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Abstract

Analysis of data from seven specimens revealed a composite fire

interval in ponderosa pine of 2.4 years from 1745 to 1876 (122 years), a

shorter interval than previously reported. In all cases, composite fire

intervals were shorter than individual specimen intervals.

'Headquarters is at Fort Collins, in cooperation with Colorado State University. Author is at the

Station's Research Work Unit at Tempe, in cooperation with Arizona State University.



Chimney Spring Forest Fire History

John H. Dieterich

Management Implications

Information on historical fire frequencies in the Chimney
Spring area indicates that fires were common in the

ponderosa pine forests of northern Arizona prior to 1876.

For the period studied, individual tree average fire intervals

ranged from 4.4 to 17 years. The composite fire interval

(CFI) for the entire 336-year period, 1540-1876, represented

by one or more specimens averaged 4.9 years. If the CFI is

computed for the 122-year period (1754-1876) when two or

more specimens were used, the average interval was 2.4

years. For various other selected time-spans, even shorter

CFI's were identified. This knowledge provides a sound
basis for continuing the prescribed burning interval

research started near Chimney Spring in 1975. Results of

this study will provide the land manager with additional

knowledge needed to use fire safely and effectively in the

protection and management of natural resources.

The Chimney Spring fire history study demonstrates the

importance of developing a CFI in ponderosa pine to deter-

mine more precisely the frequency of past fires for a par-

ticular location. Two factors can improve on the accuracy

and utility of the CFI: (1) using as many fire-scarred

specimens as possible from a small area, and (2) utilizing full

stump cross sections rather than portions of sections so that

the maximum possible number of fire scars can be included

in the analysis.

A CFI, such as the one developed for the Chimney Spring

area, is not a prerequisite for intelligent application of land-

management practices. However, information on historical

fire frequency and modern fire occurrence patterns can

reinforce the manager's appreciation of the fact that

wildfires of today bear little resemblance to those occurring

during centuries past, and that intelligent use of prescribed

fire will not destroy the timber stand that the manager is

trying to protect.

Introduction

Recognition of the importance of fire as a natural agent of

change in various ecosystems has brought about a

corresponding interest in frequency, character, and impact

of historical fires. A more complete knowledge of historical

fires can aid in understanding the role of fire as a process in

the development of valid ecosystem theories. This

understanding will, in turn, permit effective implementation

of prescribed natural fire programs, realistic planning in

implementing new fire management policies, and preser-

vation of valuable historical fire data having a consider-

able amount of public appeal and interest.

Knowledge of local fire history provides a better

understanding of existing stand structure and helps in the

interpretation of changes in age-class distribution, fuel

accumulation, understory plant communities, natural

regeneration, and nutrient cycling. When used for specific

sites, fire history data can be used to help provide a

scientific basis for using prescribed fire at various intervals.

Data from the current study will be applied to the Chimney
Spring Prescribed Burning Interval Study,2 established in

2Study Plan 75.1.5 on file. Fuels Management Research Project,

Forestry Sciences Laboratory, Tempe, Ariz. Sackett, Stephen S., and
John H. Dieterich. 1976. Prescribed burning interval study for

continued hazard reduction in all-age ponderosa pine stands.

1975 on a 90-acre (36-ha) tract of virgin ponderosa pine on

the Fort Valley Experimental Forest near Flagstaff, Ariz.

Site-specific fire history data for the Chimney Spring study

area were unavailable. However, an earlier analysis of- three

fire-scarred stump cross sections taken from widely

scattered locations on the Coconino National Forest

yielded average fire intervals of 7, 12, and 12 years. 3

This paper describes the frequency of fire on a relatively

small area of ponderosa pine (Pinus ponderosa Laws.) on

the Coconino National Forest in northern Arizona,

suggests possible reasons for fire occurrence, and

speculates on the characteristics of the ecosystem that

existed around the turn of the century.

