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Chapter 1: Purpose and Need

Introduction

The National Park Service (NPS) is proposing to replant giant sequoia (Sequoiadendron giganteum)
and other mixed conifer seedlings in up to six giant sequoia groves: Redwood Mountain, Suwanee,
New Oriole Lake, Dillonwood', Board Camp, and Homers Nose, and in an endangered fisher
(Pekania pennanti) habitat corridor severely impacted by recent wildfires in Sequoia and Kings
Canyon National Parks (parks). Regeneration is not anticipated to be sufficient to largely restore the
pre-fire natural composition of forest cover in areas where planting is being considered, and the
NPS anticipates that these forests will instead type-convert to high severity, frequent fire shrub
communities without action.

Purpose and Need

The purpose of the proposed action is to promote post-fire recovery of giant sequoia groves and
proposed fisher critical habitat impacted by high severity fire? in areas where these forests are
otherwise unlikely to recover. The NPS believes action is needed at this time to:

1) Prevent an unacceptable loss of giant sequoias—a fundamental resource for which these
parks were established—in the limited number of groves where they naturally occur,

2) Restore proposed critical habitat for an endangered species; and

3) Avoid type conversion of these forests to high severity, frequent fire shrub communities,
thereby protecting, in part, the surrounding forests from more frequent, high severity fire.

The goal of the proposed action is to direct the trajectory of severely burned areas toward forest
recovery—as would have likely occurred naturally had unnaturally high fuel loading (a result of over
100 years of active fire exclusion exacerbated by more recent effects of climate change driven
hotter drought) not led to severe fire effects across large, contiguous acres of sequoia groves and
other mixed conifer forests during recent wildfires.?

Giant sequoia (sequoia) is a fundamental resource for which Sequoia and Kings Canyon National
Parks were established and is an attribute of the natural quality of the wilderness character of the
Sequoia-Kings Canyon and John Krebs wildernesses (NPS 2014). As a dominant feature of two of
America’s first national parks, the sequoia also serves as an iconic symbol of the NPS; their

silhouette is prominently featured on the NPS logo, and their cones adorn uniform hatbands and

" The boundary between Garfield and Dillonwood groves has historically been inconsistently defined and was mapped in
a manner that did not consider ecological conditions—e.g. slope and aspect, relationship to landscape topography, etc.
For the purposes of this Environmental Assessment, the portions of the Garfield grove occurring in the same drainage as
Dillonwood, and therefore sharing the same ecological conditions as Dillonwood, are considered part of the Dillonwood
grove.

2 High severity fire: Fire that results in 75-100 percent tree mortality.

3 In recent years, wildfires, including the Castel Fire and KNP Complex Fire which affected these groves, have burned
large contiguous areas of mixed conifer forests at high severity, a previously uncommon occurrence in these forest types.
Evidence indicates that these more recent fires, where large areas have burned at high severity, are driven by the
synergistic effects of fire suppression combined with changes in fuel loading and fire behavior that have been caused by
climate change-driven hotter droughts (Hagmann et al. 2021).
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belts. And yet, despite its prominent status in the history of the NPS, the giant sequoia is found in
only one other national park and exists in only a narrow band of the earth’s topography—roughly
39% of its total acreage on the planet is confined to Sequoia and Kings Canyon National Parks. See
additional background in Giant Sequoia Ecology on page 3 and Appendix B.

In 2020 and 2021, the Castle (one of the fires of the SQF Complex) and KNP Complex (KNP)
wildfires together burned 27 NPS-managed sequoia groves, six of which experienced contiguous
areas of high severity fire effects where mortality of monarch sequoias occurred at a scope and
scale previously unprecedented in sequoia groves (Stephenson and Brigham 2021). Post-fire
assessments by the NPS and partner agencies have determined that low seedling regeneration and
lack of adequate seed source near these contiguous high-severity patches within these six groves
could leave these areas vulnerable to long-term conversion from forest to fire-initiated shrub-
dominated communities (Coop et al. 2020; Meyer et al. 2022; Guiterman et al. 2022). As described
below, field surveys evaluating the levels of natural regeneration and adult tree mortality in these
areas have either been completed or are underway to inform final determinations as to whether
and to what extent action is needed. See additional background in Recent Fire Effects on page 4
and additional discussion in Appendix D.

Action is also necessary at this time to maintain (or restore) connectivity within proposed critical
habitat for the southern Sierra Nevada distinct population segment (DPS) of fisher (Pekania
pennanti), a federally endangered forest-dependent species increasingly threatened by wildfire
driven habitat loss, which was listed as endangered by the United States Fish and Wildlife Service
(USFWS) in 2020. During the Castle and KNP wildfires, approximately 12,400 acres of proposed
critical habitat for fisher within the parks burned at high severity. Post-fire modeling and
assessments determined that roughly 1,725 acres of Fisher Core Habitat Area 3 south of Redwood
Mountain Grove, like the sequoia groves, is highly vulnerable to long-term conversion from forest
to fire-initiated shrub-dominated communities (Postfire Spatial Conifer Reforestation Planning Tool
(PostSCRPT) Modeling; Stewart et al. 2021). Of that area, 485 acres were identified as a high value
habitat corridor and is therefore a high priority for restoration (Meyer et al. 2022). See additional
background in Recent Fire Effects on page 4 and additional context in Appendix B.

