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Fire History and Stand Development of a Douglas-fir/Hardwood Forest
in Northern California

Abstract

This paper examiines the relationship belween historic fires and stand structure on three sites in Douglas-firthardwood lorests within
the Klamath National Forest, California. Fire scar, tree age, and hasal area distributions were used to inlerprel stand history, Fre-
quent fires of variable intensity resulted in varied stand structures on our study siles. Some stands were even-aged and -sized follow-
ing a relatively intense fire. while others were multi-modal lollowing moderale or low inlensity fires. Stands with dominant trees
250+ vears old have old-growth characteristics. These Douglas-lir dominated stands do not resemble those of western (regon and
Washinglon. Douglas-fir in our stands seems 1o respond to fire and appropriate environmental conditions for suceessful establish-
menl. Standl development may be defined by coarse and medium scale gaps. Large uniform paiches created by infrequent eata-
strophic fire are broken up by more lrequent medium scale gap processes, The pre-settlement landscape was probably cxecptionally

patchy containing complex mosaics of differemt age and size Douglas-fir dominated stands.

Introduction

Fire's role in the establishment and development
of Douglas-fir (Pseudotsuga menziesii Mirb. Franco)
forests has been comparatively well-documented
for northwestern Oregon and western Washinglon.
Both north-south and westl-cast gradients reflect a
pattern of generally increasing fire frequency and
decreasing severity (Thornburgh 1969, Hemstrom
and Franklin 1982, Yamaguchi 1986, Spies and
Franklin 1989. Agee 1991a).

In west-central and southwestern Oregon a pat-
tern of relatively frequent fire has been reported.
These forests experience greater fire diversity rang-
ing from infrequent stand replacing evenls with
mean fire intervals [MFI] of 95-149 yrs (Mcans
1982, Stewart 1986, Morrison and Swanson 1990)
to more frequent moderate or light surface fires
having MFIs of 15-50 vrs (Atzet and Wheeler
1982, Agee 1991h}. The ensuing slands ofien
have more than one cohort and are multi-sized with
more than one canopy layer.

Relatively little fire ecology research has been
done in northwestern California Douglas-fir forests.
The fire historv study closest Lo our study siles was
conducted by Adams {1980). He examined com-
posites of Douglas-fir stumps in clearcuts on four
sitcs from Gasquet to Mad River, California
documenling increasing fire frequency with dis-
tance from the occan and along a nerth to south
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gradient. Mean fire return intervals ranged from
21.4 years in Casquel (north) 1o 12.7 years in Mad
River (south).

Our objective was to assess [ire history, age
structure, and stand structure in several Douglas-
firfhardwood stands. We hypothesized that domi-
nant and co-dominant cohorts became established
following either stand-replacing fire or by gap-
producing mederately severe surface fire. We fur-
ther hvpothesized that there was a significam differ-
ence in mean {ire interval across the pre-settlement
{approx. 1740-1849), settlement (approx. 1849-
1905}, and suppression {approx. 1905-1987}) time

pericds.

Study Area

This study was conducted within the Salmon River
Ranger District of the Klamath National Forest,
California. Study sites were located on Hotelling
Ridge, above the South Fork of the Salmon River.
Slopes averaged 56% with elevations between 900
o 980 m.

The Salmon River arca has mean temperatures
of 36°C in summer and 2°C in winter. Normal
annual precipitation is L1200 mm, with 90% oc-
curring between October and May (records avail-
able from the Klamath National Foresl, and Six
Rivers National Forest, for Orleans). Summers are
long and hot, with relatively severe fire weather
oceuwrring in July, August, and Seprember. Thun-
derstorms accompanicd by lightning take place oc-
casionally during the summer months. Snow may
fall in early October and last until May at higher
elevations.
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Study sites were located in a Douglas-fir/hard-
wood forest (Bingham and Sawyer 1991) domi-
nated by open upper canopies of Douglas-fir with
scattered stems of sugar pine (Pinus lambertiana
Dougl.}. A subordinate canopy layer was domi-
nated by tancak (Lithocarpus densiflora [Hook. and
Arn.| Rehd), madrone (Arbutus menziesii Pursh.).
and canyon live oak {(Juercus chrvsolepis Teibm,),
Dominant shrubs include hazel (Corylus cornuta
Marsh.) and Oregon-grape (Berberis nervosa

[Pursh.] NutL).

In latc August. 1987 a series of lighining strikes
ignited a complex of fires on the Klamath National
Forest. Thesc fires spread quickly and extensively,
having variable intensitics, but often burning into
the crowns of stands of all tree sizes. A total of
110.000 ha burned. One of the Klamath complex
fires, the Yellow Fire, burned on Hotelling Ridge
and killed the majorily of trees within the study
plots. Salvage logging oceurred in 1988 and 1989.