Literature Review

In early reports, Plummer (1912), Munger (1917), Boyce

(1921), and Craighead (1927) discussed various aspects of

fire history, fire ecology, climatic response, and fire damage
as reflected in tree rings. Show and Kotok (1924) described

fire frequency in the California pine region, concluding that

fire had been an important ecological factor for centuries

and that the fire interval averaged about 8 years for all areas

3Unpublished data. Fuels Management Research Project, Forestry

Sciences Laboratory, Tempe, Ariz.
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studied. Their work also included observations on the

formation of fire scars and the susceptibility of various tree

species to fire scarring. Kotok (1933) described a study of

fire incidence and damage in the mixed conifer type (of

which ponderosa pine was a component) on the Stanislaus

National Forest. On the basis of tree ring records, he

identified 221 distinct fires that moved through the 74-acre

study area between the years 1454 and 1912, leaving scars

on 18% of the trees. Details of species composition of

sampled trees and methods of cross-dating and verification

were not included.

Lemon (1937) found a fire interval of 31 years on a single,

old-growth ponderosa pine in the Black Hills of South
Dakota. Keen (1937, 1940) studied ponderosa pine

longevity and climatic cycles in eastern Oregon as

evidenced by tree-ring records and identified average fire

intervals for individual trees of 16 to 18 years.

Weaver (1943) recognized fire as an important ecological

and silvicultural factor in the ponderosa pine region of the

Pacific Slope and recommended intensive research that

would permit more effective use of prescribed fire as a

silvicultural tool and in the protection and management of

the ponderosa pine type. In 1951, Weaver described fire

history on the Whiteriver and San Carlos Apache Indian

Reservations using cross sections from four widely

scattered fire-scarred stumps. Average fire intervals ranged

from 4.8 to 6.9 years. He described a fire-scarred ponderosa

pine collected from the Kaibab National Forest north of

Grand Canyon National Park that had 19 fire scars from a

226-year period for an average interval of 11.9 years.

Subsequently, Weaver (1955, 1959, 1961) sampled fire-

scarred stump cross sections from ponderosa pine found

on Colville, Warm Springs, and Yakima Indian Reser-

vations and identified average fire intervals ranging from 8

years (Colville) to 47 years (Warm Springs). However, most
of the intervals averaged between 4.8 and 11 years. Weaver
(1974) summarized most of this work in a chapter entitled

"Effects of Fire on Temperate Forests: Western United

States." He concluded that historical fires have burned

"as frequently as fuel accumulated in sufficient quantity to

support combustion over the forest floor, whenever

weather conditions were favorable and whenever lightning

strikes or Indians cause them to start."

Soeriaatmadja (1966) expanded on the work done by

Weaver on the Warm Springs Indian Reservation. He
inspected freshly cut ponderosa pine stumps of fire-scarred

trees from four areas that were being logged and identified

average fire intervals from 14.2 to 30.2 years. The longer

intervals were on the higher, more mesic sites. He
recognized that the actual years of individual fires might be

off by a slight amount because his work did not incorporate

cross-dating and verification of exact fire years using master
tree-ring chronologies. For example, he checked fire scars

on an area that was known to have burned in 1938. He
found 10 stumps that agreed with the 1938 date, 17 stumps
that showed evidence of the fire occurring in 1939, and 8
stumps that were dated 1940. No fires had burned on the

area in 1939 and 1940, indicating that, in the ponderosa pine

type, reliable dating is difficult without cross-dating.

Recent studies by Arno (1976), Rowdabaugh (1978),

McBride and Laven (1976), and Hall (1976) summarize fire

frequency for ponderosa pine stands in four other regions of

the western United States. Arno identified fire intervals of 6,

10, and 11 years on the Bitterroot National Forest in

western Montana and found that fire history and forest

habitat type were closely interrelated. He determined that,

for all habitat types that include ponderosa pine as one of

the stand components, fire frequency for the stand

reflected a higher fire incidence than for any one of the

individual fire-scarred trees used to determine fire

frequency for the stand. (Results of the study reported on in

this paper show this same relationship existing between
individual tree fire histories and the composite history for

the Chimney Spring area.)

