ENVIRONMENTAL
ARCHAEOLOGY

principles and practice

. |BENA F. DINCAUZE |




Environmental Archaeology
Principles and Practice

Archaeologists today need a wide range of scientific approaches in order to delineate
and interpret the ecology of their sites. Dena Dincauze has written an authoritative and
essential guide to a variety of archaeological methods, ranging from techniques for
measuring time with isotopes and magnetism to the sciences of climate reconstruc-
tion, geomorphology, sedimentology, soil science, paleobotany, and faunal paleoecol-
ogy. Professor Dincauze insists that borrowing concepts from other disciplines
demands a critical understanding of their theoretical roots. Moreover, the methods
that are chosen must be appropriate to particular sets of data. The applications of the
methods needed for a holistic human-ecology approach in archaeology are illustrated
by examples ranging from the Paleolithic through Classical civilizations, to recent
urban archaeology.

DeNa DincAuze is Professor of Anthropology at the University of Massachusetts at
Ambherst. Throughout her distinguished career she has written and thought about
paleoenvironmental and epistemological issues. Her research area is northeastern
North America, with a special interest in the Pleistocene—Holocene boundary.
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PREFACE

This volume is about synergy. It was born in my dissatisfaction with so much of envi-
ronmental archaeology that focused on the application of single techniques to isolated
data classes, and with the early prevailing notion of “environment” as background or
stage set for human actions. As any thespian knows, the stage set is not passive; it con-
strains, and sometimes even inspires, particular actions and responses.

While teaching courses in environmental archaeology, I sensed the possibilities for
integration based on the concept of environment as context for human actions — not
an original insight. The essays that comprise the chapters of this volume explore the
possibilities for interpretation of human contexts from non-artifactual, and some
limited artifactual, finds. Only when I included the larger universe of off-site paleoen-
vironmental data at several scales did the integration begin to look feasible and power-
ful. In doing so I realized, as Aldo Leopold did long before, that humans are
environments for other humans, for all living things, and for the physical world which
they inhabit.

Detailed consideration of human environments is justified for what it tells about
the conditions of life in which human choices and decisions are made. It does not
entail deterministic interpretations, and no environmental determinism appears
herein. Environmental effects upon human communities are mediated through tech-
nology and cognition, the specifically human means of adaptation. These impose
upon the study of human adaptations certain constraints of scale which are foreign to
many of the environmental sciences, so that archaeologists cannot simply shop pas-
sively for concepts, methods, and data appropriate to the study of the human past.
Archaeologists must be selective in their use of methods and concepts from other dis-
ciplines; they must select data and methods at scales appropriate to archaeological
problems.

Maintaining an explicitly “anthropocentric” point of view, the book examines
aspects of global environments at micro- to macro-scales, attempting to give some
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notion of their diversity, while seeing human actions as contributing to the definition
and dynamism of life, climates, and landforms as experienced by bipedal primates
through a few million years. The five spheres of the climate system — atmosphere,
geosphere, hydrosphere, biosphere, and cryosphere — form the skeleton of the volume,
organizing the several scientific disciplines that contribute to knowledge and under-
standing of the context for life on planet Earth.

This book offers epistemological, philosophical, and methodological means
toward integration across and within the disciplines that contribute to environmental
archaeology. These approaches are suitable for use with any number of theoretical
paradigms, as is appropriate for a genuinely useful methodology. Robust tests of theo-
ries, which are indispensable to the advance of understanding, require fully evaluated
and integrated data, which in turn must be based on informed congruence between
methods, data sets, and research goals.

Consequently, this book is about using pollen analysis, archaeozoology, soils
science, and other techniques of paleoenvironmental studies in the pursuit of archae-
ological goals: thinking as archaeologists about the problems and potential of the sci-
ences that study the planet and its biological and social systems. It was created to
function as a guide into the literature of paleoenvironmental studies, an introduction
to the concepts and language of a range of scientific and humanistic disciplines across
which paleoenvironmental studies range. It is a study of methodology, not of methods
or techniques, with some theoretical concepts that aid in the identification and appli-
cation of methods appropriate to archaeological problems. My hope is that enough is
expressed and explicated about the several disciplinary approaches to the past that the
reader realizes effective means to integrate the results of many inquiries and apply
them productively to the study of the human past.

Because the argument ranges across many disciplines, the text necessarily incorpo-
rates technical terms from ecology and from the geo- and life-sciences frequently
encountered in archaeology. New terms are defined as introduced and utilized in the
text, and are shown in bold face at first use. Words so highlighted may be found
defined in the glossary, for ease of reference from any chapter.

This is not a didactic book; it does not advocate a single best way to do anything.
The approach to methods and results advocated here is neither simplifying nor gener-
alizing. Rather, it is an introduction that emphasizes critical thinking and non-linear
models, reflexive processes and reflexive epistemology. I argue that the values of a suc-
cessful environmental archaeology are firmly grounded in the idea that the universe is
vast, multivariate, and constantly changing. Consequently, I present information,
guidance, and opportunities for students and practitioners to explore thoughtfully on
their own through the many growing disciplines that are building knowledge of paleo-
environments. The book remains one person’s take on a complex enterprise: an intro-
duction to newcomers, a moment’s snapshot in a very fast-moving field. My purpose is
to argue for integration, despite the difficulties, and for an educated awareness of the
complexities of the world.
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Ecology and paleoecology increasingly depend for growth on escaping from con-
cepts of direct causation. Uniformitarianism plays only a minor role in the structure of
the arguments presented here. Rather, I emphasize the importance of non-linear
thinking for understanding living things and living systems. People and their behav-
iors are embedded in the dynamism of the planet, with everything changing at
different rates. Ecologists and paleoecologists must learn to recognize eddies within
turbulence, fractal motions, and sensitive responses to conditions encountered. To
illustrate the reflexive qualities of paleoecological research, controversies are revisited.
Discussions and case studies demonstrate that uncertainties can be productive when
confronted rather than avoided.

Knowledge is contextual. We know more about any topic than the constraints of
linear language permit us to say at any one time. A good question can elicit from a
speaker or writer an answer richer than, and different in significant content from, a
statement made to anonymous listeners or readers. This volume is presented with the
hope that it will stimulate good questions and enrich answers from archaeologists
confronting our multifarious, complex, interrelated, and fractal world. I complete this
survey in an optimistic mood. Integration is possible; it is never easy, but it is essential
for any success in the search for knowledge of our past.
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(GLOSSARY

accuracy: the degree to which a measurement approximates an absolute standard — its
“truth”

adaptation: biology: changes in gene frequency in a population conferring reproductive
advantage in a particular environment; anthropology: innovations in technology and
social structure (behavior) that reduce stress

aeolian: of materials carried and deposited by wind; typically well sorted in terms of particle
size

albedo: ameasure of surface reflectivity of solar radiation

allochthonous: deriving from a distance; not native to a place

allopatric:  species occupying discrete habitats differing in some salient characteristics

alluvium: sediment deposited from flowing water

alpha particle ():  apositively charged particle emitted in radioactive decay

altitude: height, or elevation, usually expressed as distance above projected sea level

amplitude: size or intensity of a wave, force, or environmental change

anaerobic: lacking access to free oxygen

analogy: a form of argument in which a known phenomenon is considered to represent
crucial aspects of aless understood phenomenon; cf. no-analog problem

anthropogenicsoils:  site soils enriched by organic wastes due to human occupation

anthrosol: anthropogenic soils/anthropic epipedon

AP/arboreal pollen:  pollen of tree species

aphelion: the point on the Earth’s orbit at which it is farthest from the Sun

arcticfront: the boundary where arctic air masses meet temperate ones

assemblage: materials recovered from a discrete sedimentary context

association:  biotic species found together in a habitat of any scale

astronomical time: time calculated from the motion of astronomical bodies

atmosphere: gases surrounding the Earth; the medium for climate
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autecology: study of the habitat and niche adaptations and relationships of single species

autochthonous: originating in the place where found

autovariation: internally generated change within any one of the five spheres of the climate
system, independent of external influences

axis: theimaginary line through the poles about which the Earth turns (cf. axle)

azonal:  of soils whose characteristics are not predominantly determined by climate zones

basin: essentially concave landform; the catchment of a stream network bounded by the
ridges of the watershed

benthic: faunalivingat depth in the water column or on substrate beneath it

beta particle (8): subatomic particle emitted during radioactive decay, either positive or
negative in charge

biocoenosis: an assemblage of living plants and animals; pl.: biocoenoses

biomass: allliving organisms within an area of interest, the standing crop

biome: regional-scale unit of the biosphere

biosphere: the maximum spatial extent and systemic relationships of the living organisms
of the planet Earth

biota: allliving thingsin a defined place

biotope: small-scale unit of the biosphere

bioturbation: disturbance of sediments by living things

bolus: wad of chewed food or food residue

brackish: mixture of fresh and salt waters, as at river mouths and lagoons

calibrate; calibration: in chronometry, bringing one system of time intervals into close
agreement with another; correlate

caliche/calcrete:  more or less cohesive near-surface zone of carbonate deposition typical of
arid-zone soils. May be hard as rock

carr:  aboggy fen having woody swamp vegetation as well as peat

carrying capacity: the maximum number of organisms that can be supported in a given
place; for the human species, it is always relative to technology

catena: sequence of soil profiles varying down slope on similar sediments

Cenozoic: the “recentlife” age, encompassing the time since the extinction of the dinosaurs;
Tertiary and Quaternary epochs

channel: alinear depression; bed of stream or river

chemical residues: organic molecules surviving during diagenesis; chemical indicators of
substances remaining in sediments or tissues

chitin: akeratinous material in horn cores, hooves, arthropod exoskeletons, etc.

chron: amajor, long-lasting episode of magnetic polarity

chronometer: anything used to measure time spans; instrumentation employed to do
that

chronostratigraphic (adj.): aunit of stratigraphy defined by chronological boundaries

climate: statistical generalization of temperature and precipitation in a specified area

colluvium: sediment moved downslope by sheet wash or mass sliding; adjectival form:
colluvial
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commensal: an organism living closely with another, without harm to either (sharing the
table)

community: aconcept of biotas as coexisting groups (“societies”) of species changing along
predictable trajectories toward mature “climax” formations controlled by climate

condition: the quantitative composition of a system

context: enclosing medium of archaeological remains that defines the stratigraphic and
locational relationships with constituent data classes in a place (cf. matrix)

contingencies: unique, historical configurations of phenomena; particular environmental
and social contexts in which events take place

crust: rocky tectonic plates at the Earth’s surface, above the mantle

cryosphere:  total mass of ice distributed around the planet

declination: of magnet: variance from true north

delta: triangular-shaped fluvial landform with an upper surface sloping gently into stand-
ing water and steeper margins on the sides

density: the number of individuals of a taxon in a given area

diagenesis: chemical and physical processes by which organic and inorganic sediments are
transformed into rock; e.g., mineral replacement, compaction, chemical change

diamicton: redeposited regolith lacking sedimentary structure and sorting: e.g., tills, land-
slides, mud slides

diatoms:  single-celled pelagic organisms enclosed in siliceous frustules

diversity: measure of the variety of taxa in a community, assemblage, region, etc.

domains: three basic divisions of life: Archaea, Bacteria, and Eukarya (Eucarya)

duration: span of time

ecology: study of relationships between organisms and their environments

ecosystem: abiocoenosis and its physical environment interacting as an ecological unit

ecotone: transitional zone between characteristic plant and animal associations at regional
and local scales, usually expressed by enhanced diversity relative to the more homoge-
neous areas on either side

element (in archaeozoology): body part unit of skeleton; e.g., lower left front leg

eluvial: of the leached zone of epipedon, where water removes salts, oxides, and clays in
solution or suspension; Table11.2

endogenous: originating within the system primarily affected

environment: all physical and biological elements and relationships that impinge upon an
organism

epipedon: the parts of a soil profile affected by surface conditions (O, A, E, or B horizons)

equifinality: principle that any particular state of a system can be achieved by many
different historical combinations of variables or system trajectories; “many ways to
skina cat”

equinox: time when the Sun is directly above the equator; the time of equal length of night
and day; the beginning of spring and autumn

Eukarya (Eucarya): organisms with cellular nuclei, including plants, animals, fungi, and
protists
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eustasy: global changes in sea level

event: discrete occurrence to which some notice is given

exogenous: originating externally to the system affected

facies: lateral difference in sedimentary layers reflecting differences in environments of
deposition

fan, alluvial: a triangular pile of complexly interbedded sediments built by a stream where
channel gradient changes abruptly

feedback: process thatamplifies (positive) or dampens (negative) deviations within a system

firn:  coarsely recrystallized snow, a stage in the change to ice from snow

five spheres of the climate system:  atmosphere, geosphere (sometimeslithosphere), hydros-
phere, cryosphere, and biosphere

floodplains: areas of low relief adjacent to streams subject to periodic flooding and alluvial
deposition

foraminifera: single-celled pelagic organisms with calcareous “tests”

formation: plant associations at the regional scale, limited by climate; the plant component
of abiome

frequency: in a wave model, the distance or time between peaks of the wave or cyclical
phenomenon

gelifluction:  slippage of water-saturated surficial sediment over frozen subsoil

