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Humans, Topography, and Wildland Fire: The Ingredients for Long-term

Patterns in Ecosystems
Richard FtGuyette_and Daniel C. Dey2

Abstract Topographyand the fuel environmentalso are important
variables that determine the fire regime by controllingfire

Three factors, human population density, topography,and spread, intensityand extent (Whelan 1995, DeBano and
culture interact to create temporal and spatialdifferences in others 1998). Human cultureand land use directlyaffect the
the frequencyof fire at the landscape level.These looters continuityand nature of the fuel environment.We present a
can be quantitativelyrelated to fire frequency.The fire model quantitativeapproachto modelingthe interaction of humans
can be used to reconstruct historic and to predict future with landscapes and their combinedeffects onfire regimes.
frequency of fire in ecosystems, as well as to identify long- Three factors,human population, topographicroughness,
term changes in antbropogenic fire regimes. Topographic andculture, interact to createtemporal and spatial
roughness is positively related by a regression equation to differences inthe frequency of fire at the landscape level
the length of mean fire intervals indicatingthat fires are less

lrequent in rough than in fiat terrain during periodsof low Succession in Anthropogenic Fire Regimes
human population density.The strength and direction of this
relationship diminishes as the frequency of anthropogenic Throughtime, fire regimes undergoa number of changes
ignitionsincreasesto the point that the fuel environment is based uponpopulationdensity,topography,and culture. A
pyre-saturated. Human populationdensity is a master progression of four stages inanthropogenic fire regimes can
variable in understanding anthropogenio fire regimesand be identified in the upper Current Riverwatershed fire record.
topographic effects.The interactionsof these factors through These include:1) an IgnitionLimitedstage, 2) a Fuel Limited
time creates at least two stages in anthropogenicfire stage, 3) a Fuel Fragmentationstage and, 4)a Culturally
regimes:an Ignition Limited Stage in whichfire frequency is Limited stage.During Stage 1,fire frequency increases as
function of human population density,and a Fuel Limited the human populationapproaches0.64 humans/kin2and the
Stage daring which fire frequency is limited by fuel number of potentialignitions increases.Fire frequencyis a
production and is independent of increasesin human logarithmfunction of human population density.In later
populationdensity, stages, as human populationdensity increasesand the

landscapeis saturated with ignitions,other factorslimit fire
frequency suchas fuel loadingand continuity,cultural

Introduction attitudes toward fire, and human valuation of natural
resources. In the Current Riverwatershed, the second stage,

Human-Landscape Interactions Affect Fire Regimes a Fuel LimitedStage, is characterizedby limits imposed on
the frequency of fire frequency by the primary production of

Humans are by far the most important factors influencing the fuels. Duringthis stage, humanpopulation density exceeds a
frequencyof fire ignitions in the Missouri Ozarks and threshold of 0.64 humans/km_and increases in population
elsewhere throughout much of eastern NorthAmerica.Most density and ignitionsdo not result in increasedfire frequency,
fires occur during the fall, winter, and spring in yearsof

normal precipitation.Dry,warm weather of onlya few days is This paperwiLLintegrate populationdensity andtopographic
sufficient to cure fine fuels and permit the spread of surface roughness inan empirically derived model thatcan be used
fires, especially in the springand fall when deadground to reconstructpast or to predictfuture frequency of fire in
vegetation and leaf litter are most abundant and exposed to ecosystemsat specific sites.Here,we focus on the
the sun. Fires duringthe growingseason arerare but do
occur during veryhot and dry summers. High fuel moisture developmentof an empirically based modelof fire frequency
content anb precipitation in summer limit fire ignitionsan_ from over 2,500 tree-ring datedfire scars at 29sites in the
spread. Despitean abundance of thunderstorms in Missouri Current Riverwatershed in southeastern Missouri.This data
(50-70 thunderstorm days per year) (Baldwin 1973), natura set is usedto developand verify a regressionequationthat

predicts fire frequency based on toeographicandpopulation
_gnitionsare rare (Schroeder and Buck, 1979_.Most variables.We also examine the interactionsof humans and
tr_understormsoccur in the spnng and summer aria are
usualwyaccompaniedby heavy rainfall.Fire statisticsfor landscapeswith respect to fire regimes, and i_ustrate,using
Missouri IWestin f 992) indicatethat less than 1percent of the fire model, the spatial and temooralvariability in the

anthropogenicfire regime in the upper Current River
fires are caused by lightning, all other causes are human- landscaee.related.