Methods

Three study sites were selected. Kach site was con-
sidered to be visually representative of stand con-
dilions in the arca. Stands selected were consistent
in aspect, slope, elevalion, and dominant canopy
trees. Examination of stumps showed abundant evi-
dence of previous fires. Study sites ranged (rom
3 to 8 hectares. Site 1 and Site 2 were separated
by approximately (0.5 km with Sile 3 being 1.0 kmn
wesl of Site 2.

Fire scar and free age class data were ohtained
from Douglas-fir and sugar pinc stumps. Three
30m diameter circular plots were established within
cach site, Stem cross-sections were collected from
all stumps within plot boundaries. In addition, stem
cross-sections were galhered from all other fire-
scarred conifer stumps within the study site. All
cross-sections were cut with a chain saw at an ap-
proximale hetght of 30 em. Hardwood specimens
were not collected because their poor condilion
made accurate determination of fire scar dates and
tree ages impossible.

Cross-scctions were prepared with a power
planer and subsequently polished with a rotary
sander. Successively finer grits of sandpaper, down
to 360, were used to render an easily readable sur-
tace. Following preparation, the samples were ex-
amined using both a hand lens and a binocular
microscope. Annual ring counts were made on one
or more radii, depending on growth and ease of
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interpretability. Tree diamelers were measured
from prepared specimens and fire scar dates
recorded. Fire scars were recognized using eriteria
described by McBride {1983).

Cross-dating of tree rings (Stokes and Smiley
1968) wasn’t possible with most specimens,
presumably because competition influenced radial
growth more Lthan climate. Scarring dates were af-
fixed for fire scars on stumps with indetcrminable
‘bark’ dates by matching fire scar intervals with
thosc on stumps of known age. Established fire scar
dates of all trees within a site were collated into
a master [ire chronology. Less reliable fire scar
dates were adjusted using the lechniques deseribed
by Arno and Sneck (1977). No scar date was ad-
justed more than = 3 vears. Only confirmed fire
scar dates were used to calculate mean fire in-
tervals.

Statistical Anaiysis

Descriptive statistics were used Lo repor age struc-
lure, size structure, and fire history. We used in-
ferential statistics to detect differences in mean fire
interval across study sites and across time periods.
We used multiple Kruskall-Wallis non-parametric
tests on our data in lieu of analysis of variance be-
cause of untransformable heteroscedasticity.

Results

Fire histories varied among the three sites {Tuable
L}. Four fires occurred on both sites 2 and 3;
1987, 1870, 1795. 1776. The 1987 fire was the
only one to have occurred on all the sites. Site 1
also shares the 1849 fire with site 3. Table 2 lists
mean fire intervals for the pre-setllement, settle-
menl, suppression periods. There was no signifi-
cant difference in mean fire interval between sites
{p = 0.388), but there was a significant difference
between periods (p = 0.033). The suppression
period had significantly longer MFls than the set-
tlement und pre-settlement periods combined
{p = 0.010), but there was no significant differ-
ence between the settlement and pre-settlement
periods (p = 0.686).

The age of Douglas-fir stumps ranged from 47
1o approximately 520 years, while sugar pine ages
ranged from 60 to 251 years. The firsl twenty years
of radial growth varied from 0.32 mm/fyr, among
highly suppressed trees on site 2, 10 2.20 mm/yr
among individuals established following a stand
replacing fire in the late 1800 on site 1.




TABLE 1. Master fire chronology for study sites. Number of fire-searred trees are listed by plot for each date.

Site 1 Hite 2 Site 3
Date Plot A Plol Plal C Plot A Plol B Plot Plot A Plot B Plot C
1987
1944 1 1
1942 2
1919 3
1916 1
1913 2
1901 2
1894 1 5
1890 1 [} 2
1888 1
1882 2
1870 1 10 1
1868 1
1862 1 [}
1860 |
1855 2 4
1854 2
1819 1 1 2
1842 1 1
18309 2 3
1835 1 1
1831 1 1
1828 4
1820 2
1818 1 4
1811 1
1810 2
1806 1 2 1
1797 1 1
1705 Y 5
1785 1 1
1783 1
1776 4 1
1760 4
1759 1
1756 2
1752 3
1750 1 1
1745 1 1
1742 1 1

Site 1 had two well-defined even-aged cohorts
{(Figure 1) in plots B and C. Two of the oldest in-
dividuals in Plot A germinated within 12 vears of
each other and may represent the remnants of an
older cohort. Of the remaining 3 individuals, two
trees have ages corrclated with the two well-defined
regencration cohorts of plots B and C. Trees in plot
B were moslly associaled with the cohort which be-
came established i about 1722, Individuals sam-
pled in plot C were established over a 40 year
period hetween 1892-1932.

