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ABSTRACT

The effectiveness of low and high intensity prescribed fires in restoring the composition and
spatial structure in a mixed conifer forest in the Northern Sierra Nevada is examined. The
overstocked pre-fire stand had 480 trees ha', a basal area of 39.5 m? ha”, and an inverse J-
shaped diameter distribution with an average dbh of 23 cm. Prescribed fires produced tree
mortality in the lower and intermediate dbh-classes and affected trees up to 40 cm dbh. In the
low intensity prescribed fire, total tree density was reduced by 33% and basal area by 3% three
years after fire. In the high intensity prescribed fire, total tree density and basal area was
reduced by 73% and 20%, respectively, two years after the fire. The high intensity prescribed
fire changed the dbh distribution from inverse-J to bell-shaped. The spatial structure of the
stand burned under low intensity, assessed with the Winkelmass-method, was not altered. In the
area burned with high intensity prescribed fire, post-fire tree mortality created gaps in the
overstory and led to a higher degree of spatial clumping, attributes that are similar to some old-
growth stands. The low-intensity prescribed fire was not intense enough to change forest
structure significantly. Prescribed fires of at least moderate intensity may be needed to begin to
restore current mixed conifer stands to pre-settlement conditions. Burning the accumulated
surface fuels created from fire suppression and past harvesting with a low intensity fire may be
useful in reducing fire hazards but this may not produce other restoration goals of lower tree
densities and canopy gaps.
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INTRODUCTION structure, and dynamics of mixed-conifer

forests in the Sierra Nevada, California. The

Before Euro-American settlement, prehistoric fire regime consisted of mostly
frequent fires influenced the composition, low to moderate intensity fires occurring
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every 6 to 12 years, typically occurring in late
summer and fall (Skinner and Chang 1996,
Stephens and Collins 2004, Moody et al.
2006). Due to the frequency of fire
occurrence and subsequent fire-caused
mortality, primarily in the smallest tree
cohort, most areas of the Sierra Nevada
mixed conifer forest type (approximately
5900 km?, Davis and Stoms 1996) probably
had low densities of understory trees and
shrubs.

Under the pre-settlement fire regime, fires
most often burned under low-moderate
intensity with patches of high intensity. In
these patches, direct fire-induced mortality
and subsequent bark beetle (Dendroctonous
spp.) attack on the damaged trees lead to
scattered openings within a matrix of
surviving trees (Stephenson et al. 1991,
Stephens et al. 1999). Early reports on the
composition and structure of mixed conifer
stands describe them as relatively open with
large trees distributed in clusters (Stephens
and Elliott-Fisk 1998, Stephens 2000), and
gaps of 0.1 to 0.25 ha in between (Sudworth
1900). Studies that have reconstructed stand
composition and structure of these stands
report much lower stem densities than today,
larger trees, and a strong clumping of
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overstory trees (Harrod et al. 1999) (Figure
1).

Human activities since the mid 1800’s
have strongly changed most mixed conifer
forest stands and simplified forest structures
(SNEP 1996, Husari et al. 2006, Stephens and
Sugihara 2006). Many stands were clear-cut
and dense natural regeneration followed this
disturbance (McKelvey and Johnston 1992,
Husari and McKelvey 1996, Skinner and
Chang, 1996, Elliott-Fisk et al. 1996,
Stephens and Collins 2004). With strong fire
suppression  policies and infrastructure
(Stephens and Ruth 2005), fire was excluded
from stand development. As a result, dense
overstocked and even-aged stands grew on
top of a quickly accumulating surface fuels
(Weatherspoon and Skinner 1995, Tappeiner
and McDonald 1996).

As a consequence of the high stand
densities and low light levels below the
canopy, tree species composition shifted
towards shade tolerant species that are able to
regenerate in partial or full shade (e.g.
incense-cedar (Calocedrus decurrens Torr.)
and white fir (4bies concolor Gord. and
Glend.)) (Parsons and DeBendeetti 1979).
Changes in forest structure have increased the
probability of high intensity, stand-removal
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Figure 1.

Schematic cross section of a typical pre-settlement mixed conifer forest in the
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Western Sierra Nevada. From the Sierra Nevada Ecosystem Project (SNEP 1996, drawing by

Robert Van Pelt).
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low-intensity surface fires of the past. A
major forest management issue in the Sierra
Nevada is currently focused on fire hazard
reduction by silvicultural means and
increasing the resilience against fire (SNEP
1996).

