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A PRIMER ON FIRE
HISTORY METHODOLOGY
A contributed article by
Charles M. Ruffner
Professor of Forestry, Southern Illinois University
White oak cross-section from southern Illinois
As foresters, ecologists, and land managers, each of us is
showing compartmentalized fire scars only
charged with understanding our ecosystems and the processes
that have acted to form those systems through time. Determin- evident after logging. Photo by Jeffrey Harris
ing as much as possible about the original vegetation and structure of our systems is vital to identify and manage these areas for the biodiversity suggested in original conditions
or recreating a particular system or vegetation condition on the landscape. Across the eastern U.S. the historical
role of fire has been implicated in driving diversity and maintaining keystone species in many ecosystems. An
integrative approach is necessary to accurately determine fire’s historical role as so many of the data sources available for these studies are found across several disciplines and thus are sometimes difficult to access or quite frankly, understand. However, the satisfaction is there for anyone willing to look through a few different sources,
whether they be found in the county courthouse, scientific journals, or fire scars from an old stand. Applying
information gleaned from these sources allows a richer understanding of the complex interactions of soils, vegetation, and land-use patterns on any piece of ground and provide much needed context for preparing management
plans for desired future conditions.
A wide range of evidence exists spanning timescales, concerning natural and anthropogenic fire across many
parts of the east, ranging from paleoecology studies of sedimentary charcoal and pollen, fire scar histories and
stand structure analysis, archaeological investigations, Native American sources, and historical sources, such as
witness tree analysis and tax records.

PALEOECOLOGY

Special points of interest:

Across the eastern deciduous biome, many researchers have
used pollen and charcoal analysis to reconstruct and interpret
vegetational development at different spatial scales and timesteps
(see excellent review in Whitney 1994). Across the eastern U.S.,
researchers have noted long-term archaeological site distributions
corresponding well with areas characterized by high oak pollen
percentages and usually elevated amounts of charcoal fragments.
Delcourt et al. (1998) reported that Archaic and Woodland period
Native Americans created forest gaps to cultivate native plants and
human-caused fires increased populations of fire tolerant oaks,
chestnut, and pine in upland forests of the Cumberland Plateau of
central Kentucky. While several regional studies suggest the correlation of fire occurrence and Native occupation with oak forest
distribution (see map on right), more research at the local level
must be completed to better understand the pre-European landscape in the northeastern U.S.

 Visit oakfirescience.com

FIRE SCARS

Our Mission:
To provide fire science to
resource managers, landowners, and the public about
the use, application and effects of fire within
the region

 Find us on Facebook
 Follow us on Twitter
 Watch us on Vimeo
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Map of witness trees, Native American village sites, and travelways with corresponding
Native American Index values showing
strong relationship between human land-use
and tree species recorded in early surveyor
notes of the Allegheny Plateau in Pennsylvania. Adapted from Black et al. 2006.

