TOWARD AN UNDERSTANDING OF FIRE HISTORY

INFORMATION!
Carl N. Skinner?

Abstract: An increased emphasis on interdisciplinary eco-
system management has emerged in recent years. As a re-
sult, natural resource managers have been compelled ex-
plicitly to consider the ecological role of and physical po-
tential for fire in management of California ecosystems. Fire
history data provide information on the long-term dynamics
of fire in these ecosystems. Several types of potential sources
exist: paleoecological studies, tree-ring studies, historical
accounts, and twentieth-century data. Each type of data has
its own advantages and limitations.

Paleoecology studies that consider variations in charcoal
and pollen over time can provide insight on the long-term
occurrence of fire over thousands of years. Tree-ring stud-
ies provide detailed (though usually site-specific) accounts
of fire occurrence over hundreds of years. Historical ac-
counts are mostly anecdotal accounts and photographs of
conditions and events in the nineteenth and twentieth centu-
ries and provide very little quantitative data. Thus, they can
be difficult to interpret. Twentieth-century data are often
quite detailed but provide information primarily for the pe-
riod of organized fire suppression. No single source pro-
vides a complete view of past fire regimes. The most com-
prehensive view comes from considering all of the above
information sources.
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INTRODUCTION

In the past few years, an increased emphasis on integrated
ecosystem management has developed (e.g., Manley et al.
1995). This emphasis has helped to highlight the need for
greater understanding of ecosystem dynamics and distur-
bance processes in natural resources management (e.g.,
Swanson et al. 1994). Despite total yearly precipitation,
California’s Mediterranean climate, characterized by cool,
wet winters and warm, dry summers, provides for a pro-
nounced annual drought period in most ecosystems. This
pattern of summer drought ensures that large portions of
California annually experience conditions where fires can
easily ignite and spread. As a result, fire has long been rec-
ognized as one of the more important processes in most Cali-
fornia ecosystems (Pinchot 1899; Leiberg 1902; Wickstrom
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1987; Martin and Sapsis 1992; Blackburn and Anderson
1993; Skinner and Chang 1996). To provide adequately for
the long term health of many California ecosystems, the his-
torical fire regime (i.e., the characteristic fire frequencies,
severities, and landscape patterns) must be an important and
explicit consideration in natural resources planning.

It is well established that, through affecting vegetation, fires
indirectly influence hydrologic processes -- e.g., flooding,
sedimentation, water yield, and water quality (Wells 1982).
The patterns of fire severity and resulting effects on vegeta-
tion across watersheds or landscapes influence the magni-
tude of effects on the hydrologic processes. High-intensity
fires covering large areas, characteristic of many wildfires
today, will usually result in more pronounced variation in
the hydrologic processes than low-intensity fires that only
minimally alter vegetation and soil cover (Agee 1993). Fire
history can provide important information on the long-term
processes and development of watersheds we are currently
concerned with managing.

The predisposition of Mediterranean-type ecosystems to fire
obligates managers to consider the characteristics of fires
that influenced long-term development of California eco-
systems when developing long-range management objectives
and goals. Evaluating the likely success of attaining
long-term natural resource goals is problematic without a
consideration of the physical and biological potential for fire
and its ecological function in California environments (Skin-
ner and Chang 1996). If fire history information is ignored,
there is a risk of setting ecological goals that have no histori-
cal precedent and may ultimately be unattainable.

SOURCES OF FIRE HISTORY INFORMATION

Fire histories can be developed from a variety of sources:
e.g., charcoal accumulations in sediments, fire evidence in
tree rings, historical accounts, and written records
(twentieth-century data) (Patterson and Backman 1988). Each
of these data sources has its own advantages and limitations
regarding spatial and temporal detail, accuracy, and poten-
tial application (table 1).

Paleoecological Evidence of Fire

Paleoecology studies show us that environmental change
(e.g., climate, vegetation, fire regime) is continual and un-
predictable (Johnson et al. 1994). Studies of paleo-vegetation
suggest that modern vegetation assemblages are transient,
continually responding to various environmental varia-
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Table 1.

