well represented in the dendroclimatic record
of the Cupressus dupreziana by two strongly negative
spells in the tree-ring sequence, which dates it at ca.
5040-4850cal year BP (Cremaschi et al. 2006). The
influence of the termination of the monsoon rainfall on
the Tadrart Acacus massif, the Erg Uan Kasa, and the
Wadi Tanezzuft is described in the following sections.
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5.5.1 |Inside the Acacus

The transition to different environmental condi-
tions at ca. 5000year BP is evident in many caves
of the Tadrart Acacus, and is marked by erosion and
a change in the sedimentation pattern. Depositional
trends that indicate aridity consist of erosional sur-
faces at the top of the Middle Pastoral-Neolithic lay-
ers, deposition of lenses of acolian sand inside the
caves capped by extensive dung layers, and collapse
of the roofs of many rockshelters. Micromorphologi-
cally the dung layers are characterized by a platy dis-
continuous microstructure with few voids, including
deformed coprolites and clongated plant fragments;
this is interpreted as due to trampling and is indica-
tive of a stable deposit (Fig. 5.10). In some cases sand
lenses alternate with the organic strata, indicating a
formation in a dry environment with marked season-
ality. Dung deposits are dated from 5200 to 3770 year
BP. In the sequence of Uan Muhuggiag, for instance,
a discontinuity related to wind erosion is covered by a
layer of dung consisting of unaltered plant and straw
remains cemented by animal excrement. The fact that
this material did not suffer significant bacterial deg-
radation is attributed to a semi-arid, dry environment
(Cremaschi 1998). Pollen analyzes from the Uan
Muhuggiag site confirm the general paleoenviron-
mental trend of the sedimentary sequence with Poca-
ceae, Capparaceae, Acacia, and Artemisia at the top
indicating dry steppe (Mercuri 2008). The same sedi-
mentary pattern has been described in several other
rockshelters, such as in the case of the Uan Telocat
sequence, where a thick layer of preserved leaves
alternate with sandy layers.

The Late Pastoral-Neolithic sites increased in num-
ber from the end of the 6th millennium BP up to the
beginning of the 4th millennium BP (Fig.5.6). This
increase is both related to the archaeological vis-
ibility (the mountains archaeological sites are better
preserved) and to a different settlement pattern that
implied a seasonal occupation of rockshelters, used for
penning activity. The main characteristic of this phase
are the diversified use of rockshelters, the introduction
of undecorated pottery, and the exclusive use of ovi-
caprines (Cremaschi and di Lernia 1998).

After the Late Pastoral-Neolithic phase and during
the Garamantian period (5th century BC to 5th century
AD), the caves and rockshelters of the Tadrart Acacus
are still attended, although the sites are very limited
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in number. The exploitation of the mountain is mainly
based on herding of flocks, and the sites in the mas-
sif were connected to the main settlements of the time
(Liverani 2005), located in the oasis and correspond-
ing to the main centers of the network of the Garaman-
tian kingdom (a tribal people in the Fezzan, descended
from Berbers and Saharan pastoralists).

Considering the rock art as an indication of the per-
ception of landscape, a main discontinuity with the
Pastoral-Neolithic phase is evident. During the wet
early and middle Holocene, the representations were
strictly related to the landscape and its exploitation
(paintings and engravings of animals close to former
water points, hunting scene, shepherd with flocks,
and so on), whereas in this and later periods rock art
became a tool to mark the territory (Cremaschi et al.
2008). The late Holocene dwellers of the massif left a
few representations of humans and animals to indicate
the seasonal availability of water, to signpost the main
paths and passes crossing the mountain, and to mark
their presence in specific areas. The main routes were
marked by representation of four-horse chariots. Fur-
thermore, they decorated with inscriptions in Tifinagh
(a Berber alphabetic script) the most relevant locali-
ties leaving us a complex system of landmarks not yet
completely understood.

The exploitation of the Tadrart Acacus valleys is at
present limited to a few Tuareg groups (the so-called
kel Tadrart), whose life is regulated by the availabil-
ity of natural resources (water and grass); till the late
1970s they used to move on the massif, looking for
water, and building their base camps close to active
‘gheltas’. Today, notwithstanding the harsh climatic
conditions, their style of life is becoming more sed-
entary, as the excavation of deep wells at the month of
the main wadis of the massif guarantees the availabil-
ity of water for man and goats throughout the year.

5.5.2 Drying and Abandonment of the
Erg Uan Kasa

Lacustrine sedimentation is no longer recorded in the
Erg Uan Kasa after ca. 5500-5200year BP (Fig.5.4)
indicating that shortly after this period the lakes dried
out (Cremaschi 1998, 2002; Zerboni 2006). Interrup-
tion of the monsoon precipitation radically changed
the environmental conditions of the dune corridors in
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the Erg Uan Kasa. Water availability rapidly decreased
and the water stored in sand was drawn to the topo-
graphic surface by capillary uprise. Then it evaporated
and salts precipitated. Most of the lacustrine basins,
located in the northern and central parts of the erg
were sealed by gypsum and alkali crusts. The effects
of incoming drought were slightly different in the
southern part of the Erg Uan Kasa where the interdune
corridors correspond to the downstream direction of
the main valleys cutting the Tadrart Acacus massif. In
this area the run off of water from the massif lasted
for several centuries and the result was that the early
to mid-Holocene lacustrine deposits were buried by
fluvial silty sediments, as an effect of enhanced slope
degradation in the mountain range (Fig.5.16). A sub-
sequent single, very short, wet episode in the southern
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Fig.5.16 Stratigraphic sequence from a southern interdune cor-
ridor of the Erg Uan Kasa (site 03/508); it is representative for
the transition from a lacustrine to fluvial sedimentary environ-
ment. Uncalibrated radiocarbon dates are reported (A4 bedrock
(sandstone); B hydromorphic horizon; C organic deposit and
carbonatic mud containing molluscs (shallow lake facies); D
silt intercalated by organic mud (alluvial plain); E silty to sandy
deposits (channel bars))
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part of the erg dates at ca. 2400 year BP (Cremaschi
1998). It is probably related to a limited resumption
of the monsoon. However, the dominant process soon
became wind erosion and this removed most of the
deposits and soils formed during the wet Holocene
(Cremaschi 2002, 2003).

The Pastoral-Neolithic occupation which followed
the desiccation of the Erg Uan Kasa was dramatically
reduced. The transition from Middle to Late Pasto-
ral-Neolithic phases recorded not only a decrease
in site concentration, but also a major change in the
configuration of the settlements. The Middle Pastoral-
Neolithic sites were large and included organized set-
tlement structures and facilities, whereas those of the
later phase appeared to be quite small, almost lacking
any complex archaeological feature, except for a few
scattered fireplaces, small concentrations of tethering
stones, and scarce artefacts (Cremaschi and di Lernia
1998). The Late Pastoral-Neolithic groups left the
margin of the dunes where the shores of the desiccated
lakes were located, and moved towards the center of
the interdune corridors. The sites of this phase lic on
erosional surfaces. In any case, clusters of fireplaces
could indicate that the erg was never completely aban-
doned even under very dry conditions and may have
been marginally exploited by nomads for hunting and
pastoralism (Kuper and Kropelin 2006). Later, it was
crossed by the early historical caravan routes, as testi-
fied by the Garamantian fortified sites at the western
margin of the erg.