Notably, the need for action also comes with some level of urgency in order to increase the
likelihood of success and avoid potentially more intensive action across the proposed planting
areas. Acting now and within the next few years, when these areas are at their closest to post-fire
conditions, enables planted seedlings to compete with surrounding shrubs as they regenerate
within proposed planting areas and more closely mimics what re-establishment would have
occurred naturally had it not been for the impacts of fuel loading and resulting high severity fire.
Additionally, conversion to fire-initiated shrub communities, if not halted by timely intervention, is
likely to exacerbate a high severity fire cycle and increase the likelihood of degradation that could
occur should high severity fire spread from these new shrub communities to other areas, including
remnant portions of affected groves (Coop et al. 2020; Coppoletti et al. 2016). Once shrub
communities become dominant, this degradation would likely be self-perpetuating and irreversible
without substantial intervention (e.g. mastication, herbicide). See additional discussion in Appendix
C.
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Background

Giant Sequoia Ecology

Giant sequoia are impressive trees native to the Southern Sierra Nevada of California; their
immense size and age have inspired generations of visitors and conservationists. Individual giant
sequoia trees are known to grow over 30 feet (ft, ‘) in diameter (dbh) and can live over 3,000 years
(Weatherspoon 1986). Though remarkable in their size and age, sequoias have a very limited
distribution. In fact, the species is currently restricted to 80 groves and grove complexes, covering
approximately 26,000 acres (ac). Nearly half of these, 37 groves covering 10,000 acres, occur
within the boundaries of Sequoia and Kings Canyon National Parks (NPS analysis based on Hart
2021). The iconic nature of sequoias, combined with their limited distribution, makes any acreage
loss within these limited number of groves very concerning to grove managers and, arguably, the
public at large.

Sequoias are highly resilient to environmental stressors, and any given large sequoia (defined here
as equal to or greater than 4’ dbh) is likely to have survived through several periods of long-term
drought and insect outbreaks over the course of its centuries-long life. As well, tree-ring analyses
documenting several thousands of years of spatial patterns of both giant sequoias and past
wildfires show that large areas of mature giant sequoias were not killed in wildfires prior to
suppression of both traditional cultural burning practices and lightning caused fires (Swetnam et al.
2009). Almost all large sequoias bear the evidence of fire in the form of a characteristic fire scar—
known as a “cat face”—running up their thick barked trunk, just one piece of evidence that these
trees evolved with frequent fire and have adaptations that have allowed them to survive many fires
over the course of their long lives.

In addition to large sequoias having survived centuries of fire, it is also well known that
regeneration of sequoia seedlings relies on the conditions created by frequent fire that result in
overall low to moderate* severity fire effects with small canopy gaps (mostly 0.25 - 1 acre in size)
created by very small patches of high-severity fire (Stephenson 1994; York et al. 2011). Within
these canopy gaps, competition for light and moisture is reduced, and bare mineral soil is exposed,
creating ideal conditions for sequoia seedlings.

Sequoia groves produce hundreds of thousands of seeds per acre, and after fire, large numbers of
these are released to fall to the forest floor, 90% of which falls within only 164 feet of the parent
tree (Clark et al. 2021). Despite this initial abundance, sequoia seeds dry out quickly and often fail
to germinate, and first year seedlings tend to die at high rates (Harvey et al. 1980). Similarly, studies
indicate that sequoias do not successfully regenerate in significant numbers more than two to three
years post-fire (Harvey et al. 1980). Due to their high mortality rate and low regeneration rate (if
not complete absences of regeneration) more than three years post-fire, very high numbers of
seedlings are needed immediately post-fire to ensure enough survive to maturity to create a stable
population. In a recent analysis of post-fire sequoia regeneration across 26 different fires spanning
a 48-year period in Sequoia and Kings Canyon National Parks, Stephenson et al. (2023) found that
the mean sequoia seedling density in the first-year post-fire was 62,031 per acre, and in the second
year after fire, the mean density was 14,112 seedlings per acre. A lifetable analysis of giant sequoia
by York et al. (2013) indicates that these post-fire densities are representative of the numbers

4 Low severity fire: 0-24 percent tree mortality due to fire. Moderate severity fire: 25-75 percent tree mortality due to fire.
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needed to create a stable population as only a handful of these seedlings survive to become the
majestic trees that we see today.

There is little consistency in the literature regarding the age at which sequoias produce viable seed;
findings vary widely (Hartesveldt et al 1975). Although cones with fertile seeds have been observed
on sequoias as young as ten years old, other studies have shown that sequoias have large cone
crops associated with reproductive maturity at around 150-200 years (Hartesveldt et al 1975).
Based on review of literature and observations in the field, the NPS estimates that planted sequoias
could begin to reach maturity and produce cones with viable seed within decades (Hartesveldt et al
1975; Harvey et al 1980).

Recent Fire Effects

Due to the apparent resiliency of sequoia trees, and despite extensive study of the species, mortality
of even small numbers of large sequoias from fire has rarely been documented until recently
(Hartesveldt and Harvey 1967; Weatherspoon 1986). Save the Redwoods League, the United States
Forest Service (USFS), and other partners documented the first large groupings of large sequoias
killed by high-severity fire in 2015, followed by additional losses in 2017 (NPS 2015a; Shive et al.
2021). The number of documented cases increased dramatically as a result of the 2020 Castle and
2021 KNP wildfires which burned through a total of 27 of the groves within the parks. As well, the
NPS estimates that 21 additional groves burned outside the parks in the Castle Fire and the 2021
Windy Fire.

While fire effects in many of the groves that burned at lower severity during the Castle and KNP
wildfires appear to be beneficial (removing fuels without killing large sequoias and opening small
areas for sequoia regeneration), contiguous high severity patches greater than 2.5 acres were
documented in six of the 27 groves that burned in recent wildfire within the parks. As previously
mentioned, this scale of high-severity fire in sequoia groves—and the scale of loss of individual
sequoias—is unprecedented. In all, these fires (including the Windy Fire), resulted in the mortality of
an estimated 9,760 to 14,237 large giant sequoias, accounting for 13-19% of the range wide total
population of large giant sequoia trees (NPS 2020; Stephenson and Brigham 2021; Shive et al.
2021).