The main goal of these silvicultural
methods is to reduce tree densities within the
stand, especially in the low- and medium-
diameter classes, and to shift species
composition to include more shade intolerant
species (Oliver et al. 1996). The common
methods used to reach this goal are
mechanical treatments (thinning from below
with or without timber utilization), prescribed
fire, or a combination of these methods
(Reinhardt and Ryan 1998, Stephens 1998,
Agee and Skinner 2005).

Mechanical treatments can be successful
in reaching desired stand densities, species
composition, and structure. In contrast, they
are seldom cost-effective unless there is a
large tree component removed, may cause
soil compaction, and can create additional
activity fuels if no fuel treatment is applied
after the thinning. Mechanical treatments that
modify the overstory without treating natural
and activity fuels can result in potential fire
behavior that is more severe than the
untreated forest (Stephens 1998).

Application of prescribed fires can reduce
fuel loads significantly (van Wagtendonk
1996) and do not require large-scale
mechanized equipment, but are harder to
control and their effects are more difficult to
predict. The effects of the fire on stand
structure and stand composition can be highly
variable; the intensity, fuel consumption, and
season of the applied fire determines the
ecological outcome and its consistency with
restoration goals (Covington et al. 2001, van
Mantgem et al. 2003, Fulé et al. 2004). Fire
intensity, pre-fire fuel loads and consumption,
and stand structure are the major factors that
are linked to fire effects, such as tree
mortality (Stephens and Finney 2002,
Kobziar et al. 2006).
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The restoration of mixed-conifer forests is
complicated by fuel accumulation and
profound changes in stand structure.
Therefore, the question arises, whether
natural stand structures can be restored with
prescribed fire alone? Some studies suggest
that only a combination of cutting and
prescribed fire can produce the desired open
stand structures (Fiedler et al. 1998). The
objective of this study was to assess how
prescribed fires of low and moderate
intensities can be used to restore pre-
historical forest structures. The reduction of
stand density and change in spatial structure
is quantified and compared to historic stand
data to evaluate the success of this restoration
approach.

METHODS
Study Area

The experimental area is compartment
292 at the University of California Blodgett
Forest Research Station located in the
western Sierra Nevada, California, U.S.A. (N
38°54°30; W 120°40°25; eclevation 1400 m
a.s.l.). This stand is managed as a reserve area
with no harvesting occurring in the last 25
years. A detailed description of the history
and present conditions at Blodgett Forest
Research Station can be found in Olson and
Helms (1996).

The stand sampled represents a typical
mixed-conifer forest with five conifer species
(ponderosa pine [Pinus ponderosa Laws.],
sugar pine [Pinus lambertiana Dougl.],
Douglas-fir [Pseudotsuga menziesii Mirb.
Franco], white fir, and incense-cedar, and two
broadleaved tree species (California black
oak [Quercus kelloggii Newb.], and tanoak
[Lithocarpus densiflorus Hook. and Arn.].

Two prescribed fires with different
intensities were applied in this stand. A low-
intensity fire with flame lengths of 0.5 to 1 m
burned the southern portion of compartment
292 in October, 2001. This prescribed fire
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was set three days after the first significant
fall rainfall (25 mm) that preceded three
months of no precipitation. At the time of the
burn, the air temperature was 16°C, relative
humidity was 62%, and duff moisture varied
from 30-65% (Hille and Stephens 2005). The
area burned by this prescribed fire was
approximately 3 ha.

The second prescribed fire was conducted
in October 2002 under much drier conditions
(average duff moisture at 12%, temperature
of 22°C and relative humidity of 38%),
resulting in higher fire intensity with flame
lengths between 1 and 2.5 m. Both fires were
ignited with strip-head fires with uphill runs

of 3-5 m between strips. The second
prescribed fire burned an area of
approximately 20 ha.

Sampling Procedures

Forest stand inventories were conducted
using 24 circular plots with a 11.3 m radius
(area = 0.04 ha) in July 2003 and 2004. The
plot centers were systematically located on a
35 x 35 m grid over the two burned areas; the
starting point of each grid was randomly
placed. Within each plot, all trees at or above
2.5 cm dbh were sampled. Variables
measured included species, dbh, height, and
pre- and post-prescribed fire crown base
height. Chi-square tests were applied to test
for differences in the pre- and post-fire dbh-
distribution for both areas (low and high
intensity prescribed fires) of the stand.

Additionally, the Winkelmass method
(Gadow and Fuldner 1992, Fuldner 1995,

Equation 1.