5.5.3 Origin and Decline of the
Tanezzuft Oasis

During the middle Holocene, after the surrounding
areas had already dried out, the activity of the Wadi
Tanezzuft persisted for millennia (Fig.5.4), although
the river became shorter and endorheic, no longer
reaching the terminal lake located close the sand sea of
Ubeari. Its fringe was located at the northern end of the
Tadrart Acacus massif.

As an effect of the reduced discharge, the grain size
of the sediment also changed. Gravel was replaced by
sand and mud, and an alluvial plain developed along
the main branches of the river over gravel bars and
burying archaeological sites. The deposits belonging
to the alluvial plain have been radiocarbon dated from
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ca. 4200 to 2900year BP (Cremaschi 2001). Sandy-
loamy sediments are interlayered with thin soils with
hydromorphic features and crossed by root casts. Both
are evidence of a greater groundwater availability and
plant cover on the alluvial plain.

The subsequent increase in dryness reduced the
flow along the Wadi Tanezzuft such that water supply
to the Garat Ouda delta-lake system ended between
5200 and 4800 year BP and the lake dries up (Cremas-
chi 2001; Cremaschi et al. 2005). Abruptness of the
change allowed for good preservation of geomorpho-
logic features, also because no reactivation occurred
afterwards.

During the mid-late Holocene drying phase, the
Wadi Tanezzuft became an oasis (Cremaschi 2001,
2003). In this context the term oasis should be under-
stood as an isolated physiographic unit within the
mosaic of the desert physiographic features of the
Saharan-Arabic arid belt. It consists of an area of
vegetation, typically surrounding a water source that
occurs where groundwater lies close to the desert
surface, and where plant roots and wells can reach it.
The oasis attracted and concentrated the Late Pastoral-
Neolithic communities pushed out from the surround-
ing territories by drought. Moreover, the onset of new
environmental conditions led to adaptive strategies to
aridity that, starting from a simple exploitation of the
land resources (such as agricultural activity), became
more sophisticated after several centuries combining
local land resource exploitation with long distance
trade through the caravan routes (Liverani 2004).

It is not surprising, therefore, that the Wadi Tanez-
zuft was also densely inhabited during the Late Pas-
toral-Neolithic period (Fig.5.6), when occupation in
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surrounding areas was considerably reduced and lim-
ited to specific movements related to nomadism. Con-
figuration and distribution patterns of the sites dating
from this period and found inside the perimeter of the
oasis may suggest an interest in exploitation of the
soil in a context of rising sedentarism. Individual sites
are basically composed of fireplaces and storage pits,
with vessels and faunal remains, but they include also
a large number of grinding equipments, together with
lithic hoes and gouges—possible indications of land
management and crops processing.

In the central part of the alluvial plain of the Wadi
Tanezzuft some phytogenic dunes related to tamarisk
bushes are concentrated along the most depressed part
of the alluvium. The dunes date from medieval times
(ca. 600year BP; Fig.5.17), and they blanketed the
alluvial plain in which Late Pastoral-Neolithic archae-
ological sites are buried (Cremaschi 2001). These sites
were located close to the water resource despite the
possibility of flooding. Micromorphology of a buried
inceptisol developed at the top of the alluvium and con-
nected to a Late Pastoral-Neolithic site shows strong
bioturbation (root cast), fragmentation of the structure,
and occurrence of coarse coatings associated with
charcoal and phytolithes (Fig.5.17). Micropedologi-
cal evidence suggests some kind of soil management,
including ploughing and the slashing and burning of
the vegetal cover.

Clusters of tethering stones have been found in the
alluvial plain at the northern end of the Tadrart Aca-
cus massif (Fig.5.18). They are distributed across the
width of the valley, in the northern part of the Wadi
Tanezzuft (Fig.5.18). The significance of tethering
stones in the Saharan archaeology is still under dis-

2755 + 125 years BP

Fig.5.17 Stratigraphy of a phytogenic dune (4) that covers a
soil (B) developed at the top of the middle Holocene alluvium
(D). A Late Pastoral-Neolithic site (C) is buried under the soil
(site 96/267); uncalibrated radiocarbon dates are also indicated

<3890 + 60 years BP

A

(After Cremaschi 2001). The insert (£) is a microphotograph of
a thin section (plane polarized light) of the soil showing strong
bioturbation, fragmentation of the structure, coarse coatings,
small charcoal, and phytolithes
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Fig.5.18 a Distribution of the tethering stones at the northern
fringe of the mid-Holocene Tanezzuft oasis (location in the
insert). b A tethering stone from the northern Wadi Tanezzuft

cussion: even if a use in management of livestock
cannot be excluded, the evidence of rock art suggests
that they were certainly connected to hunting activ-
ity and used as a component of traps for wild animals
(Pachur 1992; Cremaschi 2001; di Lernia et al. 2008).
In this case the distribution of tethering stones corre-
sponds with the extreme reach of the Wadi Tanezzuft,
and therefore with the limits of the oasis in the late
5th millennium BP, as reconstructed on the basis of the
geological evidence. Here the main concentrations of
tethering stones, occurring at the interface between the
oasis and the desert, would indicate the most probable
access of wild game to the water in the oasis, and an
intense exploitation of the marginal areas by hunters.
Radiocarbon dates indicate that the boundaries of
the Tanezzuft oasis were stable in the 4th and 3rd mil-
lennia BP, but during the 2nd millennium BP the oasis
contracted significantly (Fig.5.14; Cremaschi 2003).
At this time, archaeological evidence shows that the
Tanezzuft oasis became the southern border of the
Garamantian kingdom, and acted as a node on caravan
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routes connecting the central Sahara to sub-Saharan
Africa (Liverani 2004). The climatic conditions at the
beginning of the 2nd millennium BP and its effects on
the Garamantian civilization are still under discussion.
However, during their whole history the Garamantes
tried to adjust to increasing aridity, for instance with
water management (irrigation) for intensive agriculture
within the oasis (Liverani 2005). For example, the fog-
gara system (a traditional systems of water catchments
and horizontal underground shafts that drain water and
convey it by gravity) was used in the Germa (formerly
Garama, capital of the Garamantian kingdom) oasis
until medieval times (Mattingly 2003). In the southern
Wadi Tanezzuft, where the main Garamantian settle-
ments were located, there is no evidence of complex
irrigation strategies apart from a few small canals now
largely buried by sand dunes. It is likely that in the
area of Ghat, El Barkat, and Fewet agriculture was sus-
tained by shallow wells.