Rowdabaugh (1978) reported on fire frequency in the

ponderosa pine-mixed conifer forest of the Colorado Front

Range. A mean fire frequency for the study area was
computed to be 84 years; but for various smaller units

within the larger study area, the intervals ranged from 28 to

165 years. The intervals reported in Rowdabaugh's study

are longer than for ponderosa pine stands in other parts of

the West. No explanation is given for this apparent

anomaly.

McBride and Laven (1976) analyzed fire scars on 26

ponderosa pines collected over a wide area in the San
Bernardino Mountains in southern California. They
identified a fire interval of 10 years prior to 1905, when
organized fire protection began, and an interval of 22 years

thereafter.

Hall (1976), reporting on management implications of fire

effects in the Blue Mountains of Oregon, described an

average fire interval of 10 years and suggests that this 10-

year average interval could be used as a guide for

determining how frequently the area should be treated with

prescribed fire.

Data Collection and Analysis

Three kinds of fire-scarred material were used to

reconstruct the fire history for the Chimney Spring area:

stump cross sections from freshly cut, fire-scarred trees

removed in a logging operation on the adjacent area; an old

stump showing well preserved fire scars; and a "half

section," or wedge, from a living tree. Figure 1 shows the

location of the sample trees in relation to the prescribed

burning plots. The seven sample trees selected for analysis

are within an area having a radius of approximately 1,200

feet (365 m). Six of the seven specimens are within an area

having a radius of 660 feet (201 m).

Fire-scarred material was processed at the Laboratory of

Tree-Ring Research, University of Arizona, Tucson. Cross

sections were surfaced, fire scars were identified, and cross-

dating and verification were completed using an established

chronology for the area. In order to reconstruct a

composite fire history for the stand, it was imperative that

exact dates for each cross section be determined so that the

composite would accurately reflect the years in which fires

occurred.
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An alternative to this method is a technique developed by
Arno and Sneck (1977) in which a master chronology was
developed that involved the adjustment of fire-scar dates by
as much as 3 years. Adjustments were made based on the

fact that some dates are accurate and others are

approximate or otherwise difficult to interpret.

In reconstructing a composite historical fire interval for

the Chimney Spring area, some basic assumptions have
been made:

1. That a fire starting within the general area where the

samples were taken would have had a good chance of

spreading over the entire area.

2. That a fire spreading into the area from the outside

also probably would have spread over the entire area.

3. That these fires would not necessarily have burned
every square foot of surface area because of fuel

discontinuity, thus leaving some trees unscarred with

each passing fire.

Figure 1.— Fire history sample tree locations. Chimney Spring pre-
scribed burning study site 3.5 miles northwest of Flagstaff. Indi-
vidual plots are 2V2 acres (1 ha) in size.

Results

Figure 2 displays the results of individual tree analyses

and provides information on tree age, number and dates of

fire scars, average fire intervals, date of most recent fire,

and whether one or two sides of the fire scar were included

in the dating process. Across the bottom of the figure is a

composite of fire-years made up from dates as reflected by

each individual specimen. This display makes it possible to

develop a CFI for the entire period represented by the tree-

ring cross sections, or for any portion of that period. Figure 2
reveals a number of facts and interesting relationships:

1. The last fire in the area was in 1876, as shown by five of

seven specimens.

2. Tree 7 (536 years old) contained 31 identifiable fire

scars, with the initial scar having formed in 1540
(fig. 3).

3. Complete cross sections (trees 3 and 6) revealed that

fires do not always scar both sides of a "catface."

Therefore, when only one side of the scarred area is

used for determining fire interval, the count will be

conservative.

4. Specimen 6 was a small dead stump heavily

impregnated with pitch. It was impossible to

determine the exact year in which the tree had been
cut because the sapwood had deteriorated leaving

only the pitch-impregnated heartwood and fire scars.