Factors driven by climate change, including extended periods of hotter droughts and less snowfall
have contributed to fuel accumulations from the die-off of millions of trees in the Sierra Nevada
(Diffenbaugh et al. 2015; Griffin and Anchukautus 2014). These factors likely contributed to certain
sequoia groves burning at high severity during the Castle and KNP wildfires. However, while all 27
groves that burned during these fires were subjected to these same climate-driven factors, not all
experienced high-severity fire effects. In fact, groves with recent natural or prescribed fire and thus
less fuel accumulation experienced largely beneficial effects from recent wildfire, while the groves
with a history of fire exclusion were vulnerable to high-severity fire. Other important factors
contributing to severe fire effects were weather, steep topography, and fire spread patterns (Shive
et al. 2021; York et al. 2013; NPS 2020; NPS 2021). However, the key difference in pre-fire fuel
conditions has led fire ecologists and sequoia experts to conclude that, were it not for high pre-fire
fuel loading in the groves where severe fire effects were documented, more sequoias would have
survived (Caprio unpublished data n.d.).

Within months of the 2020 Castle Fire, the NPS and its partners finalized a preliminary Burned Area
Emergency Response (BAER) assessment (NPS 2020), indicating that high burn severity and sequoia
mortality in the Board Camp, Homers Nose, and Dillonwood Groves may lead to regeneration
failure (NPS 2020). Similarly, the BAER assessment for the KNP Fire, which was completed
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November 5, 2021, found that three additional groves (Redwood Mountain, Suwanee, and New
Oriole Lake) and one modeled habitat corridor for fisher (within proposed critical habitat) had
burned at high severity (NPS 2021; Meyer et al. 2022). Like those that burned during the Castle
Fire, these areas had also suffered extensive sequoia and mixed conifer mortality, and data
indicated they were likewise vulnerable to regeneration failure (NPS 2021).

Beginning in fall of 2021, one-year post-Castle Fire, the NPS began to build upon these initial
assessments by quantifying the remaining number of living giant sequoias and estimating the
number and spatial variability of sequoia seedling regeneration within the groves. Initial findings
from these assessments, which are described further below, suggested that not only was there a
need to survey seedlings in a statistically rigorous sample, but also that the measured densities
needed to be evaluated against previous observations from fires that, unlike the Castle and KNP
wildfires, burned within the range of natural variation for fire severity patch size. The United States
Geological Survey (USGS) conducted just such an analysis in 2022 and 2023 (Stephenson et al.
2023 in preparation).

As of May 2023, field assessments as described above have been completed in two of the six
groves considered for action within this plan, and surveys are underway in another two groves (see
Chapter 2). Through these assessments, the NPS and its partners found large contiguous areas with
few to no living giant sequoias (the largest patch in Board Camp is 26.6 acres and the largest in
Redwood Mountain is 270.6 acres). In addition, the USGS and NPS found that the mean density of
first or second year giant sequoia seedling regeneration within the entire groves considered for
replanting are far lower than densities observed following other wildfires (Soderberg et al. 2023 in
review; Stephenson et al. 2023 in preparation). As described above in Giant Sequoia Ecology, giant
sequoias produce tens of thousands of seedlings after a fire, and only a handful of these achieve
large (monarch) sizes over 4’ in diameter. While seedling density in these six groves and adjacent
fisher habitat varies (Soderberg et al. 2023 in review), it is nowhere near the documented mean of
62,031 sequoia seedlings per acre the first year after fire and 14,112 sequoia seedlings per acre the
second year after fire measured in typical post-fire plots (Stephenson et al. 2023 in preparation). In
fact, the NPS and partners completed field surveys of sequoia seedlings in 2022 of Redwood
Mountain Grove (high severity fire effects areas only), Board Camp Grove (sampled entire grove),
New Oriole Lake Grove (sampled the entire grove), and Suwanee Grove (sampled the entire grove)
and found the following densities of sequoia seedlings:®

e Board Camp Grove: Modeled median of 651 seedlings/acre; <0.1% probability of the mean
meeting the second-year seedling densities after fire;

e Redwood Mountain Grove (only high severity area of the grove): Modeled mean of 4,266
seedlings/acre; 1.1% probability of meeting the second year seedling densities after fire;

e Suwanee Grove: Modeled mean of 4,763 seedlings/acre; 2.4% probability of meeting the
second-year seedling density after fire;

e New Oriole Lake Grove: Modeled mean of 6,875 seedlings/acre; 11.2% probability of
meeting the second-year seedling density after fire (Soderberg et al 2023 in review).

Based on the above findings, it is apparent that current sequoia seedling densities in these areas are
well below what is estimated as needed to re-establish sequoias and generate a stable population

> For Board Camp, New Oriole Lake, and Suwanee, seedlings were measured throughout the entire grove, not just the
high severity target planting areas. For Redwood Mountain, only the high severity target planting area was measured
(Soderberg et al 2023 in review).
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(Soderberg et al. 2023 in review; Stephenson et al. 2023 in preparation) (see Grove Post-Fire
Conditions on page 42 for more information). Seedlings that are present in the proposed action
areas are also primarily restricted to small patches in drainages or other protected microsites.
Additionally, areas of this size contain large patches that are beyond the distance that the majority
of sequoia seeds disperse (Clark et al. 2021). In high severity patches, this combination of factors
(insufficient natural seedling densities and lack of living sequoias), combined with previous studies
that demonstrate a high mortality rate of post-fire germinated sequoia seedlings and low (if not
zero) seedling regeneration at more than three years post-fire, indicate that these areas are highly
vulnerable to conversion from forest to fire-initiated shrub-dominated communities in the long
term (Coop et al. 2020).