General Circulation Models (GCMs):  computer models simulating atmospheric circulation
atvarious times in the past

genotypical: expression of the genes of a species

geomorphology: the study of landforms, especially the processes of formation and erosion

geosphere: rocks and minerals at and near the surface of the Earth that are components of
the climate system

glacial: geological interval of cool climate during which glaciers form and expand

glaciation: glacial episode; the process by which ice accumulates on and moves over theland
surface

glaciofluvial: originating in glacial meltwater

granulometry: quantitative description of sediments in terms of particle size

gyttja: muddy deposit consisting of plant detritus, often with algae as important components

habitat: environment utilized by a particular organism or species

half-life: time span in which half of an isotope’s radioactivity is depleted

herpetofauna: reptiles and amphibians

HMA: Human Mode of Adaptation

Holocene: “most recent” geological time; epoch following the most recent ice age; the past
10,000 years

hominids: Hominidae; family-level taxon of primates including only people

horizon: contrastive zone in soil profile produced by pedogenesis

hydrography: the pattern of surface water drainage networks and drainage basins

hydrosphere: the water of the planet, on or below the surface

ichnofossils:  traces of animal behavior preserved in sediments

XXV
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igneous: rocks formed by the cooling and solidification of molten magma

illuvial:  zone of epipedon where groundwater deposits materials from suspension or solution

inclination: attribute of the magnetic field that pulls a magnet off the horizontal

insolation: amount of solar radiation reaching a surface

intensity (of magnetic field): strength

interface: conformable contact surface between two different beds in a stratified sequence

interglacial: relatively warm period between major glacial advances

isochron: line delineating the geographic limits of a taxon at a point in time

isopoll: contour-like line connecting mapped points having equal percentages of a pollen
taxon

isostasy: buoyant uplift or subsidence of portions of the Earth’s crust as overburdens are
removed or emplaced

isotopes: atoms of a single element having different numbers of neutrons in the nucleus

karst: landscape in limestone eroded by streams flowing mainly beneath the surface; typi-
cally characterized by sinkholes and caves

keystone species:  species that, by its position in the food web, influences the biotic composi-
tion of its habitat

lag deposits: coarse particles left behind on a surface scoured by wind that removed the
fines; e.g., desert pavement

lapserate: loss of atmospheric heat with altitude

latitude: distance measured in degrees and minutes from the equator toward each pole

levee: linear fluvial deposit paralleling a river channel, built as floodwater overflowing a
bank deposited its coarsest load components

loess: medium- to fine-grained silt deposited by wind, typically massive

longitude: distance around the globe parallel to the equator, crossing meridians; measured
in degrees east or west from the prime meridian at Greenwich, England

macrobotanical remains:  visible and recognizable pieces and parts of plants such as pieces
of wood, seeds and fruits, stems, leaves, buds, cuticle, and so on, preserved under
special conditions

magnetic field:  force field running through the center of the Earth, created by electrical cur-
rents originating in the fluid dynamics in the molten outer part of the core, roughly
parallel to the surface at the equator, and approximately at right angles to the surface
near the poles, varying with latitude between

mantle: stratified zone of heavy mineral matter in a viscous state, between the Earth’s core
and crust

marl:  calcareous clays deposited from water

matrix: any enclosing medium that maintains the relative positions of archaeological
remains and defines their immediate physical and chemical environment

meander: looping curve of a sinuous river channel; characteristic of streams carrying sus-
pendedload

meridian: imaginary line drawn from pole to pole on the cartographic surface of the Earth,
to mark distances east and west of the prime meridian at Greenwich, England
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mesic (adj.): of temperate climates

metamorphic:  class of rocks recrystallized or indurated by high temperature and pressure

microbotanical remains: plant remains visible under magnification, principally pollen,
spores, opal phytoliths, and microorganisms such as algae

midden: heap of refuse, piled by humans or other animals

minerals: inorganic chemical compounds in crystal form

MNI:  minimum number of individual animals represented by bones from an analytical unit

moraines: landforms composed of till deposits, both sorted and unsorted glacial debris

morbidity: generalized illness in a population

mortality: death rate within a population

MSL: mean sealevel

NAP/non-arboreal pollen:  pollen of shrubs, flowers, and grasses

neoecology: study of living communities of plants and animals; special aspect of ecology
devoted to the study of living species in their environments or in laboratory
situations

niche: role of a species in a community, its manner of maintaining life and interacting with
other species and elements of the environment

no-analog problem: difficulties following the recognition that states and conditions of
organic and inorganic systems do not exactly repeat over time, limiting the validity of
comparisons for interpretation

obsidian: volcanic glass formed by quickly chilled molten rock

ombrotrophicbog: rainwater-fed bogs developed above the water table

orbit: path ofa planetary body circling another

order: stream orders are a hierarchical ranking of streams from smallest to largest in a basin;
soil Orders are the highest rank in the USDA taxonomy

orogeny: episode of mountain building; the process of mountain building by crustal uplift
or folding, or volcanism

outwash: debris deposited by glaciofluvial meltwater

paleoecology: application with disciplined inference of principles from neoecology to the
study of organisms in environments no longer directly observable

paleosol:  soil formed in past conditions unlike those of the present; sometimes, buried soils

palynology: study of pollen and spores (palynomorphs)

patch: local concentration of biotic resources that are discontinuous and clumped

patchy distribution: spatial heterogeneity of organisms, with contrasting clusters of species
aggregates

pathogen: organism that causes disease in another

pedogenesis:  process of soil formation at the surface of sedimentary bodies

pedology: science of soils

periglacial: pertaining to areas close to a glacier

perihelion: point on Earth’s orbit at which it is closest to the Sun

phenotypical (adj.): of individualized expression of genes influenced by environmental
factors



xxviil

GLOSSARY

physiographic province: ~geographic area characterized by distinct lithologic structure and
relief

phytoliths: non-crystalline silica deposits in and between the cells of plants; some show
diagnostic shapes

plaggen soils: cultivated soils enriched with manure and/or turves; a kind of anthropic
epipedon associated with plows

plankton: organisms living at and near the surface of the sea

plate tectonics: theory that the Earth’s crust is formed of a number of rigid plates in motion
relative to one another; plates are formed at spreading ridges, and destroyed in trenches

plates (tectonic): rigid segments of the Earth’s crust

pointbar: relatively coarse fluvial deposit along the convex curve of a meander, opposite the
location of channel cutting

pollen diagram: graphic presentation of the frequency by depth of pollen taxa in a core or
profile

potential niche: fundamental or potential niche is the essential ecological space of a species,
in the sense of its ability to maintain life in the hypothetical absence of all imposed
constraints (cf. realized niche)

precession:  process by which the angle of the Earth’s axis to its orbit changes through time,
changing the relationship of seasons with the angle of the ecliptic

precipitation: water, snow, or ice condensed from vapor, falling from clouds

precision: fineness of resolution of a measurement; its replicability in repeated measurements

propagules: seeds, spores, tubers, etc.

protists:  one of the five kingdoms of biology; single-celled organisms with cellular nuclei

proxy data: observational data used as surrogates for conditions not directly observable
(e.g., pollen spectra interpreted in terms of climate)

quid: wad of plant fibers spit out after mastication

racemization: ~process by which amino-acid molecules reverse asymmetry after burial

realized niche: portion of its potential niche to which a species is confined by competition,
geographical barriers, etc.; niche space defined by an organism’s success in acquiring,
in the presence of competitors, resources essential for its well-being and procreation

refugia: unglaciated areas where organisms survive during times of severe climate

regolith: unconsolidated mineral matter lying above bedrock, whether i situ or redeposited

regression: fall of sea level or rise of land, exposing landforms previously under water

relief: relative measure of surface ruggedness expressing vertical distance between highest
and lowest spots in a given unit of land

resolution: degree of precision that can be attained in the measurement of a set of variables;
potential for precision; property of being reducible to equivalent units

ridges: areas of uplift and spreading between tectonic plates; more commonly, the topo-
graphic divide between opposite slopes

rift zones: areas of uplift and progressive separation between tectonic plates on the surface
of the Earth

RSL (relative sea level): sea level relative to a land surface, acknowledging only relative
movement, without claims for which component moved
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ruderals: plants that colonize disturbed ground; weeds

sapwood: youngwood growth directly beneath the bark of a tree

scarp: steep slope or cliff

sealevel: imaginary plane approximating the average elevation of the surface of the sea

sediment: unconsolidated mineral matter deposited on the surface of the Earth (see
regolith)

sedimentary: rocks composed of matter transported by wind, water, or ice and consolidated
after deposition

sequence: order of events in time

sidereal: pertaining to the stars, as “sidereal time” for astronomical time

slope:  surface landform slanting between horizontal and vertical, usually <45°

soils: unconsolidated bodies of organic and physical particles that support plant life; chem-
ically and mechanically altered terrestrial sediments

solifluction:  process by which unconsolidated materials saturated with water slide down-
slope

spectrum (pl.: spectra): the total pollen count for each sample in a pollen diagram, read
along the horizontal axis

speleothems: deposits of calcium minerals in caves, such as stalactites, stalagmites, and
flowstone

state: qualitative character or structure of a system (cf. condition)

stenotopic: organism tolerant of a narrow range of habitats

strategies: consciously adopted means for adaptation

stratification: record of past events, processes, and states preserved in sequence within
sediments

stratigraphy: interpretation of stratification by a stratigrapher, or the method of interpreta-
tion of strata

structure:  of sediments, organizational attributes resulting from the manner of transport
and deposition of particles constituting a sediment and its stratification; may also
reflect subsequent transformation processes

succession:  geological, ecological, or seasonal sequence of species within a habitat

symbionts: organisms living in close mutual dependence; e.g., lichens

sympatric: co-resident; living together in the same place; species sharing a habitat

synanthropic species: plants and animals that live in close association with Homo sapiens
and are to an extent dependent upon anthropic habitats

synecology: interrelationships of several or many species within a defined habitat range

system: bounded set composed of entities and their relationships

taphonomy: study of the processes leading to burial and fossilization

taxon (pl.: taxa): basic unit in formal systematic classification of organisms (e.g., genus,
species)

taxonomy: systematic classification

tectonics: movement and deformation of the Earth’s crust: mountain building, plate move-
ments, folding, etc.

tells: mounded or hill-like landforms comprised of the debris of ancient cities
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tephra: volcanicash

terrace: segment of floodplain or erosional surface abandoned by river incision

texture: of sediments, the combined attributes of particle size, shape, and sorting

thanatocoenosis: death assemblage; a deposit of fossils

thermohaline circulation: global-girdling currents moving heat and salt in the oceans

till:  diamicton deposited by a glacier, of two basic types: till deposited directly at the base of
the glacier is called lodgement till, that deposited as the glacier melts away is called
ablation till. Other common names for till, especially when the formation processes
are less than certain, include “boulder clay” and “drift”

topography: elevational relief and form of the Earth’s surface

transgression: advance of sea over land, caused by rise of sea level or subsidence of land

transhumance: herd management involving seasonal movements among pastures

transpiration: exhalation of water by elements of the biosphere, mainly vegetation

travertine: carbonate rock deposited in freshwater; tufa

trophic levels: feeding levels in an ecosystem, involving food producers, consumers, sec-
ondary consumers (carnivores), and decomposers

tuff: rock composed of indurated volcanic ash

unconformity: erosional surface between two beds in a stratified sequence

uniformitarianism: principle positing that geological and biological processes in the past
were not different in kind from processes observed today

varves: paired lacustrine sediment layers showing seasonal variation in texture or color

vectors: organisms that carry pathogens from one host to another

ventifact: rock sculpted by wind-borne sand particles

vertebrates: animals with backbones

weathering: chemical and physical processes disaggregating or dissolving rock and sedi-
ments at the surface of the Earth

X-ray densitometry: X-ray images of tree-ring thin sections showing the relative density of
cellulose in each ring as a measure of annual tree growth

zonal: of climate types, soils, and organic assemblages: distributed latitudinally on conti-
nents; of pollen diagrams: a characteristic suite of pollen representing a biostrati-
graphic unit within a sequence

zones, pollen: groups of stratigraphically adjacent samples in pollen diagrams showing
similar combinations of selected taxa

zoonoses: disease organisms that infect animal hosts, especially those able to transfer to
humans









ENVIRONMENTAL ARCHAEOLOGY
AND HUMAN ECOLOGY

Ecology, a word so much in vogue in recent years that it has lost much of its original
meaning, may be defined as “that branch of science concerned with [the study of]
the relationships between organisms and their environment” (Hardesty 1977: 290).
Environment, which is often confused with ecology, encompasses all the physical
and biological elements and relationships that impinge upon a living being.
Specification of an organism’s environment emphasizes those variables relevant to
the life of that organism — ideally, almost every aspect of its surroundings.

Advances in instrumentation for the observation and measurement of biological,
planetary, and astronomical environmental phenomena have driven unprecedented
recent growth in the historical geo- and biosciences. The maturing geosciences
acknowledge unexpected complexity, diversity, and dynamism in the natural world,
now slowly seeping into study of the social sciences as well. The biosciences have
powerful new techniques for examining life at small scales, notably the molecular
scale. The growth in these ancillary disciplines has opened opportunities for
advances in archaeology on the basis of new data sources and richer understanding
of processes and mechanisms in all historical sciences.

Archaeologists have embraced the novel results, and built on some of the new
data, not always understanding the theoretical and methodological bases on which
those results were founded; some of those foundations have since been shown to be
unsteady. Premature adoption of poorly evaluated analytical techniques and their
preliminary results has given archaeology a decade or more of spectacular claims and
attendant rebuttals, creating an uneasy atmosphere.

In this atmosphere and by such means, environmental archaeology has gained a
reputation as being driven by method at the expense of sound practice and genuinely
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useful results. Some excellent, even extraordinary, work has been done in the envi-
ronmental archaeology mode using the powerful new techniques and revised theo-
ries, most of it, however, applying one or at most two disciplinary data sets. Single
data sets, utilized in isolation, have proven very vulnerable to rebuttal from other
directions. Along with impressive improvements of field work and analysis, a chorus
of dissatisfaction swelled as very few large, well-financed and staffed research pro-
jects achieved significant coordination and integration across the several disciplines
which contribute to the practice of environmental archaeology.

This present exploration of human ecology emphasizes excellence in the methods
and practice of environmental archaeology, worldwide. It begins with a brief review
of the physical and cultural evolution of our species, identifying aspects of environ-
ment that have impinged most significantly upon human populations at various
stages in prehistory. The argument emphasizes archaeologically recoverable infor-
mation that enhances understanding of the human condition from an ecologically
informed perspective.

ORGANIZATION OF THIS VOLUME

Archaeology has long been perceived as a borrower discipline, taking techniques and
data from other sciences to help it meet its own goals, but giving back little. As T hope
to show in the pages that follow, a mature archaeology can return to all the historical
disciplines studying the last 3 million years a finer time scale, an enhanced database
that integrates information from many disciplines, and a deeper understanding of
the contributions, both positive and negative, of human lives in the evolution of the
world we know today. As electronic communication expands and information flows
more freely globally, it will be crucial for researchers to command the basic theory
and assumptions of other special fields and disciplines, in order to evaluate claims
for new methods, applications, and results.

The several parts of the volume group chapters related in terms of the data sets
used in building interpretations of aspects of paleoenvironments. Thus, Part I pre-
sents the argument for multidisciplinary inclusiveness, which is developed further in
each part that follows. Part II presents approaches to the construction of chronologi-
cal frameworks, which are essential to the integration of data sets that cross discipli-
nary borders. It argues for active evaluation of methods used for chronology
building, and for informed awareness of their limitations and best applications. Part
ITI presents paleoclimatology in a framework of its relevance to archaeological data
and problems. The concept of scales of data and interpretation is elaborated in Part
ITI, and threads its way through all the later chapters.
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Part IV presents structural geomorphology in paleoenvironments, again empha-
sizing the importance of appropriate scales of analysis for different kinds of human
experience. Part V introduces sedimentology as a fundamental aspect of archaeologi-
cal context and of paleoenvironmental analysis. Soils science is given importance
equal to sedimentology, while its special applications and rewards are argued, empha-
sizing soils as archaeological matrices holding paleoenvironmental information and
affecting relative preservation. Part VI presents paleobotany in its various manifesta-
tions, introducing its several scales of inquiry with the data and methods appropriate
for each. Part VII brings in animals, not only as objects of inquiry for zooarchaeology,
but more centrally as aspects of human environments informative in themselves and
biologically significant. Because the subjects of archaeology, people, are members of
the world’s Animal Kingdom, Part VII has three chapters instead of the two assigned
to most of the other parts. Part VIII attempts to be both retrospective and forward-
looking, discussing the enterprise of environmental archaeology in the context of the
concepts presented throughout the volume, and attempting to evaluate its prospects
for future success as a central element in the study of past human experience and
human influences on many processes that define the home planet.