Gadow et al. 1998, Gadow and Hui 2002,
Aguirre et al. 2003) was used to assess spatial
patterns, which describes the degree of
regularity or irregularity of the spatial
distribution of the four nearest neighbors of a
reference point (hereafter referred to as the
structural group of four). The concept is
based on the classification of the angles a;
(7 = 1,2,3,4) between the immediate neighbors
of the 4 trees with reference to the plot
centers. An immediate neighbor is the next
tree following a given clockwise direction. As
a reference quantity, the standard angle ay is
used (with four neighboring trees oy equals
360/4 = 90 degrees). By comparing the angles
(o;) between the four trees with oy we can
derive a binary random variable v;j, which is
“0” for angles < 90 degrees and “1” for
angles > 90 degrees. The Winkelmass W; is
defined as the fraction of the angles a; which
are smaller than 90 degrees (Equation 1).

W;= 0 indicates that the trees in the
vicinity of the reference tree are positioned in
a regular pattern, whereas W;= 1 displays an
irregular or clumped distribution. W;= 0.5
approximates a random distribution of the
four neighboring trees. All possible values of
W, and examples for corresponding tree
distributions are shown in Figure 2.

On a stand level, the average Winkelmass
W (Equation 2) of several plots and its
frequency distribution is used to analyze
spatial ~structure. To determine spatial
patterns, the average Winkelmass is
compared to simulated Winkelmass
calculations from regular, random and
clumped stand structures (Table 1).

4 1, a. <a
i=12v. with v, = S0
/ ' 0, otherwise

and O<I<1 (1)
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W;=0.5 W;=0.

Figure 2. Possible values of W; at a sample point. There are always two angles between two
neighboring trees, either clockwise or counter-clockwise. For calculation of W;, the smaller of
the two angels is used (Gadow et al. 1998, Gadow and Hui 2002).

Equation 2.

=13 ©)

with W; = Winkelmass of the i-th reference tree
N = number of reference trees

Table 1. Mean Winkelmass value thresholds
on a stand level and their corresponding spatial
descriptions (following Gadow and Hui, 2002).

A Description
0 regular
0.25
0.5 random
0.75
1 clumped

RESULTS
Stand Composition

Pre-fire, five conifer and two broad-
leafed species were found in the two areas of
compartment 292, with similar densities and
sizes (Tables 2 and 3). A dense understory
(mainly white fir and incense-cedar) was
found in both stands. The overstory in
compartment 292 consists mainly of
ponderosa pine and sugar pine, with some
Douglas-fir and white fir reaching the upper
canopy layer. The overstory trees reached
dbh of more than 70 cm and heights up to
45 m. A second stratum consists of
intermediate white fir, Douglas-fir, and
incense-cedar. Below, a third stratum of
suppressed trees (mainly incense-cedar) and
advanced regeneration of incense-cedar and
white fir was found. On a compartment level,
the total stand density was 495 ha' (trees



Schmidt, Hille and Stephens: Restoring Northern Sierra Nevada Mixed Conifer Forest 25

above 2.5cm dbh), with a basal area of 40m*
ha™ (Tables 2 and 3).

Fire induced tree mortality reduced stem
density by 33% (from 479 ha™ to 323 ha™) in
the low-intensity prescribed fire two years
after the fire, and by 73% (from 516 ha” to
138 ha) in the area of the high-intensity
prescribed fire in the first year after the fire.
In the following year, tree mortality was
much lower and reduced total stem density by
an additional 2% of the trees in the low
intensity burn; second-year mortality in the

high intensity burn was 13% of the trees that
were still alive after the first post-fire year.
Large numbers of incense-cedar and white fir
were killed, especially by the high intensity
prescribed fire, whereas the number of sugar
pine, ponderosa pine, and Douglas-fir trees
remained almost unchanged (Tables 2 and 3).

The change in total basal area was
relatively small, with a reduction due to fire-
induced mortality of 3% in the low intensity
burn (Table 2) and 20% in the high intensity
burn (Table 3). Similar to the change in tree

Table 2. Stand variables (mean =+ standard deviation) for the area burned by a low intensity
prescribed fire of compartment 292 at Blodgett Forest Research Station before, and three years
after the burn, calculated from inventory data from 12 circular plots.