Fisher Habitat

The BAER assessments completed post-Castle and KNP wildfires identified post-fire threats to the
fisher and actions that may be necessary to prevent further degradation to the species’ habitat.
These reports concluded that over 5,000 thousand acres of mixed-conifer fisher habitat was either
too far from the edge of intact forest or to have burned at such high severity that regeneration
failure was likely (NPS 2020; NPS 2021).

Since these reports were finalized, the NPS has updated fisher habitat modeling data and currently
estimates that over 12,000 acres of modeled fisher habitat within the parks burned at high severity
in recent wildfires (see Table 1 on page 19). This loss of forested area is particularly concerning as
some of the primary causes of endangerment—noted at the time of fisher listing—included “loss
and fragmentation of habitat resulting from high-severity wildfire and wildfire suppression (i.e., loss
of snags and other large habitat structures on which the species relies), climate change, and tree
mortality from drought, disease, and insect infestations” (USFWS 2020).

In 2022, the NPS worked with cooperators to use the framework for prioritization of reforestation,
developed by Meyer et al. (2021), to further refine target areas for restoration which was used to

update the restoration specification outlined in the KNP BAER plan (Meyer et al. 2021; NPS 2021).
This effort in turn led to the NPS to target the area proposed for replanting under this proposal as
the highest priority for restoration (see Chapter 3, page 51 for more information).

Re-planting Proposal Development

Given the extent of impacts described above, the NPS began considering whether replanting
impacted areas would be necessary to achieve recovery of affected groves and fisher habitat. As
part of this consideration, the NPS applied the minimum requirement concept to initially evaluate
whether action may be necessary within affected wilderness, which represents a large percentage
of the proposed action area. The NPS typically refers to this initial evaluation as Step 1 of a
minimum requirement analysis (MRA).

The minimum requirement concept includes evaluating such factors as: 1) the situation that may
prompt administrative action in wilderness, 2) whether or not action could be taken outside of
wilderness to address the situation, 3) whether requirements of federal legislation require the NPS
to act, and 4) whether action is necessary to preserve one or more qualities of wilderness character.
In further support of the minimum requirement concept, the NPS also considered factors identified
within Reference Manual 41: Wilderness Stewardship, Guidelines for Evaluating Ecological
Intervention Proposals in National Park Service Wilderness. These guidelines outline suggested
factors to consider when deciding whether or not to take ecological intervention action within
wilderness when there is a potential conflict between protecting the untrammeled quality (not
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intervening) and avoiding degradation of the natural quality (protecting/restoring natural resources)
of wilderness character.

Through the initial evaluation, the NPS preliminarily determined that action was necessary in
wilderness to address the situation described above (and further supported by the works cited) for
the reasons stated below. These reasons below provide additional context to the purpose and need
for action and are further supported by additional information outlined in Appendices C and D.

e Although the large sequoias lost to the Castle and KNP wildfires—some of which had lived
up to 3,000 years—are irreplaceable in their mature stature within our lifetimes, the NPS
has a fundamental responsibility under the Organic Act of 1916, the 1978 Amendment to
the NPS Organic Act, and Sequoia National Park and Kings Canyon National Parks’ enabling
legislation to protect the species from population loss (26 Stat. 478, 26 Stat. 650 and 54
Stat. 41, see also Appendix B).

e In accordance with the Endangered Species Act, the NPS shall “utilize their authorities in
furtherance of the purposes of this Act by carrying out programs for the conservation of
endangered species and threatened species listed pursuant to section 4 of this Act.” Given
the 2020 listing of the Southern Sierra Nevada Distinct Population Segment of Fisher, the
proposed listing of Critical Habitat for the species, the susceptibility of the species and its
habitat to impacts from high severity fire, the impacts to fisher and extensive loss of fisher
habitat from recent fire, and specifically the threat of long-term loss of a key modeled
habitat corridor for this species, the NPS has responsibility under the Endangered Species
Act to protect the fisher from a loss of connectivity within proposed critical habitat.

e The potential loss of portions of six sequoia groves, a species specifically identified as an
attribute of the natural quality of wilderness character of the Sequoia-Kings Canyon
Wilderness and the John Krebs Wilderness, and the loss of habitat connectivity for the
endangered Southern Sierra Nevada DPS of Fisher (as described above) pose an equivalent
threat to the natural quality of wilderness as they do to the parks—as designated by
Congress—and more fundamentally, to the species at risk.

e Acting entirely outside of wilderness would not address the lack of seedling regeneration in
affected areas. The six groves where action is proposed have existed in their general size
and configuration for thousands of years; replanting seedlings in a different location does
not restore these groves to their former grandeur. Should conversion of these areas occur,
it would diminish the range-wide distribution of an iconic species the NPS is obligated to
protect (NPS Organic Act: 39 Stat. 535; Coop et al. 2020; Guiterman et al. 2022). Likewise,
the fisher habitat where action is proposed serves as a key habitat corridor between
otherwise disjointed and fragmented surrounding habitat (Meyer et al. 2022). Restoring
forest in areas outside of wilderness would not create habitat corridors where the corridor is
needed.