In the Tanezzuft valley the Garamantian settlement
mainly consists of fortified villages and compounds
located as a protection of the fringes of the oasis (Liv-
erani 2005; Biagetti and di Lernia 2008). Information
about actual land use is poor although archaeobotani-
cal data confirm intensive agriculture (Mercuri et al.
2005). Several minor sites of this age, composed of
clusters of fireplaces and scatterings of pottery, have
been found buried by alluvial deposits (Cremaschi
2005). They indicate that the oasis was larger than
today, and was probably sustained by the wet condi-
tions evidenced by the presence of Cupressus dupre-
ziana, which occurred between 2800 and 2200 years
BP (Cremaschi et al. 2006). At that time Wadi Tane-
zzuft was still active and was a source of water for
cultivation.

It is impossible to separate climate change and
socio-political factors in explaining the collapse of the
Garamantian kingdom. However, it was coincident
with the onset of very dry conditions in the region and
with the disaggregation of the boundary of Roman
Empire in North Africa, and the consequent interrup-
tion of the commercial routes to the south (Liverani
2005). In any case the Garamantian occupation in the
oasis ended about 1600 years BP. This coincides with
the onset of very dry conditions, as indicated by the
progradation of sand dunes into the oasis and by a
sharp decrease of the tree-ring size in the dendrocli-
matic record of Cupressus dupreziana at 1573 year BP
(Cremaschi 2005; Cremaschi et al. 2000).
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The configuration of the oasis of the Wadi Tanezzuft
at the end of the Garamantian kingdom was preserved
by the exploitation of the residual water resource by
means of shallow wells up to the beginning of the last
century. These conditions lasted until a few decades
ago, when the oasis slightly expanded again to a
maximum extent in the 1980s thanks to the excava-
tion of deep wells that exploited the fossil hydrologi-
cal reserve. Today overexploitation of such waters is
exhausting the reserve, and Ikonos satellite imagery
shows recent plantations abandoned and obliterated by
sand.

5.6 Conclusions

From the climatic history and cultural dynamics of the
central Sahara a few conclusions can be reached.

a. A comparison of the geoarchacological develop-
ment throughout the Holocene of the Tadrart Aca-
cus, Erg Uan Kasa, and Wadi Tanezzuft, strongly
suggests that water availability was the main factor
shaping the landscape and driving the evolution of
settlement and the cultural dynamics of the popula-
tion living there. For example, the early Holocene
dry event (8.2 kiloyear BP event), though short, had
a disruptive effect on the landscape. The most sensi-
tive environment was the mountain where a discon-
tinuity in anthropogenic sedimentation in caves and
rockshelters marks a strong reduction in resources,
likely followed by a change in survival strategies.

b. The modern period of hyperaridity began with the
mid-late Holocene transition. The withdrawal of the
African monsoon and the progressive fall in water
resource mark the turning point of environmental
conditions at ca. 5000 year BP. The response of fresh
water systems seems to be instantaneous, while ter-
restrial environments have gradually adapted to
increasing aridity. Finally, the water resources con-
tracted to the oasis. The Pastoral-Neolithic com-
munities which had settled all the landscape units
were forced into the limits of the oasis, where they
developed different subsistence strategies. The
oases promoted a new, revolutionary model of ter-
ritorial management, giving rise to different subsis-
tence strategies evolving towards complex social
systems.
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c. The oases did not constitute stable geomorphologic
system. They experienced a reduction in size fol-
lowing the decrease in the water resource. They
could not halt the encroaching aridification, and
crisis and collapse of societies such as the Gara-
mantian was a common outcome. Moreover, the
recent history of the Tanezzuft oasis shows that in a
marginal environment the anthropic impact, even if
very limited in time, would have quickened natural
changes (as the recent lowering of the deep aquifers
testifies), and thus accelerated desertification.

d. However, even after aridification, dry lands (as the
Erg Uan Kasa and the northern part of the Wadi
Tanezzuft) were never completely abandoned, and
were subjected to reduced human exploitation.
These areas, apparently remote and abandoned,
were in reality frequented by nomads, hunters, and
shepherds who exploited their scarce resources.
These are fragile environments and the seemingly
marginal but protracted human pressure may have
ultimately contributed to accelerate landscape
degradation. Large scale devastation may have
resulted from the human-induced intensification
of such interconnected processes as aeolian ero-
sion, soil stripping, and the extreme reduction of
vegetal cover. Marginal pastoralism might have
enhanced the soil erosion and consequently the
spread of desertification. Furthermore, the use
of specific hunting artefacts in the desert areas,
such as tethering stones in the Sahara region, or
desert-kites in the Middle East (Helms and Bettis
1987), might have a long term effect on the local
environment.

e. The steps toward aridity and the reduction in size
of the oases appear to be connected to local con-
ditions. In this sense, the present work should be
intended as a confirmation of recent hypotheses
concerning a differentiated Saharan mid-Holocene
aridification and a slow rate of desertification in
specific areas (Kropelin et al. 2008). Care should
be taken to avoid any regional generalization and
future detailed studies should be encouraged in
selected areas to better understand the effects on the
landscape of the termination of the African Humid
Period.

f. Although data archives of high resolution proxies
(isotopes, tree-rings, CO,, CH,, as so on) give an
idea of the intensity of climate change, a reliable
interpretation of what happened in the physical
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environment is offered only by combining geomor-
phologic evidence with the archaeological record
into an integrated geoarchaeological approach.
Holocene paleoenvironmental reconstructions in
arid lands should be coupled with the study of the
settlement pattern revealed by archaeology. The
geoarchaeological approach to climate change
offers an opportunity to understand the past and
provides a key to solve present and future issues.

g. Finally, in the context of Quaternary changes, the
modern Sahara seems to show anomalous behav-
iour. The dismantling of the Alpine glaciers, even
at mid-latitudes, could be considered typical of an
interglacial, but the modern expansion of the desert
may correspond to environmental conditions more
consistent with a glacial period. It is possible that
desertification may have been intensified by human
exploitation of the Sahara since the mid-late Holo-
cene. This may be taken as one more case where
humankind has significantly affected decrease in
the size of a water reserve and a reduction of the
sequestration of CO, in soils and sediments since
early times. This would conform to the ideas pro-
posed by Ruddiman (2003) concerning the early
anthropogenic overprints on climate.
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Chapter 6

The Desertification of the Egyptian Sahara
during the Holocene (the Last 10,000 years)
and Its Influence on the Rise of Egyptian Civilization

Michael Brookfield

6.1 Introduction

Egyptian civilization is the gift of the Nile. But it is
also the result of climatic change since the last ice
age (Fagan 2004). During the last 10,000years or
so, desertification, punctuated by temporary rever-
sals, has driven people out of what was once a well-
watered savannah covering vast areas of the present
Sahara into smaller areas fed by rivers and near-sur-
face groundwaters. In Egypt, the result was a rela-
tively large population in a relatively small area, the
Nile Valley (Barich 1998). This has led to ideas that
this population required organization in order for it
to survive and allow complex regimented societies to
develop; exemplified by the early Pharaonic period
with its huge public works projects—the pyramids
and associated monuments (Wilkinson 2003). But did
complex societies evolve during this organization or
was the organization a pre-requisite for the complex
societies; did it take place before the constriction of
society into the Nile Valley; and did it begin in one
area and then spread? A popular view is that increas-
ing social complexity occurred during the devel-
opment of agriculture, made possible by a benign
climate while severe climatic change interrupted this
development (Burroughs 2005). On the other hand,
there is increasing evidence that social complex-
ity developed during climatic deterioration (Brooks
2006). Such questions require objective analysis of
the timing of development of different social systems
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related to climatic change in different parts of Egypt
and adjacent areas.