Using a master tree-ring chronology for the area, the

outside ring was dated at 1873. This tree averaged one
fire every 4.4 years throughout the 88-year period,

1785-1873. Included in the total fire sequence is a 14-

year period (1836-1850) where six fires scarred the

tree at intervals of 3, 2, 2, 2, 3, and 2 years.

5. A gap appears in the composite fire history during the

8-year period, 1794-1802. The fire-free gap ranged

from 11 years on specimen 6 to 20 years on specimen
2. This gap should not necessarily be interpreted to

mean that there were no fires in the area during this

period; rather, that none of the seven specimens were
scarred by fires during this time span.

6. The average age of the trees when the first fire scar

occurred was 121 years with a range of 63-192 years.

7. There were no instances where any of the seven

specimens revealed scars in successive years.

Intervals of two years were revealed on only two
specimens (6 and 7).

8. There were no years when fire scars were detected on
all seven specimens. The last fire recorded on the area

( 1876) was recorded on five of the specimens and a fire

in 1785 was reflected on four of the seven specimens.

Table 1 summarizes CFI's for several different periods.

Period 1 encompasses fire-scar data for all seven
specimens, although fire frequency for two-thirds of this

period is represented by only one specimen (7).

Period 2 provides the longest span of time (122 years) that

includes data from all seven specimens. The resulting

interval (2.4 years) represents a ponderosa pine fire

frequency far shorter than any previously reported in the

literature.
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Figure 3.—Fire scarred cross section from specimen 7, Chimney
Spring plots. Thirty-one scars are identifiable between the years
1 540 (first scar) and 1 876 (last scar). This tree appeared to grow at

a normal rate for about the first 50 years then slowed to a sustained
rate of about 80 rings per inch. The section measures 11 inches

(28 cm) from the outer ring (1976) to the inner ring (1440).

Table 1.—Composite fire intervals, Chimney Spring

Number Number of

Period Time span 1 of years recorded Interval

fires

years

1 1540-1876 336 68 4.9

2 1754-1876 122 50 2.4

3 1800-1876 76 37 2.1

4 1820-1876 56 30 1.9

5 1824-1869 45 26 1.7

6 1850-1865 15 12 1.25

1 Dates between first and last fire scar. Includes all material.

As progressively shorter periods are selected for

computing fire frequency, the interval becomes even
shorter. For period 6, a 15-year period (1850-1865), fires

were occurring on the Chimney Spring area at 1- to 2-year

intervals (average 1.25 years).

Fire-scar data from specimens 2 and 3, only 20 feet (6 m)
apart, show why a single tree does not necessarily reveal the

true fire interval for a particular area. Whereas tree 2 had an

average interval of 7.6 years for 18 fires, and tree 3 had an

interval of 5.9 years for 16 fires, the CFI is 5.3 years based on
11 fires that were common to both trees and 12 fires that

affected one specimen and not the other.

Discussion

Two factors appear to be primarily responsible for the

extremely short CFI's found on the Chimney Spring study

site: (1) the presence of reliable ignition sources (lightning

and man), and (2) the accumulation of sufficient ground fuel

to permit the fires to spread once the ignitions occur.

Lightning has been a consistent cause of fires in

southwestern forests for centuries. During recent times

Barrows4 reports that, in the states of Arizona and New
Mexico, lightning has caused an average of 1,653 fires per

year, with a fire density per unit area of 86 fires per million

acres protected. The Coconino National Forest, where the

study was done, experiences 327 fires per year and a fire

density of 162 fires per million acres protected—the highest

of the national forests in this region. In addition, the

Southwest is recognized as having some of the most critical

fire weather of any region in the country (Schroeder et al.

1964).

Cooper (1960) reviewed a number of historical accounts

by early explorers documenting the fact that fire was used
by various Southwest Indian tribes for a variety of purposes.

Indians hunting and living in the San Francisco Peaks region

undoubtedly contributed to fire frequency experienced in

the study area.

'Barrows, Jack S. 1978. Lightning fires in southwestern forests.

