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Executive Summary

Giant sequoia are relatively rare and long-lived trees which occur spatially in groups called ‘groves’ in
the Sierra Nevada. In 2015, the Rough Fire burned through approximately 8,888 acres of designated
giant sequoia groves, most which have not had a normal fire regime process in more than a century
(Figure 1). Field data was recorded within weeks after the Rough Fire to document immediate fire
effects on the giant sequoia, as well as fire severity characteristics of the surrounding area for use in a
smoke emissions study. Plot data indicate that in general, the Rough Fire seemed to have higher
proportions and larger patches of high fire severity compared to what specialists think pre-settlement
fire severity trends were for the area. Despite the relatively high severity of the Rough Fire, it is possible
that most of the largest giant sequoia will survive and conditions were created to favor regeneration of
giant sequoia. Only one of the large (monarch-sized) giant sequoia found in the 99 plots sampled in the
designated groves had 90% of its crown scorched. The rest of the monarch-sized sequoia monitored had
less crown scorch, which indicates good odds of survival for giant sequoia (Stephens and Finney 2002),
however, extended drought conditions could interact with immediate fire effects producing higher than
expected mortality in the next decade. Litter and duff were burned, exposing mineral soil, and creating
seedbed conditions considered favorable for giant sequoia germination. Understory plants were burned
and young, intermediate and big canopy trees were killed, creating conditions where more light can
reach the forest floor and support the growth of giant sequoia seedlings as well as creating
heterogeneous landscape conditions. This immediate post-fire monitoring data could be coupled with
additional longer-term monitoring of monarch-sized giant sequoia survival, as well as regeneration
trends to document the full suite of fire effects on giant sequoia populations and changing forest
resiliency.

Background and Purpose

Giant sequoia (Sequoiadendron giganteum) is the largest tree species on Earth, and is one of the longest
living trees in the world. Hughes and Brown (1992) found a tree with rings dating back to 1268 years
B.C. and Stephenson (1999) notes they can live more than 3,000 years as dated by stumps (Rocky
Mountain Tree Ring Research 2016). A giant sequoia stump (ID = CBR-26) which dated the tree to 3,266
years old was burned in the Rough Fire. Giant sequoias naturally occur only in 75 disjunct, small
sections of the western slope of the Sierra Nevada Range in CA between 1800 to 2300m in elevation
(Swetnam 1993). They regenerate from very small seeds that germinate best in bare mineral soil and in
forest gaps, which may only occur after fire burns through a grove (Meyer and Safford 2011). Giant
sequoia groves were found to have historic fire frequencies of 11 to 39 years (Swetnam et al. 2009), and
show increases in growth after fire (Mutch and Swetnam 1995).

Decades of fire and fuels management decisions based on suppression strategies, until recently, have
created an environment with heavy, potentially stand-replacing amounts of live and dead fuels--a “fire
deficit” (missed fire regime cycles); and a hazardous situation for many ecosystems and communities
during the drier months. The passive or active exclusion of fire on the land has allowed for the
development of understory vegetation (e.g. white fir, incense cedar, and shrub species) in many giant
sequoia groves, and has removed the ecological process that maintains the forest heterogeneity in
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which the sequoia thrived (Bonnicksen and Stone 1980, Willard 1994). The trend of recent fires being
larger in size and higher in severity (Miller et al. 2009) leave open the question of how well giant sequoia
populations may persist into the future. In modern fire regimes in mixed conifer, low and moderate
severity fire patterns are generally under-represented in comparison to pre-settlement fires (Mallek et.
al 2013). Stephenson (1999) estimated that the fire regime in which sequoia groves were found by
European-American settlers was generally a low- to moderate- intensity surface fire regime but
infrequent high severity fires can occur (Stephenson et al. 1991; Caprio et al. 1994). Willard (1994)
stated that sequoia groves, though unique, are generally not recognized as a distinct ecosystem, but are
best understood as part of the Sierra mixed conifer forest ecosystem. Therefore this field project also
considers data in the groves as important to highlight, but also as a subset of the severity data of the
entire mixed conifer dataset.

[ | Giant sequoia Groves NPS
Giant Sequoia Groves USFS
E Rough Fire

National Forests

- Sequoia National Forest =

- Sierra National Forest

National Parks

I «ings canyon national Park

I sequoia National Park 0 5 10 20 Miles i
L 1 | 1 L 1 |

Figure 1. Map of land ownership and areas designated as giant sequoia groves on in the vicinity of the Rough Fire.