The area covered in this study is primarily encom-
passed by the present country of Egypt with some data
from adjacent areas of Libya, Chad, Sudan, and even
further away where necessary (Fig.6.1). And because
of the lack of evidence in the Nile delta and adjacent
areas, most of this study deals with an area between
Gilf Kebir and the Red Sea coast, south of Cairo
(30°N). This band contains four rather separate areas:
(a) the westernmost desert (around Gilf Kebir, Gebel
Uweinat, and the Great Sand Sea), characterized by
abundant cave engravings and paintings. There are few
studies from this area and the few Bedouin inhabit-
ants of the area left when the last wells dried out in the
early twentieth Century; (b) the oases belt between the
westernmost desert and the Nile, with few engravings
or paintings but with many stratified sites; (c) the Nile
Valley (including the Faiyum), with the best stratified
sites and dates; and (d) the eastern desert between the
Nile and the Red Sea, with mostly engravings and
paintings.

This chapter attempts to: first, summarize the cli-
matic changes from physical evidence; second to sum-
marize the changes in human societies in different parts
of Egypt as they moved from hunter-gathering in the
Sahara savannah of the early Holocene, to the complex
civilization of the early Pharoahs in the Nile Valley, and
to relate these to climatic changes during this period.
For the first we require fossils, sedimentary and land-
scape evidence that allows us to determine environ-
ment. For the second we require evidence of societal
change that can be preserved: these are such structures
as refuges and buildings, tools and other artefacts, pre-

See Plate 5 in the Color Plate Section; also available at: extras.
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Fig.6.1 Location map of
Egypt and Sudan with cited
localities. Dashed line is P -
current boundary between =
western desert and oases
divisions. Nile river division
separates oases and eastern
desert division. Present oases
are in bold italics

200 EIl

served art, sculpture and painting for example, and a
stratigraphy or relative age which allows their place-
ment in a historical context. For both we require good
dating, not only of the societal changes but also the
climatic changes, and this is difficult to get.

Relative dating comes from standard stratigraphic
methods such as superposition and cross-cutting rela-
tionships. The main problems are: that time breaks of
greater or lesser magnitude may separate the strata
themselves and any incised pits; and the different arte-
facts used in different cultures at the same time obscure
time equivalence.
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Absolute dating (in years) comes from a variety of
methods. Fortunately, artefacts from about 5000 BP
(in Egypt) can sometimes be calibrated with written
historical records. Prior to that, "C dates require cali-
bration to calendar years with tree rings, but only up to
about 7000 BP. Prior to this other methods are needed:
this paper uses the Thorium/Uranium calibration with
fossils corals back to 50,000 BP (Before Present, pres-
ent being 1950) (Fairbanks et al. 2005); and all “C
dates in this paper are calibrated and are given both
in BP and BC: to convert add or subtract 1950 years
respectively.
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Fig. 6.2 a Present-day
August positions of Intertropi-
cal Convergence Zone (ITCZ)
and Congo Air Boundary
(CAB) with southern Sahara
margin and wind directions.

b Inferred early Holocene
position of ITCZ and winds.
Note that more southern
January ITCZ position would
also imply penetration by
northeasterly Mediterranean
winds at that time

southern

Sahara
margin

6.2 The Present Situation

The first necessity in interpreting climate and culture
in the past is to determine existing relationships and
interactions in comparable modern situations.

Tropical to subtropical climates are currently dom-
inated by the two Hadley circulation cells. Hot air
rises at the equator at the Intertropical Convergence
Zone (ITCZ) and cooler air descends around 30°N
& S and flows back towards the ITCZ. The ITCZ
migrates north and south with the seasons, bringing
summer rains to the Sahel and Sahara and winter rains
to the Mediterranean coast. The northward movement
of the (ITCZ) in the summer (Fig.6.2a) determines
the quantity of rainfall in a particular year: if its circu-
lations penetrate far to the north there will be a long
rainy season and good rains; if they do not penetrate
sufficiently far north, then the rains may fail totally.
During the winter, hot dry winds blow from the north-
east. In spring, Mediterranean cyclones may rarely
penetrate the eastern Sahara bringing rare downpours
to hyperarid areas such as the Gilf Kebir. Rainfall
decreases northwards from the tropical rainforests
to the Sahara: and rainfall variability also decreases
with increasing annual rainfall. A dry year with a 10%
probability (9 out of 10 years will be wetter) has only
half the rainfall of an average year at 200mm, 65%
at 400mm and 80% at 1000 mm. During the early
Holocene, the ITCZ penetrated much further north
(Fig.6.2b). Climate determines both the nature and
location of the major ecotype belts and their land use
(Fig.6.3).

At present, there is a sharp division between the
arid to hyperarid western and eastern deserts with their
sparse nomadic Bedouin populations and the Nile

Valley and oases with their dense settled agricultural
populations. This sharp division did not occur in pre-
historic times when the climate was generally wetter
and the more gradual changes now seen south of the
Sahara were often prevalent. The desert to savan-
nah habitats and societies of northern Africa are thus
particularly relevant for interpreting the pre-historic
Holocene societies of Egypt (Midant-Reynes 2000;
Thurston et al. 1993).

But some definitions of the type of societies present
are needed. Foraging societies collect food available in
nature by gathering wild plants, hunting wild animals
and fishing. Pastoral societies raise livestock such as
goats, cattle and sheep as food. Specialized pastoralists
rely on such livestock, periodically moving the herds
in search of fresh pasture and water. Multisource pas-
toralists mix herding with foraging and even farming.
Farming is the growing of domesticated plants and rais-
ing of domesticated animals. None of these, of course
are mutually exclusive which makes archaeological

Fig. 6.3 Current biomes of northern Africa; the highest cattle
concentrations are in the northern Sudanian savannah and south-
ern Sahel biomes
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interpretations very difficult. For example, among
pastoralists, at one extreme the nomadic Fulani people
herd cattle, goats and sheep across vast dry areas from
west Africa to Sudan, keeping somewhat separate
from the local agricultural populations, though they
trade with them (Bonte 1999): at the other extreme
the Raikas of Baluchistan often exchange milk, meat,
wool, and manure, for grain, vegetables, and other
goods produced by their settled neighbors. Also the
cultivators compete and pay for having herds manure
their fields and in exchange allow the herd to graze
in their forests (Agrawal 1999). Foraging societies are
now very limited, being mostly replaced by pastoral-
ists and/or farmers.