Another quantitative approach to understanding historical
fire is through the use of dating fire scars or using tree-ring analysis to reconstruct disturbance chronologies
(Kipfmueller and Swetnam 2001). At many sites fire frequency either increased or decreased
...Cont’d on Page 3
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RESEARCH HIGHLIGHT:
Frequency of prescribed burning in an upland oak forest determines soil and litter properties and
alters the soil microbial community
Ryan J. Williams, Stephen W. Hallgren, and Gail W.T. Wilson. Forest Ecology and Management, 265(2012): 241-247
Fire occurred frequently on landscapes in south-central North America for millennia. Fire
Management Implications
suppression associated with Euro-American settlement has caused an increased prevalence of fireintolerant, non-oak species and closed forest canopies. In recent years prescribed fire has been
 Frequent prescribed fire (5 fires per decincreasingly employed to reverse these changes, increase plant diversity of these forests, and reduce fuel levels. Fire may affect forest litter and soil microbial communities. Long-term effects of
ade) may reduce soil organic matter and
repeated fires on soils have rarely been examined, though previous studies have shown that cercarbon thus increasing bulk density and
tain physical properties can be altered after burning (see Chapter 2 in Neary et al. 2005). Due to
reducing soil porosity and water holding
the heterogeneous distribution of fuels and soil water content, studies often report mixed results
capacity
regarding physical soil properties. It is known that many nutrients, including some forms of nitrogen, become available to plants after a fire through ash. Soil microbial community dynamics
 Burning frequencies of 2.5 fires per deccan fluctuate depending on fire severity, soil water content, and fuel loading. In a study of an oak
ade or greater reduces the nitrogen consavanna that assessed short-term effects of prescribed fire, gram-positive and -negative bacteria
tent of leaf litter and may decrease dewere unaffected while fungi decreased (see Ponder et al. 2009).
composition rates
This study examined the effects of long-term periodic prescribed burning on the litter characteristics, physical soil properties, and soil microbial community in xeric oak forests of the Okmulgee Wildlife Management Area in
 Fire frequencies less than 2.5 fires per
eastern Oklahoma. Soil and litter measuredecade have little measureable effect on
ments were made in areas that were subthe soil ecosystem
jected to prescribed burning at frequencies
of 0 (unburned), 2.5, and 5 fires per decade (FPD) over the prior 20 years using low intensity
dormant-season prescribed fires. Litter samples and soil cores were taken from five plots in each
treatment type.
A decrease in litter nitrogen (N) by 20-21% was found in treatments of 2.5 and 5 FPD, with no
changes in litter carbon (C) or lignin. Ratios of nitrogen to carbon and lignin were increased due to
lower nitrogen levels in the litter.
Soil pH, N, C:N, nitrate-nitrogen (NO3-N), ammonia-nitrogen (NH3-N), potassium (K), phosphorous (P), and soil water content did not differ between burned and unburned plots. In the 5 FPD
treatment, soil organic matter decreased by 60%, organic carbon decreased by 65%, and bulk density increased by 20%. Mycorrhizal and saprophytic fungi, non-specific microbes, and gram-positive
bacteria did not differ between burned and unburned plots. Gram-negative bacteria decreased 20%
in the 5 FPD treatment.
The authors stated that the observed reduction in litter N was likely due to oxidation loss from
the litter and that this may lower decomposition rates and plant tissue quality. Similar to other
studies, changes in litter N occurred independently of total soil N, which showed no change in
burned areas. Soil organic matter (decaying biotic materials) and organic carbon (carbon stored in
the soil) were significantly reduced in the 5 FPD treatment, adding to the varying results in the literature. Soil organic carbon levels are known to be reduced by fire in some studies but unchanged in
others. Soil organic matter, in a study by Phillips et al. (2000), did not change with 2 fires per decade, yet it was reduced 31-41% with annual burning. The same study reported higher soil bulk densities when exposed to annual and biennial low-intensity prescribed fires. Diminution of soil organic
matter and carbon leads to a collapse in soil structure, which results in decreased soil porosity and
water holding capacity and a higher risk of erosion.
Soil microbial communities were affected by frequent burning but with no clear mechanism
identified. The authors suggested that the decrease in gram-negative bacteria are a product of indirect effects of prescribed burning. Burning increased plant cover in treatment areas of 5 FPD and
this may, in turn, affect nutrient and substrate availability for microbes.
The authors advised resource managers to consider these results and the potential consequences
on the soil ecosystem when applying frequent fire. They indicated that these xeric forests can sustain
prescribed burning frequencies of up to 2.5 FPD without major changes in the soil properties they
considered. They also suggest that future research should examine annual net primary production
resulting from plant community changes and the subsequent effects on soil organic matter,
Soil organic matter (SOM) and carbon (SOC) deorganic carbon, and microbial communities.
creased and bulk density increased after 5 fires per
decade in upland oak forests of Oklahoma.

Moving fire forward...

2

Ignis

Newsletter of the Oak Woodlands and Forests Fire Consortium

SPOTLIGHT
In an effort to introduce you to new people and information from the region we interview fire
practitioners and researchers about timely topics. In this issue, we asked these questions of Dr.
Mary Arthur of the University of Kentucky.

What are some of the greatest fire research needs for Kentucky?
MA: We need to continue to hone our understanding of how, and even whether, prescribed
fire alone can reduce site occupancy by maples and other shade-tolerant species and create the
conditions for successful oak regeneration. With our research sites, we have the opportunity to
learn more about the long-term forest response to forest burning. We also need to further develop our understanding of the relationships between burn severity and forest ecosystem response.

What is your biggest concern when deciding to use fire to manage oak woodlands and forests?
MA: With increasing emphasis in our region on the prehistoric role of fire and the growing
sense that fire should be returned to our systems as a key disturbance agent, I worry that we
may lose track of the need for a fire-free interval, as well as the need to stay focused on the
ecological goals for fire. Fortunately, there are multiple opportunities for engaging scientists
and managers together in pursuit of the best strategies for managing with fire.

In your opinion what is the greatest advantage to using prescribed fire when managing oak woodlands and forests?
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Dr. Mary Arthur
Professor of Forest Ecology,
University of Kentucky (UK),
Lexington, KY says:
I became involved in fire ecology research when, shortly after
arriving at UK, a colleague
introduced me to forest managers in the Daniel Boone National Forest who were just
beginning to manage upland forest systems with prescribed fire. Since then, we have launched two long-term
research projects that examine questions pertaining to the
effects of prescribed fire on vegetation response and fuels.
Working with graduate students, my forest ecology group
has also explored the ways that changing species composition in the absence of fire may alter forest ecosystem processes such as nutrient cycling and hydrology. Our current
work includes a wildfire study and the use of Landsat data
to determine fire severity, then linking fire severity to
invasion by Paulownia tomentosa. The long-term data that
we have built over 20 years of fire research is a valuable
asset that I hope to build on through new collaborations.

MA: Looking at our forest ecosystems through the lens of forest ecology, I celebrate the highly
spatially varied results we often get with prescribed fire. The variability in intensity is a positive
outcome, even when fire opens up the canopy, as it creates a mosaic of forest structure that likely comes much closer to mimicking natural forest systems than
is present in many contemporary forests, and creates regeneration opportunities for rare forbs and grasses in the gaps that are often created.