Prior to the Rough Fire, only a small portion of the groves in the Sierra Nevada have been burned by
wildfire in over a century (Stephenson 1999), although several groves have been burned by prescribed
fire in Sequoia Kings Canyon National Park (pers. comm. Toni Caprio 2016). The Rough Fire burned
151,623 acres within the Sierra National Forest (58,541 ac), the Sequoia National Forest and Giant
Sequoia National Monument (82,573 ac), Kings Canyon National Park (9,413 ac) and state and private
land (1096 ac). The fire was naturally caused by lightning, as is common in the Sierra Nevada Range. The
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Rough Fire burned 8,888 acres of 12 designated giant sequoia groves; the first time in recent history
more than one grove has been burned in one recorded wildfire fire event. In the vicinity of the Rough
Fire, the 2010 Sheep Fire burned through the 53.5-acre Monarch grove and the Pierce Fire in 1987
burned 199 acres of the Redwood Mountain grove. Willard (1994) noted that the Lockwood Grove area
(the North side of the Evans Complex of groves, which burned in the Rough Fire) had a very high fire
hazard because of its location “above the brushy Kings Canyon slopes.” Willard (1994) also documented
that the 1931 Robinson Fire burned the Lockwood groves, mostly below the 13505 road (Figure 2), and
the fire killed several sequoias and that the section above the 13505 road was “heavily overgrown and
fire prone as of 1993.”

Fire did not burn through all of the groves uninfluenced by fire management. Various actions were
taken to moderate the intensity and severity of fire effects of the Rough Fire to the giant sequoia.
Firefighters used hoselays to provide water support and hand-fired using driptorches to ignite fire in
patterns, rates, and at times of the day when it would burn with lower intensity in the Converse, Grant
and Big Stump groves (pers. comm. Linn Gassaway 2016). Fire retardant was used to slow the spread of
the fire in the vicinity of Converse grove and in particular the Boole Tree (pers. comm. Brent Skaggs
2016), currently thought to be the largest tree on U.S. Forest Service lands. The Chicago stump was
wrapped and fuels were reduced and the fire was suppressed in the vicinity to prevent damage (pers.
comm. Marianne Emmendorfer 2016). The fire moved unexpectedly in one key circumstance with
weather conducive to large fire growth, which did not leave ground resources time to safely prepare
some giant sequoia groves for the impact of fire. On August 18™, the Rough Fire jumped the Kings River,
which was not predicted by fire behavior models (the map shows the fire first across the Kings River on
8/19, because often fire perimeters are named on the day they are posted even though the fire may
have been moving into this perimeter area the day prior). The fire ran uphill and on August 20", burned
approximately 1,400 acres and into the first of the groves (Lockwood) in the Evans Complex of groves
(the area discussed in the previous paragraph where Willard (1994) documented hazardous fuel
conditions). On August 21%, the fire burned approximately 13,000 acres, but mainly to the west of the
area which burned on August 20%, and not into the groves (Figure 2). The slowing of fire progression
into the Evans Complex was due in part to large air tankers dropping fire retardant and also to less steep
topography and fewer ladder fuels continuous to the canopies in the groves.
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Figure 2. Map of fire progression and fire severity in the vicinity of the northeastern portion of the Evans Complex Grove,
which contains the Lockwood Grove.

The purpose of this study was to gather immediate post-fire severity data to document immediate fire
effects to giant sequoia and within the mixed conifer forest stands to inform future studies and improve
our understanding of the Rough Fire event and the giant sequoia in its vicinity. The Rough Fireis a
golden opportunity to monitor the effects of wildland fire on giant sequoia. Longer-term data will be
needed to determine more clearly how fire affected regeneration and stand dynamics (pers. com. Marc
Meyer 2015) however, it is important to gather immediate post-fire severity and effects data, before
winter snow and rain compound evidence. Although mortality due to fire can usually not be definitively
detected immediately post-fire, scorch and torch can give an indication of potential mortality (Fowler
and Sieg 2004). In addition, the field data will also be used to inform emissions modeling scenarios
(post-fire) of the Rough Fire. It is hypothesized that severity data is related to consumption, and so the
plots sampled will also be used in these post-fire emissions modeling scenarios.

Methods

Methods were chosen based on time and access constraints and existing methodology. Little time was
available between containment of the fire and the first snowfall. Road access and condition was fairly
limited in portions of the groves burned by the Rough Fire, partially due to precipitation events.
Composite Burn Index (CBI) methods were chosen to obtain rapid data on fire severity during the
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window of opportunity which was available (Key and Benson 2006). Plots were located inside giant
sequoia groves to obtain a dataset useful for documenting fire effects to giant sequoia. Groves are
areas designated in the 2012 Giant Sequoia National Monument Plan where populations of 10 or more
naturally-occurring sequoias exist, of which at least 4 are 3 feet or great in diameter; and they are
located outside the administrative boundary of other known groves. Severity plots were located across
the southern portion of the Rough Fire outside of groves to inform the emissions project, and also to
document immediate post-fire effects for the southern portion of the Rough Fire near the Sequoia
groves. Plots were established inside and outside of groves and also co-located at the centers of the
grove inventory plots which were measured in 2009 or earlier in order to potentially leverage some of
the common stand exam (CSE) data in the future when/if these plots are re-measured (Figure 3).