COMPARISON OF SOME PROPERTIES OF THE VARIOUS SOURCES

Carl N. Skinner

OF FIRE HISTORY INFORMATION
Source Data Gathered Specifically TimeRange  Temporal Resolution Spatial Resolution General Information
to Record Fire History i

Palececology Studies  Sometimes 1,0005+ Years Low. Low General trends in fire
importance inferred
from the co-varistion
of pollen and charcoal

Tree-ring Evidence Yes 100s to 1,000s Years High High Fire dates - location -
sometimes estimated
arca burned / severity

Historical Accounts Incidental 19* & 20* Centuries Snapshots Usually unknown
conditions or fire
behavior at a specific

Twentieth-Century Data  Yes - 20* Century : High High ire dates - location -
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tions (Davis 1986; Sprugel 1991; Woolfenden 1996). Veg-
etation assemblages have often existed in the past that have
no modern analogs (Davis 1986; Woolfenden 1996). Yet,
the analysis of charcoal and pollen concentrations in cores
from lake bottoms and meadows have shown that fire has
been a continuing process in most California environments
throughout the Holocene (e.g., Davis et al. 1985; Smith and
Anderson 1992).

The relative importance of fire under various paleo-climates
and vegetation assemblages can be inferred through the as-
sociation of changing charcoal concentrations with varia-
tion in pollen spectra representing vegetational communi-
ties (e.g., Edlund and Byme 1990). Additionally, possible
influences of human activities on past fire regimes and veg-
etation have also been suggested from paleoecological stud-
ies (Anderson and Carpenter 1991). Nevertheless, these data
generally present us with low-resolution, temporal trends in
fire regimes coupled with long-term variation in climate and
vegetation. Only a few such studies, none from California,
have been published that present relatively high-resolution
fire history (e.g., Clark and Royall 1995; Millspaugh and
Whitlock 1995). ‘

Fire Evidence Recorded in Tree Rings

For information concerning fire occurrence before the twen-
tieth century, evidence of fires recorded in tree rings gener-
ally provides the most accurate long-term record. Ability to
develop fire history from fire scars is limited to areas with

large woody plants (usually trees) that attain ages of a cen--

tury or more and can survive to record fires as patterns in
growth rings. Little information is left following fires in
herbaceous or shrub communities because of heavy con-
sumption and the fact that plant parts that are not consumed
above ground are often killed. Several agents may cause
scars in trees (e.g., insects, pathogens, logging, animals, etc.),
and care must be used to differentiate fire scars (Agee 1993).
Besides the more commonly used fire scars, tree rings may
record a variety of other types of evidence associated with
past fires. Examples are growth suppressions, missing or
very small rings, growth releases, traumatic resin ducts, etc.
(e.g., Brown and Swetnam 1994). To be considered evi-
dence of fires, the latter types of evidence should be associ-
ated with tree rings of years that nearby trees recorded fire
scars.

Differential Susceptibility to Fire Damage. Considerable
variation exists among tree species in their susceptibility to
scarring or other forms of fire damage. Some species, such
as lodgepole pine (Pinus contorta ssp. murrayana) with thin
bark, are easily damaged and often killed by even low-in-
tensity fires (nomenclature follows Hickman 1993). Other
species, such as mature Douglas-fir (Pseudotsuga menziesii
var. menziesii) with very thick, insulating bark, may require
more intense fire just to cause scars. Additionally, though
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fire resistance generally increases with age, differentials ex-
ist in ages at which the various species develop greater fire
resistance (Skinner and Chang 1996). Moreover, once
scarred, trees will generally record subsequent fires more
easily unless the scar has completely healed or closed (Agee
1993). The various species also appear to heal over fire scars
at differential rates. Thus, different tree species vary in their
ability to record fires. For example, it is usual for sites that
have both ponderosa pine (P. ponderosa) and Douglas-fir to
have recorded very different fire histories between the two
species. The older ponderosa pines will often have large
open fire wounds (catfaces). These trees are commonly good
recorders of fires and usually exhibit several fire scars. In
contrast, having catfaces is unusual for the old Douglas-firs,
even on the same sites, since the fire scars often quickly heal
over. Thus, with the lack of open wounds, Douglas-firs usu-
ally do not scar as readily and may provide a conservative
record of past fires. Caution should be used when compar-
ing fire histories among sites occupied by different species.