Fire History, continued:
during the initial period following European settlement depending on the vegetation, topography, and land-use
history (see image at right). Indeed, with the growing number of fire histories being published across the region,
estimates of mean fire interval within oak forests are surprisingly similar and range from 2-24 years (Guyette et
al. 2006).

WITNESS TREES
During the period of early European settlement in the eastern United States, land surveyors recorded and
marked witness trees to identify property corners and boundaries. When compiled along with surveyors’ notes
these boundary trees provide a landscape-level snapshot of forest composition at the time of European settlement and have been used to reconstruct regional vegetation composition throughout the eastern and midwestern United States. Such vegetation reconstructions are valuable in areas where most original vegetation has
been destroyed or altered, making it difficult to assess natural vegetation types or disturbance regimes. In many
studies, reconstructed patterns of vegetation have been attributed to edaphic conditions such as topography,
soils, slope class or drainage classes. Yet, a number of studies have taken a more integrative approach and recognized that native populations may also have affected vegetation patterns indicated in early surveyor notes and
maps (see Black et al. 2006).

Typical oak woodland of the Cross Timbers
region with patchy vegetation and evident
fire scars. Wichita Mountains Wildlife Reserve, OK. Photo by Charles M. Ruffner

HISTORICAL DOCUMENTS
Much of the literature surrounding Native American effects on vegetation have been developed using some type of historical document. By the middle of
the 20th century, many key historical geographers had laid the framework for investigating native use of fire and other land-uses (see outstand review in Stewart
2002). The preponderance of early forests described as “open and park like” led Bromley (1935) to conclude that it was “due to the universal factor of fire,
fostered by the original inhabitants to facilitate travel and hunting.”.
Researchers have also used surveyor accounts, treaties, deeds, wills, sheriff sales, tax records, and various collected papers and manuscripts to explain vegetation change from pre-European settlement to present conditions, many of them describing open woodlands. A common observation is the usefulness and purposeful nature of many native burning regimes which were usually adopted by incoming European settlers (Whitney 1994). Whether the reason was reducing
rattlesnake and insect populations, improving browse or fruit production, or easing travel through the forest, several authors have reported the widespread
adoption of the native practices (Abrams and Nowacki 2008).

CONCLUSIONS
The use of historical evidence to reconstruct past vegetation distribution and fire regimes spans paleoecological, historical, biological, and archaeological
fields. It is testament to the usefulness of these historical analyses that so many researchers rely on them to corroborate other sources of evidence
pertaining to past landscapes and events. Indeed, it is through this integrative approach that a fuller story of landscape conditions in the past help
explain our present conditions, and should help land managers plan for future desired conditions across our landscapes.
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HEADS UP!

We archive all of our
webinars!!
Check them out
at
www.oakfirescience.com/
webinars/

An Evaluation of
Fire Regime
Reconstruction
Methods:
A new working paper
from the Ecological
Restoration Institute
and the Southwest
Fire Science
Consortium

The Missouri Natural Areas Newsletter:
The latest issue of
the Missouri Natural
Areas Newsletter is
dedicated to prescribed fire in Missouri. The editors
encourage readers to
reach out to the authors with questions
and comments.

CLICK HERE
TO READ

CLICK HERE
TO READ

Did you know that there are 2 wildland
fire professional associations with journals
dedicated to fire science?

CLICK HERE TO ACCESS

Moving fire forward...

CLICK HERE TO ACCESS
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UPCOMING EVENTS

5th Fire in Eastern Oak Forests
Conference
CLICK HERE
for more
information

Tuscaloosa, AL : May 27-29th
Poster abstracts due: Friday, February 13th, 2015

TENNESSEE PRESCRIBED FIRE COUNCIL MEETING
Hyder-Burks Pavilion, Cookeville, TN, February 3rd, 9am-3pm
Register by Jan. 21, Registration fee: $20 payable at the door
CLICK HERE
for more
information

See our calendar at oakfirescience.com for a full schedule of upcoming events

Jan. 29th, 2015: Webinar: Dwayne Elmore, Great Plains Fire Exchange
“Prairie-chickens and fire”

Feb. 3rd, 2015: Tennessee Prescribed Fire Council Meeting
Hyder-Burks Pavilion, Cookeville, TN, for more information CLICK HERE

Feb. 17-19, 2015: Midwest Fire Conference: Keeping Fire Working for the Land
Debuque, IA, for more information CLICK HERE

April 20-24, 2015: 13th International Wildland Fire Safety Summit & 4th Human Dimensions
of Wildland Fire Conference
Boise, ID, for more information CLICK HERE

May 27-29, 2015: 5th Fire in Eastern Oak Forests Conference
Tuscaloosa, AL, for more information CLICK HERE

June 3-7, 2015: Midwest Wildfire Training Academy
Jefferson City, MO, for more information CLICK HERE

Aug. 19th, 2015: Fire Science Field Tour at May Prairie
Coffey, Co., TN, for more information CLICK HERE

Nov. 16-20, 2015: 6th International Fire Ecology and Management Conference
San Antonio, TX, for more information CLICK HERE

Please contribute your event announcements. Send information to: oakfirescience@gmail.com
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