Pre-fire Post-fire
Tree species Staqd dbh Basal Staqd dbh Basal area
density area density
N (ha™) (cm) (m*ha’) | N (ha™") (cm) (m*ha™)
Black oak 13.4(1.4) 41.6(9.1) | 1.9(0.2) | 13.4(1.4) 41.6(9.1) 1.9(0.2)
Douglas-fir 48.5(3.5) | 29.2(21.2) | 5.4(0.5) | 37.1(3.0) | 35.5(20.7) 5.3(0.5)
Incense-cedar 243.5(14.1) 18.8(3.4) | 9.1(0.4) | 158.9(9.6) | 23.9(4.5) 8.4(0.4)
Ponderosa pine 3.1(0.6) | 75.3(25.2) | 1.5(0.1) 3.1(0.6) | 75.3(25.2) 1.5(0.1)
Sugar pine 12.4(1.71) | 80.4(24.4) | 6.9(0.9) | 12.4(1.4) | 80.4(24.4) 6.9(0.9)
Tan oak 11.3(3.2) 34.4(-) 1.1(-) | 10.3(3.0) 35.5(-) 1.1(-)
White fir 146.5(6.5) | 28.1(11.9) | 17.1(0.6) | 102.1(5.2) 36.7(-) | 16.5(0.6)
Total 478.3(12.0) | 25.7(6.0) | 43.0(0.8) | 337.3(7.9) | 32.6(7.0) | 41.6(0.7)

Table 3. Stand variables (mean + standard deviation) for the area burned by a high intensity
prescribed fire of compartment 292 at Blodgett Forest Research Station before, and two years
after the burn, calculated from inventory data from 12 circular plots.

Pre-fire Post-fire
Tree species dStaqd dbh Basal Staqd dbh Basal area
ensity area density
N (ha™) (cm) (m*ha’) | N (ha™) (cm) (m*ha™)
Black oak 1.9(0.4) 50.8(49.2) | 0.57(0.4) - - -
Douglas-fir 14.3(1.0) | 26.9(24.5) | 1.74(0.3) | 4.8(0.7) | 59.3(22.8) | 1.6(0.4)
Incense-cedar 260.9(12.0) | 19.4(4.8) | 10.6(0.3) | 76.2(3.4) | 31.7(4.8) 6.7(0.3)
Ponderosa pine 9.5(0.7) 73.6(12.0) | 4.3(0.2) | 8.6(0.7) | 74.3(12.0) | 3.9(0.2)
Sugar pine 9.5(1.2) 75.3(18.7) | 4.6(0.4) | 8.6(1.2) | 77.7(15.2) | 4.4(0.4)
Tan oak 4.8(1.4) 9.9(-) 0.1 - - -
White fir 215.2(11.2) | 17.4(13.5) | 13.8(0.6) | 49.5(2.6) | 50.4(18.0) | 11.7(0.6)
Total 516.1(18.4) | 20.8(8.7) | 35.7(0.9) | 147.7(6.1) | 44.1(10.1) | 28.3(1.0)
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density, basal area of incense-cedar and white
fir were reduced the most (8% and 3% in the
low, and 37% and 15% in the high intensity
fires, respectively).

Diameter Distribution

The diameter distribution for the pre- and
post-fire stands indicates that most of the
mortality occurred in the lower diameter
classes. In the area burned by the low
intensity prescribed fire, 68% of trees smaller
than 10 cm dbh, and 38% of trees between 10
and 20 cm dbh, were killed in the first two
years after the fire (Figure 3). In the larger
diameter classes, almost no mortality
occurred. In the third year after the fire,
almost no additional mortality was observed.
Pre- and post-fire (third year) diameter
distributions in the low intensity prescribe fire
were significantly different (}*=227, df=11,
p<0.001).

In the area burned by a high intensity
prescribed fire, almost no trees in the lower
dbh-classes (< 20 cm) survived the fire. Even
in the larger diameter classes of up to 40 cm
dbh, high mortality occurred (Figure 3).
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Almost all mortality was observed in the first
year after the burn, in the second year, a few
additional small trees died. Pre- and post-fire
diameter distributions two years after fire
were significantly different (y°=0.25E+5,
df=11, p<0.001).