Rational and Use for Fire Regime Models

_ReaearchAssociateProtessor.The Schoolel Natt_rat Quantitativemodels of fire regimescan be used inmany
Resources,203ABNR Building,Unwersltyof Missouri. ways. Past fire regimes can bereconstructed for natural
ColumbiaMO 65211.ema_l:guyetter@missouri.edu areas that have no on-site fire history information.The

2ResearchForester.USDAForestService,202 ABNRBldg. equations can be used in conjunctionwith soil.geology,an(]
ColumbiaMe 65211.email:ddey@fs.fed,us species datare reconstruct eastand potential flora and
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faunal mosaics. Thus, land managers interested in returning WJegers 1985) is coincident with long-term trends in fire
small isolated parcels of land, natural areas, or whole frequency in the Current River watershed (Guyette and
ecosystems to pre-European conditions using prescribed fire Cutter 1997). Territorial expansion by the Osage from 1673
can use this model to reconstruct the fire regime, to 1770 probably resulted from many factors, one of which
Researchers can also use the equation to create a GIS included the acquisition of equestrian technology from
overlay of a fire regime for use with research plots or to aboriginal trade with western tribes. The horse gave the
make inferences about future fire regimes based on changes Osage new range and mobility to hunt, exploit, and culture
in population and climate, and landscape variables. Perhaps (by fire) areas such as the Current River watershed which
the most irnpodant aspect of fire regime models and lira were distant from their territorial focus. Wiegers (1985)
history however, may not be the information provided on fire estimated that the Osage acquired horses as early as 1689
regimes, but the perspective provided on the long-term while Waldman (1985) sets the date circa 1719. They hunted
interactions between humans and their environment, in the east for bears (perhaps in the Current River

watershed) and in the west for buffalo (Chapman and

The Historical Context of Human Populations, Chapman 1972). Stevens (1991) reported that the Osage
Cultures, and Fire in the Current River Watershed moved south and east toward the Current River on extended

spring hunts coincident with Missouri's largest fire season
All of the historic changes in human populations due to war, (Westin 1992).
migration, and disease are probably reflected in the fire scar

record. Europeans introduced diseases decimated Native The Cherokee were one of several tribes that migrated into
American population. War among peoples caused migration the Ozarks after being displaced from their eastern lands by
and genocide. Depopulation caused by disease (Dobyns Euro-Amedcaes (Gilbert 1996). They probably continued the
1983; Ramenofsky 1987), warfare, and migration occurred traditional burning practices they had used on their ancestral
throughout much of North America (DeVive 1991) and has lands. About 6,000 Cherokee (Gilbert 1996) may have been
been linked with abrupt changes in fire history (Guyette and living in southeast Missouri and northeast Arkansas at the
Day 1995a; Dey and Guyette in press). Indeed, often the time (1803) of the Louisiana Purchase. In the late 1770s,
highly variable nature of human populations and culture is many of the Cherokee settled to hunt and farm along the St,
reflected in the extreme variability of the fire record within a Francis River, which lies about 60 km east of the Current

site (Guyette and Dey 1995b, Cutter and Guyette 1994, River. The Osage made war upon the Cherokee (Banks
Guyette and McGinnes 1982). 1978) as the Cherokee infringed upon their hunting grounds.

Conflict may have led to wildland burning, A general increase
Anthropogenic ignitions were probably frequent along the in the percentage of sites burned annually (Guyette and
rich fertile bottom lands of large rivers including the Current Cutter 1997) in the Current River watershed occurred from

and Jacks Fork Rivers. About 1000 A.D. (Lynott 1989, Price 1760 (9 percent) to 1820 (30 percent) coincidently with the
and others 1983) during the Mississippian Cultural Phase, migration of the Cherokee (Gilbert 1996) and other eastern
agricultural communities were located in riparian areas in the tribes.
Current River watershed, and they would have been a
source of many ignitions. With the end of this phase (about The Delaware had a tradition of wildland burning before