Due to the number of areas where action is being considered, and the high level of public interest
in this proposal due to the wilderness designation of most of these areas, the NPS has prepared this
Environmental Assessment (EA) and refined analyses concerning proposed actions within wilderness
to facilitate National Environmental Policy Act (NEPA) and Wilderness Act review and decision-
making processes, and to ensure agency action conforms with all other federal resource protection
laws.

Re-establish Tree Seedlings in Severely Burned Giant Sequoia Groves and Adjacent Fisher Habitat
Chapter 1: Purpose and Need Page 7 of 75



Issues

Issues Selected for Detailed Analysis

The following issues are carried forward for further analysis in Chapter 3 for one or more of the
following reasons identified in the NPS NEPA Handbook (NPS 2015b):

e the environmental impacts associated with the issue are central to the proposal or of critical
importance;

e adetailed analysis of environmental impacts related to the issue is necessary to make a
reasoned choice between alternatives; or

e the environmental impacts associated with the issue are a big point of contention among
the public or other agencies.

Sequoia Grove Recovery and Resilience

As outlined above, giant sequoia is an iconic species symbolizing the NPS and a fundamental
resource for which these parks were established and which the NPS is legally obligated to protect.
Sequoia groves suffered extensive losses to high-severity fire during the Castle and KNP wildfires,
and some severely burned areas are unlikely to recover on their own. Planting sequoia and other
mixed conifers would beneficially affect sequoias by directing the trajectory of these areas toward
forest recovery—as they would have done naturally had unnaturally high fuel loading due to active
fire suppression not led to severe fire effects in these six groves. The NPS anticipates that replanting
tree seedlings would not only increase the likelihood that forests are restored to their pre-fire
composition in the long term but would also reduce the potential for high severity fire cycles to
impact remaining sequoias adjacent to severely burned patches of affected groves. Although
beneficial impacts are anticipated for this iconic species, the proposed alternatives may vary in their
impacts to genetic composition of individual sequoia groves and future climate change resiliency.
Finally, in planting seedlings in areas that recently burned at high severity, the NPS would modify
the fuels within these groves which may influence future fire behavior in the area. Given these
impacts, and the centrality of this issue to the purpose and need for the project proposal, the NPS
has carried this issue forward for further analysis in the EA.

Fisher Habitat Connectivity

The Southern Sierra Nevada Distinct Population Segment (DPS) of fisher is federally listed as
endangered, and the species is increasingly threatened by wildfire-driven habitat loss (USFWS
2020). Like sequoia, fishers suffered extensive habitat alteration during the Castle and KNP
wildfires; including extensive loss of large diameter trees to high-severity fire and reduction of
canopy cover within the modeled corridor of proposed critical habitat where replanting is proposed
(Meyer et al. 2022; USFWS 2022). Re-establishing conifer seedlings in this area would benefit fisher
by promoting post-fire recovery of tree cover in this key habitat corridor. Fishers tend to avoid open
areas, stick to areas with cover while traveling or foraging, and rely on patches of older forest to
meet resting and denning needs (Purcell et al. 2009; Thompson et al. 2021; Green unpublished
data 2023); thus, restoration of this specific area is expected to improve suitability for fisher
movement and increase connectivity between remaining live older forest by speeding up the return
of tree cover. Increased tree cover in this burned corridor can also facilitate future dispersal and
associated gene flow vital to the conservation of this species. Given these potential impacts and the
nexus of this issue to the purpose for taking action, the NPS has carried this issue forward for
further analysis in the EA.
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Wilderness

Approximately 840,000 acres of Sequoia and Kings Canyon National Parks are designated or
managed as wilderness, and this proposed action, if approved, would occur across up to roughly
1,130 acres of designated or recommended wilderness. (Consistent with NPS Management Policies
(2006), all designated and recommended wilderness are managed for wilderness preservation, and
so, for the purposes of this EA, areas that are designated wilderness or recommended wilderness
will be referred to jointly as wilderness.) For any proposed action within wilderness, the NPS must
consider and analyze the proposal through the lens of preserving wilderness character. This
includes an understanding of purposes for which these wildernesses were designated, the legal
mandate to preserve the qualities of wilderness character, the importance of both un-manipulated
and naturally functioning ecosystems, and the unique role that wilderness contributes to visitor
experiences and societal ideals. As well, the NPS must ensure that both the proposed action and
the methods and tools used to achieve the action are the minimum required to manage the area as
wilderness. Replanting these areas would have both short-term impacts and long-term benefits to
several qualities of wilderness character. Given the above, and the proposal to take action in
wilderness, this issue is carried forward for additional analysis in the EA.

Issues Considered but Dismissed

The following issues were identified but dismissed from further analysis for the following reasons
identified within the NPS NEPA Handbook (NPS 2015b):
e The environmental impacts associated with the issue are not central to the proposal or of
critical importance;
e A detailed analysis of environmental impacts related to the issue is not necessary to make a
reasoned choice between alternatives;
e The environmental impacts associated with the issue are not a big point of contention
among the public or other agencies; or
e There are no potentially significant impacts to resources associated with the issue.

Cultural Resources

Not all historic properties have been identified to date, and should historic properties be present
within these groves and fisher habitat, ground disturbance associated with planting activities, as
proposed within the action alternatives, could have long-term direct and indirect impacts on
cultural resources. These potential impacts would be from planting seedlings and from tree growth
within or directly outside site boundaries. However, these impacts can be minimized, if not
eliminated, through avoidance and using an avoidance buffer outside the site.

Given the ability to refine an area’s specific planting plan to avoid action within historic properties
(if present), the NPS does not anticipate adverse effects to historic properties in the action area.
Because mitigations would be implemented to reduce the risk of adversely affecting cultural
resources, this issue was dismissed from further analysis in the EA.