For the plots located outside of groves for the emissions project, we focused sampling in two vegetation
associations derived from the CALVEG (USFS, Pacific Southwest Region) data (Figure 3). One association
was comprised of red fir and lodgepole (called ‘red fir’ hereafter) and the other was comprised of Sierra
mixed conifer, Ponderosa pine, Jeffrey pine and white fir (called ‘mixed conifer’ hereafter). These two
vegetation associations probably had higher fuel loadings than the other shrub and oak vegetation types
on the Rough Fire, and so were the focus areas for the emissions study.

Plot data was collected on the fire severity of various strata in 30 m-diameter plots to derive index
values that summarize general fire effects within an area, that is, the average burn condition on a plot,
according to the Composite Burn Index (CBI) field protocol of Key and Benson (2006). A score of 0 to 3
was given for various factors for each of five strata: substrates; herbs/grass, low shrubs and small trees;
tall shrubs, and sapling trees; intermediate trees; and big trees. An overall or composite plot burn
severity score was computed from the scores from these five strata. For portions of the data analysis,
scores were cross-walked to the field estimates of mortality or consumption of particular fuel strata.
Photos and a GPS waypoint were recorded at each plot.

In addition to the Key and Benson (2006) CBI plot methods, additional data was taken on monarch-sized
giant sequoia trees (roughly defined as 4ft DBH or more, called ‘monarch’ giant sequoias hereafter))
(Appendix 1). Estimates of pre-fire cover of litter, duff, soil and rock as well as pre-fire litter and duff
depth were gathered. Note, however, that pre-fire estimates of fuels are measured values, but
interpolated from unburned patches when available. Post-fire litter and duff depths were measured.
An additional estimation was done for the CBI substrate component for only the area under the dripline
of the monarch-sized sequoias, which is defined as the area of ground around the tree directly above
which is tree crown.
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Figure 3. Map of the southern portion of the Rough Fire at top, lower inset map shows the extent of the Rough Fire shown.
The two focal vegetation type groups of this study are depicted as well as the areas designated as giant sequoia Groves.

Scorch, char and ground fire severity were analyzed graphically in order to learn more about potential
giant sequoia mortality. In a review of literature associating fire-induced tree mortality with
measureable variables, Fowler and Sieg (2004) found that the most telling and measurable variables
were crown scorch, and bole and root damage. Bole damage is really an assessment of the damage to
the cambium layer, and one method of estimating cambium damage is to measure bole char. Four
studies reviewed by Fowler and Sieg (2004) found mortality to be related to higher bole char heights.
Damage to root systems is not measured directly with simple field methods, however ground fire
severity can be used to indicate potential root damage (McHugh and Kolb 2003).

Severity data from field plots, mapped severity data using satellite imagery and typical proportions of
severity documented in literature were compared. The type of remotely-sensed severity data used was
from the Rapid Assessment of Vegetation Condition after Wildfire (RAVG) project (USFS RSAC 2015).
RAVG data is processed soon after wildfires (preliminary dataset, that which was used in this study) and
1 year later (final dataset), and is based on RANBR calibrated with CBI field data from several 2001-2006
fires. Combined, or ‘total’ CBI scores from plots were converted to unchanged, low, moderate and high
severity categories using breakpoints used by the RAVG project (USFS RSAC 2015): 0.1, 1.25, 2.25.
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Results and Discussion

Overall Results

CBI data were collected on 188 plots on the Rough Fire, however, four of these plots turned out to
represent young pine plantations or riparian areas, and so were dropped from further analysis, leaving
184 plots (Table 1). Although 99 plots were located in areas designated as giant sequoia groves,
monarch giant sequoia were only found in 20 plots. Note that plots within grove boundaries may not

have giant sequoia of any age because these trees are scattered within the groves, and the groves

include some buffer area. 61 plots were in the red fir vegetation association, and 123 were in Sierra

Mixed Conifer association areas.

Total number of Number of plots Number of plots Number of plots Number of plots
CBI plots in designated with monarch in Red fir in Sierra Mixed
giant sequoia giant sequoia Conifer
groves trees
184 99 20 61 123

Table 1. Numbers of plots in groves, with monarch-sized giant sequoia, and by vegetation type.