1350 A.D.) began an era of limited use of the watershed by migrating to Missouri from Ohio (Whitney 1994). The
humans from downstream reaches of the river system (Price Delaware and Shawnee entered Missouri at Cape Girardeau
and others 1976). An early source of anthropogenic ignitions and passed through the Current River watershed on their
may have been the 6,009 Ouapaw (Baird 1980) that lived to way west in the late 170Os and early 1800s (Stevens f 99 t).
the southeast of the Current River in Arkansas near the One estimate Of Shawnee and Delaware population west of
confluence of the White, Arkansas, and Mississippi Rivers the Mississippi in 1812 was 400 (Marriott 1974). In 1816,
before 1680. Disease came first to large riverine cultures Banks (1978) stated that there were about 840 Delaware
such as the Quapaw because of their location and and 1,300 Shawnee in all of Missouri. In 1824 there were
population density (Dobyns 1983), and reduced the Quapaw 1,383 Shawnee in Missouri (Howard 1981). Delaware
population by two thirds in 1698 and again reduced their hunted, lived, and traded in the upper Current River area
population in 1747 and 1751 (Baird 1980).There were only from about 1815 to 1822. In November 1820, 1,346
about 706 Quapaw by 1763. Coincident with a low Delaware crossed the Mississippi River and made an
percentage of sites burned circa 1750 in the Current River emergency encampment on the Jacks Fork of the Current
watershed (Guyette and Cutter 1997) were epidemic disease River (Weslager 1978). However, they stayed a number of
in 1747 and 1751 which reduced the Quapaw population, years and this was associated with increased fire frequency

(Guyette and Dey 1997), Most of the Delaware and
The Osage people frequented the study site about the time Shawnee had left the Current River watershed by the 1830s
of first European contact end probably provided many and Euro-Americans began to occupy the area.
ignitions during the 17008 (Guyette and Cutter 1991). Banks
(1978) commented that there were about 6,000 Osage circa Old-stock Euro-Americans (Geflach 1986) from the
1800 in and around the Ozarks. About 1,200 Great Osage southeastern U.S., mainly Tennessee, began settling in the
lived on the Osage River 280 km west of the Current River area circa t820 and continued their tradition of wildland

(Marriott 1974). A change in the territorial boundaries of the burning. Later, circa 1860, Scotch-Irish immigrated into the
Osage from the late 1600s to about t803 (Bailey t 973, area. The Current River watershed, like many other forested
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areas inthe eastern United States (Sutherland 1997), 1991). For instance, a major Osage trade routeto St. Louis
experienced an increase in fire frequency withsettlement by intersected the lower Current River.The abundanceof these
Euro-Americans. In the Current River watershed the percent sites decreases significantly (r=-0.53,p=0.03)with their
of sites burned increased with population density during the distance upstream.The Mississippian culturalphase
1810to 1850period and the average percentof sites burned (O'Brien and Wood 1998) persisted downstreamon the
in a year nearly doubled from 20 percent in 1810to 39 southeast borderof the Ozarks until as late as 1700 (Price et
percent in 1850 (Guyette and Cutter 1997). aL 1976). Quapaw lived downstreamand southeastof the

watershed (Rafferty 1981). Later, the density of human built

Methods structuresin the Current Riverwatershed duringthe mid
1800s diminishes with their distance upstream (r=-0.69,

Fire Scars p=0.O02).Even today the population of towns along the
Current Riverand Jacks Fork Rivers decreases as one

Fire scars on survivor trees form the data base of this work. moves upstream (r=-0.98, p=0.02). Perhaps ferfi[esoils of
In anthropogenic fire regimes, fire scars can be thought of as the lower reachesof the river produces more fuel and
ecological artifacts.They are objects made or modifiedby forage, which in turn attract more game, hunters, gatherers,
humans. Humans set wildlandfires and wounded these and agriculturalist.These are relationships that may persist,
woody plantsas they attempted to manipulate vegetation to some extent, through time and cultures.Alternatively,
with fife for a variety of purposes.As ecolegical artifacts, fertile soils maybe correlated with landscape level fuel and
they point out the relationships between humans, organisms, fire dynamics,or land form gradients such astopographic
and forests. Like artifacts in an archeological context, they roughness, that may affect the ignition, spread and
can be dated in time and given a location inspace. As such, consequently the frequency of fire.
they reflect many human characteristics such as population
density and culture that can be used in an anthropological We derived the temporal component of human population
context. The dates and locations of these ecologicalartifacts density in the study area from population numbersand
are used in lhis work to examine the relationships between trends as described in historical accounts andanalyses as
humans, fire, and landscape over a period of extraordinary reviewed in the introduction. Fire frequency has been found
change and diversity in human history, to be strongly associatedwith human population density