The Sudanian savannah is divided into the East
Sudanian savannah, east of the Cameroon highlands
and the West Sudanian savannah to the west and these
have slight differences (Fig. 6.4a). Rainfall (from April
to October only), varies from 600 mm in the north to
1000mm in the south. Typical species are trees and
shrubs (Combretum, Terminalia, Acacia), and tall ele-
phant grass (P. purpureum), with large mammals like
the African elephant, giraffe, cheetah, leopard, lion,
giant eland, black rhinoceras, and white rhinoceros,
though many have been eliminated through over-hunt-
ing. During the dry season, most of the trees lose their
leaves, and the grasses dry up and often burn. Human
population density is high (50-100 people/km?) with
land use varying from farming in settlements to multi-
resource and specialized pastoralism (Fig. 6.4b, c). The
Sudanian savannah is the main area of arable farming

Fig.6.4 Biomes and land use.
a East Sudanian savannah.

b Agriculture in Sudanian
savannah. ¢ Cattle herding in
northern Sudanian savannah.
d Sahelian Acacia grasslands
in winter

M. Brookfield

because: the rainfall is high enough, yet leaching is still
modest; the variability of rainfall is rather limited; and
the availability of nutrients for growth of annuals is at
maximum. The distribution of rainfall in a single sea-
son also promotes the growth of annual plant species
and thus arable subsistence farming, where cereals are
the obvious favored crops in view of the potential yield
in both quantity and quality per unit area.

The Sahel is mostly covered in grassland with areas
of savannah woodland and shrubland. At present, the
Sahelian Acacia savannas form an unstable transition
zone between the wooded Sudanian savannahs on the
south, composed mainly of shrub and tree species and
tall elephant grass, and the true Sahara Desert on the
north (Fig. 6.4d). Grass cover is fairly continuous and
dominated by annual grass species with Acacia spe-
cies as the dominant trees. The Sudanian and Sahelian
savannhs are the dominant areas of specialized pasto-
ralism as shown by the density of cattle. In the north-
ern Sahel, areas of desert shrub, alternate with areas of
grassland and savannah. During the long dry season
(November to May), many trees lose their leaves, and
the predominantly annual grasses die. Before over-
hunting, the Sahel had large populations of grazing
mammals, including the scimitar-horned oryx, dama
gazelle, dorcas gazelle, red-fronted gazelle, and bubal
hartebeest, along with the African wild dog, cheetah,
lion, and other large predators. Traditionally, most peo-
ple in the Sahel are specialized pastoralists. Herds graze
on high quality feed in the north during the wet season,
and then trek several hundred kilometers to the south,
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to graze on more abundant, but less nutritious feed
during the dry period. Before the domestication of ani-
mals, however, foraging would be the only viable strat-
egy. In historic times, a series of decentralized empires
(multiresource pastoralism) emerged after 750 AD,
and supported several large independent trading cities
in the Niger Bend region, including Timbuktu, Gao,
and Djenné. Expansion south into the forest zone was
prohibited as their horses and camels could not survive
the heat and diseases of that region.

In the twentieth century, great variations in annual
rainfall have caused relatively favorable times to
alternate with killing droughts: and such alternations
occurred in the past. The nature of these alternations
requires investigation as they are critical to under-
standing Holocene changes. For example, perennial
grasses, shrubs and trees extend their habitat to the
north during long periods of higher rainfall and rela-
tive low exploitation of the vegetation. But a few years
of drought are enough to push them back again, far to
the south. This is a much faster process than the exten-
sion of habitats to the north, which is counteracted by
the predominantly southward seed dispersion mecha-
nisms by the Harmattan, the dry wind from the Sahara,
and by migrating herds (Bremen 1992). We would
expect that any northward migration of cultures would
be slower than southward retreat. The biomes and their
associated human cultures can be used to interpret the
archaeological record in terms of climate change.

6.3 Climatic Change

Evidence of climatic changes comes from: (a) sedimen-
tary evidence of sand dune movement and accumula-
tion (dry) and active fluvial channeling and sediment
accumulation in both fluvial channels and lakes (wet),
though care has to be taken to try and separate arid
and hyperarid stream deposits from semi-arid stream
deposition (a very difficult thing to do), many wetter
phase deposits, such as lake deposits have been, and
are being, removed by aeolian deflation during dry
phases (Kropelein et al. 2008), and there can be sig-
nificant lags between climatic change and sedimentary
response (Kocurek 1999); (b) fossil evidence of the
presence or absence of a biota indicating grassland,
savannah, lake and desert environments; (c) artefacts
indicating human activities in drier, savannah climates

(such as hunting tools without other artefacts and with-
out permanent settlements) and wetter climates where
crops can be grown (such as carbonized cereal grains
and grinding querns); (d) sculptures, engravings and
paintings indicating the animals living in the area, such
as giraffes (drier savannah) and hippopotamus (at least
locally wetter periods) (Muzzolini 1992).

Contrary to earlier concepts of climatic stability
during the Holocene, studies during the last decade
indicate marked climatic changes in the Sahara which
do not correlate with higher latitude climatic changes
(Kuper and Kropelein 2006). Astronomical forcing
is one of the causes of these changes (Crucifix et al.
2002): for example, the maximum Earth obliquity
was reached at 10,000 BP and has declined by about
1° of latitude since then: this affects the insolation of
both hemispheres as well as the latitudinal migration
of the Intertropical Convergence Zone (ITCZ), which
would reach one degree further both north and south
in the earliest Holocene. The present biotope distribu-
tion is related to the annual rainfall partly controlled
by the summer position of the ITCZ (Fig.6.2a). Dur-
ing the early Holocene maximum ITCZ displacement,
the biotope distributions show increased summer-early
autumn rainfall in the Sahara centered on about 20°N,
extending southwards to the Sudanian woodland as
well as northwards to the Mediterranean and southern
Europe (Fig. 6.5), and with slightly cooler tropical and
subtropical temperatures which would reduce evapora-
tion (Salzmann et al. 2006).

Current ideas on climatic change in the Sahara have
been summarized by Brooks (2006). After a long late
glacial hyperarid period, including the Younger Dryas
(from 12,900 to 11,500 BP), when the Nile underwent
enormous fluctuations in discharge (Said 1993) and
the huge sand draa of the Great Sand Sea developed
(Bessler 2002), the entire Sahara became wetter as
tropical rainfall belts shifted northwards by as much
as 800 km (Nicholson and Flohn 1980). From around
10,500—-6000 BP, the Sahara had many lakes with
an abundant Sudanian- and Sahelian-type savannah
climate flora and fauna (Damnati 2000). This period
was interrupted by colder episodes of increased arid-
ity, as shown by Nile discharges: the most severe was
around 8000 BP which is inferred from a widespread
cooling in the oxygen isotope signal between 8400
and 8000 BP and evidence of an abrupt climatic reor-
ganization between 8200 and 7800 BP as circulations
changed to full postglacial conditions (Brooks 2006).
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Fig.6.5 Annual rainfall in 60N
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Though wetter conditions recurred after 8000 BP, the
northern playas began to dry as early as 7700 BP (see
oases belt below): most rainwater-fed playas began
to wane around 7000 BP and became desiccated by
5500 BP. About 6200 BP the modern phase of hyper-
aridity had begun in southern Egypt (Wendorf and
Schild 1998).