Environmental Justice

Executive Order 12898 requires federal agencies to identify and address disproportionately high
and adverse human health or environmental effects of their programs on minorities and low-
income populations or communities.
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Communities bordering the parks include those of low income, communities where English-
speaking skills are limited, those where a high number of residents have less than a high school
degree, and those where access to internet services may be limited (EPA 2022). These communities
may be disadvantaged in their potential to be exposed to environmental contaminants and their
ability to access resources or obtain information that may affect their health.

None of the alternatives would have direct or indirect effects outside park boundaries in that none
of the alternatives or their components would modify existing environmental conditions; limit
access to resources in identified affected communities; result in bodily impairment, infirmity, illness,
or death; result in air, noise, and water pollution and/or soil contamination; and/or disproportionally
limit these communities from accessing the parks. Thus, disadvantaged populations would not be
disproportionately affected; environmental justice was therefore dismissed from further analysis.

Indian Trust Resources

Indian Trust Resources are lands or interests in lands, minerals, natural resources, or other physical
assets held in Trust by the federal government for beneficial owners and natural resources in which
Indian Tribes have federally protected or reserved interests (e.g., water, fish, wildlife, vegetation).
Executive Order 13175 requires early consultation if a proposal is to have substantial direct effect
on Indian Trust Resources. As there are no Indian Trust Resources within the project areas, this issue
is dismissed from further consideration in this EA. Chapter 4 includes information on tribal
consultation completed for this proposed action, to date.

Invasive Species and Soil Pathogens

Some commentors expressed concern that planting seedlings would introduce invasive species or
soil pathogens to the project area. Planting seedlings and workers traveling off-trail through
forested areas have the potential to disturb soil and result in the importation of contaminated fill,
providing an opportunity for invasive species to be introduced to the parks or become established
and spread. Invasive plant seeds and propagules can also be introduced to the parks and
transferred between project areas on project equipment, tools, and clothing.

Seedlings used in this project would be sourced from reforestation nurseries. Best management
practices employed by these nurseries, including use of sterile media and containers and
pest/pathogen/weed surveillance and management, would result in the project having a negligible
risk for soil pathogens or invasive plant propagules being introduced via seedling sources. The
application of mitigation measures including equipment and clothing inspections would further
prevent the potential for invasive species introduction or persistence over existing conditions.

Because there are no potentially significant impacts to resources associated with the issue and
mitigations would be implemented to further reduce the risk of invasive species introductions
factors, this issue was dismissed from further analysis in the EA.

Soils and Soil Erosion

Commentors during public scoping suggested that the NPS should include an analysis of soils
and/or soil erosion in the EA. Actions that disturb soil, including digging and foot traffic, can
contribute to soil erosion, while restoring vegetative cover and roots serve to protect and stabilize
soils. Currently, most of the action areas have severely burned soils with high erosion potential due
to loss of vegetative cover (NPS 2020, NPS 2021). The NPS’ BAER plans for the Castle and KNP
wildfires used Burned Area Reflectance Classification (BARC) images from USGS to gauge burn
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patterns and locations for evaluating soil burn severity (SBS). Sequoia groves impacted by the Castle
and KNP wildfires experienced a range from low to high SBS (NPS 2020; NPS 2021).

To evaluate soil erosion potential, the BAER plans used the Watershed Erosion Prediction Project
(WEPP) Cloud, post-fire erosion prediction (PEP) to evaluate soil erosion and sediment potential
specifically for giant sequoia groves. The reports concluded that sequoia groves located below
hillslopes with moderate to high burn severity were likely to experience destabilization of living and
dead trees due to erosion, loss of soil productivity, and loss of seed banks and indicated that the
effects of erosion would be exacerbated on slopes steeper than 60% (NPS 2020; NPS 2021).
Specifically, the model predicted that Redwood Mountain, Homer’s Nose, Dillonwood, and Board
Camp Groves would likely experience the greatest post-fire erosion impacts. The potential for
erosion impacts to standing live and dead sequoia trees and the seed bank was high in the Homer's
Nose Grove (due to erosion rates exceeding 40 tons/acre annually) and moderate to high in the
Dillonwood and Board Camp Groves. The model also indicated that Oriole Lake and Garfield Grove
would have less post-fire erosion (NPS 2021). The NPS anticipates that the atmospheric rivers
occurring during the winter of 2022-2023 has contributed to erosion in the proposed project areas
where post-fire erosion was anticipated but has not visually assessed grove conditions post-winter.

While actions that disturb soil can further contribute to erosion, this project would not contribute
to extensive soil disturbance beyond that already occurring in the system post fire. Further,
restoring forest cover is expected to benefit soils by stabilizing them against further erosion in the
long term. NPS crews would minimize their contribution to soil erosion in these areas to the
maximum extent feasible by limiting the hole sizes to the minimum needed to plant seedlings,
avoiding sensitive areas, and avoiding creation of social trails. Because the proposed action would
not result in significant impacts to soils, and because a detailed analysis of environmental impacts
related to this issue is not necessary to make a reasoned choice between alternatives, the NPS
dismissed soils and soil erosion from further analysis.

Wildlife Disturbance and General Wildlife Habitat

General

Many commentors during public scoping were interested in how the project would affect wildlife.
Tree planting crews, or mule pack trains delivering supplies, could trample delicate herpetofauna
(i.e., salamanders, toads, frogs) causing injury or mortality to herpetofauna, though would have no
impact to such fauna on a population level. As well, the presence of work crews—working and in
some cases camping—for up to two weeks at a time in each of the seven planting areas (over the
course of five to six years), may startle or temporarily displace other wildlife (black bear, mule deer,
various small mammals, reptile, and bird species) from these areas if they were present.