Distribution of Fires in Time. Most fire history studies at-
tempt to describe how often fires occurred in the study area
within the period that has sufficient evidence for fire history
reconstruction. These temporal patterns are usually described
either as fire frequencies (number of fires per unit time) or
fire return intervals (FRI = time between successive fires)
for a specified area (see Romme 1980). Fire-history studies
usually report the mean or median FRI. However, Swetnam
(1993) found that over many centuries the temporal patterns
of FRIs can change markedly in concert with climatic varia-
tion. He found that fire frequencies may be more influenced
by long-term trends of temperature rather than moisture. This
suggests that past patterns of FRIs, though important for our
understanding of the long-term role of fire, may not always
be directly applicable to current climatic patterns (e.g., Stine
1996). Thus, the range of FRIs is also very important and
can provide important information regarding the develop-
ment of species composition and age structures of forests
(Caprio and Swetnam 1995; Skinner and Chang 1996).
Managers should consider the range of FRIs when develop-
ing fire management plans (especially prescribed fire pro-
grams) to be more likely to produce desired results while
avoiding undesirable effects (Caprio and Swetnam 1993).

Several methods have been developed to detect fire frequen-
cies and FRIs. Generally, the occurrence of fires can be
determined either by cross-dating (Fritts and Swetnam 1989)
or by estimating correspondence among years of fire evi-
dence in tree rings (Ao and Sneck 1977). Cross-dating
uses recurring patterns in the tree rings to adjust for missing
or false growth rings. The calendar year and often the sea-
son of fires that occurred hundreds and even thousands of
years ago can be determined using the cross-dating tech-
nique (Swetnam 1993). Without cross-dating, the exact year
of a fire cannot be determined.
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The correspondence method uses the apparent number of
years between fire scars to adjust the alignment of fire scars
among samples so that scars in different samples appear to
correspond (Arno and Sneck 1977). This method can pro-
vide fire history information relatively quickly as it is less
time consuming than cross-dating. Additionally, the corre-
spondence method can be used for sites where trees do not
cross-date well. However, despite the care taken with this
method, the years of the resulting fires are still estimates and
could vary by one to three years from the exact year. It is
common for fires that occurred within a year or two of other
fires to be lumped together using this method. As a result,
the correspondence method often underestimates the num-
ber of fires within the period of the fire scar record. Never-
theless, for the purposes of the land manager, this method
will often provide sufficiently accurate estimates of fire re-
turn intervals (Madany et al. 1982).

le Gatheri ethods. A variety of methods have been
used for sample gathering and data collection. Methods in-

clude collecting increment cores from fire scarred trees
(Barrett and Amo 1988), sawing wedges or partial cross-
sections from fire scarred trees (Amo and Sneck 1977),
counting rings between scars on stumps in the field (Morrison
and Swanson 1990), and collecting full cross-sections from
stumps or logs for laboratory analysis (Stokes 1980). The
first two of the above methods are most commonly used for
collecting samples from living trees. These methods are
useful primarily where trees display catfaces or open fire
wounds. In stands dominated by trees that heal rapidly, of-
ten no indication about where samples should be collected
is apparent. The latter two methods are generally used for
collecting samples from dead trees and can be used wher-
ever sound wood is available.

These methods vary considerably in their potential to pro-
duce accurate, comprehensive fire histories. The increment
core method is probably the most difficult to apply prop-
erly. It generally requires several cores to be taken from
each tree to detect multiple fires and requires cross-dating
for any reasonable estimating of fire dates (Barrett and Amo
1988; Sheppard et al. 1988; Means 1989). Collecting wedges
or partial cross-sections is much more efficient where al-
lowed. Provided the wedge is deep enough to show the full
extent of each fire scar, a more comprehensive record of
fires can generally be developed (Amo and Sneck 1977).
However, this method will not detect fires recorded else-
where on the circumference of the tree. Some individual
fires may be recorded on only one side of a catface. There-
fore, the best methods for detecting a more thorough record
of fires use full cross-sections of the trees (Stokes 1980). In
this way, fires recorded on only one side of catfaces can be
found as well as fires recorded elsewhere on the tree. Addi-
tionally, fire scars buried in trees that have healed over com-
pletely can be discovered. Laboratory analysis employing
cross-dating techniques of carefully prepared full cross-sec-
tions provides for the most accurate and comprehensive fire
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histories (Stokes 1980). Partial cross-sectioning can often

be done without major damage to the tree. However, full
cross- sectioning will either kill the tree or requires samples
be taken from dead material (e.g., stumps, logs).