The Sahelian vegetation zones were 500-600km
north of their present range around 8000 BP, and
300—-400km north around 6400 BP. With increasing
desiccation from 6000 BP onwards, the savannah for-
mations retreated to the south until their present posi-
tion was reached by 3800 BP (Neumann 1989). Some
climate modelling results and paleoclimate data have
indicated that the change from a semi-arid climate with
about 250 mm of rainfall to a hyperarid climate with
less than 50 mm/year of rainfall occurred over a rela-
tively short period of time, on the order of hundreds
of years (deMenocal et al. 2000). But recent evidence
from sediment cores from Lake Yoa in the east-central
Sahara (Fig. 6.1) indicates that a slower transition over
several thousand years may have taken place, at least
in that location (Krdpelein et al. 2008), while evidence
from a number of localities suggest that transition
times may have varied from place to place by as much
as 2000 years (Salzmann et al. 2006). The rate of cli-
matic change is important in understanding the feed-
back mechanisms involved, but the evidence is still
inconclusive, especially as feedback and lag effects
have to be considered (Kocurek 1999). For example, a
change from desert to grassland in the southern Sahara
would increase rainfall by 12% (Kutzbach et al. 1996).
Abrupt climate changes over a few hundred years have
a greater impact on human societies than changes over
thousands of years.

6.4 Societal Changes

The best evidence of societal change comes from
habitation structures with associated artefacts
arranged in a stratigraphic order of change. These
are very rare and mostly limited to the later stages of
societal development which, being relatively young,
have a better chance of preservation. Sculpture and
paintings can also help determine such changes.
The type of artefacts can also help in determining
the activities of the contemporary population and,
by comparison with existing societies help in deter-
mining the structure and complexity of those ancient
societies (Diamond 1997). For example, religious
structures suggest a priesthood specialization, while
variations in contemporary grave goods suggest
social stratification.

Our present knowledge of societal changes are
summarized in numerous books and articles (Grimal
1992; Phillipson 2005; Midant-Reynes 2000; Wendorf
and Schild 2001; Edwards 2004; Burroughs 2005) and
four successive cultural phases have been recognized
(Kuper and Kropelein 2006). Although these phases
will be followed in the summary, they need to be
backed up by evidence from individual sites discussed
below (all locations are on Fig.6.1).

6.4.1 Westernmost Desert

In the westernmost desert, information is mostly limited
to surface finds and the abundant paintings in caves,
alcoves and rock outcrops at Uweinat, Arkenau and
Gilf Kebir (Fig. 6.1), where numerous engravings and
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Fig.6.6 Gilf Kebir. a Gilf
Kebir looking west to Libya,
arrow shows typical location
of groundwater sapping that
forms ‘caves’. b Cave of
swimmers alcove, with Count
Almasy around 1933.

¢ Swimmers. d Grinding
quern and stone grinder

paintings, together with stone tools, show the activities
of the inhabitants and their animals (Fig. 6.6).

The best stratified site is Wadi Bakht on the south-
eastern side of the Gilf Kebir (Fig.6.1). Here, an early
Holocene dune at the end of the terminal Pleistocene
hyperarid phase (around 10,000 BP) blocked a wadi,
ponding back an ephemeral lake which was occupied
until 5250 BP (Fig.6.7a,b; Linstadter and Kropelein
2004). Four cultural phases were distinguished in this
and adjacent areas (Fig. 6.7c; Gehlen et al. 2002). Gilf
A (10,000-8500 BP) has only limited small lithic tools
and simple pottery. Gilf B (8500-6500 BP) associ-
ated with stone circles (probably dwelling sites) has
a more extensive tool kit with evidence of wild cereal
gathering (grinding stones) and hunting (foraging).
Gilf C (6500-5500 BP) has evidence not only of for-
aging, but also of goat and possibly cattle husbandry
(foraging- specialized pastoralism), whereas Gilf D
(5500-5000 BP) is limited and represents a decline in
populations, but seems to be cattle based (specialized
pastoralism).

In the Great Sand Sea of alternating dunes and dune
corridors, Neolithic stone tool sites are abundant on
the stone pavements of the corridors (Fig. 6.8a, b) and
hut circles and tools, marginal to eroding silts mark-
ing temporary playas or lakes indicate foraging before
5500 BP (Fig.6.8c, d). But only a few '“C dates have
come from scattered playas; tools and pottery are dated

only by cultural comparison and very little is known of
the history of this vast area (Haynes 1985).

In the Abu Ballas area (Fig.6.9a), stone circles
with fire hearths (Pachur and Braun 1980; Kuper
1993) range from 9000 to 3500 BP, but with a concen-
tration around 5800—5000 BP (Gabriel 1987). Storage
jars of the New Kingdom (3500 BP) (Fig. 6.9b) record
a trade route still used in Pharaonic times while the
red-painted figure of a pharaoh (none other than Khu-
fra, the builder of the great pyramid at Giza, reigned
4539-4516 BP) smiting his enemies was recently
discovered on this route (Fig.6.9c; Bergmann et al.
2001).

6.4.2 Oases Belt

Most data comes from the existing oases and playas,
Siwa, Bahariya, Farafra, Dakhleh, Kharga, Nabta
Playa, Selima, Wadi Howar and Laqgiya (Fig.6.1).
Most are deflation basins that were periodically inun-
dated throughout the Holocene (Brookes 1993).
Dakhleh Oasis (70 x 20km) was fairly humid
through the early Holocene, drying through the mid-
Holocene, though short-lived arid episodes occurred
even during the wetter phases (McDonald 2002, 2003).
The mid-Holocene sequence in Dakhleh (Fig.6.10)
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Fig.6.7 Wadi Bakht.

a General view with block-
ing dune and truck for scale
arrowed. b Detail of blocking
dune, playa sediments and '*C
dates (both from Linstadter
and Kropelein 2004). ¢ Gilf
Kebir sequence (from Gehlen
et al. 2002)
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begins with the Masara culture of foragers around 8800
BP. The Bashendi A culture (about 6400-5500 BP)
has slab enclosure structures which seem large enough
for cattle corrals (Fig. 6.11b), both plain and impressed

Fig.6.8 Great Sand Sea.

a Dunes and dune corridors
just north of Gilf Kebir.

