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Introduction

The vegetation of the Klamath Mountains of northwest-
em California is of exceptional biogeographical interest.
Whittaker (1960, 1961) considered the region the historic
center of floristic and vegetational development for for-
ests in the western United States. The Klamath Mountains
are floristically diverse and they have one of the highest
concentrations of relictual and endemic species in Cali-
fornia. For example, within one square mile of the sugar
creek drainage in the Klamath National Forest seventeen
conifer species are found, the greatest concentration of
conifer species on earth. )

Whittaker (1960) conducted a study of the vegetation
of the Klamath (Siskiyou) Mountains in southern Oregon
that documented population and community distributions
along environmental gradients. He concluded that the com-
plex species and community patterns in the Siskiyou por-
tion of the Klamath Mountains were a product of excep-
tionally steep gradients in climate, topography, and par-
ent material. -

Since Whittaker (1960) developed his enduring model
of vegetation-landscape relations ecologists and biogeog-
raphers have intensified research on the role of disturbance
in shaping community structure and dynamics. Distur-
bances are now widely recognized as being common pro-
cesses in forested landscapes that influence the distribu-
tion and abundance of species at stand and landscape
scales. Moreover, environmental gradients influence dis-
turbance gradients (e.g. Harmon et al. 1983; Veblen et al.
1992). In other words, landscape sale vegetation patterns
are a composite of the superimposed patterns of species
response to environment and disturbance.

The most common disturbance in the Klamath Moun-
tains is fire. Yet little is known about fire regimes in this
region, or how they may influence forest community struc-
ture and dynamics. Fire regime parameters that must be
characterized to identify a fire regime include: frequen-
cies, severities, sizes, and spatial distributions of fire. These

parameters vary spatially and temporally due-to variable
patterns of stand development, fuels accumulation, climate,
burning practices of native Americans and European set-
tlers, and fire suppression activities.

European trappers first entered the Klamath Mountains
in about 1810. Later, thousands of miners and prospectors
converged on the area in 1850 when-gold was discovered
and they are reported to have set fires prodigally: uninten-
tionally from neglected campfires, and intentionally to
make travel easier, to clear ground for prospecting, for
hunting, and for recreation. Miners are said to have set
fires to enliven an evenings drinking with a mountain slope
in flames and there is a report of miners driving game with
fire successfully. The hunt bagged 18 Elk through destruc-
tion of 3 billion hoard feet of timber (Lieberg 1900; For-
est Service 1940). There are few fire history data that can
be used to evaluate these descriptions of settler fires in the
Klamath Mountains and whether these fires altered the
presettlement fire regime. Native Americans in the Kla-
math Mountains set fires to increase production of plants
for food, basket material, and arrow shafts (Lewis 1993).
Fire suppression began with the establishment of the Na-
tional Forest System in 1905.

Objectives

The overall purpose of this study was to describe the
fire regime in the north-central Klamath Mountains. Spe-
cific objectives included the identification of: 1) fire fre-
quencies; 2) fire sizes; and 3) fire severities across envi-
ronmental and vegetational gradients. An additional ob-
jective was to determine if and how European peoples in-
fluenced fire regimes in our study area.

In this paper, we describe the temporal and spatial vari-
ability of fire regime parameters for the period 1740-1992
and then discuss the implications of these data for man-
agement of late seral forest reserves in the Klamath Moun-
tains.
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Study Area

The study area encompassed 18 km?, of steep dissected
terrain in the north-central Klamath Mountains (Figure
1). The study site is a designated Late Successional For-
est Reserve in the Klamath National Forest (HCA C-5)
under option 9 (USDA 1994). Our study area is <30 km
south of Whittaker’s (1960) research site. Elevations in
the study area range from 600-1600 m and forest types
include Whittaker’s (1960) low altitude Pseudotsuga
(Pseudotsuga menziesii) evergreen forest, and the lower
end of the montane Abies concolor zone.

Methods

Forest structure and composition were sampled in 75
plots distributed throughout the study area. Plot location
was based on structurally and compositionally homog-
enous vegetation units that were identified on aerial pho-
tographs.