Fach of the plots in site 2 had well defined
regeneralion cohorts (Figure 2). The majority of

older trees in plot A originated following an ap-
parently high inlensity, stand replacing fire around
1802. Only two trees, established in 1582 and ap-
proximately 1473 survived this fire. Four surviv-
ing lrees were established, at cven intervals,
between 1837 and 1887, A second regeneralion
cohort began in about 1895. Plot B had a bi-modal
age distribution, with the oldest trees germinating
between 1717-1722. Establishment lasted approx-
imately 50 years. Only one surviving tree was es-
tablished between 1770 and 1910, Understory
trees germinaled afler 1910} with regeneration con-
tinuing for 40 years. Plot C also had a bi-medal
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TABLF 2. Means and ranges of lire intervals for each site. Data
are reported for the pre-settlement, sclilement, and
suppression periods as well as for the complete chro-
nology. Dala are in vears.

Sile Luterval Mean Range

Site 1 (N = 11)

Complete chronology 1745-1987 22.0 3-30

Pre-setlement 1745-1849 17.3 3-41

Settlement 1849-1894 15.0 8-26

Suppression 18941087 46.5 43-50

Site 2 (N = 19)

Complete chronology 1742-1987 12.9 543

Pre-settlement 1742-1855 10,3 h-18

Seulement 1855-1901 .2 7-12

Suppression 1901-1987 28.7 18-45

Site 2 (N = 133

Complete chronology 1752-1987 18.1 3-71

Pre-settlemem 1752-1849 13.9 725

Setilement 1849-1913 16.0 5-25

Suppression 1913-1987 37.0 3-71

age distribution, but with only one third the tree
density of plot B.

The age structure of combined plots in site 3
exhibited a bi-modal distribution (Figure 3). Plots
A and € had single regeneration cohorls appar-
ently initiated by a stand replacing fire in the late
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1800%. Surviving seedlings in plot C hecame cs-
tablished over a 35 year period, while the regener-
ation period in plot A lasted 50 years. Dominant
trees in plot B survived the late 1800 event which
replaced stands in plots A and C. Plot Bs age dis-
tribution may be best deseribed as having occa-
sional seedling establishment since 1800 with a
well-defined cohort spanning 40 vears centered in
1757,

Site 1 had an average of 54.6m%*ha of hasal
arca with site 2 having 72.9m?*ha and site 3 hav-
ing 38.4m*/ha. Each plot in site 1 had only one
dominant cohort (Figure 1), The greatest basal area
was concentraled in the dominant age cohort of
plot B, centered around 1735.

Plot B of sile 2 had more basal area then ei-
ther plol A or plot C (Figure 2}. Even though plot
B has a bi-modal age distribution, it was over-
whelmingly dominated by the cohort established
in the mid-1770s. Plots A and C had relatively
small basal areas spread across several cohorts.

A bi-modal distribution of basal area was found
in site 3. Two groups can be distinguished among
plots A and B and plots A and C. Basal area values
were low, particularly for plois A and C.

Discussion

Mean fire return intervals resulting from this study
further subslantiate the trend for shorter MFls in
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eslablished prior o the 1987 Yellow Fire from site 1, plots
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the southern range of Douglas-fir. Our pre-
suppression mean fire intervals of 1010 17 years
were considerably shorter than the 15-30 yr range
reported for southern Oregon (Atzet and Whecler
1982, Agee 1991b) and the 93-119 yr range in
west-central Oregon (Means 1982, Stewurt 1986,
Morrison and Swanson 1990},

3. Age class and cumulative basal area distributions of trees established prior 10 the 1987

Yellow Fire from site 3. plots

Our fire-free intervals were similar to those
reported for mixed conifer forests in the Sierra
Nevada (Show and Koetok 1924, Wagener 1961,
Kilgore 1973). Reasons for this include compara-
ble summer fire weather and sub-canopy and un-
dersiary layers having sclerophyllous. pyrolvtic
species.
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Natural establishment and survival of Douglas-
[ir on these sites was only occasionally successiul.
The combination of factors necessary for suecess
may be relatively rave. Establishment may follow
a patiern similar to that found in southwestern pon-
derosa pine {Pinus ponderose Laws.). Cooper
(1961} and White (1983) {ound that successful
ponderosa pine regencration was mainly dependent
on appropriate soil moisture conditions and sced-
bed availability. Similar conditions may be prereq-
uisite for successiul Douglas-fir estahlishment on
our sites. Douglas-fir's shade intolerance (Minore
1979) and nced for mineral soil or burned seed
beds (Stewart 1986) may explain the episodic pat-

tern of regeneration on the sites examined in our
study.