b Neolithic tool-making site
in dune corridor (Plate 5b).
¢ Camp sites around lake
(yardangs in background).

d Lake silts now eroded into
yardangs with scattered flake
tools at margins—detail of
background to ¢

pottery, and evidence of the use of wild cereals, sor-
ghum and millets (multiresource pastoralism). In
Bashendi B, from about 55004000 BP, correlated with
increasing aridity, there are no slab structures but quite
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Fig.6.9 Abu Ballas. a Abu
Ballas monadnock. b Storage
jars. ¢ Cartouche of Khufru
incised on rock

extensive scatters of hearth mounds with common
grinding equipment (Fig.6.11c). Prestige items such
as bracelets, toggles, stone beads and small polished
stone axes may indicate the mobile elites of pastoral
groups (McDonald 2002, 2003). The impoverished
Sheikh Muftah culture (about 4000—2800 BP) is con-
fined to the central lowlands of the oasis where they
are often associated with marshy areas: there is no sign
of structures or permanent settlement and no evidence

, , BCE
r 1 Cal
3000 |
SHEIKH MUFTAH (Mobile within oasis)
4000 | ‘
BASHENDI B (Mobile pastoralists)
5000 |
6000 ‘ BASHENDI A (Slab structure
settlements)
7000
1 DRY
8000 == MOIST
p— MASARA mm HUMID

Fig.6.10 Dakhleh Oasis: climate and cultural succession. (Cour-
tesy of McDonald, modified)

of cultivation. The same cultural units also occur in
Kharga Oasis just to the east (Mandel and Simmons
2001; Warfe 2003).

Nabta Playa forms a natural depression of about
5000km? (Fig.6.1). Around 11,000 BP, temporary
lakes or playas formed. Early cattle pastoralism, as
well as the elaboration of religious beliefs and cultural
practices was followed, beginning about 9000 BP,
by larger permanent settlements which relied on
wells and had sheep, cattle, and goat herding. After a
period of intense drought between 8000 and 7000 BP,
renewed permanent settlement recommenced, and
by about 6500 BP, the inhabitants had developed a
sophisticated, accurate way of marking time and sea-
sons with a stone henge, using the stars as their guides
(Fig.6.12).

At Selima Oasis (Sudan), an extensive deep strati-
fied lake formed around 9700 BP and lasted until
about 6500 BP (Haynes et al. 1989). Its fossil plant
and animal remains indicate a savannah climate, and
many lake level and climatic fluctuations with a high
lake level around 8000 BP (Haynes et al. 1989; Pachur
and Holzmann 1991).

Wadi Howar (Sudan), the largest dry river sys-
tem in the presently hyperarid Eastern Sahara,
stretches over 1100km from eastern Chad to the Nile
(Figs. 6.1, 6.13a). But between 9500 to 4500 BP, lower
Wadi Howar flowed through an environment with
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Fig.6.11 Dakhleh Oasis.

a Present oasis. b Bashendi A
dwelling area. ¢ Bashendi B
grinding querns. (b, ¢ Cour-
tesy of MMA McDonald)

numerous ground water outlets and freshwater lakes
(Pachur and Kropelein 1987). From 8000 to 7000 BP,
the first inhabitants practiced fishing, hunting and
gathering and produced ceramics decorated with Dot-
ted Wavy Line and Lagiya-type patterns. From 6000
BP, intensive cattle herding began, and around 4200
BP, in response to increasing aridity, small livestock,
sheep and goat, were added to the herds (Fig. 6.13b).

Fig.6.12 Nabta playa.
a Stone circle. b Standing
stone

M. Brookfield

6.4.3 Nile Valley and Adjacent Areas

The Faiyum Depression is encircled by a northern
escarpment and for much of its past it contained a
lake (Lake Moeris) fed by a Nile run-off (Bar Yussef)
which in prehistoric times seasonally flooded the
depression, laying down fertile silts (Fig. 6.14a). The
fluctuations in Nile flooding directly controlled the
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Fig.6.13 Wadi Howar.
a View across dry plain.
b Cultural site with artefacts

levels of the lake which, in turn affected the settle-
ments of the Faiyum (Fig.6.14b) (Byrnes 2008).
Although settlement of Faiyum began in Paleolithic
times, only the latest Neolithic Qarunian is well rep-
resented (Wenke et al. 1988).

Qarunian settlements (ca. 9600-8200 BP) were
generally on high-ground overlooking Lake Moeris
(Wendorf and Schild 1976) and had a lithic industry,
associated with a diet heavily based on fishing and
hunting and an increasing reliance on wild grain: there
is no sign of domestication. Though similar to con-
temporary Nabta Playa, there are major differences
between the lithic tool kits which suggest little contact
(Wenke and Brewer 1992). The Qarunian and the suc-
ceeding Faiyumian are separated by a long time gap
of up to 1000 years, suggesting the Faiyum was aban-
doned for at least several centuries (Wenke 1999).

Fig.6.14 Faiyum. a Satellite
view showing connection

to Nile. b Present-day Lake
Faiyum. ¢ Faiyum A pot

The Faiyumian (7200-6200 BP) represents the ear-
liest known fully agricultural economy in Egypt, with
hearths, lithic tools, pottery shards and some grind-
ing stones (Fig. 6.14c). The economic basis for settle-
ment was cereals (barley, emmer-wheat and flax) and
domesticated animals (cattle, sheep, goats and pigs)
derived from the Fertile Crescent of Arabia to the
northeast (Zohary and Hopf 1993), though hunting and
fishing continued to be practiced (Phillipson 2005).
There may be a time gap between the Fayumian and
the succeeding Moerian when Lake Qarun may have
come close to drying up (Hassan 1986).

The Moerian (6200-5050 BP) has: more complex
settlements with several hearths and light shelters; dif-
ferent ceramic styles and methods of producing and
modifying stone tools. Faunal assemblages indicate a
heavy reliance on fish, with only a few sheep and goat
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remains, together with infrequent gazelle and water-
fowl remains

In Lower Egypt (basically the delta), much has
been buried by ongoing sedimentation (Fig. 6.1). The
earliest known settlement is at Merimde 50 km north-
west of Cairo on a mound above Nile flood levels,
and gives calibrated *C dates of 6830—6200 BP. The
house styles and street patterns reflects a growing
level of urban organization. Like the Faiyumians, the
Merimdian agriculturalists cultivated cereals, reared
cattle, goats, and pigs, and hunted animals such as
antelope, but their pottery is plain and simple. The
dead were buried inside the unoccupied sections of
the settlement, with few grave offerings, apart from
the occasional beads, amulets or reed mats, suggest-
ing little social stratification. EI-Omari (around 5500
BP) is transitional to the Maadi culture (Mortensen
1999).