INTERDEPENDENCE

The Red Queen beyond Alice’s Looking Glass huffed that the world and events were
moving so fast that “it takes all the running you can do, to keep in the same place”
(Gardner 1960: 210). Her plight has become the “Red Queen hypothesis” of ecology
and evolution (Foley 1984; van Valen 1973): environments are constantly changing
(at one scale or another) as climate varies, populations fluctuate, species’ distribu-
tions change, or behavior is modified. Each such change may entail behavioral, dis-
tributional, or biological changes as species respond to the new conditions. The
responses themselves in turn modify the environments of the target species and to
some extent of all others sharing the same space. Thus, living things must continually
monitor and respond to changing environments, even as their responses stimulate
further change. Change presents problems and opportunities to all organisms; those
that successfully solve the problems may be said to have adapted — ultimately, to
survive. The emergence of the human species, within the last 2 million years or so,
has complicated ecological relationships in ways that seem both to result from and to
inspire the peculiarly human characteristic of high intelligence.

In traditional Western culture, human beings are conceived as separable from
their environment, so that everything that is not human (and even some humans if
sufficiently unfamiliar) is defined as “other” and considered to be subordinate and
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potentially exploitable. Ecology shows us that our very humanness is defined not by
our separateness from the rest of the world, but by our unique but interdependent
relationships to all those “others.”

Homo sapiensis a creature of the Earth; humans would be different in fundamental
ways if they had developed on any other planet, in any other solar system, at any other
time. The elemental matter that comprises our planet condensed out of the primeval
gases of the proto-Universe. Earth continuously receives bits of matter in the form of
star dust that gravitates to it out of space: atoms of nitrogen, carbon, and other ele-
ments rain down on its surface, and are ultimately incorporated into organic and
inorganic compounds (Morowitz 1983; Ponnamperuma and Friebele 1982). Humans
ingest those compounds into our living substance from the foods we eat. Our genetic
codes, partly inherited from ancestors millions of years remote from us, reflect the
environments and selection pressures of marine and terrestrial habitats of a younger
Earth. We move through, and breathe in, the Earth’s unique gaseous atmosphere.
Basic body rhythms, reset daily by sunlight, are in phase with the day lengths defined
by planetary rotation; some appear to be responsive to the Moon’s gravity. Our popu-
lations display biological characteristics that are responses to specific latitudinal and
altitudinal stresses: biological adaptations to severe cold or heat, thin air, filtered sun-
light, or high insolation. Our species is among many that emerged during the
Quaternary ice ages, a prolonged period of unusually cool planetary climates. As we
explore out into space, we cannot expect to find other creatures like ourselves.

We take our form of existence so thoroughly for granted that it appears inevitable.
We cannot even imagine creatures fundamentally different from ourselves, and so we
imagine them as distorted versions of ourselves — the anthropomorphized denizens of
science fiction and fable. Perhaps if we can learn to know and understand the contexts
that produced modern humans, we can better prepare ourselves for the future when
our historically conditioned fitness will be put to harsh new tests (Potts 1996).

The human animal shares the basic needs common to all earthly life: food, shelter,
and reproduction. We are born knowing something about supplying those needs,
but from the first moment of life, we require other humans to help us satisfy them.
We do not hatch out of an egg and begin to forage for ourselves. Society is a require-
ment of all contemporary human life. We can take that for granted throughout the
human past, and perhaps should acknowledge it as a fourth basic need.

Becoming human

Human prehistory begins with relatively large-brained, bipedal, social omnivores in
Africa. The original habitats (typical environments) seem to have been gallery
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forests and savanna edges, only a little cooler and drier than the Miocene home
country of the immediately ancestral large primates. The climate was apparently
equable, the terrain diverse and in many places actively volcanic. The vegetal envi-
ronments were patchy (spatially heterogeneous) and linear, following river courses
and lake shores. Early humans met some of the challenges of such environments by
developing hand and eye coordination to new heights, building upon the alertness,
curiosity, and manipulative skills characteristic of all primates. Enlargement of the
brain went along with these adaptive developments. Throughout this volume there
are passing references to biological/genetic change in humans; however, human evo-
lutionary biology is not a central issue in this presentation of human ecology, which
focuses on environments, not genotypes. Readers interested in current thinking and
data on evolutionary physiology should seek primary sources on that topic.

Within this habitat, early humans made a niche (a species’ role in a biological
community) for themselves as social omnivores, foraging and scavenging a wide
variety of foods on and under the surface of the land. The ability to acquire, consume,
and digest almost anything not positively poisonous gave humans a special role and
some advantages within their environment. Their broad niche made it possible for
them to expand into habitats not closely similar to their original homes, and thus to
proliferate. Human physiology is highly dependent on water; people cannot live long
without replenishing body fluids. Where surface water was unavailable, they substi-
tuted liquids stored in the bodies of plants and other animals. The need for water
imposed limitations on the locations of home bases and on effective travel distances.

The elaborated brain that distinguishes our species from all others extracted a
price in extended gestation and lengthened periods of childhood dependency. Both
constrained the mobility of women with young children and thus, probably, that of
the residential group, placing a further premium upon generalizing behavior and
diet breadth rather than specialization, which requires mobility. The development of
the human brain apparently exceeded the requirements of natural selection in any
conceivable environment. Evolutionary physiologists explain it by positing crucial
feedback from social, cultural, and linguistic developments that synergistically
improved the fitness of large-brained individuals (Tattersal 1998).

The emergence of language is not specifically revealed in archaeological data. Its
origins and early development are matters of speculation (Mellars and Gibson 1996).
However, even a rudimentary language that could allow foresight and planning (dis-
cussing what is not present or has not happened) would stimulate cultural elabora-
tion and confer survival benefits upon its speakers. With elaboration came more
effective communication, ritual and magic, and enhanced social cohesiveness.

Language that allowed consideration of options and planning for contingencies
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would have been beneficial, if not essential, to the human groups that slowly moved
out of familiar landscapes into new and challenging others.

Homo erectus, an intercontinental traveler, colonized well beyond the semitropi-
cal homelands (Fig. 1.1) into temperate zones of Europe and Asia (Tattersal 1998).
Once fire could be controlled, expansion into higher altitudes and latitudes became
possible and worthwhile. Using fire to drive game and clear underbrush could have
been learned from observation of natural fires, but its use as a campfire opened
unprecedented possibilities. Fires keep people warm, soften food, and push back the
night. Fires kept prowling carnivores away from human groups, even those who took
up residence in the carnivore lairs. In all these ways, fire enhanced the comfort and
safety of the home base, contributing to the self-domestication of the human family.

Accumulations of trash in late Lower Paleolithic sites support the notion that
home bases with fire were occupied for longer periods of time than earlier habitation
and sleeping sites (Turner 1984). Home bases may also support larger interdepen-
dent groups, making accommodative social skills more important to survival. By
keeping people together in one place home bases may have intensified the sharing
and spread not only of food and cultural behavior but also of parasites and some
communicable diseases. Thus, the institution of home bases had implications for
both biological and social evolution.

ELABORATING CULTURE

Given that humans are primates, an order of mammals most of whose members are
plant-eaters, major questions in human evolution involve when and how hominids
(Hominidae: the human branch of the primates) began to eat significant amounts of
meat, and when and how they began the purposeful killing of large mammals (Bunn
1981; Isaac and Crader 1981; Potts 1984). Chimpanzees and baboons kill and eat small
creatures: predatory behavior is within the primate spectrum. In human prehistory,
stone tools create an archaeological record more than 2 million years in duration, but
we know very little about how those early tools were used in food-getting. In the
archaeological record, scavenging as a means of meat acquisition is very difficult to
distinguish from hunting, since both activities produce associations of broken bones
and rough tools. Confidence in previous interpretations of purposeful hunting by
early hominids has given way to cautious skepticism about the appropriateness of
modern analogies (Binford 1981; Nitecki and Nitecki 1987; Potts 1984). Within the last
million years or so, Homo erectus or early H. sapiens began to hunt large mammals,
becoming the first hominids to share niche space with those powerful social hunters,
the large cats and canids.
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Gatherers and hunters

Meat is a high-quality food, offering maximal energetic nutrition per unit of bulk or
weight. Its consumption on a regular basis opened a new niche at the top of the food
pyramid for hominids. However, hunting large game involves considerable risk of
failure if pursued more than opportunistically; some alternative food-getting strate-
gies are essential for buffering risk. Cooperative behaviors are institutionalized in the
hunt: in the reliance on others to provide alternative foods, in the necessity for trust
and sharing of whatever food is acquired. When hunters range widely, base camps
must provide safety for infants and their caretakers, as well as secure places in which
to consume large amounts of perishable food which is likely to attract the interest of
other potential consumers.

There is a romantic fiction that people who live by gathering and hunting exist in
a state of blessed nature, in benign harmony with the world around them. Thisidea
has triumphed over earlier perspectives of gatherer-hunters living lives that were
“nasty, brutish, and short.” The purported harmony is evoked as the opposite of
modern conditions where people clearly threaten the tenuous balances of the bio-
logical world. On the contrary, human beings have long been the world’s great
destabilizers, leaving almost nothing strictly as they find it (Goudie 1993). Long
before bulldozers and dams, people were remaking the world to suit their visions,
and before that, they were changing things by inadvertence if not always by voli-
tion. Gatherer-hunters, simply by being rather large and very clever animals, affect
the world in which other species live. Where groups of them gather together and
stay for any length of time, the local vegetation is trampled or removed. Their food
and body wastes change the local soil chemistry. Their campfires ignite prairie and
forest fires, establishing or maintaining fire-successional communities. In hard
times they impose significant additional stress on prey species and on species with
whom they compete for prey. Their game drives and fish weirs impose heavy preda-
tion burdens on local populations of game and fish. They move plants and plant
parts around and may introduce species into new habitats. By changing the distri-
bution and densities of flora and fauna, humans have always lived in a world
partly of their own making (Dincauze 1993a). The physical remains of such behav-
ior and its consequences make possible an archaeology of paleoenvironments and
paleoecology.

By the Middle Pleistocene (Table 1.1), early humans expanded their ranges out of
subtropical Africa into the Near East and Europe. In latitudes where they faced
winter low temperatures, shelter became an imperative. Caves and small cave-like
houses kept wind and rain outside; ultimately, clothing made the artificial “indoor”
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Table 1.1 Geological epochs and Paleolithic stages, with ages

Time (millions of years) Geological epochs Paleolithic stages
0.01 HOLOCENE
0.05 LATE PLEISTOCENE UPPER PALEOLITHIC
0.1
MIDDLE PALEOLITHIC
0.5
0.7 MIDDLE PLEISTOCENE LOWER PALEOLITHIC
1.0
EARLY PLEISTOCENE
1.5
2.0 PLIOCENE

climates portable for mobile hunters and foragers. The artificial microclimates of
housing and clothing provide relatively benign conditions not only for people but
for lice, fleas, and other insects. Small mammalian scavengers hiding in the dark
corners of houses gain access to food. Houses create dead-air spaces, and smoky fires
pollute that air. People relying upon houses and clothing are stressed by more and
different diseases than are tropical people living mobile existences in the open air.
Both genetic and behavioral selection is imposed by such novel stressors, including
the social and psychological requirements for tolerating the close presence of others
in winter quarters. Contemporary people, after thousands of generations of selec-
tion, still suffer from cabin fever or seasonal depression in long, dark winters. For all
its benefits, environmental innovation entails major consequences.

Nevertheless, gatherer-hunters were phenomenally successful among the animals
of the world. The environmental problems that constrained the ranges of the earliest
hominids — inability to prepare portable high-energy foods, reliance on equable cli-
mates, and limited defense from predators — were solved well enough before 50,000
years ago to make life possible in all continents that were accessible by foot.
Subsequently, by boat across the Pacific and Arctic Oceans and by foot into the last
deglaciated terrains, they reached almost all habitable lands, mainly before cities rose
anywhere. People learned to live successfully gathering and hunting the diverse plant
and animal life of the planet from the high Arctic to the tropical forests, along the sea-
coasts, and in the mountains.
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Domesticators

People first domesticated themselves, learning to live in social communities of their
own invention. They then brought animals and plants into their communities and
their houses, creating innovative social and economic relationships.

Dogs were apparently the first animals to be domesticated. The process of that
achievement is unknown, but dogs genetically modified in the direction of modern
domesticates appear in the archaeological record of Eurasia and North America by
the end of the ice age (Davis and Valla 1978). Dogs accept food that they have not
killed, and it may have been as scavengers that canids first came into close association
with humans, joining human communities as secondary self-domesticators (Serpell
1995). Speculation has long centered on the usefulness of dogs to human hunters;
their use prehistorically in hunting remains undemonstrated but possible. As pets,
their intelligence and loyalty recommend them immediately; as alarm-givers, pro-
tectors, warmers, and comforters, and even as a convenient emergency meat supply,
they offer appreciable benefits to humans who feed them. Dogs are good value: only
in cities are their costs likely to exceed their contributions to group life.

There is no way of knowing how many other species humans might have tamed as
pets; the keeping of individual animals rarely shows in the archaeological record.
Nor do we expect to know how many species were experimented with as domesti-
cates. We count the successes, and those were the small ungulates of the highlands
fringing Mesopotamia. Sheep and goats were manageable; gazelles were not. On that
difference hangs much of history and unmeasured ecological effects. The benefits of
domesticating herbivores appear obvious in hindsight — a food supply conveniently
close by, a ready source of milk, hair, fur, and other animal products, some control
over the numbers of economically useful animals. In fact, some of the benefits could
not have been immediately realized (sheep’s woolly coats, for example, appeared
later in domesticated flocks). We do not know what the impetus was for early efforts
at domestication; more evidence of the context is required. In several parts of the
world, people managed vegetation to increase the density of wild herbivores, achiev-
ing some of the benefits of domestication without the heavy costs.

Keeping domestic herds establishes unprecedented relationships between people
and animals. While the seasonal transhumance of herders may seem not very
different from the mobility of hunters, there are additional considerations. Herd
animals, once captured, must be restrained, protected, fed, bred, and actively
managed. The selection of the more docile for breeding, whether intentional or not,
eventually produced animals ill adapted to fend for themselves. Successful mainte-
nance or expansion of herds requires that the herders eliminate competitors and
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predators, and seek or supply essential food and water. All of these tasks entail
human labor, requiring daily and seasonal scheduling. Later, when the original
domesticates were augmented by cattle and when husbandry was expanded beyond
the original homelands into the forests of Anatolia and Europe, labor requirements
were increased by the construction and maintenance of facilities such as corrals and
shelters. In Europe, early farmers kept their animals within their houses, presumably
at night, thereby intensifying their own exposure to a range of contagious or vector-
borne diseases. Close relationships with farm and herd animals directly affected
human group size, territoriality, division of labor, niche breadth, diet breadth,
mobility, and health, in both beneficial and deleterious ways. The changed condi-
tions of life entailed genetic and social adaptations. With the invention of harness,
humans were able to use large animals for traction, adding significantly to the
benefits of animal domestication by increasing the energy and muscle power avail-
able to them.