Overall Field CBI Plot Data Results

Data suggest that the Rough Fire burned with more high severity than historical fires. Mallek et al.
(2013) found that in pre-settlement fire, severities in dry mixed conifer of moderate/low were 94% and
higher severities were 6%. In red fir, these proportions were 80% and 20% for moderate/low and high
severity, respectively. In comparison, severity levels from the combined CBI scores for plots on the
Rough Fire indicated more high severity fire trends than the 2013 study, particularly for the Sierra mixed
conifer association (Table 2. Percent of plots in each severity level based on combined or ‘total’ CBI for
each plot by vegetation type. Breakpoints between severity levels were 0.1, 1.25 and 2.25.). The
proportion of high severity found in CBI plots on the Rough Fire in Sierra mixed conifer (27%) mirrored
that found by Mallek et.al (2013) for modern fires in dry mixed conifer (25%). The proportion of high
severity found in CBI plots in red fir (28%) suggest even higher proportions of high severity fire may have
occurred in red fir on the Rough Fire than in the modern fires in the Mallek et al. (2013) study (13%).
Note that vegetation types were categorized and delineated differently, and different methods of
deriving fire severity were used between these studies, so direct comparison may include some error.
Also note that our plot sampling only included the southern portion of the Rough Fire in and around the
giant sequoia groves in which fire was managed somewhat to moderate the effects to the groves. Over
the entire Rough Fire, 36% was classified as high severity by the preliminary RAVG data. This is not
directly comparable to the severity ratios discussed by Mallek et al. (2013) because the Rough Fire
included many acres of other vegetation types than those analyzed by Mallek et al. (2013).

Percent Severity or CBI

Unchanged | Low | Moderate | High
Mixed Conifer 1 25 47 27
Red Fir 0 17 55 28

Table 2. Percent of plots in each severity level based on combined or ‘total’ CBI for each plot by vegetation type. Breakpoints
between severity levels were 0.1, 1.25 and 2.25.
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Field plot severity data separated by vegetation type and strata show that understory generally showed
higher severity than overstory (Table 3). The overstory CBI, which is calculated from severity ratings of
intermediate and large trees greater than 25 feet, showed roughly the same proportions of severity
levels. One slight difference in severity levels in Overstory CBI was that more low severity occurred in
red fir than moderate severity, whereas in mixed conifer, levels of low and moderate severity were
about equal. The understory CBI score, which is computed from severity ratings of litter, duff, herbs,
shrubs and trees less than 25 feet showed fairly similar proportions between the two vegetation
associations — more high severity than low. Overall, understory CBI scores showed more high severity
than overstory CBI scores. The high proportions of moderate and high severity in the understory
demonstrate that many understory plants, fuels and small trees were removed by the Rough fire, with
immediate effects that appear to be generally positive for giant sequoia. These effects are discussed in
further detail in the Monarch Giant Sequoia section. The high proportion of low and moderate severity
in the overstory demonstrates that although some mature trees and mature giant sequoia may have
occurred in pockets of high severity, in most places sampled across the Rough Fire, many of the
intermediate and large trees could survive, leaving a more resilient forest and landscape. Longer-term
monitoring data related to giant sequoia survivorship would be helpful in evaluating the effects of the
Rough Fire on tree mortality in combination with drought.

Percent Severity of CBI
Unchanged | Low Moderate High
Mixed Conifer Understory CBI 1 15 38 47
Mixed Conifer Overstory CBI 1 40 41 19
Red Fir Understory CBI 0 13 35 52
Red Fir Overstory CBI 0 48 32 20

Table 3. Percent of plots in each severity level based on overstory and understory CBI for each plot by vegetation type.
Breakpoints between severity levels were 0.1, 1.25 and 2.25.

Satellite-Based Mapped Severity Compared to Plot Data

Severity scores from CBI field plots were compared to satellite-mapped severity data generated from
preliminary RAVG spatial data for general verification. Some differences were found (Figure 4). A map
of RAVG severity data with plots overlaid shows that often field plots did record the severity found in
the RVAG mapping. Plots seemed to best represent the severity on a fine scale, meaning that plot data
demonstrated the severity of the nearest pixels of RAVG data, but did not demonstrate the average of a
larger area. For instance, plots in small patches of high severity highlight the presence of high severity in
that patch or immediate area in which they are located, but not the larger surrounding area.
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Figure 4. Map of preliminary RAVG severity data for the Rough Fire. Field CBI plots are depicted with colors that show the
combined severity score for the plot based on breakpoints of 0.1, 1.25 and 2.25.

The numbers of plots by each severity category as compared to the severity score of the preliminary
RAVG data in that exact location showed that plot data had somewhat higher severity scores than RAVG
data would indicate (Table 4). Areas scored as low severity by field CBI plots were mostly unchanged or
low severity in the RAVG data. Plots scored as moderate severity in field CBI plots were mostly low
severity in the RAVG data and plots which scored as high severity by plots were spread across a range of
severities in the RAVG data. The one-year post fire RVAG data, which will be considered the final data
set (compared to preliminary), and would likely have some different comparison trends.

Table 4. Number of plots by severity class in preliminary RAVG GIS data versus combined severity class from the CBI field
plots. Note that four plots with vegetation types which did not fit into the larger project were included.