Vegetation was sampled in variable size plots so that
each plot contained at least 20 trees. Sampling was con-
ducted in both clearcuts and uncut forest. For each sample,
the dbh and age of each tree were determined and the dates
of radial growth releases and suppressions was identified

Klamath National Forest
Study Area

Klamath National Forest

( Within National
Forest

cartography by Pamela Clement

Figure 1. Location of study area within the Klamath National
Forest.

because they may have been caused by fires. Fire scar
dates were also recorded on ring- counted stumps.

Most fire dates were identified from fire scars in stem
cross-sections (n=245) that were sanded and examined
under a binocular microscope. Stand age data were also
used to identify fire dates and to infer fire severity.

Forest Vegetation
Ordination

Ordination of the 75 vegetation samples indicate that
species abundance varies with elevation and potential soil
moisture. Forests dominated by white fir (Abies concolor)
occur at high altitude while mixed white fir/Douglas fir
forests occur at slightly lower elevation, and in low el-
evation mesic coves. Douglas-fir is the sole conifer domi-
nant on mid-elevation sites on all aspects. Mixed Dou-
glas fir/sugar (Pinus lambertiana) forests occupy lower
elevations on dry sites, and low xeric sites on west and
southwest facing slopes are dominated by Douglas-fir/
ponderosa pine (Pinus ponderosa) forests. Patterns of
species dominance by elevation and site moisture condi-
tions are similar to the forests described by Whittaker -
(1960).

Fire History
Identification of the fire suppression period

The number of sites recording fires in the study area
for the period 1740-1992 indicates that fire suppression
efforts by the Forest Service beginning in 1905 were only
partially successful. There was a small decrease in fire
occurrence around 1905. A large decline in fire occur-
rence did not occur until the mid 1940s. The most recent
fire occurred in 1987 and burned through more than 70%
of the study area. The virtual elimination of fire from the
study area in the 1940s is consistent with fire records from
the Klamath and adjacent Siskiyou National Forest in
Oregon. Apparently, fire suppression did not become ef-
fective in this part of the country until fire suppression
methods were mechanized in the 1940s.

Fire History
Forest vegetation.types

Two patterns of variation in fire frequency were evi-
dent in the fire frequency data. First, fire frequencies de-
crease from low elevation xeric Douglas fir/ponderosa
pine forests to more mesic white fir forests at high eleva-
tion (Table 1). Average fire frequencies were high at 7.6
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Table 1. Average number of fires per century by forest type and
time period. The number in parentheses is the average fire free
interval in years.

Forest type Suppression  Settlement Presettlement
1905-1992 1850-1904  1740-1849
White fir 4.1 27 2.7
(24.3) (37.0) (37.0)
White fir/Douglas fir 32 5.6 43
(31.2) (17.8) (23.2)
Douglas fir 29 6.9 4.7
(34.4) (14.5) (21.2)
Douglas fir/sugar pine 4.5 15 6.7
22.2) (13.3) (14.9)
Douglas firfponderosa pine 34 15 7.6
(29.4) (13.3) (13.1)

fires per century in Douglas fir/ponderosa pine forests in
both the settlement and presettlement periods. Fire fre-
quencies during the settlement period in Douglas fir/sugar
pine forests were similar to Douglas fir/ponderosa pine
forests, at 7.5 fires per century. But the frequency was
lower, at 6.6 fires per century during the presettlement
period. Douglas fir forests had lower fire frequencies than
forests with a pine component with 6.9 fires per century
during the settlement period, and 4.7 fires per century
during the presettlement period. Fire frequencies were
lower in white fir/Douglas fir forests at 5.6 fires per cen-
tury during the settlement period and 4.3 fires per cen-
tury during the presettlement period. Only 2.2 fires oc-
curred every century in high altitude white fir forests.

Second, the data suggest that fire frequencies were
higher during the settlement than presettlement period and
that fire frequencies declined alter 1905 by 30-230% de-
pending on the forest type (Table 1). This suggests that
European settlers may have influenced the fire regime by
increasing ignitions.

Elevational patterns of fire frequency

Since elevation exerts strong control on the spatial
patterning of forest communities and fire environments
in our study area we examined patterns of fire frequency
by slope position. Fires occurred most frequently in all
periods on upper slopes (Table 2). The largest difference
in fire frequency by slope position occurred during the
presettlement period. Fire frequency was about 45% lower
on low slopes than on mid and upper slope positions
(Table 2).