Winkelmass Tree Positions

Overall, the structural groups of four had
an average Winkelmass value of 0.61 (low
intensity), and 0.63 (high intensity), before
prescribed burning. Using the classification
system of Hui and Gadow (2002), the pre-fire
stand structure was slightly clumped. In the
post-fire stand, the average Winkelmass value
for all structural groups of four remained the
same in the low intensity burn, while in the
high intensity, the average Winkelmass value
increased to 0.67, indicating a higher degree
of clumping. Pre- and post-fire frequency
distributions of Winkelmass values were not
significantly different in low intensity burn
(Chi-square test with df=3; y* =0.6, p=0.896),
but were in the high intensity burn (y* =12.7,
p=0.005).
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Figure 3. DBH- frequency distribution pre-fire (entire bars), one year (black bars + empty
bars), and two years (black bars) after fire, in the high intensity burn (left figure), and the low
intensity burn (right figure) in compartment 292 at Blodgett Forest Research Station.
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Figure 4. Relative frequency distributions of Winkelmass values in the pre- and post-fire
stands for the high and low intensity prescribed fires. Number of sampled structural groups is 33

for each of the two burns.

stands before and after burning (Figure 4). In
the low intensity burn, the frequency
distribution of Winkelmass values was not
significantly different from the pre-fire
situation and most values center on 0.5
(random distribution). In the high intensity
burn, a reduction of structural groups with a
Winkelmass of 0.5 and a higher percentage of
groups with a value of 0.75 was observed
(Figure 4). Additionally, no structural groups
with Winkelmass values of 0.25 were detected
after the high intensity prescribed fire.

DISCUSSION

Tree density decreased 33% in the low
intensity prescribed fire and by 73% in the
high intensity prescribed fire. Tree density in
the low intensity burn three years after the
fire is still above estimated pre-settlement
densities of approximately 220 trees ha™ in

some old-growth mixed conifer stands in the
northern and central Sierra Nevada (Stephens
2000). In the high intensity burn, tree density
two years after the fire is below this reference
value.

Most trees died directly after the
prescribed fires. In the low intensity burn, the
mortality level was 29% the second year after
fire, and dropped to 2% in the third year after
the fire. In the high intensity burn, the
mortality level was highest the first year after
the fire (73%), but decreased sharply in the
second year (13%). We expect that over 95%
of prescribed fire induced tree mortality had
occurred for all species in this study
(Stephens and Finney 2002)

Fire-induced mortality mostly affected
trees in lower diameter classes, as shown in
this and previous studies (van Wagtendonk
1983, Ryan and Reinhardt 1988, Stephens
and Finney 2002). The strong correlation



evident when comparing the post-fire dbh
frequency distributions for the two prescribed
fires (Figure 3). High mortality occurred in the
understory of both prescribed fires. The
understories of both fire units before prescribed
burning was applied were dominated by white
fir and incense-cedar, after fire the densities of
these shade tolerant species were strongly
reduced (Tables 2 and 3).

Sugar pine and ponderosa pine, which
were present mainly in the overstory,
experienced very little mortality. Compared
to forest stand data collected by George
Sudworth in 1900 (Stephens 2000), who
sampled several uncut mixed conifer stands
in the Sierra Nevada (including one stand
within present day Blodgett Forest, Bob
Heald personal communication 2005), species
composition of the overstory after both fires
still has higher proportions of white fir and
incense-cedar. The high intensity prescribed
fire produced species compositions closer to
that recorded in 1900, primarily because of a
relatively large reduction in white fir and
incense-cedar trees (Tables 2 and 3). Total
basal area was only slightly reduced by the
low intensity prescribed fire and this stand is
still dominated by shade tolerant species
(Table 2).

The higher mortality in the lower
diameter classes strongly altered the shape of
the post-fire diameter frequency distribution
(Figure 3). Both pre-fire stands had an
inverse J-shaped diameter frequency
distribution and this changed to a bell-shaped
distribution after fire, particularly with high
intensity prescribed fire (Figure 3). Compared
to Sudworth's data (1900), our post-fire
stands still have fewer large trees and have
more trees in the dbh-classes below 70 cm,
especially in the area that experienced the
low-intensity fire. However, high intensity
prescribed burning did produce a post-fire
dbh distribution that is more similar to that
recorded by Sudworth in 1900. The lack of
large trees in the overstory was primarily
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created by past ‘sanitation harvests’ that
removed the largest trees to open growing
space for younger trees (Olson and Helms
1996, Tappeiner and McDonald 1996).