Severity Class from Combined CBI Field Plots

Severity Class from RAVG Unchanged Low Moderate High
Unchanged 1 18 23 4
Low 1 19 51 18
Moderate 0 5 14 17
High 0 0 3 14
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Results of Data within Grove Boundaries

Trends between plots in groves and plots outside groves had minor differences, but overall, suggest
moderate to high severity effects occurred in most plots. Plots outside groves showed slightly higher
severity in the Sierra mixed conifer association, whereas inside groves, this trend is opposite (Figure 5).
This result could be due to sampling error, or other currently unmeasured microsite conditions that led
to different severity trends. The plots with monarch sequoias very closely mirrored the severity in the
Sierra mixed conifer association inside groves, having a median CBI of about 1.5, equating to moderate
severity. This result is mainly due to the fact that 18 of the 20 plots with monarchs were in the Sierra
mixed conifer vegetation association, and only two plots with monarchs were in the red fir association.
Note that very few of the plots had CBI scores lower than 1 or 0.5, meaning that very few plots were of
low or very low severity, which is further evidence that the Rough Fire burned outside the natural range
of variation in fire severity patterns.
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Figure 5. Combined (both understory and overstory) Composite Burn Index (CBI) by vegetation type, in and out of giant
sequoia ‘groves’ and in plots with monarch giant sequoias. Note that the plots with monarchs fall into both vegetation
types, and these 20 plots are also represented in the ‘grove’ plots. The center line of the boxplot is the median, and the top
and bottom of the box are the 75t and 25t percentiles, the whiskers are the 90t and 10t percentiles, and outliers are
shown as dots.
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Wildland Fire Effects on Individual Monarch Giant Sequoias

Mortality

Boxplots show the trends of monarch giant sequoia post-fire foliage colorations after the Rough Fire
(Figure 6). Only five of the 20 monarchs sampled were scorched, and only two of these five trees had
more than half of their crowns scorched (10% of monarchs sampled). The taller height which the
monarchs’ canopies stand above the rest of the forest can help buffer their crowns from the effects that
the rest of the sub-canopy may experience. The total heights of the monarchs sampled ranged from 94
to 217 feet tall with an average of about 165 feet tall. Harrington (1993) found that smaller trees would
die following summer fires when only 50% of their crowns were scorched, whereas larger trees could
survive crown scorch of about 90% (Stephens and Finney 2002). The data which Harrington based this
mortality projection on was collected on Ponderosa pine in Colorado between 1977 and 1988, in which
only two short dry periods occurred with most years being wet (McKee et al. 2000). Higher rates of
mortality could occur in extended drought conditions (Fowler and Sieg 2004) such as those in California
from 2012 through the time which this report was written. Giant sequoia are generally found in places
with ample groundwater such as inner drainages or basins and due to this are drought tolerant in a
sense, however drought does slow their growth and weaken their resistance to insects and disease
(Willard 1994). Since field data show that only one monarch giant sequoia out of 20 sampled had 90%
scorch, and the rest had lower amounts, we conclude that very few of the monarch giant sequoias we
sampled in plots are expected to die based on canopy scorch alone. Our field notes did document that
about 10 monarch trees in upper third of the hillside on the north side of Evans Complex of groves
(probably in what is called the Lockwood Grove) did appear to have full, or near full canopy scorch, but
these were not located in the limited study plots in that area.
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Figure 6. Boxplots of 'green' (unaltered), scorched and torched percent of monarch giant sequoia for the 20 plots containing
giant sequoia monarchs. The center line of the boxplot is the median, and the top and bottom of the box are the 75t and
25t percentiles, the whiskers are the 90t and 10t percentiles, and outliers are shown as dots. In this case, the medians do
not show up because the median of ‘green’ is 100, and the median of ‘scorch’ and ‘torch’ are 0.
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Median char heights for the 20 monarchs sampled were less than 10 feet and almost all char heights
were less than 100 feet (Figure 7). Compared to the total heights of the monarch giant sequoia, these
char heights are mostly less than 50% of the total tree heights, and generally under 25% of the total tree
height. The heights of char for giant sequoia are not easily comparable to those in the literature for
ponderosa pine and Douglas-fir because these trees are shorter, and have much thinner bark. The very
thick bark of giant sequoia which insulates these trees, protects them more from cambial damage during
fire compared to other species.

Median substrate burn severity scores under the driplines of the 20 monarch giant sequoia sampled was
1.5, which is the lower end of the moderate CBI score (in which between 50 and 100% of litter is
consumed and duff is between light and deep char, and may include up to 50% duff loss) (Figure 7).
Some trees experienced substrate severity scores between 2.5 and 3, which indicates almost all litter
and duff was consumed. This was a common outcome across most of the forest stands considering that
drought probably had reduced soil and litter and duff fuel moistures to low levels. McHugh and Kolb
(2003) did not relate ground fire severity alone to mortality, so defining the impact of ground fire
severity of the Rough Fire to monarch giant sequoia mortality is not possible at this time, however
surveys of mortality 3 or 4 years after the Rough Fire can be related to these ground fire severity data
for future reference.
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Figure 7. Boxplot of Char (feet) measured on boles (left) and substrate CBI score (right) for area under dripline of monarch
giant sequoia for the 20 plots containing monarch giant sequoia. The center line of the boxplot is the median, and the top
and bottom of the box are the 75" and 25" percentiles, the whiskers are the 90t and 10t percentiles, and outliers are
shown as dots.