Age class distributions indicaled that seedling
establishment occurred [requently enough to allow
perpctuation  of these Douglas-fir dominated
forests. On our sites, forest fires on about a 140
year inlerval provided sufficient growing space for
the initiation of patches of Douglas-fir. On some
plots it appeared that no residual trees survived
fire, while on others the apparent fire severity was
low enough to allow the survival of some overstory
trees. The resulling multi-aged structures resem-
bled those found in the Oregon Cascades (Means
1982). Tn our study, even-aged groups hecame es-
tahlished following liberation of growing space by
modcrately severe lorest fires. Size distributions
of these stands and fairly long recruitment periods
account for the mosaic of even-aged groups of trees
established after fires,

Age class distributions in plots on our sites were
uni-modal or bi-modal. Similar patterns have been
described in developing FEngelmann spruce (Picea
engelmannii Parry ex Engelm.; Day 1972, Whip-
ple and Dix 1979} and Douglas-fir (Stewart 1986)
stands. In these studies, deviation from a negative
exponcntial size distribution was correlated with
the spalial scale of disturbance and gap formation.
Cumulalive age and size curves are shaped al least
as much, if not more by establishment patterns as
by maortality (Parker and Pect 1984). The high fire
frequency on our sites may inhibil the development
of negative exponential size distributions,

Douglas-fir dominated stands in Idaho and
Montana have been reported to be initially even-
aged (Larson 1925, Shearer 1976, Tesch 1981).
This was also true for some plots within our study
sites. Full site vccupancy by Douglas-fir was prob-
ably reached in 15 10 50 years following distur-
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bance. Similar time periods were found in
Douglas-fir forests of Oregon and Washington
(Tsaac 1943, Oliver 1981, Agee 1991a.h). Other
workers have indicated that 60 o 150 vears are
required for full occupaney of Douglas-fir demi-
nated mesic siles (Franklin and Waring 1980,
Franklin and Hemstrom 1981, Means 1982). A
shorter stand initiation phase may be expected in
the seuthern range of Douglas-fir (Agee 1991a).

Site 2 had the greatest basal area, This is prob-
ably due 1o site 2 having lewer overstory killing
fires and therefore more older trees. Frequent low
severity surface fircs may have also contributed to
grealer basal area by reducing competition for sur-
viving overslory trees. In contrast, most of the hasal
area in site 1, plot € and site 3, plols A and C
was associated with relatively young trees. Tt is
likely that these ecologically dominant cohorts he-
came established following fires intense cnough to
kill both the understory as well as most of the
overstory.

Understorics of Douglas-fir had been reinitiated
on site 2 and site 3. Six of the nine plots exam-
ined had little or ne regeneration present for
periods of up to 240 years. Two explanations are
possible for this condition. First, growing space may
have been dominated by the first tree species 1o
regencrate following disturbance (Egler 19543, In
our stands, invading shrubs and residual hard-
woods were likely carly dominants following fire
(Stuart et el. 1993). Shorter mean fire inlervals,
like those of sile 2, may have favored establish-
ment ol Douglas-fir, because of the possible elimi-
nation of stored seed and residual sprouts of
hardwoods. A second possibility is that higher in-
tensities of the 1987 fire werc experienced on sites
1 and 3 consuming all Douglas-fir seedling or
saplings that may have been present, making them
unavailable for sampling.

Spies and Franklin (1989) described gap dy-
namics in Pacific Northwest Douglas-fir forests,
characterizing gaps as coarse or fine in scale. They
defined coarse-scale gaps as having originated from
large scale disturbances and as having relatively
uniform even-aged stands of Douglas-fir. Fine scale
patches result from small scale mortality such as
self-thinning or pathogen infection. A forest sub-
jected 1o finc scale montality for a long enough
period of time will result in a mosaie of openings
and size classes typical of multi-aged stands.

The stands in our study differ from cither al-
lernalive described by Spics and Franklin, Our
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data, instead represents a third gap type that can
be characterized as medium scale resulting from
low to modcrate severity fires following a stand
replacing disturbance. These fires left much of the
Douglas-fir canopy intaet and inhibited the progres-
sien towards fine scale dynamics by periodically
killing small trees. The age distribution of these
forests axc the effect of both fire and stand develop-
menl. As a result, the age structure in our stands

is multi- modal and correlated with fire events
rather than being all aged.
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