The Maadian (about 5800-5100 BP) is based on
a center about 10km south of Cairo, and is the most
important of the local delta predynastic cultures.
There are few grave goods and tombs in general, and
the Maadi culture retained strong Neolithic charac-
teristics, but with disk-shaped mace-heads, cosmetic
palettes, stone vessels, and abundant copper (the first
introduction of metal in this area). Significant trade is
shown by imported Sinai copper, flint tools and lance
blades (Midant-Reynes 2000). There is, however, no
sign of anything more than basic social differentiation,
certainly no sign of hierarchies, nor craft specializa-
tion based on function. And yet, contrast the rapid
changes during this time at Nagada in Upper Egypt
(Bard 1994).

In Upper Egypt (the upper Nile River valley south
of Cairo), the Elkabian (around 9000 BP) is known
from only one site where it is characterized by small
lithic tools of a hunting/fishing culture. After a long
gap of about 2000years, the Tarifian (around 7000 BP)
has hearth sites with lithic tools, no signs of agricul-
ture, and only a few scattered pot fragments: it is little
advanced from the Elkabian (Wetterstrom 1995). After
a 500-year-old gap, the Badarian (about 6400-6000 BP)
is the first farming culture in Upper Egypt. Small vil-
lage settlements were occupied for only a short time and
their huts seem to be built from very lightweight material
(Hendrickx and Vermeersch 2000). They did, however,
use metal and produced the first glazed pottery. Occa-
sional characteristic Badarian finds further south and in
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the Wadi Hammamat show that the culture was estab-
lished also in other parts of Upper Egypt.

The succeeding Nagada culture (6400-5000 BP),
defined at Naqgada about 25 km north of Luxor, shows
more rapid change, especially during Naqada 3 (Phil-
lipson 2005).

Nagada 1 (Amratian) (6400—5500 BP) is noted for
its black-topped and painted pottery, with war and
hunting represented as a dual theme. There are only
few and very poor remains of dwellings and these were
built from a mixture of mud, wood and reed.

Nagada 2 (Gerzean) (5500-5200 BP) is noted
for the first marl pottery, usually with ochre-brown
paintings on beige background. Graves become bet-
ter equipped: often multiple burials sheltered up to 5
individuals. Through Naqada 2, copper tools replaced
stone tools, silver and gold use increased, and the
macehead changed from disc-shaped to pear-shaped
and developed into a symbol of kingly power. Also,
soft and hard stone-working techniques developed,
which would be of central importance during younger
Egyptian civilizations. This culture advanced both
south and north from the area of Naqada 1, reach-
ing the eastern edge of the Nile Delta and Nubia
(where it is referred to as the Nubian A Group). The
South Town of Nagada became the most advanced of
Egypt’s towns, fortified by walls, and a large mud-
brick structure (30 x 50m), possibly a royal palace,
was built.

Nagada 3 (around 5200-5000 BP) marks the emer-
gence of the early dynastic civilization, state build-
ing, and the development of a complex culture. In this
period, graves become richer and contain more elabo-
rate grave goods. Hierokonpolis, the main city, lies
about 100km below Naqada, on the west bank of the
Nile. Naqada 3 extends all over Egypt and is character-
ized by some sensational firsts: the first hieroglyphs,
the first graphical narratives on palettes, the first regu-
lar use of serekhs, the first truly royal cemeteries, and
possibly, the first irrigation.

In the Sudan, around Wadi El-Khowi, societies may
have been more stratified earlier, where settlements
and cemetery sites, range from about 7000-5500 BP.
In the cemeteries, the most important individuals
were men buried at the highest point of each cemetery
mound, whose graves contained the most important
objects, such as elaborately decorated pottery, fine
tools and weapons, and strange stone female figurines.
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Around 5000 BP, a larger settlement had an advanced
level of planning and an elaborate defense system,
with centers of administration, private residences,
storage huts, workshops, and cattle enclosures (Bonnet
and Valabelle 2006).

From about 4500 BP, Egyptian written records
supplement the archacology. About 4500 BP the
Egyptian pharaoh Snofru invaded and captured
Lower Nubia and built forts and towns there. About
4250 BP, groups of cattle herders moved into Lower
Nubia and the Egyptians withdrew. These people
were experts in the use of the bow and arrow and
formed three small chiefdoms or kingdoms. Their
rulers were shown in rock drawings just like kings
of Egypt, but with names in hieroglyphics unlike
the names of any known Egyptian kings. Their most
interesting remains are their cemeteries of round
graves, their beautiful red or black pottery covered
with white designs, the tiny cattle and animal fig-
ures buried in their tombs, and the plump, tattooed
women drawn on pottery or made into figurines.
About 4150 BP Egypt lost power and civil wars
started, but by 4040 BP the pharaohs of the Middle
Kingdom had reunited all of Egypt and by 3950 BP
they had retaken Lower Nubia, built a series of forts,
and began to attack Upper Nubia.

6.4.4 Eastern Desert

The prehistory of the Eastern desert is poorly
known. The Tree Shelter site near Quseir, Egypt,
is one of the rare stratified sites (Marinova et
al. 2008) which starts around 8000 BP and con-
tinues until about 5000 BP. The archaeological
finds show clear connections with the Nile Valley
and the Western Desert during the wet Holocene
period. The lowest level (about 8100-7800 BP)
contained hunting and hide working lithic tools of
nomadic hunters, similar to the Elkabian. The higher
level has numerous hearths (about 6600-5000 BP)
with animal and fish bones, Red Sea molluscs, and
lithic tools similar to the Tarifian. Many of the abun-
dant engravings (petroglyphs) on the wadi walls in
the Eastern desert, can be matched with paintings on
grave goods from the Naqada I (6400-5500 BP) cem-
eteries in the Nile Valley (Wilkinson 2003).
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6.4.5 Cultural Summary

The time relationships of the oases and Nile cultures
are shown in Fig.6.15. The early cultures like the
Qarunian (9600-8200 BP), Elkabian (ca. 9000 BP) and
Masarian (ca. 8800 BP) were hunter-gatherers and fish-
ers (foragers), exploiting savannah, lake and wetland
environments, and living a existence governed by the
cycle of the seasons. Their origins are unknown. The
slightly younger Bashendi A culture (80007500 BP)
of Dakhleh was a cattle-based culture (multiresource
pastoralists) developed during increasing aridity.

The succeeding Faiyumian (7600-6200 BP) marks
the first agricultural society in Egypt with a fully
evolved, albeit simple, cultural and economic iden-
tity. Though their origins are disputed, they may have
brought their agriculture with them from the Near
East, as the contemporary Nile and Oases cattle-herd-
ing based cultures, like the Merimdian and Bashendi B
(specialized pastoralists), show a decline from Bash-
endi A. That societal differentiation and social systems
began to develop is shown by the differentiation of
burials, with grave goods found in some (presumably
higher status) graves but not others (Byrnes 2008). This
indicates the development of a hierarchy, the existence
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Fig.6.15 Comparative chart of cultures from Dakhleh, Faiyum,
and Lower and Upper Egypt
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of skilled workers and an affiliation to a single given
area. Thus, by about 7000 BP, social structures had
advanced far enough to provide a springboard for their
further elabora