Stand and Landscape Resiliency
The Rough fire probably had mixed effects on stand and landscape resiliency. Although severity does
not directly predict future aspects of resiliency, the Rough Fire removed ground and surface fuels in
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areas, and also thinned lower and upper canopy trees, which are aspects of a resilient forest ecosystem.
However, large patches of high severity may have removed some large trees which are critical to
resilient forests. CBI field plots showed that a mix of overstory, understory and combined severities
occurred throughout areas sampled in the Rough Fire (Figure 8), which is consistent with the mixed
severity fire regime of the Sierra Nevada (van Wagtendonk and Fites-Kaufman 2006). However, over
half of the plots in this study were placed in groves, which largely received fire management which
reduced severity.

Composite Burn Index (0-3) for CBI plots with
Monarch Giant Sequoia on Rough fire
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Figure 8. Boxplots of understory, overstory and combined CBI for the 20 plots which had monarch giant sequoia trees. The
center line of the boxplot is the median, and the top and bottom of the box are the 75t and 25t percentiles, the whiskers
are the 90t and 10t percentiles, and outliers are shown as dots.

Field estimates of mortality for the four vegetation strata indicate that the Rough Fire thinned or killed
all strata from understory vegetation and younger trees to intermediate and upper canopy trees. The
median percent mortality for large trees and intermediate trees was 5% and 40%, respectively (Figure
9). In a handful of plots, field estimates of mortality were greater than 60%. The percent mortality of
understory plants and small, young trees varied greatly and indicate that in some plots, much of the
understory vegetation was top-killed. Some top-killed vegetation has the capability of sprouting,
however, other understory species will regenerate from seed. In general, plots which experienced high
levels of understory plant mortality will have lower amounts of understory plant material as fuel in the
near future if another fire should burn in this area. The tree canopy strata will be thinner during fires
which occur in the near future. A thinner tree canopy equates to canopy fuels which may be too low, or
not continuous enough, to support crown fire which travels between tree crowns across great distances.
These characteristics can lower the mortality effects of future fires to these same stands that survived
the Rough Fire. Additionally, canopy gaps and increased understory light promote giant sequoia
regeneration (Meyer and Safford 2011).

Page 15



120

oo
=
1

Percent Mortality
& 3
—

P
=
1

J.— T T

]

Percent Percent Percent Percent
Mortality Mortality Mortality Mortality
Herbs, Low Tall Shrubs Intermediate Big Trees
Shrubs and and Trees 3 Trees

Trees Less to 16 Feet

than 3 Feet Tall

Tall

Figure 9. Percent mortality of vegetation strata in the 20 plots with monarch giant sequoia. The center line of the boxplot is
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Figure 10. Photo of plot 77 where young trees were scorched in the vicinity of a giant sequoia.
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Surface fuels were consumed by the Rough Fire, which may lower the effects of fires which occur in the
near future. In plots which had monarch giant sequoia, about half to all litter fuels were consumed and
median duff consumption was about 40% (Figure 11Figure 6). Median consumption of light fuels (<3
inch diameter) was 50%. About one third of medium (3-8 inch diameter) and heavy fuels (>3 inch
diameter) were consumed by the Rough Fire. This reduction in downed woody fuels will not last long, as
trees and shrubs killed by the Rough Fire will shed dead branches to the forest floor over the coming
years. In prescribed fire, Vaillant et al. (2015) found that litter and duff loads were about back to pre-
fire levels eight years after prescribed fire, whereas 1- and 10- hour fuels did not recover to pre-fire
levels after 8 years. Litter and duff levels will also slowly build back up over time, but fires which occur
in the next decade or so may have lower fire effects due to the reduction in these fuels by the Rough
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Figure 11. Consumption of fuel components in the 20 plots with monarch giant sequoias. The center line of the boxplot is the
median, and the top and bottom of the box are the 75t and 25" percentiles, the whiskers are the 90t and 10t percentiles,
and outliers are shown as dots.
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Regeneration
The effects of the Rough Fire on giant sequoia stands included burning ground fuels and exposing

mineral soil which provides a seedbed for giant sequoia seeds to germinate. Generally 70 to 100% of
the litter and duff under the dripline of monarch giant sequoia trees was burned to mineral soil (Figure
12 and 13). Most plots had about 30 to 70% of the surface fuels in the whole plot area consumed to
mineral soil, a trend which was relatively consistent for plots with or without monarch giant sequoia.
Willard (1994) notes that giant sequoia have been found to regenerate in high severity fires, or localized
‘hotspots’ of generally low severity fires. The mineral soil exposure results, as well as the mix of burn
severities found in groves, indicates that some conditions have been created to support giant sequoia

regeneration.
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Figure 12. Boxplots of percent area burned to mineral soil under dripline of monarchs, in plots with no monarchs, and in
plots with monarchs. The center line of the boxplot is the median, and the top and bottom of the box are the 75t and 25t

percentiles, the whiskers are the 90t and 10t percentiles, and outliers are shown as dots.
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Figure 13. Litter and Duff burned in the vicinity of a monarch giant sequoia on plot 64 in the Evans Complex.
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Conclusions