Plant domestication emerged from foraging economies in many parts of the
world during the early Holocene (between 12,000 and 10,000 years ago). In south-
western and southeastern Asia, Mesoamerica, and South America, seed-producing
and starchy root plants were brought under human care and propagation by 10,000
to 8000 years ago. Because the archaeological record for leafy vegetables and fruits
is impoverished by preservation problems, the chronology and location of domes-
tication for some of our favorite modern foods is still unknown (Harris and
Hillman 1989).

Competent gatherers of wild plant foods know well when the edible portions of
various species are at their best, and they know where to find them in economic
quantities. The easiest way to utilize plants in season is to go where they grow, gather
and consume them until there are insufficient quantities left, then move on to other
places. Population numbers, distance, or seasonality may encourage gathering more
food than can be immediately consumed, with additional labor invested in prepar-
ing the surplus for later use. Such “harvesting” strategies bridge much of the concep-
tual distance between gathering wild plants and tending crops. The global warming
that accompanied and followed the shrinkage of the ice sheets certainly brought cli-
matic changes that in turn entailed changes in the compositions and distributions of
plant and animal communities. Behavioral adaptations by human foragers followed;
repeatedly, these involved deliberate manipulation of economically important
plants. Plants colonizing new or disturbed surfaces, wild plants responding to
drought, the sequential recovery of plant communities following fires, must all have
been familiar to gatherers and understood well enough to permit human manipula-
tion of the distribution or densities of favored species. Intentionally or inadvertently
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spreading seeds, as well as transplanting and weeding desirable plants and diverting
or carrying small amounts of water for simple irrigation, are well within the techno-
logical competence of foragers. Small changes in human behavior, bringing minor,
short-term benefits, do not show well in the archaeological record (chapters in
Harris and Hillman [1989]; Watson and Kennedy 1991). Early experiments in plant
management are even more elusive than the early successes at domesticating animals
that seem to have been going on at about the same time in the Near East, at least.

The Farmer Trap was sprung later. The labor increase associated with early plant
domestication must have been perceived as either a reasonable or necessary cost for a
realized benefit. The varied diets of hunter-gatherers provide qualitatively better
nutrition than do the simpler, more consistent, diets of subsistence farmers.
Eventually, many foragers relinquished some freedom and mobility in exchange for a
predictable sufficiency of a simpler and ultimately poorer diet. Crop-raising sup-
ports increased population and family size, typically at the cost of lowered nutri-
tional status and diminished body size (Cohen and Armelagos 1984). Labor invested
in the land requires a more sedentary life, which brings its own benefits and costs
such as improved shelter, technology and its material products, labor requirements
for the construction and maintenance of facilities and tools, and increases in density-
dependent diseases. Lost mobility options make possible more intensive social
control over individuals, beginning social stratification. The short-term predictabil-
ity of domesticated crops is countered by the ecological fragility of specialization on
only a few plants, which are subject to losses from diseases, unfavorable weather,
insects, and animal predators.

The domestication of the landscape followed shortly on the establishment of sub-
sistence agriculture. In Mesopotamia and the eastern Mediterranean lands its effects
have been well documented archaeologically. “In their efforts to control the environ-
ment in the interest of reducing risk and increasing productivity, people unwittingly
imposed a Near Eastern subsistence landscape on new and frequently unsuitable
environments” (Butzer 1982: 310).

Landscape modifiers

The development of technology for landscape modification usually increases the
carrying capacity of habitats for our unique species, making possible higher human
population densities. With farming, land becomes valuable; land rights set up the
conditions for social inequality and territorial conflicts at many scales. The discon-
tents of civilization, as well as its material benefits, seem to be legacies from the same

source.
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Human effects on the biological landscape are inseparable from those on its phys-
ical aspects. Soils (Chapter 11) articulate the two very closely, so that what affects soils
changes the biota (all living things in a defined place), and vice versa. Landform
modification, of course, affects both. Even very simple plows, breaking the soil and
exposing it to wind and water erosion, initiate significant changes in the distribution
of soil types and superficial sediment bodies (e.g., Starkel 1987). Irrigation reorga-
nizes surficial water flow and changes local water tables. New communities of plants
and animals line up along irrigation canals. Pastured animals and manured culti-
vated fields further change soil characteristics. Soil depletion and erosion, progres-
sive salinization of irrigated fields, deforestation to create fields and pastures and to
obtain wood for buildings and fuel, siltation of lakes and rivers by agricultural runoff
—these are ancient side effects of farming that change the natural landscape. As towns
grew into cities, roads facilitated the movement of people carrying information,
other organisms, and commodities. Urban populations, building anew on their own
ruins, heaped cities into artificial hills.

Climate also is influenced by changes in biota and landforms. Deforestation and
seasonally bare soils change the reflectivity of the Earth’s surface, modifying air cur-
rents and thus weather patterns. When fragile plant communities are damaged,
desertification can result — an expression of changed local climate, and in turn a
cause of it.

City-dwellers

People hold strongly divergent opinions about cities as places to live; they feel ambiv-
alent about these population concentrations that offer cultural richness and syba-
ritic comforts for some, with stressful social, economic, and biological challenges for
the many. High population densities at a regional scale entail territorial and social
circumscription. Sedentary communities are dependent upon outsiders to supply
commodities not locally available, and importation of goods requires economic
management. Managerial hierarchies everywhere bring taxes to pay for them, priests
to justify the resultant inequality, chiefs to enforce it, and soldiers to protect it. High
urban population densities amplify the benefits and costs of coresidence: houses and
neighborhoods are more permanent, less clean. Urban conditions breed diseases;
with cities came epidemics.

Cities not only concentrate population and energy, they consume them. Unlike
rural hamlets and towns, cities rarely replenish themselves; they are instead replen-
ished from their hinterlands, from which come commodities, energy, and popula-
tion. The rate of population increase in cities tends to be orders of magnitude higher
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than biological potential; they are population sinks, and may always have been so
(Barney 1980: 60—64; Watt1973: 141).

Urban societies, concentrating power and wealth, support craftspeople and arti-
sans whose products are not merely luxury goods but symbols of privilege and social
power. Full-time craft specialists bring technology to new heights of achievement
and complexity. The transformation of minerals by pyrotechnology that began in
the work of potters and metallurgists is the foundation of all modern industry. Ore
extraction and metallurgy began about the same time as cities in Asia Minor,
although they involved also non-urbanized societies in the hinterlands.

The special needs of urban societies, and the wealth and power at their command,
led to public works such as large temples, pyramids, palaces, and city walls. Beyond
the walls were built canals, roads, and reservoirs to serve the inhabitants. Later
swamp draining and land leveling expanded the food-producing potential.
Irrigation, short-fallow regimes, and erosion eventually depleted the soils whose
crops supplied the early cities. Native biota were displaced as the landscape was urba-
nized. Citizens kept pets, farm animals, and work animals. In shops, warehouses,
and homes where food was stored, vermin such as rats and weevils proliferated.

Urban environments have their own distinct climates. Cities are notorious “heat
islands,” generating and retaining temperatures higher than the adjacent country-
side. Rising air currents deflect local rainfall. Roofs and pavements shed water much
asbedrock does, with the result that the local water table is lowered as water drains off
outside the city center.

Urban environments have biological effects upon the residents. Privilege,
poverty, stress, and density-dependent diseases all affect the quality and length of
urban lives. We may expect, therefore, some selective effects on the gene pools in
cities. However, these effects do not seem to have led to biological adaptation at the
population scale. Cities, after all, are very recent phenomena in human environ-
ments, only about 5000 years old at the maximum. Because city populations rarely
replace themselves, succeeding generations bring new genetic material from outside.
Genetic adaptations to urban life remain for the future to observe and evaluate.

Cities raise to new heights human potential in the arts and in the art of living. At
the same time, these special environments are transitory in the global scale of phe-
nomena. The archaeological ruins of romance and fantasy are mainly those of dead
cities. Where the early civilizations rose, the ancient centers stand abandoned in dev-
astated landscapes. Over a hundred years ago, George Perkins Marsh urged his con-
temporaries to ponder the death of cities, that they might take some interest in the
deaths of organisms around them in time to avoid a like fate (Marsh 1965 [1864]).

This rapid review of human environments in evolutionary perspective demon-
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strates that the human environment has become more complex through time —
slowly at first, then at increasing rates, to arrive at today’s startling pace of change and
diversification. Today, worldwide, the sociocultural environment dominates indi-
vidual lives, the fates of nations, and the destiny of other species coresident on the
planet.

GOALS OF PALEOENVIRONMENTAL STUDIES

The global scale of human habitat is unique among creatures, most of which have
environmental tolerances that limit their ranges. Humans invented personal and
social environments that they carry about with them, permitting today almost any
style of life to be lived anywhere on the globe. We bipedal omnivores with our power-
ful technologies modify the quality and distribution of climate, soils, water, vegeta-
tion, animals, and landforms. Paleoenvironmental studies, by no means esoteric
historical exercises, are essential for elucidating the process by which this came
about. Because of the interrelationships of organisms and their environments, past
conditions continue to shape the present and future. Paleoenvironmental studies in
archaeology have three kinds of goals: historical, philosophical, and policy-making
goals.

Historical goals

The first task of paleoenvironmental study is the description and understanding of
environments in the human past. As has been shown above, the traditional contrast
between natural and social environments is no longer analytically acceptable; the
two are mutually dependent and inseparable. The hypothetical question, “Are the
modern densities of the human species attributes of its ‘natural’ or its ‘social’ envi-
ronments?” defies analysis. Population density is central to the conditions of exis-
tence for any community, and begs to be understood on its own terms. Any adequate
understanding must acknowledge the polydimensional character of environment,
its physical, biological, and social aspects. Historical research can reveal how these
characteristics developed and interacted to define our species as we find ourselves
today.

Theoretical and philosophical goals

More abstractly, but not less significantly, we seek knowledge of the nature of Homo
sapiens — the inherent potentials and limitations of the species. Significant issues
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include the uniqueness among mammals of our bipedal big-brained species, the
interdependence of individuals and societies, the biological distinctions among pop-
ulations, the social equivalence of our diverse societies, the problem of free will,
the definition of “progress,” and the ultimate questions of being and behaving.
Paleoenvironmental data and insights will not resolve these issues, but it is unlikely
that genuine understanding of them can be gained without a perspective on environ-
mental contexts and the evolutionary processes that defined them.

The following chapters will amply demonstrate that an ecological perspective on
human physical and social history and evolution is by no means determinative.
People are the proximate causes of change in their societies; their environments
reflect, amplify, or dampen change, and return changed conditions to the instigators
of change, requiring new adaptations.

Policy goals

Insights and understanding gained during pursuit of the first two goals contribute to
intelligent planning for the future. It is widely acknowledged that present genera-
tions must take action to assure a survivable world for ourselves, and we see that we
cannot live in isolation from the worlds around us. The reciprocity between any crea-
ture and its environment is an inescapable fact of existence. Human ecology is not a
simple phenomenon. Complex problems cannot be alleviated by simplification;
what is needed is the understanding that permits creative insight and appropriate
action. Ecology shows that static assumptions — the expectation that things will, or
ought to, stay the same — are maladaptive. We need to build into the fabric of our
daily lives an awareness of the global consequences of our activities. Human societies
today, and for a long time, have found adaptation to each other both the immediate
and the ultimate challenge. The threats we pose to each other, to all other living
things, and to the physical world around us, are the adaptive challenges of today.
Adaptation, fundamentally, is survival and reproduction. That always entails costs to
individuals and communities.

Knowledge of past lifeways and foodways can illuminate dysfunctional aspects of
contemporary lives, directly in the case of traditional people whose ancestry can be
traced to archaeological sites, and indirectly in the case of urban and ghettoized pop-
ulations. Significant policy implications can be developed from paleoenvironmental
and paleonutritional research, to support improved living conditions for contempo-
rary people (e.g., Brenton 1994).

Environmental studies in archaeology are not undertaken in expectation that
descriptions of past environments will directly explain human actions, cultural
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developments, or change of any kind. The chapters that follow should make clear
why such expectations are futile. The complexity of the natural world and, especially,
of potential human responses within and to that world, defeats any hopes for easy,
direct, causal connections between forms of human society or existence and the
non-human world. However, no understanding of human conditions in the past can
be achieved without some grasp of physical and biological contexts. The better we
can know and evaluate the context of daily lives at any time in the past, the better to
evaluate and understand the challenges faced, the choices made, and the changes
engendered by human thought and actions. For archaeology, alone among the
paleoenvironmental disciplines represented in this book, the human thinkers and
actors retain primacy of place. Even though we can rarely identify individuals in the
past, we cannot for a moment forget that it is the human beings whom we seek to
understand, not simply the frequency of rains in past summers. As we learn more
aboutboth, the more likely it seems that the two phenomena are related.
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PALEOENVIRONMENTAL
RECONSTRUCTION

If the theories behind borrowed concepts are not clearly understood and taken into
account in the application of the concepts, not only will the results of the concept
application be suspect, but misunderstandings may arise between practitioners of
the science from which the concept was borrowed and the concept-borrowing
archaeologists.

CREMEENS AND HART 1995: 16

The study of the human past requires knowledge of the solar system as well as of the
home planet and its geophysical and biological systems, of which we are inextricably
a part. The eternal fascination of archaeological research is that it challenges all our
creativity, discipline, and enthusiasms; scarcely any knowledge is irrelevant to it.
That is especially true of environmental archaeology — the study of paleoenviron-
ments as human habitats. Habitats pose problems and opportunities for resident
organisms of whatever size and complexity; humans are not excepted from this
imposition. If we are to understand the behaviors of human beings in their unique
cultural contexts, we must be able to define and examine crucial aspects of their hab-
itats. Human environments, originally restricted to sub-Saharan Africa, now include
the entire world and parts of space — so, the study of human ecology, which is at the
core of environmental archaeology (Butzer 1982), is necessarily comprehensive and
resolutely dynamic. Not surprisingly, it is still very immature and experimental.

The means for defining and interpreting elements of human environments,
both past and present, are expanding. Archaeologists, especially environmental
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archaeologists, employ techniques and concepts developed in the disciplines of
anthropology, biology, ecology, zoology, botany, geology, oceanography, climatol-
ogy, and pedology (soils), among others. Of course, no one can be expert in all
these subjects; both compromise and consultation are required. Under such condi-
tions, it is fair to say, the borrowings have not always been efficient, or even
effective.

Donald Hardesty (1980: 161) warned of “the hazards of crossing disciplinary
boundaries on search and seizure missions.” Borrowed techniques and methods
should not be isolated from the concepts and theories with which they were devel-
oped. When people fail to respect that relationship, they create unnecessary
difficulties. Too often, such failure has resulted in misapplication of methods,
oversimplification of interpretation, and error. This work aims to minimize those
hazards by introducing the fundamental concepts, theory, and vocabularies of the
disciplines most often borrowed from, to help archaeology students cross the
borders into the domains of other disciplines prior to specializing in any of them.
Further specialization in one or more non-archaeological disciplines is strongly
encouraged.