(Guyette and Dey 1997, Dey and Guyette inpress, Guyette
The regression equation for reconstructing historic fire and Cutter 1997).The density of each groupin the Current
frequency is derived from data on fire frequency, topographic River watershed was calculated by dividing their total
roughness, and human populationdensity,The mean fire population by the area of a circle whose radiuswas the
intervals (MFI) used in the regression equation were derived distance betweenthe populationcenter andthe study site.
from fire scar data for three time periods (1700to 1780, 1781 This compoeent of human population density does not take
to 1820,1821 to 1850) at the 29 sites. Much of the fire history into account the great spatial variation of population density
information that fellows is compiled from morethan 2,500 fire within an area and only reflects changes in population
scars on shortleaf pine (Pious echinata Mill.) stumps, trees, density over time at study sites as a whole.
and remnants in the Current Riverwatershed (Guyette and

Cutter 1997, Batek and others 1999). Dendrochronological An Index of Topographic Roughness
methods were used to date the fire scars found on over 166
shodleaf pine which are used as the basis for the model and The highly dissected topographyof the Current River
following discussion.The mean fire intervals (MFI) in this watershed has been shown (Guyette 1995) to affect the
study are thought to reflect fire frequency duringecosystem spread andfrequency of fires during periods of low human
development and a range of human copulation densities thal population density when anthropogenic ignitionswere limited
nas occurred over at least thelast millennium in the OzarKs, in number.Roughness can slow a low intensityfire by
Here, we present the two most significant variables in an decreasing the rate of spreae as fires eum down steep
equation that characterizes the effects of human population slopes, fuel continuity is broken by creeks, riversand rocky
density and tooographic roughness on the frequency of ou[crops, and changes In aspect influence fuel moisture.
wildland fire. Topographic roughness isestimated by measuringthe

surface areaof the earth with measuring surfacesof different

Human Population Estimates sizes (Figure 1). Indices of topographic roughnessaredevelooed by comparing surface area measurements made
A spatial and a ternl:_ora_component of human peuulation are with two different sized scales.A circle. 5.000 meters in
combined to reconstruct human population densttyvalues for diameter, ismarked on a digital elevation map.The surface
use in the eauation.The spatial component reflects the area of the earth enclosed oy this circJeis calculated from
tendency In the watershed for grea[er population densities pixe]s that are 30 meters on a side.Their slope and a
and therefore ignitions to occur downstream.We use the trigonometric conversion are used to estimatethe area of the
dfstance upstream of a site from Hawes. onthe Current uneven land surface (Krstansky and Nigh 1999).The pKxels
River, as a reference variable we call River Mile to mooel this are summed to estimate the surface area of the landscape
tendency.Many archeological and historic Native American enclosed by the circle.This measure is then divided ey the
sites are located in the largerand more fertile bottom lands planimetric surface area (the largescale inthis case) of the
n the eownstream reaenes of the Current River [Stevens circle that is5.000 meters in diameter.This ratic of the actual
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Figure f.--Topographic roughness is an important variablewhich interactswith human
population density to control the frequency of fire.Topographic roughnesscan be estimated
with an index of Topographic Roughness. The illustrated example of an tndex of Topographic
Roughness is calculated by measuring the circumscribed region of the earth of a given
dimension and shape with a large measuring surface( I ) and manysmall measuring surfaces
(ss).The sum of the areas (S,) of the small measuringsurfaces is then divided by the area (La)
of the large measuring surfaceto obtain the indexof Topographic Roughness.

surface area to the planimetric surface area is the Index of variability is not surprising considering the large role chance
Topographic Roughness. plays in a complex and highly variable phenomena like

wildland fire. In addition, there are methodological proNems

Results and Discussion with the fire scar record such as the number of sample trees
at a site, their location, the size of the site, and the hit and

Modeling Fire Frequency miss nature of the scarring process that create errors with
respect to the actual spatial and temporal distribution of fire

We use the index of Topographic Roughness and estimates events in the data set. None-the-less, the temporal and
of human population density to model the frequency of fire at spatial depth of the fire scar record allow for the identification
the landscape level. Central to this model are regression of the significant independent variables in this equation.
equations derived from and tested with independent fire scar Although the framework of this equation may be applicable in
data. The regression used to reconstruct past fire frequency many ecosystems, the calibration of these variaNes will
at the study sites for the period 1700 to 1850 is: differ greatly in different ecosystems. Differences in fuels,

climate, topographic roughness, and other landscape

MFI = -442.1 + (449.9 x topo) -(0.001 x pop), (Equation 1) variables such asthe abundance of lakes would require a
new calibration.