For areas where seedlings need to be transported via helicopter, wildlife would be additionally
impacted by removal of several snags per landing site, which otherwise provide some habitat to
birds and small mammals, and the noise associated with chainsaw or explosive use (if needed to
create a helicopter sling load landing zone) and helicopter use.

The degree of disturbance related to the removal of snags would vary in both intensity and
duration depending upon the tool selected (chainsaws or explosive) and timing of removal. For
example, chainsaws would be expected to produce intermittent sound of up to 110 decibels (dB)
for up to 2-3 hours at each location if as many as 10 snags required felling. This sound may travel
up to two miles depending on topography and vegetation. The sound from explosives, on the other
hand, would range from 170 -180 dB or greater and would last only seconds. While chainsaws
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would create increased decibel levels for a longer time, explosive use is likely to have a greater
startling effect for animals in the immediate vicinity (within 0.25 miles), and the sound would travel
much further from the action area—potentially a distance of 2-10 miles depending on topography
and vegetation and the quantity and type of explosives used (A. Fiorino personal communication
March 2023) (see Table 3 on page 32 for information on where tree felling may be considered).

Though tree felling can remove fisher denning habitat, it is unlikely that fisher would den in areas
where tree felling would occur due to diminished habitat value in these areas (see Fisher Habitat
Connectivity for more information). Further, the NPS would avoid removing trees with den
qualities. If removal of den quality trees cannot be avoided due to access limitations or safety
concerns, they would not be removed during the Limited Operating Period (LOP) (March 1 — June
30) to avoid direct impacts to a fisher and her kits, should they be present despite surrounding poor
habitat quality. All snag removal, and associated tool use, would most likely occur only in the first
year of implementation in a planting area.

When used, helicopters would travel at a speed of roughly 75 miles per hour and produce decibel
levels of roughly 85-90 dB when taking off, flying in-route, or approaching sling-load sites at areas
where helicopters are being considered, totaling approximately 16 hours of flight time over the
course of five to six years (L. Perez personal communication March 2023; U.S. Dept of
Transportation 1979) (see Table 3 on page 32). For comparison, continuous noise levels produced
by vehicles traveling a well-traveled highway typically range from 70-80 dB roughly 50 feet from
the source while equipment such as dump trucks produce 76-86 dB (Department of Transportation
2017). Due to the speed at which the aircraft would travel, wildlife present along the flight path for
each flight would experience these high decibel sounds for a period of seconds as a helicopter
approached and prior to the sound dissipating as the helicopter continued.

As sling loads would be delivered, 85-90 dB of noise would be continuous near the sites for
roughly five minutes for each landing, amounting to 20-40 minutes, total, over the course of five to
six years each of the proposed planting locations (see Table 3 on page 32). This level of sound
disturbance, as well as rotor-wash (wind) from the hovering aircraft would disturb both non-
sensitive and sensitive species should they be present in the area and may cause temporary
displacement to particularly sensitive species, or at the very least cause a disruption to foraging or
cause animals to hide. As snags, if present, would be felled in preparation for initial sling-load
delivery, potential disturbance from both tree felling and sling-load delivery would be separated in
time such that any wildlife present may experience noise disturbance on two separate days, or
multiple times over the course of one day in the first year of implementation in a planting area.

While disturbances from human presence may occur, due to the current conditions of the affected
environment in the action area (severely burned with little vegetation), the NPS expects wildlife use
within large patches of high severity burn—by many species—wiill be limited during the timeframe
of the planned activities (Fontaine and Kennedy 2012; Eyes et al. 2017; Jones et al. 2020); though
wildlife use is expected to increase as the understory vegetation begins to recover and leaf litter
begins to develop. As of this writing (almost two years post-KNP Fire and almost three years post-
Castle Fire), the NPS anticipates that—to the extent that some vegetative recovery has occurred—
some birds and small mammals may be using some of the proposed planting areas. Notably, such
use would be highly variable based on local site conditions. Regardless, for many species, the
remaining live forest habitat adjacent to the proposed action areas offer habitat where wildlife can
move to (if needed) to avoid human presence while continuing daily foraging or resting activities.
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Due to the transitory nature of helicopters flying along a flight path, the NPS anticipates there
would be no direct wildlife impacts (startling response or avoidance behavior) from this component
of the action. While higher intensity actions (chainsaws, helicopters, or explosives) would disturb
wildlife if present, these actions are of short duration (1-2 hours total at each site in the case of
chainsaws, 10 seconds in the case of explosives, 5 minutes at a time in the case of sling load
delivery). Therefore, wildlife would be expected to recover—continue foraging or other activities—
relatively soon after the chainsaw or explosive use ceases or the helicopter moves away, and no
long-term impacts to wildlife (especially any sensitive species in the area) are expected. Additionally,
flights would not occur within one mile of known locations (or regular use areas) of Sierra Nevada
bighorn sheep herds (Ovis candensis sierra,; federally listed as endangered), and the proposed action
areas are outside of bighorn sheep habitat such that no impacts to these species would be
anticipated.