Research in the scientific mode is a search for insight and minimization of bias
and error. There are many styles of scientific research. The physical sciences are
experimental and quantitative. The natural and historical sciences are more descrip-
tive and qualitative, less suited to controlled experiments. The former enjoy particu-
lar prestige for the precision of their methods and results. The latter stumble along
dealing as well as possible with the complexities of the world and the intricacies of
human perceptions, motives, and interpretations. The physical sciences are equally
subject to the messy limitations of human cognition and conceptualization, but they
deal with phenomena more radically distinct from common human experience. It
can be argued that, in dealing forthrightly with complexity, the historical disciplines
are more realistic than the conventional physical sciences.

Archaeology shares methodological constraints with all the historical sciences,
from astronomy to paleontology. Among these are incomplete and discontinuous
data sets that yield few representative samples and are inaccessible to experimenta-
tion, poor control of time for measuring rates, reliance on analog arguments, and no
direct access to causation. Archaeology shares some of the strengths of historical
studies as well, such as their long-term perspectives on change and historical pro-
cesses and their respect for context and contingency.

Within the historical disciplines, the mode of discourse and the tone of reporting
in the natural sciences may be less qualified, less hesitant, than that of the social sci-
ences. That is tradition and style; it is not a reflection of a tighter grasp on “truth.”
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“[F]rustration with inherently imprecise data too often gives rise, in ecology as in
the social sciences, to self-conscious ‘schools’ of thought, and to equally self-con-
scious obsessions with one or another ‘scientific method’ ” (May and Seger 1986,
American Scientist 74: 260).

Paleoenvironmental studies integrate the historical sciences in a manner similar
to the way archaeology integrates the social sciences, by focusing on past worlds and
ways to understand them. Science is no less scientific when it deals with variation
rather than permanence, with change rather than continuity or stasis. The historical
sciences, unlike chemistry and physics, deal with the dynamics of particular condi-
tions in the past rather than with universal, static, laws. This emphasis on contingen-
cies — unique, historical configurations of phenomena — is a powerful heuristic and
seems to be the way the historical sciences do, in fact, proceed (Gould 1986). The
acceptance of contingency is a far cry from the dogma of historical determinism. The
importance of the historical sciences is that the past affects the present because past
events and processes have constrained the range of options open to events and pro-
cesses today.

There are further constraints in the historical disciplines. Scientific theory is
often said to be quantitative and lawlike, and to aim for universal, rather than con-
tingent, results. The study of quantitative relationships requires representative
samples, which are rarely available and hard to recognize in historical data.
Qualitative attributes, used in analogical and inferential reasoning, are more access-
ible in historical disciplines. Furthermore, several of the historical disciplines are
based on concepts which have proven intransigent to quantitative definition or
measurement. For example, anthropology has “culture,” archaeology has “site,”
climatology has “climate,” ecology has “system,” and biology has “community.”
These concepts have been fundamental to the successes of their disciplines, yet are
not amenable to the basic scientific activity of measurement, probably because they
are artificially isolated from context. They appear to exist outside of time and space.
If time and space are “added” in the sense that temporal and spatial limits are
defined for each of the concepts, they become operational, but only within the con-
straints of the definitions. This state of affairs is a quality of these disciplines, not
simply an attribute of their supposed immaturity. Efforts to impose quantification
at the expense of qualification are futile diversions from the proper tasks of the his-
torical disciplines.

Without apology, then, quantification will not be emphasized in this work, but
will be discussed and applied when appropriate in various sections of the text.
Scientific concepts that require quantification and assume representative samples
are not a major feature of this work.
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PALEOENVIRONMENTAL RECONSTRUCTION IN ARCHAEOLOGY

We seem perilously close to that characteristic failing of interdisciplinary study — an
enterprise which often seems to merit definition as the process by which the
unknowns of one’s own subject matter are multiplied by the uncertainties of some
other science.

SAHLINS 1972:51

The discipline of archaeology has recently been through a period of methodological
self-consciousness during which it tried to achieve scientific standards comparable
to those of the quantitative physical sciences, while keeping its social science creden-
tials. Historical context was devalued in the search for eternal verities (“laws” of
human behavior).

Bailey (1983: 172) has noted that, in the same period, most of the natural sciences
that archaeologists utilize became aware of the historical dimensions of their data;
such awareness has been a powerful impetus to theoretical developments.
Contextual richness and specificity have now been reinstated in archaeology, in both
the natural-historical (Butzer 1982) and sociocultural (Hodder 1986, 1987) senses.

Multidisciplinary research has recently been afflicted by a mood of pessimism or
skepticism concerning its potential for success (e.g., Thorson 1990b), especially in
paleoenvironmental reconstruction. The problems are numerous and not trivial.
They include intellectual as well as economic problems of cooperation, of coordina-
tion, of integration, and of differential reward. Investigators in the several disciplines
involved in paleoenvironmental research are trained in distinct academic traditions
and hired into separate departments and faculties. Consequently, they employ
different vocabularies and perspectives on phenomena, perspectives that involve the
scales at which they work as well as unexamined habits of mind. It is not unusual for
members of an interdisciplinary team to be disconcerted by each others’ mind-sets
and work habits. The integration of results and the efficiency of cooperative work
can be facilitated by a strong, appropriate research design, but the communication of
research goals across disciplines can be remarkably difficult. Cooperative research in
environmental archaeology appears to be especially difficult because of the incom-
patibility of scales of problems and data between archaeology, operating within the
human dimension, and those of the natural-historical sciences, operating at the
levels of species, region, and millennium.

All the disciplines involved in aspects of paleoenvironmental reconstruction have
different goals, to which their characteristic scales of observation and data collection
are appropriate. For archaeologists, the goal of paleoenvironmental reconstruction is
the description of change in the physical and biological contexts of human existence.
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The goal has often been only partially achieved because of temporal distance, the need
torely on indirect evidence, and the inherent difficulties of working in a multidiscipli-
nary mode. A better understanding on the part of archaeologists of the basics of the
cooperating disciplines can turn difficulties into strengths.

Integrating multidisciplinary research

Science is learning, not knowing. The writ of other disciplines is no more holy than
that of one’s own. All bodies of evidence and interpretation grow and change in time,
because the scientific mode of learning involves recursive evaluation of hypotheses
and insights, with adaptive change as indicated. Interpretations, especially, remain
vulnerable to new data and new thought, and should not be accepted uncritically.
There is a special intellectual excitement in working across disciplinary boundaries;
all parties to the enterprise must be willing to stretch, grow, and reconsider what they
believe they know. The personal rewards can be enormously gratifying.

The differences in scales and data sets in the several sciences can be a source of
strength in multidisciplinary work. As definers and integrators of research projects,
archaeologists can ease integration with the three C goals: complementarity of
different data sources, consistency between data sets, and congruency of scale.

Complementarity enlists the strengths of diverse data sets to create interpreta-
tions more nearly complete than any single discipline can achieve. As the following
chapters will show, the reconstruction of any aspect of ancient environments can
utilize evidence from a number of other aspects from the same time and place. Since
all data sources are subject to errors of association, representativeness, or interpreta-
tion, using diverse data sources reduces the likelihood of error caused by overreli-
ance on any one source.

The goal of consistency requires that the reconstruction of any one aspect of
paleoenvironments be compatible with the reconstructions of others. All the evi-
dence, and the resultant interpretations, should agree — not necessarily in detail, but
in presenting associations that are not inconsistent with plausibility. To take an
extreme example: if pollen study implicates the presence of a lush deciduous forest in
a given area and time, evidence from soils that permafrost existed at the same time is
clearly inconsistent. As neither data set can be dismissed out of hand, additional
research is needed to evaluate the alternatives.

The congruency goal recognizes the need to mediate among data sources at
different scales. Paleoenvironmental data from different disciplines reach the
archaeologist wrapped in concepts and scales that may not be equivalent. “To the
archaeologist looking for an interpretation he can use, one form of biological evi-
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Table 2.1 Exponential scales in space and time
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Spatial scales Area (km?) Spatial units
Mega- 5.1x108km? Earth

<108 km? continents, hemispheres
Macro- 10*-10” km? physiographic province, region
Meso- 102-10%*km? site catchment, area

1-10°km? locality; city, large site
Micro- <1km? locale, site, house, activity area
Temporal scales Duration or frequency (yr) Spans
Mega- >10%>1ma more than 1 million years
Macro- 10%-10% 10 ka—1 ma 10,000 to 1 million years
Meso- 102-10% 0.1 ka—10ka centuries to 10,000 years (millennial)
Micro- <10%0.001 ka—0.1 ka less than one century (decadal)

Note: “ Each higher unit incorporates and generalizes all those below. Scales in the two dimensions
are not closely linked.

dence seems as good as another. But pollen grains are very different from snail shells;
they get into the soil in different ways, they survive (in calcareous soils) for different
lengths of time, and probably indicate ecological conditions over different spatial
dimensions” (Dimbleby 1985: 64). Awareness of incongruence between the regional
and local scales, and between short and long time spans, can help the archaeologist
interpret each data set in terms of its own scales of time and space, to avoid compar-
ing incomparable entities. Geologists face similar problems:

At different scale resolution levels, which are mapped out according to our aims and
abilities, different problems are identified; different types of explanation are relevant;
differentlevels of generalization are appropriate; different variables are dominant; and
different roles of cause and effect are assigned . . . It is also apparent that conclusions
derived from studies made at one scale need not necessarily be expected to apply to
another.

CHORLEY ET AL. 1984: 12

Table 2.1 presents a scheme of exponential scales in time and space, with four divi-
sions in each dimension. The units shown are heuristic only. They have logically no
firm boundaries except when those are specified for particular cases. The four-part
scheme simplifies reference to the several hierarchical levels of scale, but the exponents
obviously can be subdivided more finely (e.g., Butzer 1982: 23—27). Relevant spatial
concepts and methodological considerations vary with the scale under consideration.
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In the temporal dimension, methods for measuring time vary with the scale, just as
methods for inferring sociocultural phenomena also vary. Note that each higher unit
incorporates and generalizes all those below; both detail and diversity are lost as
research interest moves up the scale. For each level in each dimension, there are appro-
priate data categories that differ from those at other levels.

Reasoning and “recursive ignorance” in the paleoenvironmental sciences

Historical studies encounter the obstacle that the phenomena we want to study are
rarely directly accessible to research in the present time. Consequently, indirect evi-
dence is interpreted to increase knowledge. Astronomers study light spectra to learn
about the chemical compositions of stars; paleontologists study bones to learn about
the soft tissues and behavior of extinct animals; climatologists study pollen deposits
tolearn about atmospheric circulation patterns, and archaeologists study artifacts to
learn about human behavior and societies. All of the historical disciplines rely on
mathematical and statistical data and reasoning when those are appropriate, and rely

on inference and comparisons with observable phenomena as necessary.

Palaeoenvironmental analysis essentially proceeds by induction. Data from faunal,
floral and sedimentological residues in bogs, lakes, river terraces and valley fills are
used to infer past environmental conditions such as plant cover and hillslope and
fluvial processes. These in turn are used to infer climatic parameters which may then
form the basis of archaeological explanations. This may eventually produce a recursive
ignorance as successive approximations move backwards and forwards, to and from
the original inductive activity and may even prove circular as they are applied to
explain the data from which they were derived. Despite the intrinsic shortcomings,
which are widely understood, this approach continues to be widely practised in
archaeology and geomorphology. Of the several reasons for this the two most impor-
tant appear to be (i) a dismissal of essential limitations on the grounds that the ends
justify the means, which is doubtful, or (ii) the reluctance to develop an alternative
strategy or set of strategies to deal with the problem.
THORNES 1983: 326

The following discussion responds preliminarily to Thornes’ concerns; the bulk of
this volume is devoted to them. If we are to escape from recursive ignorance, we need
awareness of our habits of mind and level-headed clarity about our goals, so that we
can select methods appropriate to our purposes.

Quantitative reasoning: sampling and probabilities
Archaeologists discovered sampling theory in the late 1960s; palynologists discov-
ered it in the 1970s. Since then, its proper application has revolutionized the two dis-
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ciplines, restricting or broadening acceptable inferences, depending on the case. In
archaeology, inappropriate application of sampling theory and the sophisticated sta-
tistical analyses that accompany it has spawned a misleading and difficult literature,
which has come under scrutiny and refutation (see, e.g., discussions in Cowgill
[1986] and Shennan [1988]).

Formal sampling is a way of estimating what you can know about a population of
data from examining a portion of it. The portion examined must be rigorously
chosen to eliminate bias, and there must be enough of it to be representative, to a
major degree, of the diversity within the population, which, of course, is what you
want to know in the first place. Sampling is neither a magic solution to this dilemma
nor hocus-pocus. Sampling works best with natural phenomena that are homogene-
ous at some scale. Unhappily, archaeological deposits are usually anything but
homogeneous. George Cowgill has endeavored to elucidate the problems and poten-
tials of sampling in archaeology; his work is the place to begin examining the issues
(Cowgill 1970, 1986, 1989).

For paleoenvironmental studies, sampling problems are more prevalent than the
literature indicates.

e In field work, the selection and size of samples are often defined casually,
whether the subject is areas for investigation, sediments, or range of included
materials.

e The descriptive literature is typically uninformative about the criteria for sam-
pling in any given case, and

e the interpretive literature is frequently flawed by failures to consider responsibly
the error probabilities inherent in the materials selected for study.

The aspiring student of archaeology or of the geosciences should be sensitized to this
aspect of methodology, both in practice and in reviewing the literature. More sophis-
ticated selection and evaluation of samples would go far toward correcting the kinds
of error and circular reasoning that Thornes implicates in our “ignorance.”

Samples for analysis must be representative of the phenomena under study, and
appropriately sized for the analytical methods used. Representativeness of samples
varies with the size of the sampling fraction and the distribution (“randomness”) of
samples collected. The more complex and structured the phenomena under study,
the larger must a sample be before it can be considered reliably representative. For
example, the diversity of sedimentary deposits within the walls of a single ruined
room is likely to be orders of magnitude less than the diversity within the walls of a
ruined town. However, if detailed behavioral and ecological interpretations are
desired, a single sample from any room would not be sufficiently representative.
These matters need to be addressed at the outset; good sampling plans can be
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modified to respond to circumstances, but selected collections of materials can never
achieve the status of representative samples.

The decisions to be taken in designing a sampling program within a stratified
deposit are different from those related to horizontal patterning. Good texts on exca-
vation procedures (e.g., Barker 1993; Hester et al. 1997; Stein 1987) discuss the decisions
involved in sampling — contiguous or non-contiguous units, small or bulk samples, at
interfaces or central to stratigraphic units, and so forth. With any uncertainty, make
the samples as discrete as possible, and the intervals small. While samples can always
be consolidated later, they cannot be meaningfully subdivided after collection.