where: MFI= mean fire interval

topo = Index of Topographic Roughness for a circle Human Population Density and Topographic
with a 5,000 meter diameter Roughness in Fire Regimes
pop = natura ! log of human population density times
the square of fiver mile, Anthropogenic fire regimes are the result of complex

n = 78 (three time periods, 29 sites), interactions between human population density and an
r2= 0,51, number of factors, such as culture, fuels, and landscape.

all variables and intercept are significant at P<0.01. Topographic roughness is one of the most important and
temporally persistent landscape variables. At low population

This regression explains about half of the variability in fire densities; fire frequency increases as population density
frequency Jntime and space, The amount of unexplained does as a result of increasing anthropogenic ignitions (Figure

Proceedings: Workshop on Fire, People, and the Central Hardwoods Landscape GTR-NE-274 31



2) and topographic roughness is an important factor 5o.

mitigating the frequency of fire (Figure 3). At higher y=8.45 + 42.7(x)
population densities fire frequency may be fuel r_=0.74

dependent or diminish as landscape artifacts (i.e., fuel 4o 0 o 0
continuity or mosaic that result from human land use), "_ 0 © © © oj

oulture, and changes in human economies (ex. real E '_ oc°© © 0,__ _0

estate, forage, timber) inhibit the ignition and ._ 3o- _-'o © ©

propagation of fire over the landscape. The effects of
topographic roughness on fire frequency change with ,_ J 00

controls on the frequency of fire become less and less _ ©
important as population density and the frequency of o-
anthropogenic ignitions increases. Just before the era lO -
of fire suppression (Figure 4), as population density
and agricultural activity become greater, burning

increases in topographically rough areas relative to 0 - r
topographically smooth areas as humans attempt to o.c o.1 02 0.3 0.4 0.5 0.6 0.7

culture vegetation in areas of marginal agricultural Population density (humans/km 2)productMty. A rule-of-thumb concerning fire history is

that at low population densities topographically smooth Figure 2.--Human population density is the major factor in the
areas (often prairies and grass lands) burned rnore frequency of wildland fire ignitions in many regions. This scatter
often than topographically rough areas (often forested plot and regression illustrate the change in the percentage of
lands). As population density increases, study sites burned each year with human population density.
topographically smooth areas burn less often and The data is for the period 1620 to 1850 and is from the Current
topographically rough areas burn more often. River watershed in Missouri. The percentage of sites burned (y

axis) is from annual data that has been smoothed with an 11

Pyre-saturation is a stage in a fire regime when fuels year moving average (Guyette and Cutter 1997).
are burned as soon as they accumulate enough to
carry a fire. Inorganic decempositien (fire) plays a
much greater role than organic decomoosition _decay)
m controlling the oxidation of biomass. Ecologically

the reslstence of an eeosys,ern to pyre-saturation is a J-- la2O-17e0data

function of human oooulation density and topographio ,, l_O_ PlotI Reor ©
roughness. The reslstence of some ecosystems to 1701-1780data

pyre-saturation from anthropogenlc gnitions is very _" Plot2Regr O S O

low. For instance, it might take only a handful of :_
humans on horseback or foot to keep a topographically --_" e° ©

smooth ecosystem, such as a large prairie of tens of o_ 3. tj7 /- J
thousands of souare kilometers, in a state of pyre- _ _ 0 j_//* O

saturation. On the other hand. many topographically _- O _/. J ©

roughecosysrems, suchastheforestsoftheCentra! _ _- _0 (7_ • e oo

Hardwoods Region, require a relat ve y h gh human .m 2.
30eulation density to reach and maintain pyre- LT. J : ©
saturation. The quantitative relationships expressed in =
Equation 1 allow us to estimate that in the Current o0 C
River watershed it takes about 0.64 humans oer 1
square kilometer to reach a state of pyro-saturation. 1.0_5 1.020 1.o25 1.030 1035 r.o40

Topographic Roughness Index
Implications for Landscape Fire Regime

Diversity Figure 3.--These two scatter plots and regression lines illustrate
znemitigation of fire frequency (Mr) by topographic roughness