It has been hypnotized that old-growth
mixed conifer forests contained regeneration
patches, were local high fire intensities
created gaps, and stimulated tree recruitment
(Stephenson et al. 1991, SNEP 1996,
Stephens et al. 1999). The high intensity
prescribed fire did create some gaps as shown
by the 150 m randomly placed inventory
transect (Figure 5). We believe that the high
intensity prescribed fire applied in this study
was an appropriate treatment to begin to
recreate a more natural mixed conifer forest
structure. We realize that primary tree
mortality is a function of fireline intensity and
fuel consumption (Stephens and Finney
2002). This study focused on the former
process but consumption of ground fuels can
also kill trees.

The spatial arrangement of trees (assessed
with the Winkelmass value) was not changed
by the low intensity prescribed fire, but was
affected by the high intensity prescribed fire
where post-fire stand structure is more
clumped (Figure 4). In the high intensity
prescribed fire, mortality was not spatially
homogenous. Groups of small and
intermediate sized trees were killed by the
fire and this produced the clumped
Winkelmass values (Gadow and Fuldner
1992, Fuldner 1995, Gadow et al. 1998,
Gadow and Hui 2002; Aguirre et al. 2003). In
the grid points within these patches of dead
trees, the four closest living trees outside this
'mortality patch' are much more likely to be in
the same direction, and therefore, the
Winkelmass-value results in a higher degree
of clumping.

This study suggests that prescribed fires
of at least moderate intensity are needed to
begin to restore mixed conifer stands to pre-
settlement conditions. Fires of this type kill
the majority of understory trees and can open
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Figure 5. Forest structure of the random cross section (150 x 10 m) through the pre- (upper
figure) and post-fire (lower figure) stand that was burned with a high intensity prescribed fire.
Note the creation of gaps, the elevated crown base heights due to crown scorching, and the
almost entire removal of understory trees in the post-fire stand. Remaining dominant trees are
mainly white fir, incense-cedar and sugar/ponderosa pine. Drawn with the SVS software

(McGaughey 1997).

canopy gaps, attributes common in old-
growth structures. Low intensity prescribed
fires can be very effective in reducing surface
fuel loads (van Wagtendonk 1996, Stephens
1998, Stephens and Moghaddas 2005) but
may not achieve other common restoration
goals of reduced forest density and creation
of canopy gaps.

Burning accumulated surface fuels with a
low intensity fire may also preclude the
ability of significantly changing stand
structure with prescribed fire. The surface
fuels that have accumulated in the Ilast
century because of fire suppression and past

harvesting can be useful if the objective is to
restore pre-settlement forests structure with
prescribed fire alone. Certainly there are
diverse conditions in Sierra Nevada mixed
conifer forests but those stands that have high
fuel loads, moderate intensity prescribed fire
can be used to begin forest restoration. As
also shown by Fulé¢ et al. (2004), a high
intensity restoration fire can have a strong
impact on stand structure. Our results
demonstrate that mechanical treatments are
not always necessary to achieve the goal of
restoring pre-settlement stand conditions.
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CONCLUSIONS

Our low intensity prescribed fire mostly
killed trees smaller than 10 cm dbh and failed
to reduce total stem density to levels found in
old-growth stands. Stand composition and the
spatial structure were not moved towards an
old growth structure that should include tree
clumping and gaps in the overstory. The high
intensity prescribed fire produced high
mortality in the low and intermediate dbh-
classes but did not kill many large trees. Fire-
induced mortality occurred with spatial
variation and created gaps in the overstory,
attributes common in old-growth stands.
(Stephens and Ful¢ 2005)

Mortality after burning was almost
completed within two years of the fire, after
this time mortality dropped substantially. The
application of prescribed fire with a flame
height of 1 to 2.5 m (classified as ‘high
intensity’ in this study) may be an appropriate
method to begin restoring forest structure in
similar mixed conifer forests. Approximately
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5,900 km? of mixed-conifer forests in the
Sierra Nevada are in similar conditions
(Davis and Stoms 1996) as the pre-fire stands
described in this study. In this study the trees
in the two burned areas experienced little
bark beetle attack (Dendroctonous spp.) post-
fire; in some prescribed fires bark beetles can
be an important secondary mortality agent.
Most trees in this study were relatively young
because of past seed-tree harvests in the early
1900’s, forests with a substantial component
of old trees may respond differently.

Restoration of natural stand structures
with prescribed fire is possible, but fire
intensities have to be high enough in some
areas of the stand to kill intermediate sized
trees and create stand openings. Restoration
of these forest ecosystems will require a
multi-step process including follow-up fires
to reduce dead and downed fuels from
standing dead trees. Once desired conditions
are achieved, prescribed or managed
lightning fires must be continued to maintain
these forests into the future.
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