Since examination of all sedimentary contexts at any archaeological site is almost
impossible, the student must be aware of the constraints on inference that are
imposed by the sample available for study. The generality of an interpretive argu-
ment necessarily varies with the representativeness of the sample on which it is
based. The strengths of sampling theory are that it can help estimate the degree to
which the samples taken can be said to represent the diversity of the sampled phe-
nomena. The relevance and appropriateness of samples to the problem(s) under
investigation should be evaluated explicitly for each case, and carefully reported with
the interpretation (Shennan 1988: Ch. 14).

Not even the best sampling plan can overcome the fact that all sediments and ma-
terials available from the remote past have been subject to non-random selection
before they are scrutinized by researchers. Taphonomy is the study of the processes
leading to fossilization of biological remains (Chapter 9 and Part V). While obviously
an example of qualitative, not quantitative, evaluation, the recognition of taphonomic
processes must be considered in any discussion of sampling, as they are major natural
sources of non-randomness in deposits. Taphonomic processes include the original
deposition of particles on the surface or in water, weathering, disturbance or con-
sumption by living organisms, disaggregation and transportation of remains after
death, burial at the site of death or redeposition, chemical and physical modification
after burial, and whatever may befall the sedimentary context of burial. The complex-
ities of individual histories of organic remains and their enclosing sediments are
almost infinite. Rules of taphonomic inference are being developed by paleontologists
and archaeologists to help regularize the observation and evaluation of relevant evi-
dence (e.g., Behrensmayer and Hill 1980; Lyman 1994; Schiffer 1987). Palynologists are
beginning to develop a literature on taphonomy, also, which will be noted in Part V1.

Qualitative reasoning: analogy, inference, and causation
Analogical reasoning is fundamental to paleoenvironmental and archaeological
research. Itis a form of inference by comparison. In historical studies, selected situa-
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tions contemporary with the observer are assumed to share important characteris-
tics with aspects of the past that are under investigation. Classic analogy is a form of
logic by which one establishes the equivalence of two things that cannot be directly
compared. The argument takes the form: A is like B; B is like C; therefore C is like A.
Suchlogicis usually expanded to the more complex issue of comparing properties of
entities. For example, if we observe that A and B have properties m, 1, 0, and p, and
that C has properties m, n, and o, we may infer by analogy that C has p also. But,
unless p is logically or essentially entailed by properties m, 1, and o, our inference is
only weakly grounded. In paleoenvironmental studies, effective comparisons can
only be made if there is knowledge or the reasonable assumption that the entities
being compared share the properties that we want to study, and that their similarities
are crucial to the matter under investigation. When temporal distances between the
two entities or situations are great, equivalence must be demonstrated, not assumed,
lest we trap ourselves in circular reasoning. Analogies are invaluable for formulating
research designs because they help specify what parameters are important for a par-
ticular question.

Analogical reasoning is a kind of pattern matching — the similarities of two enti-
ties or situations are explicated and evaluated. If the similarities are great, the usual
assumption is that there are some causal connections among the shared characters so
that they recur for similar reasons. This assumption is not, however, supported by
the logic of analogy, which is a weak method for learning about causation.

Analogies (particularly in the form of metaphors) are basic to human speech and
probably to human thought (Lakoff and Johnson 1980). However, analogical argu-
ments rarely lead to new knowledge; typically, they show that some phenomena had
or have wider distributions than was previously known. Lacking a stronger basis for
inference, we must learn to use analogical reasoning responsibly and critically
(Kelley and Hanen 1988; Wylie 1985). Analogies help us understand phenomena that
are, for any reason, imperfectly observable. The analogical mode of reasoning per-
meates the historical sciences whenever practitioners not only seek to learn about
past states and phenomena but also engage in rigorous observations of phenomena
of the present in order to learn more about the past (a method called actualism).

In fact, analogical reasoning is so important to the historical sciences that it was
elevated to the status of a principle during the nineteenth century. The geologist
Charles Lyell is closely identified with the principle of uniformitarianism, the asser-
tion that processes in the past were comparable to processes in the present. Taken at
face value, this could mean that we are unlikely to learn anything surprising about
the past, no matter how distant. Stephen J. Gould and others clarify this conundrum
by recognizing that processes in the past were not necessarily equivalent in scale or

29



30

INTRODUCTION

duration to those of the present, only similar in kind and function. This distinction
allows for the existence in the past of continental glaciers larger than any now observ-
able, but requires that the processes that formed and controlled those glaciers were
like those we can observe at smaller scales today. This kind of uniformitarianism
is a methodological principle, not a statement of brute equivalence (Gould 1965;
Rymer 1978).

A corollary of uniformitarianism is the use of proxy data in the paleoenviron-
mental sciences. Proxies are phenomena that indirectly relate to the phenomena we
want to know about — especially, they are data that can be used to infer aspects of
paleoclimates through analogies. For example, pollen evidence indicating the
former existence of a spruce forest in an area now populated by temperate deciduous
trees can be considered proxy evidence of a former climatic regime cooler than that
of the present. The argument works through analogical reasoning because today
spruce-dominated forests maintain themselves only in areas of severe winters and
brief summers where temperate forest species cannot thrive. Similarly, the discovery
of woolly mammoth bones in an area now temperate in climate is taken as evidence
for ancient climates colder than those of today. Proxies are observable phenomena
used to infer the presence or state of phenomena not directly observable — in these
examples, forests and climates.

Some investigators have taken the argument further by recording and measuring
attributes of biological systems associated with different climatic regimes today, and
then mathematically “transferring” those climatic regimes into the past wherever
they observe biological associations similar to those of the present. This extension of
analogy has been cogently criticized for involving a great many unstated and
untested assumptions about complex ecological relationships in both the past and
present (Birks 1986; Hutson 1977; Lowe and Walker 1984: 155-156; Rymer 1978).

Chapter 7 demonstrates how widespread and essential is the use of proxy data in
the study of paleoenvironments, and further discusses the methodology. Here it is
sufficient to remind ourselves of the complexities of biological organisms and of
their interspecific relationships within the various biota of the world. Even very
simple organisms are capable of responding to environmental problems in more
than one way, and when they occur together in associations of diverse species, the
diversity of responses may defy codification. Proxy data for indirect inference about
conditions in the past must be chosen carefully on the basis of knowledge as full as
possible of their relevance for the issue of concern. Relevance involves such abstract
qualities as scale as well as the clarity of the proxy’s climatic signal. Both of these qual-
ities are knowable only as they are expressed in contemporary, contingent situations.
The application of analogical reasoning cannot eliminate the contingencies in the
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proxies, and thus the method is subject to the fallacy of transferring the present into
the past. The best proxies for paleoclimates would be organisms so well known in all
their diversity that the boundaries and mechanisms of their responses to particular
aspects of environment could be directly specified and observed in fossil data. At
present, we control (or believe we control) the boundaries for some organisms, but
the mechanisms for almost none. For example, beetles are considered to be out-
standing proxies for ambient temperatures, but only those qualities, as we shall see in
later chapters.

As more is learned about the mechanisms of the various environmental systems
(Chapter 3), investigators have confronted a new challenge to knowledge of the past:
the no-analog problem. Environmental circumstances are highly complex and not
fully determined by any finite set of known factors (Bradley 1999; Hutson 1977; Webb
and Bartlein 1992). Because of the multiplicity of factors shaping any system of
organisms, all prehistoric as well as modern systems are unique in some characteris-
tics. No set of environmental circumstances is ever precisely replicated, and so no
modern situation can serve as an accurate analog for any multivariate environment
in the past. For example, the beetles that are used as indicators of temperatures
cannot serve as proxies for rainfall, length of season, or vegetation. Contingency
complicates inquiry in ecology and in all historical sciences; it limits the application
of analogies of all kinds.

Another powerful limitation on the use of analogical reasoning is the principle of
equifinality, which is that different sets of antecedent conditions may produce
similar results. That is to say, no single set of causes can be readily assigned to each
unique situation or circumstance. An example is that of a rising sea level, which may
be the result of (1) an increase of water in the oceans, (2) sinking of the land, or (3)
reduction in the size of ocean basins. Much more information than the simple obser-
vation of rising sea level is needed to distinguish among the possibilities. The princi-
ple of equifinality requires that multiple hypotheses be involved in any research (e.g.,
Haines-Young and Petch 1983).

CAUSATION AND SYSTEMIC RELATIONSHIPS

The gravest problem in actualistic research is assuming that a given agent is necessary
and sufficient cause of an observable attribute when no such relationship has actually
been established.

GIFFORD 1981: 394

The search for causes of observed phenomena and situations is deeply ingrained in
the methodology of science and in the ways we all think about the world. Whenever
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some event arouses our interest, we seek its cause, in order to understand, commend,
or blame. The historical disciplines have few methods for seeking causation.
Conventionally, the observation of positively correlated variables (characters that
always occur together or change at the same time) is taken to imply some causal link
between them. However, the co-occurrence of two or more phenomena does not
imply causation by any one of them, only the likelihood of interdependence and
close relationship, possibly through a third variable. Also, pure coincidence may be
confused with correlation. Pattern is not cause; arguments from correlation are
research problems, not explanations. For the latter, we need to identify and under-
stand the mechanisms in relationships — how things work together or affect each
other.

In the middle years of this century, as computers aided the study of complex
mathematical relationships, investigators applied ideas about systems and systemic
relationships to data in many disciplines. Systems are bounded sets composed of
entities and their relationships. It is characteristic of systems that a change in one
entity will require compensating adjustments in others that are linked to it. We have
already met an example of this in the discussion of the Red Queen hypothesis in
Chapter1.

Simple closed systems are assumed to be in a state of equilibrium unless dis-
turbed, and to return after disturbance to conditions close to the original. In the
mechanistic language of systems theory, the interactive responses of systems to dis-
turbance, or to any change, are termed feedback, and may be either positive or neg-
ative. Positive feedback amplifies (increases) deviations from the original state of
the system, leading to modified relationships among the parts. Negative feedback
dampens (reduces) deviations or innovations to systemic relationships; its effects
are to return the disturbed system to something like its original state or
configuration. Open systems are those that receive matter, energy, or information
from their environments. All complex systems involving living organisms are open
and dynamic, with feedback responses initiated from inside as well as outside the
system. Rather than tending toward static equilibrium states, feedback in complex
systems approximates dynamic balance, with additional change the characteristic
result of disturbance.

Systems models represent a major advance in realism from simpler models of
linear causation. They emphasize multidimensional relationships among compo-
nents of a system, and help focus attention on the feedback mechanisms that define
the dynamic balances. Systems thinking was introduced into archaeology in the late
sixties, most influentially by Lewis Binford (1965), David Clarke (1968), and Kent
Flannery (1968, 1972). It rapidly transformed the terminology and metaphors of the
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discipline (Watson et al. 1984: Ch. 2). Formal systems theory is fundamentally
mathematical. In the biological, environmental, and social sciences multivariate
relationships are too complex for mathematical modeling even with the latest super-
computers. Nevertheless, systems thinking as a way of dealing with complex rela-
tionships that are multicausal has produced significant insights and improvements
in understanding in all the sciences that deal in any way with living organisms.

THE EMERGING CHALLENGE TO CAUSAL THINKING

All the sciences of Western industrial society are based on a traditional mode of
thought that can be traced back to Aristotle, at least, but was codified and established
within the scientific enterprises in the seventeenth, eighteenth, and nineteenth cen-
turies. It is exemplified in the work of René Descartes, Isaac Newton, and Charles
Darwin. This mode of thinking, amounting to a world-view, an article of faith in the
way the world works, assumes direct linearity in causation and a certain mathemati-
cal determinism in systemic relationships. It has served brilliantly as the foundation
of the mathematical and experimental sciences that have given humanity unprece-
dented power over the natural world and the means to shape the destiny of life as we
know it.

When linear causation and mathematical determinism are employed with suit-
able analogies, it is possible to construct predictions for states of affairs in the future,
or retrodictions for the past, that carry some scientific authority. A fashionable
definition of “explanation”in archaeology equates it with the ability to make predic-
tions that are borne out in the course of events. All of this has been intellectually grat-
ifying; itis “normal” science. Recently, ideas emerging from studies of randomness in
physics, ecology, meteorology, and epidemiology are beginning to cast doubt on the
universal appropriateness of such deterministic assumptions. These investigations
are converging in the “sciences of complexity,” one aspect of which is “chaos” studies,
aname chosen to attract attention but which unfortunately tends to mislead. In both
standard and scientific English, “chaos” until now has meant true randomness,
absence of patterning, signals that contain no information, existential “noise.” Much
of the strength and attractiveness of the new chaos theory, however, is that it asserts
the information potential of phenomena that have been considered residual in tradi-
tional science.

The new insights are extensions of systems theory that are rapidly superseding
some basic concepts about systemic behavior. One of the major interdisciplinary
findings of chaos investigations is that complex systems do not exhibit deterministic
trajectories in either time or phase space; rather, systems of many different kinds
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tend to share a “sensitivity to initial conditions” (i.e., to their environments) that
makes them liable to veer away from former “paths,” to be unpredictable in all but the
very smallest scales (Glass and Mackey 1988; Gleick 1987; Kauffman 1995; Schuster
1988; Waldrop 1992). This kind of randomizing system behavior can be replicated by
fairly simple mathematical operations provided they are reiterated a great many
times, with the results of one calculation feeding into the next. Rather than leading
quickly to disorder, some randomness has been shown to be “creative” in ways that
reduce disorder, and to be deterministic to the extent that it can be replicated at
several different scales (fractals). Snowflakes, achieving an almost infinite diversity
of forms based on six-part symmetry, are excellent examples of the creativity of sen-
sitive dependence on initial conditions. The growth of snowflakes from water vapor
exemplifies decreasing disorder, each flake developing a unique symmetry as it
tumbles in turbulent air currents and encounters impurities in water vapor.

The two insights, that (1) there were states in the past that lacked any modern
analogs, and (2) systems exhibit sensitivity to initial conditions, together undermine
the authority of both proxies and the linear deterministic thinking that supports
their use. One need not, however, abandon confidence in the principle of uniformi-
tarianism. If even deterministic systems may exhibit unpredictable behavior, then
contingency (context and history) is extremely important, equifinality cannot be
ignored, and effects of scale may be paramount in understanding changes in system
states in time and space (Gould 1986).

In this age of weather satellites, meteorology’s failure to predict even threatening
weather more than a few hours or days in advance is shown to reflect realities inher-
ent in the atmosphere, not underfunding of technology. Retrodiction cannot be
easier to achieve than prediction. There is no easy, scientific way to reverse time’s
arrow and observe conditions in the past. We can “know” the past only as the sum of
the conditions that have determined the present, and some of those conditions will
always be too small or too ephemeral to be observable.