Spatial Scale. Fire histories from tree-ring analysis gener-
ally fall into three types: 1) single tree samples, 2) compos-
ites of multiple trees within a specified site area (Dieterich
1980a, 1980b), and 3) composites of multiple sites for land-
scapes (Morrison and Swanson 1990). The single tree sample
is usually considered the most conservative record of past
fires since all fires passing through a stand may not have
scarred the single sample (Dieterich and Swetnam 1984). A
more comprehensive record of fires is usually provided by
compositing evidence from multiple trees from the site of
interest (Agee 1993). It is important that the spatial extent
of the sampled area along with the time span of the record is
noted to provide for comparison of sites from different areas
for the various forest types. Skinner and Chang (1996) pro-
vide a table summarizing many fire history studies includ-
ing their spatial and temporal reference for forests of the
Sierra Nevada, Cascade Range, and Klamath Mountains.

Landscape-scale studies, in addition to fire-scar data, may
include data to describe species composition, stand struc-
tures, and tree age classes. Such studies allow estimating
extent of fires, patterns of fire severity and stand initiation,
long-term stand development processes, and dynamics of
the vegetative mosaics. Landscape-scale fire-history stud-
jes were originaily designed to describe the dynamics of age
classes and coarse-grain vegetative mosaics in regions char-
acterized by high-severity, stand-replacing fires (e.g.,
Heinselman 1973; Johnson and Gutsell 1994). In Califor-
nia, these methods may be useful for developing fire history
in chaparral and other shrub lands. However, the horizontal
spatial patterns in the forests of California, which were pre-
dominantly influenced by low-to-moderate severity fires, are
commonly complex and of fine-grain (Chang 1996; Franklin
and Fites-Kaufmann 1996; Skinner and Chang 1996). To
be useful for understanding fire regimes in California for-
ests, landscape-level studies must be designed to describe
the spatial complexity associated with varying fire severity
and its influence on the development of the fine-grain spa-
tial patterns as well as the broader-scale landscape patterns.

Only a few landscape-level studies have been completed in
California forest areas due to the time and costs involved
(e.g., Kilgore and Taylor 1979; Taylor 1993; Caprio and
Swetnam 1995; Solem 1995). However, a few additional
studies are underway in the Cascade Range and the Klamath
Mountains and will become available soon.

Most fire history studies available for California are single-
tree or single-site composites of fire return intervals. These
latter studies tell us a lot about how fire may have affected
forests at a very localized level or how often fire may have
passed over a given site within a forest type. Nevertheless,
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to understand better how fire dynamically affected landscape-
level elements of interest, such as aquatic and riparian envi-
ronments, vegetational related dynamics, wildlife habitat, and
air quality, more landscape-level fire history studies will be
necessary (Skinner and Chang 1996).

Historical Accounts

Historical accounts provide a rich background of informa-
tion to help our understanding of the past influences and
uses of fire. A variety of sources have provided historical
accounts of fires, their behavioral characteristics, associated
vegetation conditions, and Native American uses of fire.
These sources include diaries of early settlers and trappers,
newspaper stories, dated photographs, surveyors’ notes, and
Jjournals of ethnographers and botanists (e.g., Sudworth 1900;
Leiberg 1902; Barrett 1935; Wickstrom 1987; Blackburn and
Anderson 1993),

Interpretation of anthropological accounts and more recent
ethnographic work suggests that fire was an important tool
used by Native Americans to manage their environment
(Wickstrom 1987; Lewis 1993; Anderson and Moratto 1996).
Additional perspectives on past fire in California forests
comes from many historical accounts (e.g., Pinchot 1899;
Sudworth 1900; Leiberg 1902). These accounts often char-
acterized fire as low intensity surface burns and described
associated vegetation conditions as commonly rather open
with a considerable component of grasses and herbaceous
plants. Other historical accounts also describe great variety
in the conditions found from place to place with some for-
ests described as quite dense and difficult to travel through
(e.g., Leiberg 1902; Cermak and Lague 1993).