Giant sequoias have excellent adaptions to fire, and it is possible they will not only persist (Willard 1994)
despite almost a century without fire, but possibly regenerate well, after the Rough Fire, barring effects
from drought combined with other stressors. Giant sequoias have persisted through warm periods
(1000 to 1300 A.D.) with frequent, small fires and through cooler periods (500 to 1000 A.D.) with less
frequent, but larger fires (Swetnam 1993). Swetnam et al. (2009) found that widespread fires which
encompassed most of the Giant Forest in Sequoia National Park probably occurred three to five or more
times per century. With bark up to three feet thick, it is possible that most of the monarch giant sequoia
will persist, even near and within high severity patches of the Rough Fire unless structural damage to
boles occurred. The data from our CBI field plots show that the Rough Fire created two key conditions
critical to regeneration of giant sequoia: mineral soil seedbeds and canopy gaps (Meyer and Safford
2011). Although our data show that the Rough fire created generally beneficial conditions for monarch-
sized trees and for regeneration, the compounding effects of drought conditions and buildup of live and
dead fuels may have created a mortality trend scenario that has not yet been documented. Willard
(1994) summarized non-drought effects of fire on monarch giant sequoia best:

“The old growth sequoias, with their dominant positions in the forest canopy, do not appear to be significantly
affected by most of the dynamic forest changes, such as the great increase of the understory white fir population.
Except for the relatively few that naturally topple, these giants will steadfastly thrive until, inevitable, fire sweeps
away the unnaturally dense white fir understory. Probably most will survive even an intense wildfire. Future
grove ‘disturbances,’ including major fires, are inevitable. Major fires have been made more likely as a result of
twentieth century fire suppression policies. Human policy-makers have choices concerning present and short-term

m

manipulations of the ecosystem. But as they say, ‘Nature bats last.

Our preliminary results support continued management actions which utilize fire in sequoia groves and
forests in the Sierra Nevada. The high proportions of moderate and high severity conditions found in
the understory demonstrate that many understory plants, small trees and fuels were removed by the
Rough fire, and these effects are generally positive for forest health and regeneration of giant sequoia.
The large proportion of low and moderate severity burn characteristics in the overstory demonstrates
that in most places we sampled in the Rough Fire, many of the intermediate and large trees could
survive the Rough fire, leaving a more resilient forest and a landscape. These conclusions are supported
by concepts in Meyer (2015) which indicate that fires managed with resource benefit objectives
generally have fire severity within the natural range of variability. However, large severe patches of the
Rough Fire outside the area we sampled indicate that portions of the Rough Fire may have burned
outside of the range of natural variability. Little indication exists of mortality to monarchs-sized trees
yet in our 20 study plots, although photo evidence showed giant sequoia burned severely enough that
mortality may occur. Although some mortality might occur to middle-aged and young giant sequoia in
the area, the benefits of fire to regeneration, growth of existing sequoia, and forest resiliency, where it
was created, likely outweigh this. Although the amount of high severity fire which occurred in our plots
in the fire and giant sequoia groves is greater than the proportion of high severity in both pre-
settlement or modern-day fires (Mallek et.al. 2013), Meyer and Safford (2011) found more giant sequoia

Page 19



regeneration in high and moderate severity patches of fire. Prescribed fire and forest thinning are
additional methods to create conditions needed for giant sequoia regeneration and landscape resiliency
in fire-derived ecosystems (Meyer and Safford 2011).

This project created a springboard of data in which to continue monitoring over the next 5 years. The
variables collected could be correlated to secondary fire effects including mortality within 4 or 5-post-
fire years, which would include most of the mortality due mainly to fire and recent conditions, and also
regeneration of new giant sequoia trees. Additional monitoring of groves and monarch sequoias
affected by the Rough Fire even longer than 5-years post-fire would give insights on mortality due to
combined effects of fire, insects, pathogens and climate/extended drought. Larger sample sizes of
monarch giant sequoia would strengthen results. Monitoring for giant sequoia regeneration in a variety
of microsites could give insight into the effects of drought stress on giant sequoia regeneration.