The initial lessons from the new sciences of complexity confirm what philoso-
phers have been saying all along about the limitations of analogical reasoning. The
study of present-day phenomena and conditions can provide sound analogies for
understanding the structure and mechanisms of systems of many kinds, including
the planet’s climate and biological cycles. However, analogies cannot be used directly
to posit system states in the past or future. Theoretically informed close observation
of existing systems exposes the relevant variables of each, and their interactions. This
brings the observer to a better understanding of structures and mechanisms, which
will lead in turn to enhanced abilities to learn about alternative states. The ability to
posit numerous possible alternatives, and to reject those that are not possible permu-
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tations of things as we observe them, should bring us closer to the goal of learning
about past and future that we thought to achieve by shorter, straighter paths.

Systems that are well understood in the detailed context observable today should
permit some prediction, especially at small and medium scales of time and space.
This is the case partly because some theoretical alternatives are precluded by imme-
diately precedent situations, thereby reducing the number and complexity of pos-
sibilities in the short term.

Whether from the perspective of “normal” science or the new sciences of com-
plexity, the advantages of multidisciplinary studies of complex systems are impres-
sive. The compartmentalized disciplines of modern science have each special
strengths for investigating a circumscribed range of phenomena. None can exhaust
the complexities of any aspect of the world, but each can specify the likely states of
some variables, and the relationships of variables within parts of a given system.
Bringing many disciplines to bear on a problem, each contributing data from its
special strengths, can significantly reduce the range of alternatives and uncertainties
that must be considered in any given case. As complexity theory shows, what is
“noise” from one perspective may be crucial information from another. In multidis-
ciplinary investigations, it is very important that all investigators be explicit about
the limitations and contradictions in their data, and about the kinds of data not
gathered.

The paleoenvironmental sciences offer a vast array of methods of observation
applicable to a significant portion of the variables recognized in contemporary envi-
ronmental sciences. Experimental and descriptive investigations expand the avail-
able analogies that enhance understanding of crucial variables and relationships.
The study of the past grows in power and insight with the study of the present, but it
no longer merely holds a weak mirror up to the present. Informed by theory and
experience, archaeologists in collaboration with other paleoenvironmental scien-
tists can learn about a past that was unlike the present, illuminating both the present
and the future.
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MECHANISMS OF
ENVIRONMENTAL CHANGE

Palaeoexperiments inevitably lack the rigour of true experimental science. Whilst a
combination of replication, statistical validation, ingenuity and intellectual honesty
can limit and constrain spurious reinforcement, the circumstantial nature of so much
post hocevidence, and the judgemental nature of critical aspects of sampling and inter-
pretation will still influence the conclusions drawn.

OLDFIELD 1993: 18—19

Human beings perceive environmental change mainly as change in the state (qualita-
tive character or structure) or condition (quantitative composition or amount) of
nearby communities of living organisms, or of the weather. For example, a change of
state for living communities might be gains or losses in the diversity of plants or
animals represented; a change in condition might be an increase or decrease in the
numbers of plants and animals. For the weather, a switch from winter rains to predom-
inantly summer rains in mid-latitudes would constitute a change in state, whereas a
marked decrease in precipitation over a month or more would be a change in condi-
tion. We notice such changes, because they violate our expectations that things vary
little from year to year. Our experience and observations of the environment are at the
local scale and are mediated by language and opportunity, so that each of us has a
slightly different idea of things. Because of the ways we perceive environmental change,
our “common sense” leads us to seek the causes of change where we perceive it—among
living communities and in the weather systems. Recent research in geophysics and
climatology has demonstrated that this approach is oversimplified and misleading.
Rockets, satellites, radar, and computers have revolutionized the study of the
Earth’s climate, and with it, knowledge of climatic and environmental change at
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scales ranging from that of the solar system to that of daily weather. This new under-
standing has made research into environments of the past much more productive,
permitting finer resolution in chronology and providing some understanding of
mechanisms — the ways in which system components interact. With this greater
control over a larger number of variables, scientists have relinquished hope for
linear, unicausal, or independent explanations for environmental change. The com-
pensation for this loss is a powerful awareness of the complexity and interconnected-
ness of environmental systems.

GEOGRAPHIC CONCEPTS

We must establish a working vocabulary for some basic ideas about our home planet.
Images from space confirm that the planet is roughly spherical, mostly water-
covered, icy at the poles, relatively dry part-way between the poles and the equator,
and dominated by atmospheric circulation of gases and water vapor. In order to
discuss distance and direction across the surface of the globe, geographers have
defined certain conventions of measurement. The globe of the Earth is partitioned
arbitrarily by lines of latitude running around it parallel to the equator; these help us
define distance, in degrees latitude, between the equator and the poles. The equator
is zero degrees latitude; the poles are each 90°, and any point in between, north or
south, is expressed by degrees intermediate in value. Imaginary lines drawn from
pole to pole on the cartographic surface of the Earth are called meridians; they mark
distances east and west of the Prime Meridian at Greenwich, England, and converge
at the poles. Distances measured at right angles to meridians are expressed in degrees
of longitude.

Altitude is the measure of distance upward from sea level, which for this purpose
is defined as an imaginary spherical surface projected across the continents, disre-
garding topographic relief and tidal variation. Height above sea level is also
expressed as “elevation.” At high altitudes (to about 8—10 km), and high latitudes, the
air is cooler than it is lower down and closer to the equator. The loss of heat with alti-
tude is the lapse rate.

CLIMATIC CONCEPTS

Climate cannot be directly observed; what we see and experience daily is weather.
“Climate is the sum total of the weather experienced at a place in the course of the
year and over the years” (Lamb 1972: 5). Climate is both the expected weather as well
as extreme unexpected deviations from it, such as violent storms or protracted
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droughts. Weather and climate are both products of a number of factors comprising
the “climate system,” expressed as the range and seasonality of temperature and
moisture. Moisture, in the climate system, is defined by the annual precipitation
(water in any form condensed from vapor) minus evapotranspiration, water lost
from the surface through direct evaporation and through the transpiration of plants.

At the global scale, climates vary over space and time. The distribution of solar
energy varies systematically over the surface of the planet, resulting in a systematic
variation in climates (Table 3.1). Glaciation, for instance, is a large-scale climatic state
that is restricted to relatively high latitudes and high elevations, and is cyclical in
time. Climatic variation over time is most systematic on the daily scale, with the pre-
dictable alternation of day and night and the temperature differences that follow.
Temporal variation is more dramatic at the seasonal scale, especially in the temperate
and polar latitudes, while seasonality is minimal in the tropics where it may be
expressed most overtly as variation in rainfall. Thus, the expression of climate is
always relative to the scale of space and time for which it is defined.

We have already established in Chapters 1 and 2 that we must abandon any idea
that conditions of the present time can serve as a standard or major analog for any
time in the past. “Other things,” whatever they are, do not hold still and have not been
“equal” to the present at other times. This restlessness is manifested by our home
planetitself. Our search for understanding and integration of the environmental sci-
ences begins, therefore, at the planetary scale, in order that we may use the best
achievements of large-scale sciences to illuminate the environments of small-scale
human societies at various distances in time.

Climatologists see the states and conditions of the climate system being affected by
factors both “external” and “internal” to it. The external factors are mainly indepen-
dent variables such as solar energy, orbital geometry, axial tilt, continental drift, and
volcanism. The internal factors, on the other hand, are mainly dependent upon or
closely influenced by each other. These are the five spheres of the climate system: the
atmosphere, the geosphere, the hydrosphere, the cryosphere, and the biosphere. These
“spheres” may be thought of diagrammatically as concentric, interpenetrating layers
around the core of the planet. Although we perceive air, rocks, water, ice, and living
things as separate, in fact they mutually interpenetrate even at the molecular level.

Atmosphere: the dynamic, life-sustaining layer of gases and suspended particulate
matter that surrounds the planet and distributes the radiant energy of the Sun.
Because gases are stratified within the atmosphere, its composition and char-
acter change at various heights. The Earth’s weather is mainly determined by
turbulence within the lower 10 km, the “troposphere.”
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Geosphere: the solid and viscous mineral matter of the planet, especially that mani-
fested near the surface as rock and sediment.

Hydrosphere: the water on the planet in liquid form, whether salt or fresh, on or
within interstices of the geosphere.

Cryosphere: frozen water in the form of ice or snow, usually on and within a few feet
of the surface of the rocks, sediments, and water.

Biosphere: the living organisms of the planet, occurring on and in the rocks, sedi-
ments, water, ice, and lower few hundred meters of the air.

The five spheres are considered internal to the climate system because they are mutu-
ally interdependent: change in any one of them usually triggers responsive changes in
some of the others, which ultimately may stimulate feedback responses affecting the
initiating sphere. In practice, initiating events or changes can rarely be specified, but
forillustration let us imagine a change in the geosphere (which can be either an inter-
nal or external factor), perhaps earthquakes that raise a mountain range a few extra
feet. This could force changes in the tracks of winds striking the newly elevated
surface, causing rainfall to increase on the upwind side or decrease downwind.
Whether as differences in rainfall or in hydrography (distribution of surface water),
greater or lesser amounts of available moisture will change vegetation. Altered vege-
tation patterns change the reflectivity, and thereby the temperature, of the Earth’s
surface to which winds are sensitive. All this could amplify changes in precipitation
patterns, leading to increased erosion, which would affect the local condition and
state of the geosphere. The internal factors are so interconnected that the ultimate
causes (or even the effective causes) of any observed change are rarely specifiable, but
they usually involve more than one sphere.

ENVIRONMENTAL CHANGE IN EXTERNAL FACTORS

Factors external to the climate system appear to change state spontaneously, without
being influenced from any other source. This perception, however, may be a product
of our ignorance of some critical relationships. As currently understood, the major
external factors in climatic change are variations in solar radiation and in the Earth’s
orbit and axial tilt. Actually, some state changes in the geosphere appear to occur
independently of the other spheres, and therefore to act as external factors. Changes
in the geosphere, such as the positions of the continents, the height and location of
mountains, and the frequency of explosive volcanic eruptions, are considered for
now as if they were external to the climate system.
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Table 3.1 Types of climate,”arranged zonally from the equator

EQUATORIAL ZONE
Warm and moist, with some seasonal differences in precipitation as the intertropical convergence

follows the Sun north or south of the equator.

MONSOONAL ZONES
Marked seasonality of rainfall at the outer edges of the shifting equatorial rain belt. Temperature

range is greater than in the equatorial zone, especially in the dry season.

TROPICAL AND EQUATORIAL HIGHLANDS
Rainfall amounts vary with aspect, elevation, and distance from the sea. Windward slopes may receive
very high rainfall amounts, while rain-shadow effects may create locally dry areas. Seasonal differences
are slight. Temperatures may reach temperate or more extreme ranges in higher elevations.

TRADE-WIND ZONES
Mainly oceanic and island climates, with steady breezes moderating tropical temperatures; they are

subject to cyclonic storms. Mountainous islands may collect clouds and fog on windward slopes.

ARID ZONES

Trade winds over land and subtropical high-pressure zones reduce the precipitation reaching these
regions, which is further reduced where high mountain ranges to the west collect rain. The spotty
rainfall, sometimes locally torrential, is not reliable enough for forest growth.

SUBTROPICAL OCEANS AND ISLANDS
The mild temperatures and precipitation of these regions are defined by the high atmospheric
pressure typical of these latitudes, and the moderating effect of the ocean. Tropical storms or cold air

masses from the higher latitudes interrupt the regime occasionally.

SUBTROPICAL DESERT FRINGE ZONES (“Mediterranean” climates)
Warm, dry summers alternate with rainy, cooler winter weather brought by high-latitude air masses

moving equatorward.

STEPPE AND PRAIRIE ZONES
Climatic zones of continental interiors in the mid-latitudes (35°~50°F), where mountains to the
west wring out moisture from the eastward-flowing air masses. Hot summers, cold winters, and

episodic precipitation, often in the form of storms, are characteristic.

TEMPERATE AND SUBPOLAR OCEANIC AND ISLAND ZONES
Mid- to high-latitude zones of prevailing westerlies have changeable, often stormy, weather. On the
western fringes of northern continents, the sea moderates the temperatures, but leaves islands open

to the force of winds, often bringing fronts.

TEMPERATE CONTINENTS AND ISLANDS IN THE NORTHERN HEMISPHERE

Away from the moderating effects of the seas, continental interiors and eastern islands in the
temperate latitudes may have great seasonal extremes of temperature, with winters being much
more severe than they are on the western fringes. High variability of weather from day to day and

year to year is characteristic as weather systems move in from northern or southern zones.
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MOUNTAINOUS ZONES IN MIDDLE AND HIGH LATITUDES

The fall of temperature that occurs with elevation creates mountain climates that contrast with
those of their neighboring lowlands. The windward sides concentrate precipitation, and may cause
precipitation deficits leeward. Winter sunshine may be greater on the high slopes than below,
producing higher temperatures when the lower slopes and lowlands are subject to cloudiness and
temperature inversions.

NORTHERN LANDS ZONE

In the long days of the short northern summer, and in the long night of winter, the weather may be
quiet. The spring and autumn are more turbulent, and the weather may be violent. Summer
temperatures may be high if the 24-hour sunlight comes through clear skies, otherwise cloudy and
cool, especially near the Arctic Ocean and over the swampy tundras. Winter temperatures reach low
extremes.

ARCTIC OCEAN, HIGH ICE CAPS OF GREENLAND AND ANTARCTICA

Climate over the ice is quieter than over the high-latitude oceans, with clear skies typical in summer
and winter on the ice caps. At the edges of the ice caps, strong winds blowing outward create harsh
conditions for all forms of life. The amount of precipitation is not great, and it occurs on only a few
days of the year.

Note: The classification reflects the present-day atmospheric circulation modified by terrain and seasonality.
No account is taken here of the effects of vegetation, which varies interzonally and affects the expression of
climatic extremes. The classes are relatively permanent, although their spatial expressions, as well as climatic
extremes, may have been somewhat different in the past. This adaptation emphasizes climates of major land
masses at the expense of marine climate zones.

Source: * After Lamb, 1972: 134-137.

Solar radiation

Variation in the amount of energy produced by our star, the Sun, may affect climate
on the Earth on time scales that have relevance for archaeology. Research into corre-
lations between the eleven-year sunspot cycles and aspects of the Earth’s weather
have produced to date only tantalizing hints (Chapters 7 and 8). Sunspots are local-
ized cooler zones on the stellar surface; they appear when other solar activity seems
to increase, and the combination probably marks some reorganization of the solar
furnace. Although the effect of such changes on the Earth’s climate is not well under-
stood, historians of climate note that the “Maunder minimum,” an observed period
of very low sunspot activity spanning the latter half of the seventeenth century, coin-
cided with the most severe years of the “Little Ice Age,” some of the coldest weather of
the Holocene.
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Orbital parameters

The astronomical theory of ice ages relates changes in the Earth’s orbital and axial
geometry to variation in the amount and distribution of solar radiation reaching the
globe over periods of different lengths (Berger et al. 1983; Imbrie and Imbrie 1979).
Because the Earth’s orbit (path around the Sun) is slightly elliptical, the distance
from the Earth to the Sun varies through the course of a year (expressed as the
“eccentricity” of the orbit); the distance is least at perihelion, greatest at aphelion,
and the effect of the present configuration is a difference of ca. 7.0% in the amount of
radiation received at the extremes (Bradley 1999: 35). The eccentricity of the orbit
itself varies over periods of approximately 96,000 years, and can be greater than it is
at present.