Slope aspect patterns of fire frequency

Patterns of fire frequency also varied by slope aspect
(Table 3). During the settlement and presettlement peri-
ods fires were most frequent on south facing slopes and
less frequent on other slope aspects. In contrast, fires were
least frequent on south slopes, compared to other aspects,
during the suppression period.

Fire size and severity

Variation in fires sizes were analyzed by time period.
Fire sizes for each year were crudely estimated as the prod-
uct of the percentage of sites with fires and study area
size (1800 ha). Fire sizes were then grouped into 100 ha
size-classes by time period and their frequency distribu-
tions were compared using a Kolmogorov-Smirnoff two
sample test. The frequency distribution of fire sizes were
not different (P>0.05) during any of the periods (Table
4). Most fires were <300 ha and the largest fires occurred
in 1987 (1260 ha) 1898 (530 ha), 1883 (580 ha), 1853
(365 ha), and 1783 (400 ha).

Fire severity

Fire severity is a measure of the degree to which fires
alter vegetation on a site. Fire severity varies from low
for surface fires that consume only forest litter to severe
for stand replacing fires. Douglas fir in these forests es-
tablishes primarily alter moderate and severe fires so the
frequency distribution of Douglas fir age-classes through-
out the study.area provides a rough indication of the tim-
ing of severe fires. In our study area, the frequency of
Douglas fir age-classes increases in about 1880 suggest-
ing that one or more severe fires occurred during the settle-
ment period.

Table 2. Avetage number of fires per century by slope position
and time period. The number in parentheses is the average fire
free interval in years.

Slope position Suppression Settlement  Presettlement
1905-1992 1850-1904 1740-1849
Upper (>1275 m) 37 14 58
21.0) (13.5) (17.2)
Middle (990-1275 m) 32 6.4 54
(31.3) (15.6) (18.5)
Lower (<990 m) 34 6.4 35
(29.4) (15.6) (28.6)
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Table 3. Average number of fires per century by slope aspect and
time period. The number in parentheses is the average fire free
interval in years.

Presettlement

Slope aspect  Suppression Settlement
1905-1992 1850-1904 1740-1849
North 32 6.0 5.1
(31.3) (16.6) (19.6)
East 34 7.0 39
29.4) (14.3) 25.6)
West 4.1 6.5 58
(24.3) (153) _ (17.3)
South 24 13 6.0
(41.6) (13.6) (16.6)
Summary of fire history

Our data show that fire has been a common and im-
portant disturbance in old-growth Douglas fir forests in
the Klamath Mountains and that there is spatial variabil-
ity in the characteristics of the fire regime. Fires burned
frequently during the presettlement period with 7.6 t0 2.7
fires occurring every 100 years depending on forest type.
Fires were most frequent in lower altitude Douglas fir/
ponderosa pine forests on xeric sites and least frequent in
higher altitude mesic white fir forests. Descriptions of
increased and pervasive burning by miners, stockmen, and
settlers after the area was settled in 1850 may be reflected
in the fire frequency data. Fires were more frequent in
Douglas fir/sugar pine, Douglas fir, and white fir/Dou-
glas fir forests in the settlement than in the presettlement
period. All forests, except white fir forests for which we
had few (n=4) samples, show a decrease in fire frequency
during the suppression era.

Data on fire sizes suggest that fire sizes were similar
during the presettlement, settlement, and early suppres-
sion periods. But age structure data suggest that fires may
have been more severe during the settlement period. Many

Table 4. Frequency distribution of fire sizes (ha) by time period.

Size-class Suppression Settlement  Presettlement
1905-1992 1850-1904 1740-1849
<100 4 4 7
100-199 s 3 15
200-299 - 6 6
300-399 1 3 2
400-499 3 - 1
500-599 - 2 -
>1000 1 - -

stands in our study area had Douglas fir age- classes that
originated in the 1880s. Even-aged stands that established
after severe fires in the late 1800s are also common in the
nearby Siskiyou mountains. Settlers seem to have influ-
enced the fire regime by increasing both the frequency
and severity of fires. Warmer drier conditions during the
late 1800s may also have contributed to the higher fire
frequency and severity in the settlement period (Graumlich
and Brubaker 1986; Graumlich 1987,1993; Fritts et al.
1979; LaMarche and Stockton 1974),

Our estimates of fire frequency are conservative. Low
intensity fires rarely scar mature trees. So the observed
geographical differences in fire frequency between our
Douglas fir forests and those in Oregon and Washington
are probably greater than the data suggest.