Some vegetation types have characteristic fire regimes
(Kilgore 1981; Agee 1993; Skinner and Chang 1996).
Knowledge of historical vegetation cover can be used to in-
fer the past role of fire. Such information can be found in
early forest surveys (e.g., Sudworth 1900; Leiberg 1902) and
historical photographs (e.g., Gruell 1994).

A major drawback of historical information is that it is al-
most entirely anecdotal. Except for some maps and a few
early forest surveys (e.g., Sudworth 1900, Leiberg 1902),
rarely are any quantitative data associated with historical
information. The lack of quantitative data leaves open to
interpretation terms such as ‘dense,’ ‘open,’ ‘severe,’ ‘dam-
age,’ ‘common,’ or ‘extensive’ among others. An example
is seen in some diverging interpretations of Powers’ (1877)
description of the use of fire by Native Americans in the
southemn Sierra Nevada. Barrett (1935: page 22) concludes
that fire was not an important tool affecting the landscape
because fire was not stated to have been used for purposes
other than the gathering of grasshoppers. In contrast,
Wickstrom (1987: page 6) states that Native American burn-
ing described by Powers (1877) for gathering grasshoppers
helped to keep “.. . the underbrush burned out and the woods
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more open and park-like.”

The anecdotal accounts are very important for giving us
glimpses of fire behavior characteristics and associated veg-
etation conditions of the past. However, unaccompanied by
quantitative data, anecdotal accounts alone can provide only
a sketchy view to the past. Nevertheless, when used with
fire scar information developed from tree rings, historical
accounts can help to provide a more thorough picture of the
past influences and uses of fire.

Twentieth-century data are primarily records of fires kept
by the various resource and fire management agencies. The
time included in these records varies by agency and loca-
tion. For example, the U.S. Forest Service and National Park
Service have records of fires that have occurred since the
early 1900s. However, these records are more complete for
the second half of the century. The California Départment
of Forestry and Fire Protection has relatively complete
records for state and private lands beginning about 1981.

Twentieth-century data provide information about fires dur-
ing the period of active fire suppression. As such, these data
can provide information about size and locations of fires.
They can provide such information as the types of places
that may be more likely to burn under recent management
practices (¢.g., McKelvey and Busse 1996). Records avail-
able for some more recent fires may give information on
effects of fires that burned under more severe conditions.
However, very little, if any, information about the ecologi-
cal role of fire is provided by these data since these fires all
occurred during the period of organized fire suppression.
Generally, fires that have burned under lower intensities were
easily suppressed and account for a small proportion of total
burned area. In contrast, high-intensity fires, being more
difficult to suppress, account for the great proportion of the
total acres burned. Before the development of organized
fire suppression, fires burning under low- and moderate-in-
tensity conditions would likely have accounted for a much
greater proportion of the total acres burned (Skinner and

»Chang 1996).

DISCUSSION

Taken alone, each of the above types of fire history infor-
mation provides a portion, either directly or indirectly, of
the history of fire for a given area of interest (Table 1). To-
gether, they can provide a more comprehensive picture of
fire history and help to make sense of information that some-
times appears to be conflicting.

Unfortunately, often only one or two of these types of infor-
mation sources are available to land managers for a given
location. The order in which they are likely to be available
from most to least common is 1) twentieth-century data, 2)
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2) historical accounts, 3) tree-ring, fire-scar studies, and fi-
nally 4) paleoecological studies. When data are not avail-
able, land managers often extrapolate the implications of fire
history information, especially tree-ring studies and paleo-
ecological studies, from areas where work has been done to
other areas that are thought to be environmentally similar.
This, of course, has pitfalls.

Though to the manager it may seem painfully slow, our
knowledge of fire history is continually being advanced by
the various means described above. Many questions remain
to be explored, especially at the landscape scale of fire envi-
ronment interactions. It is hoped that this discussion will
help provide managers with an understandmg of sources for
fire history information.
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