Days and nights on the Earth are defined by the rotation of the planet around an
imaginary line through its poles — the axis. The angle that the axis forms with the
plane of the orbit is now about 23.4° off the perpendicular. It varies from 21.8° to 24.4°
over a period of about 41,000 years (Bradley 1999: 35). With the changing angle the
amount of solar radiation reaching high latitudes changes seasonally (Fig. 3.1).
Summer occurs in the hemisphere tilting toward the Sun, winter in the hemisphere
tilting away, regardless of the relative distance to the Sun of the two hemispheres. The
equinox is the time when the Sun is directly overhead at the equator, and day and
night are of equal length.

Independent of eccentricity and obliquity, the axis defines a circular path over a
period of 21,700 years. The effect of this cycle changes the timing of the seasons in
respect to the Earth’s position on the orbit, so that the seasons rotate through peri-
helion and aphelion (precession of the equinoxes). If perihelion occurs in the
summer, summer temperatures will be accentuated; if in winter, winter tempera-
tures will be moderated. The effects upon the two hemispheres are obviously oppo-
site at any one time. Solar radiation (insolation) on the surface is greatest at
perihelion, which currently occurs in the northern hemisphere in early January, with
aphelion in early July; in about 10,000 years, these positions will be reversed, giving
less solar radiation during the northern winter, more in summer, so that seasonal
contrasts in that hemisphere will increase.

The different periods of these several mechanisms make their permutations
complex; sometimes the changes cancel, sometimes accentuate, the effects.
Moreover, the periods themselves vary over time, adding further complications.
However, it is becoming clear that combinations of eccentricity, obliquity, and pre-
cession significantly change the strength of solar insolation and therefore seasonal cli-
mates in ways that, for example, support or weaken the growth of continental glaciers.
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Figure 3.1 Orbital and axial variables, illustrating (A) orbital eccentricity, (B) axial tilt, and
(C) precession of the equinoxes and orbital wobble. The orientation of the Earth’s
surface affects the amount of solar radiation received. (Reproduced from Lowe and
Walker 1984: Fig. 1.5, by permission of Addison, Wesley, Longman.)
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Exactly how these geometrical relationships affect the receipt of solar radiation and
translate into contrastive climatic states, and just what effects those circumstances
have on the growth and decline of glaciers, are not easily defined. More detailed dis-
cussions of the variables and the logic and evidence for the theory can be found in
Bradley (1999), Crowley and North (1991), and Berger et al. (1983).

Geospheric independent factors

Within the last twenty-five years, the demonstration of continental drift (plate tec-
tonics) has revolutionized geophysics and paleoclimatology, giving a dynamic new
perspective on the past. The distribution of the continents across the face of the globe
is now known to be transient, not permanent. The Antarctic continent has not
always been at the extreme south pole, nor has Greenland always been far enough
north to support an ice sheet. Very ancient continental glaciers flowed in what is now
tropical Africa. The continents that we see today are arrangements of fragments of
ancient continents and pieces of younger crust. The shape and size of the ocean
basins also are recent configurations. The present arrangement of continents and
oceans has been taking shape since the Mesozoic era, the age of dinosaurs. The
modern Atlantic Ocean has formed within the last 150 million years, the northern
part opening latest, toward the end of the dinosaur age about 60 million years ago.
Recent measurements suggest it is still spreading at rates up to 2.0 cm a year.

The Earth is a layered sphere, with a dense hot core at its center. Surrounding the
core is the mantle, a stratified zone of heavy mineral matter maintained in a viscous
state by the heat of the core. On the mantle floats a lighter crust, which is the rocky
surface of the Earth. As this less dense material includes the massive mountain chains
of the continents, these comparative terms in this present context are far from their
everyday meanings. The crust of the Earth consists of several rigid segments, called
plates. Like plates of armor, for which they are named, the plates are capable of
limited movement. Over time, they slide along the surface of the Earth, moving apart
or sideways past each other, grinding into or overriding one another. The interested
student can find many good books on the subject (e.g., Cloud 1988; Skinner and
Porter 1995; Summerfield 1991).

Where hot material from the viscous mantle wells up to the surface at plate
margins, the plates are driven apart, along the mid-ocean ridges and continental rift
zones. The ridges circle the Earth through the ocean basins; one runs the length of
the Atlantic, another loops from East Africa through the Indian Ocean, south of
Australia and up the eastern Pacific (Fig. 3.2). On land they are observable as active
zones of volcanism and rifting in Iceland and East Africa. Spreading in the rift zones
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Figure 3.2 Major tectonic plates and types of plate boundaries. Mid-ocean ridges are one
class of divergent boundaries; subduction zones are labeled convergent boundaries. A
newly observed split in the Indian plate is added as of 1995. (After Summerfield 1991:
Fig.2.14.)

is compensated by folding or by “subduction” at the leading edges of plates, the latter
being the process whereby an oceanic plate slips under a continental plate as they are
forced together, and is melted into magma as it descends into the hot mantle. Chains
of volcanoes occur along rifts and above subduction zones. Some volcanic areas iso-
lated from rifts and subduction zones are formed where crustal plates are pierced by
molten rock as they slide across hot spots below (e.g., the Hawaiian Islands). Where
the continental plates collide, great folds form in the crust, eventually building
mountain chains in a process called orogeny. Mountain-building does not reduce
the bulk of the plates enough to counter the spreading that occurs in the rift zones.
The difference is made up in subduction zones. All these processes are mechanisms
of plate tectonics.

The crustal plates ride buoyantly on the heavier mantle, their height determined
by their weight so that stability is maintained. When additional weight is added to the
crust, as by crustal folding, massive sedimentary deposition, marine transgression,
or the formation of continental glaciers, the crust subsides into the mantle. When
weight is removed, as by erosion, the drying of large lakes, sea-level lowering, or
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Figure3.3 Glacial isostasy. The Earth’s crust subsides into the mantle when it receives addi-
tional weight, and rises when the weight is removed. A shows interglacial or preglacial
conditions. B shows adjustments following ice loading on land, with sea level drop-
ping from loss of water to ice sheets, and the mantle rising below it. The peripheral
bulge rises as mantle is displaced from under the weight of ice toward areas beyond the
load. (After Goudie 1983: Fig. 6.4.)

melting of glaciers, the crust rises. This adjustment of height according to weight is
called isostasy, or isostatic adjustment (Fig. 3.3; Summerfield 1991).

Isostatic adjustments of the continental masses change the relationship between
land and sea; rising continents result in locally lower sea levels and subsiding conti-
nents may be inundated by the sea. Sea level may change in other ways. When
changes in the relative levels of land and sea are the result of changes in ocean basins,
the process is called eustasy. Eustatic changes can occur if the shape or size of ocean
basins is altered, or if the amount of water in the basins changes. Isostasy and eustasy
are related but different processes; the distinction is important, although not always
easily determined. With plates moving, continents rising and subsiding, mountains
rising and eroding, and rivers transporting and depositing sediments, the solidity of
the Earth is obviously a relative concept. It will do to walk on, but we cannot assume
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that it is unchanging. Geomorphology is the study of the diverse and changing
shapes of the Earth’s surface.

Mechanisms

With the recognition of so many interdependent variables, and of the large scale of
the independent ones, research seeking explanations of climatic and environmental
change is moving now from the search for correlations of variables to the search for
mechanisms. This is an important shift in perspective, one which archaeology has yet
to make, but in which environmental archaeology can begin to play a role.
Correlations — the observation that two or more phenomena occur together in space
or time, or even appear to vary together — stimulate hypotheses and help pose
research problems; they cannot identify causal relationships or explain spatial or
temporal coincidences. Only the demonstration of mechanisms linking variables
can constitute explanations. A good example of this principle, and an instance of the
historical shift of emphasis from correlation to mechanism, is the history of the
“Milankovitch” or astronomical hypothesis (Berger et al. 1983; see “orbital parame-
ters,” p. 42 above).

Following suggestions from earlier researchers, in the 1920s and 1930s the Serbian
geographer Milutin Milankovitch proposed that the known cyclic changes in the
eccentricity of the Earth’s orbit, the angle of the axis, and the precession of the equi-
noxes could together have caused the climatic changes that initiated glacial (an inter-
val of cool climate during which glaciers form and expand) and interglacial (a
relatively warm period between major glacial advances) periods. The periodicity of
the orbital and axial changes could be calculated from mathematical principles, as
could their effects on the amount of solar radiation reaching the two hemispheres. If
they did indeed explain climate changes during the Pleistocene, then the timing of
those changes could be known from astronomical calculations. Milankovitch
worked out laboriously, before the days of electronic calculation, the geometry and
timing of the permutations. At first, his work was seized upon as the chronological
key to the glacial periodization (Zeuner 1946). Subsequently, as research expanded, it
appeared that the timing and frequency of the astronomical events did not fit the
phasing of glacial and interglacial events recorded on land. There seemed to be no
good correlation, and therefore doubts about the existence of even a causal link
began to dominate.

Later research on climatic cycles preserved in ocean sediments greatly expanded
the observed number of glacial and interglacial cycles, demonstrating a better fit
between the predicted and observed number and timing of cycles. Radiometric
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dating of the ocean sequences showed a good fit with the predictions of the astro-
nomical theory. Mathematical modeling on computers corrected some of the origi-
nal calculations and explored the scale of radiation changes induced by the changes
of the Earth’s position relative to the source of solar energy. The new work showed
that the scale and timing of the radiation changes appropriately explained a large
partof the cycling of glaciers. Consequently, the Milankovitch cycles are now consid-
ered to be external triggers of the Quaternary glaciations (glacial episodes), activat-
ing major climatic factors that were in a hypersensitized state because of mountain
building and the positions of continents at and near the poles. These state changes
constituted a necessary precondition to the ice-age effects of Milankovitch cycles,
and explain why the cycling, which is older than the Pleistocene, has not caused per-
petual ice ages. The observed correlation set off the search for mechanisms; once
those could be specified, a limited explanation could be proposed and has been
widely accepted. The correlation alone, isolated from mechanism, led to decades of
debate and considerable confusion.

Of course, environmental change involves more than changes in climate, no
matter how important that may be to all other elements of physical and biological
environments. To understand human communities, past or present, we need a more
comprehensive view of environments. The five spheres of the climate system can lead

us toward such a view.

ENVIRONMENTAL CHANGE IN THE FIVE SPHERES

Each of the five spheres of the internal climate system includes “trigger mechanisms”
that can initiate aspects of climatic and other kinds of environmental change. Each
sphere responds to changes initiated within or outside itself, often setting up the con-
ditions for further changes. Changes in state or condition often initiate long series of
responsive perturbations, which are dampened as adjustments to the new states or
conditions approach stability. Because adjustments to change may be widespread,
requiring fairly long time spans to work through the series of perturbations, each
sphere incorporates some evidence of earlier states and conditions that can serve
investigators as proxies. A brief review of each of the spheres with these concepts in
mind will lay a foundation for later consideration of research strategies and results.

Atmosphere

Atmosphere is the most sensitive of all to changes, whether those are internally gen-
erated or externally imposed, and it has the most pervasive feedback networks. All
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Figure 3.4 Planetary wind and pressure belts, and mixing cells in the lower atmosphere.
(After Akin1991: Fig. 1.5.)

the other spheres exchange particulate matter and gases with the atmosphere. The
atmospheric composition changes with altitude; we are concerned here mainly with
the lowest, most familiar part — the troposphere.

Large amounts of solar energy enter the atmosphere and reach the Earth in the
equatorial zone; lesser amounts are received at the poles where the radiation strikes
atalow angle and passes through more of the atmosphere before reaching the Earth.
These relative differences in insolation create a strong heat gradient between the
equator and the poles. The warm equatorial air expands and moves upward and
outward, while the denser, cooler air at higher latitudes sinks and moves equator-
ward, causing winds (air in motion). The winds are deflected by the rotation of the
Earth so that they flow more nearly parallel to the equator than perpendicular to it.
In the mid-latitudes strong westerly flow prevails (Fig. 3.4). Prevailing directions of
winds in adjacent zones tend to be opposite, thus the “trade winds” flowing from east
to west in the subtropics of both hemispheres meet in the equatorial convergence
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zone. The counter motions of air masses help to move the warm air poleward; their
contrastive temperatures create the pressure differences that trigger storms. Water
vapor in the air masses is condensed as the air cools, whether from rising into cooler
altitudes or losing heat by exchange or expansion, and the water is either precipitated
as rain or snow or carried aloft as clouds. Precipitation, or its lack, as well as the tem-
perature of air masses, is what is usually meant by “weather.” The planetary wind cir-
culation distributes weather.

The jet stream is a variable air current moving around the globe in the upper
atmosphere in wave-like meanders, the length and height of which vary with the vigor
of the circulation. The jet stream normally tracks equatorward in winter, poleward in
summer (Oliver and Hidore 1984:146), carrying major weather systems with it. Lower
in the atmosphere are cells of low-pressure air (cyclones) and high-pressure anti-
cyclones. When the temperature gradient from equator to poles is strong, the major
air movement is westerly with relatively little south-north deflection (Fig. 3.5). The
polar and equatorial air masses are kept separate, and storminess is reduced. This was
the situation in large measure through the first half of the present century. When the
gradient is weak and the jet stream flow is consequently sluggish, the jet stream mean-
ders through a wide latitudinal band, creating high-pressure ridges (poleward loops)
and low-pressure troughs (equatorward loops). The strongly developed meander
pattern is called meridional flow, and it brings highly variable weather (Fig. 3.5). The
steep ridges and troughs bring air from both higher and lower latitudes into the tem-
perate zones, where contrasts in temperature, pressure, and moisture create stormy
weather. Cells of high or low pressure may block meridional flow in places, creating
“spells” of continuous weather that may last from several days to weeks.

Conditions in the troposphere, the lower atmosphere, affect the amount of solar
energy actually received at the surface of the Earth. Particulate matter in the air, from
volcanic explosions, dust storms, large fires, or pollution, plays an important role in
mediating the receipt of radiation, as does the water vapor in clouds. Dust and water
vapor reflect radiation back into space and water vapor absorbs heat, reducing the
amount received at the planet’s surface, and thus limiting the amount of heat avail-
able to land, water, and air. Volcanic ash, when injected in large amounts high into
the air, predictably reduces temperature by reflecting heat. Gases may have different
effects; carbon dioxide in the air allows the short-wave solar radiation to pass
through to the Earth, but reflects back to the Earth long-wave heat radiation, pre-
venting its escape into the stratosphere and beyond. This traps heat near the surface
of the Earth; high concentrations of carbon dioxide in the atmosphere thus cause
higher prevailing temperatu