Final report prepared by Colorado State University for Inter-

mountain Forest and Range Experiment Station, under cooperative

agreement 16-568-CA with Rocky Mountain Forest and Range
Experiment Station, Fort Collins, Colo. 154 p.
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Faulk (1970) provides some insight into the possible

influence of early settlement in northern Arizona on fire

risk. The Homestead Act of 1862 and Timber Culture Act of

1873, along with construction of the Santa Fe Railroad

through northern Arizona during the period 1880-1883,

undoubtedly increased the chances for human-caused fires.

On the other hand, this same settlement may have

contributed to a reduction in fire incidence in the area

because in 1883 the Aztec Land and Cattle Company was
reported to be grazing 60,000 head of livestock in northern

Arizona. Grazing by other livestock companies was also

underway (Faulk 1970). Heavy grazing over large areas

could have the effect of reducing wildfire incidence by

utilizing grass cover that had, for years, been the primary

medium through which fires spread. This theory provides a

possible explanation of why the last recorded fire in the

Chimney Spring area occurred about this time.

Speculating on the ecosystem that was present in the

Chimney Spring area at the time of the last recorded fire

(1876), and drawing from descriptions by early explorers

(Cooper 1960), it is apparent that most of the stands were

open and park-like. Grass and needles were the primary

fire-carrying medium, and fire intensities, even on high fire-

danger days, would have been relatively low. Sparse ground
fuels would account for the fact that fires could move
through an area without causing appreciable damage to the

residual trees. Many of the trees that had previously

sustained fire scars would have been skipped by the fire

because of the discontinuity in the light surface fuels.

Condition of the forest floor in an area where fires were
burning at 2- to 4-year intervals would be in marked contrast

to what is found today. Ample exposure of mineral soil and
an increase in available nutrients would have encouraged
establishment of natural pine regeneration as well as

production of biomass from native grasses and forbs. Ashes
and charcoal would have been well incorporated in the

mineral soil. Seedling mortality would have been high

because of competition for moisture, frost heaving, and suc-

cessive surface fires.

A precarious balance probably existed between mortality

and survival of growing stock needed to perpetuate the

ponderosa pine type in this area. However, the uneven-age

character of the pine stands existing today is testimony to

the fact that survival materially exceeded mortality as the

stands began to come under management and protection in

the early 1900's.

In contrast to the stand conditions that existed under the

influence of a natural fire regime, the current stand

conditions reflect long-established land management
policies designed to protect the areas from wildfire. This

protection, in the absence of extensive prescribed burning

programs, has resulted in ( 1 ) an increase in growing stock to

the extent that many areas are now heavily overstocked

(Schubert 1974); (2) a significant buildup of natural and
activity fuels (Sackett5

); and (3) an apparent reduction in

the distribution and density of native grasses because of

increased shading and accumulation of pine litter.

5Sackett, Stephen S. Reducing natural ponderosa pine fuels using
prescribed fire: Two case studies. Manuscript in progress. Rocky
Mountain Forest and Range Experiment Station, Fort Collins, Colo.
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U.S. Department of Agriculture

Forest Service

Rocky Mountain Forest and
Range Experiment Station '

The Rocky Mountain Station is one of eight

regional experiment stations, plus the Forest

Products Laboratory and the Washington Office

Staff, that make up the Forest Service research

organization.

RESEARCH FOCUS

Research programs at the Rocky Mountain

Station are coordinated with area universities and
with other institutions. Many studies are

conducted on a cooperative basis to accelerate

solutions to problems involving range, water,

wildlife and fish habitat, human and community
development, timber, recreation, protection, and
multiresource evaluation.

RESEARCH LOCATIONS

Research Work Units of the Rocky Mountain
Station are operated in cooperation with

universities in the following cities:

Albuquerque, New Mexico
Bottineau, North Dakota

Flagstaff, Arizona

Fort Collins, Colorado*

Laramie, Wyoming
Lincoln, Nebraska

Lubbock, Texas

Rapid City, South Dakota

Tempe, Arizona

'Station Headquarters: 240 W. Prospect St., Fort Collins, CO 80526