The fire model (Equation 1) was used to predict the during two periods of low human pooulation density.
mean fire interval for ooints throughout the upper Topographic roughness is hypothesized to have reduced the
Current River watershed (Figure 5). The value to this freouency of fire by inhibiting the gnition and spread of
approach to studying landscape-level fire regimes Js anthropogenic fires.
that extrapolation of single fire histories of limited
spatial and temporal dimensions often underestimate
the actual variability within an ecosystem. In contrast
a landscaoe fire model can represent the diversity of
fire reg=mes as they change across the landscaee with
variations in topographic roughness and human
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population. The diversity of mean fire intervals present Population density (humans/km :z)

at the _andscape level between 1700 and 1780, a 0036 0041 0181 0440 143 417
period of low population density, may best reflect the _0 -. _.....................................
fire regime as g was for many centuries before
European settlement. 0 8 ..

6
The diversity of fire frequency at specific locations in _ 0.5 .
the Current River watershed is much greater al low ,,--
population densities than at high population densities x o4
as the spread of fires from a limited number of
anthropogenic ignitions is mitigated by topographic _ 02

roughness. The spatial diversity of tire frequency within 0 0.0
an ecosystem that results from topographic roughness

persists through time and can result in strong species _ -02
associations. Long-term topographic control of fire O

regimes can create refugia for tire sensitive species in .04 _ ....
topographically rough areas as well as creating refugia
in topographically smooth areas for fire dependent -os - ,.......... ,............ r ...... _........... • ....... • -.
species. These refugia may provide valuable sources I650 fTOO 1750 1800 1850 1900

for re-colonization of disturbed landscapes. Calendar year

Conclusions Figure 4.--This graph illustrates how human population density can
mitigate the effects of topographic roughness on the frequency of fire.

Fire frequency varies spatially and temporally at the The y axis is the correlation coefficient between fire frequency (MFI)
landscape-level largely due to changes in topography, and the Index of Topographic Roughness. The upper x axis shows the
human population, and culture. Population density and mean population density of the period of correlation. The bars indicate

the level, sign, and period of the correlation calculation. Correlations for
topographic roughness are master variables in the two earliest and the latest periods are significant (p<0.05).
understanding anthropogenic fire regimes that can be
quantified and used to model the variability within a fire
regime. Although landscape level fire models require a
considerable investment in the acquisition of fire scar, site,

landscape, and population data, they enable an
understanding of long-term fire regimes that can be used in
many ways.

Our fire model can be used to estimate the frequency of fire anthropogenic fire regimes are marked by changes in factors I
at any or all points in a landscape, Fire frequencies and which limit the frequency of fire such as the frequency of
regimes can be calculated for natural areas, parks, and ignitions, the production of fuels, the propagation of fire, and
forests that have no fire scar, historic, or charcoal data base changing cultural values,
for estimating a fire regime, Future predictions of fire

frequency can be made by incorporating changing human Acknowledgments
population density, values, climate, and fuels into the model.
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0 10 20

Figure&--This map illustratesthe diversityof
meanfire intervalspresentat the landscapelevel

_, duringa period(1700to 1780)of low to
moderatepopulationdensity,whichbest reflects
the fire regimemanycenturiesbefore European
settlement.Firefrequencygradientsare
representedby the iso-pyrolines. Iso-pyrolines
definea gradientof equal fire frequencies.
Numbersadjacentto isa-pyrolinesgive theclass
of meanfire intervalsdefinedby each line.
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Preface

This conference was conceived as a vehicle to demonstrate to forest land managers and the

interested public, the historical role fire has played as an agent of change and renewal in forests
of the area known as the Central Hardwoods Region. However, fire is widely perceived as being
potentially dangerous and damaging to trees and ecosystems.This conference, held in
Richmond, Kentucky, March 12-14, 2000, explored the historical, present, and future roles of fire
and humans in shaping the vast and diverse deciduous forest of the Central Hardwoods Region.

This is a compilation of the 18 papers and 16 poster abstracts presented in the one and a half

days of the conference. The workshop was followed by a field trip to Cliff Palace Pond where the
pol}en and charcoal record evidence of the relationships of fire, people and the forest that

existed more than 9500 years ago, challenging our view of the 'Mrgin" forest primeval. A few
speakers chose not to submit a final paper to this compilation and the abstract of their
presentation is included here.
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