Synthesis with other studies

Data on fire frequencies from other studies in the cen-
tral Klamath Mountains include vegetation types identi-
fied by Whittaker (1960) that were not present or well
represented in our study area. Low elevation Douglas fir/
hardwood forests studied by Wills and Stewart (1994) had
fire frequencies of 8.7 and 8.2 fires per century during
the presettlement and settlement periods, respectively. Fire
frequency was lower in the suppression era at 4.1 fires
per century. Their data suggest that fire frequencies are
higher in low elevation mixed evergreen forests than in
the Douglas fir/ponderosa forests in our study area. Agee
(1991a) estimated a fire rotation of about sixty years in
mesic high elevation white fir forests which is consistent
with the lower fire frequencies we found for white fir for-
ests.

There are no fire history data for upper montane red
fir forests in the Klamath Mountains but data from the
Cascades and Sierra Nevada indicate that about 1.5-2.2
fires occur every century, on average, in this forest type
(Pitcher 1987; Taylor and Halpern 1991; Taylor 1993).
The gradient of fire frequency identified in our study area
and from nearby sites parallels environmental and veg-
etation gradients in the region.

Management Implications

The structure and composition of late successional
Douglas fir forests have been described in detail in the
Washington and Oregon Cascades and Coast Ranges (e.g.
Franklin et al. 1981). Key old-growth structural attributes
include large live old trees, a large number of snags of
various ages, a multilayered canopy, and moderate to high
accumulations of logs or coarse woody debris on the for-
est floor, These forests developed under a fire regime of
infrequent (20-50 yr) light surface fires, localized intense
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fires every 100-200 years and extensive stand replacing
fires at intervals probably greater than 400 years (Stewart
1989; Morrison and Swanson 1990; Agee 1993).

Old-growth Douglas fir forests in our study area have
a very different fire regime. Low and moderate severity
fires are frequent and this has created patterns of forest
structure and development that are different from those
in more mesic Douglas fir forests in Oregon and Wash-
ington (e.g. Agee 1991b). In fact, the geographical dif-
ferences in fire regimes are probably greater than the data
suggest because our estimates of fire frequency are con-
servative. Low severity fires rarely scar trees.

One old-growth structural attribute that probably has
been historically different in Klamath Mountains Dou-
glas-fir forests than those in Oregon and Washington is
the amount of coarse woody debris that accumulates on
the forest floor. Low intensity fires in old-growth stands
consume coarse woody debris (e.g. Thornburgh 1995). It
is unlikely that coarse woody debris could accumulate t0
the levels found in mesic Douglas fir forests under a fire
regime of frequent low and moderate severity fire.

A hands off approach to managing late successional
forests under the current fire regime (suppression) in the
Klamaths could be viewed as improving old-growth stands
because coarse woody debris would increase on the for-
est floor. Moreover, shade tolerant species such as white
fir would also invade increasing the vertical diversity of
forests. In fact, 70% of the Douglas fir and Douglas fir-
pine stands in our study area had a developing understory
layer of white fir that established during the fire suppres-
sion era. Before fire suppression most white fir seedlings
were killed by light fires. Our data suggest that continued
fire suppression coupled with coarse woody debris accu-
mulations and development of vertical fuel ladders will
increase the probability of extensive severe fires in old-
growth stands. Maintenance of old-growth stands may
require use of prescribed fire and perhaps other fuel treat-
ments to reduce the risk of severe fires and to maintain
the processes responsible for old-growth forest develop-
ment in the Klamath Mountains. Finally, our data sug-
gest that promoting development of old-growth structures
in adjacent younger stands should be examined critically.
For example, increasing coarse woody debris in younger
stands may increase fire risk and if these stands burn fire
may more easily spread into old-growth remnants.
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