The risks versus gains of utilizing wildfires managed with protection and resource benefit objectives in
giant sequoia groves tilt towards gains. Rough Fire management actions utilizing aerial and ground
resources to moderate fire intensity in the groves were largely successful. Data in this report about
immediate fire effects to giant sequoia suggest that the overall effects of wildfire in the groves was
positive for giant sequoia and general forest health. A risk of managing wildfires for multiple objectives
in giant sequoia is that unwanted fire intensities and severities could occur. The instances where this
occurred on the Rough Fire were in locations where the fire moved unexpectedly, and/or when the time
of day and potential for large fire growth were present. Only a small portion of the 12 groves burned by
the Rough Fire had these risky characteristics lined up, and it was not possible during this incident to
prevent the very high severity fire patches. This was particularly the case in areas where giant sequoia
groves have grown above shrubland ecosystems, and this juxtaposition of a highly flammable vegetation
type on a slope below a highly valued resource warrants consideration for proactive management.
Some groves had fire behavior moderated by incident management strategies and will likely have long-
term beneficial results for giant sequoia. If fire is not used in groves or other high risk ecosystems (or
fire is excluded), forest resilience and giant sequoia regeneration opportunities would suffer and the risk
of large, high severity wildfires would continue to grow.
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Appendix I. Datasheets used, modified from Key and Benson (2006)

CBI — Composite Burn Index — plus modifications for 2015 monitoring on Rough Fire

Examiners:

Plot #:

Fire:

Date:

Plot % Slope:

Plot center UTM E:

Plot Aspect: Plot center UTM N:
Plot Diameter Overstory: UTM zone:

Plot Diameter Understory: UTM datum:

Plot Photo numbers: GPS error:

Forest/District/Project/GROVE NAME:

Notes:

% Burned 50 feet radius from plot center=

Fuel Photo Series (for post-fire conditions) =

Burn Severity Scale

No Effect Low Moderate High Scores
0.0 0.5 1.0 1.5 2 2.5 3
A. Substrates (whole plot area) Pre-fire Cover: Litter= Duff= Soil = Rock =
Pre-fire Depths inches: Litter = Duff = Post-fire depths inches: Litter = Duff =
Litter/Light fuel consumed Unchanged _ 50% litter _ 100% litter >80% light fuel | 98% light fuel
Duff Unchanged _ Light char _ 50% loss _ consumed
deep char
Medium Fuel, 3-8 in. Unchanged _ 20% consumed | __ 40% loss o >60% loss,
consumed deep char
Heavy Fuel, >8in. Unchanged . 10% loss _ 25% loss, . >40% loss,
deep char deep char
Soil & Rock cover/color Unchanged _ 10% change _ 40% change | __ >80% change
B. Herbs, Low Shrubs and Trees less than 3 feet: Pre-fire Cover %=
% Foliage Altered (blk-brn) Unchanged _ 30% _ 80% 95% 100% +
branch loss
% Living 100% _ 90% _ 50% <20% None
C. Tall shrubs and trees 3 to 24 feet:  Pre-fire Cover =
% Foliage Altered (blk-brn) 0% _ 30% _ 80% 95% 100% +
branch loss
% Living 100% . 90% . 50% <20% <1%
D. Intermediate trees (subcanopy, pole-sized; 25-65 ft tall)  Pre-fire Cover%=
% Green (Unaltered) 100% _ 80% _ 40% <10% None
% Black (Torch) None _ 5-20% _ 60% >85% 100% +
branch loss
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% Brown/tan (Scorch/girdle) | None _ 5-20% _ 40%-80% >80% None due to
torch
% Canopy Mortality None _ 15% _ 60% 80% 100%
Char Height None _ 1.5m _ 2.8m . >5m
Burn Severity Scale
No Effect Low Moderate High Scores
0.0 0.5 1.0 1.5 2 25 3
E. Big Trees (upper canopy, dominant, codominant; receive direct sunlight) 66ft or taller Pre-fire Cover%=
% Green (Unaltered) 100% _ 95% _ 50% <10% None
% Black (Torch) None _ 5-10% _ 50% >80% 100% +
branch loss
% Brown/tan (Scorch/girdle) | None _ 5-10% _ 30%-70% >70% None due to
torch
% Canopy Mortality None _ 10% _ 50% 70% 100%
Char Height None . 1.8m _ 4m . >7m
Measurements taken if a large Sequoia found in plot
Location of large tree Total height (ft): Percent green: Max Char ht:
UTM N: Height of scorch: Percent scorch:
UTM E: Height of torch: Percent torch:
Numbers for extra photos of GS/plot (if taken):
Post-fire % mineral soil of whole plot area (for estimating seedbeds created by fire) =
Notes:
A. Substrates (only under dripline of Giant Sequoia) Pre-fire Cover: Litter= Duff= Soil = Rock =
Pre-fire Depths inches:  Litter = Duff = Post-fire depths inches: Litter= Duff =
Burn Severity Scale
No Effect Low Moderate High Scores
0.0 0.5 1.0 1.5 2 25 3
Litter/Light fuel consumed Unchanged _ 50% litter _ 100% litter >80% light fuel | 98% light fuel
Duff Unchanged _ Light char _ 50% loss _ consumed
deep char
Medium Fuel, 3-8 in. Unchanged . 20% consumed | 40% . >60% loss,
consumed deep char
Heavy Fuel, >8in. Unchanged _ 10% loss _ 25% loss, o >40% loss,
deep char deep char
Soil & Rock cover/color Unchanged _ 10% change _ 40% change | __ >80% change
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