The NPS would also protect wildlife and comply with the Migratory Bird Treaty Act and the Bald
and Golden Eagle Protection Act, by implementing relevant U.S. Fish and Wildlife Service
Nationwide conservation measures and additional NPS-developed measures. These measures
include but are not limited to: cutting trees, if necessary, outside the core bird nesting period of
February 1 to August 1 for migratory and resident species, conducting pre-clearance bird nesting
surveys for tree felling if this activity needs to be conducted during the core bird nesting season to
avoid impacts to any active nests (including owls or eagle), and completing the project in an
expedient manner to avoid continued disturbance as the forest understory vegetation recovers from
fire and birds and mammals return (see Appendix A). Further, though the NPS is estimating, for the
purposes of analysis, that up to roughly 10 snags per landing site may need to be felled, the NPS
would actively seek naturally clear areas for sling-load delivery to minimize the number of trees
felled and the associated level of noise disturbance such that this action and its associated impacts
may not occur or at least would be minimized from the impacts outlined above.

Though it is possible that individual herpetofauna may be inadvertently trampled and killed by foot
traffic through the area, any individual loss would not have a population level effect on these
faunae and the NPS would avoid trampling to the extent feasible (see Appendix A). All other short-
term, direct impacts associated with project implementation are expected to be limited to those
temporary impacts described above, and the NPS would implement mitigations to further minimize,
if not avoid, impacts. In the long term (a period of 10-50 years and beyond), re-establishment of
forest cover would improve habitat suitability in the proposed action area for wildlife that prefer
sequoia and mixed conifer forest (as opposed to shrub-dominated areas), such as fisher (as further
described in Chapter 3), pileated and white-headed woodpecker, tree squirrels (e.g., Douglas
squirrel, Humboldt's flying squirrel), Sierra marten, western spotted skunk, and other forest
dependent species. As described previously, these impacts to habitat are analyzed further in this EA
as part of habitat connectivity for the endangered fisher but would have similar impacts to other
forest dependent wildlife within or near the project areas.

Though temporary disturbance to wildlife would occur under the action alternatives, there are no
potentially significant impacts to resources associated with general wildlife beyond those related to
habitat connectivity, which is being analyzed as a separate issue, associated specifically with the
fisher. Therefore, further detailed analysis of environmental impacts related to general wildlife is
not necessary to make a reasoned choice between alternatives, and this topic is dismissed from
further analysis in this EA.
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California Spotted Ow/

California spotted owl (Strix occidentalis occidentalis) is a California Department of Fish and Wildlife
Species of Special Concern, and the Sierra Nevada distinct population segment (DPS) of the species
is currently proposed for federal listing as threatened under the Endangered Species Act. The
species relies on medium to large diameter trees for nesting and roosting.

The NPS does not anticipate that the activity of planting of trees, the presence of work crews
planting or camping in these areas, and/or the use of mules in severely burned areas would disturb
owls, have a direct effect on individual owl nests, influence survival, or alter prey availability in
active territories. Further, 85-90 dB noise from helicopters traveling over areas where owls are
present is unlikely to result in an alert response for owls (Jones et al. 2020; Tempel et al. 2016;
Pater et al. 1995). Similar to other wildlife mentioned above, owls, if present, may also experience
such noise disturbance for roughly 20-40 minutes over the course of five to six years in areas where
sling-loads are delivered, and either up to 110 dB sound intermittently for roughly two hours over
the course of one to two days if trees were felled using chainsaws or up to 180 dB sound for five to
ten seconds over the course of one day were trees to be felled using explosives. If owls were resting
within 350 feet of such activities, these disturbances may cause them to “flush” (be startled into
taking off and leaving the immediate area in a state of heightened stress) (Jones et al. 2020;
Tempel et al. 2016; Pater et al. 1995). As snags would be felled in preparation for sling-load
delivery in some locations, potential disturbance from these two actions would be separated in time
such that any owls that were present may experience noise disturbance on two separate days or
multiple times over the course of one day (see Table 3 on page 32 for more information on
proposed helicopter use).

This said, as with other wildlife, the NPS does not expect spotted owls to be utilizing or nesting in
areas where either tree planting or sling-load delivery would occur until vegetation—particularly the
overstory canopy—begins to recover; a period of five to ten years (Jones et al. 2020; Tempel et al.
2016). Even were owls to be present during project activities, the NPS would avoid impacts to
nesting owls by either conducting higher-disturbance activities (sling-load delivery or chainsaw use)
entirely outside the owl nesting LOP (April 1-August 15) or not conducting these activities within
the standard 0.25 miles nesting buffer (where nests are documented). As well, helicopters,
explosives, or chainsaw use would be of limited duration and occur in areas where owls are unlikely
to be present (Jones et al. 2020; Tempel et al. 2016). For these reasons, this component of project
implementation would also not be expected to impact nesting owls. Disruption to owl resting
activities, if any were present in or near the action area, would be intermittent and of short
duration.

Should the California Spotted Owl be listed under the Endangered Species Act and the NPS
determine that any components of the proposed action may affect the species, the NPS would
initiate Section 7 consultation with the U.S. Fish and Wildlife Service in accordance with the
Endangered Species Act as necessary to identify conservation measures to further minimize, if not
avoid, impacts to the species and ensure such actions do not jeopardize the existence of the
species, which is not anticipated given the above.

Though temporary impacts to wildlife would occur under the action alternatives, taking action
would be largely beneficial for spotted owl in the long term as the NPS anticipates that forest cover
would be largely restored across planting areas under the action alternatives. As described
previously, these impacts to habitat are analyzed further in this EA as part of habitat connectivity
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for the endangered fisher who are more limited than owls in their ability to cross unforested
patches.

Because none of the alternatives would result in potentially significant short- or long-term negative
impacts to spotted owl, and a detailed analysis of impacts to spotted owl is not necessary to make
a reasoned choice between alternatives, spotted owl as a standalone topic was dismissed from
further analysis in this EA.

Understory Vegetation—Including Special Status Plants or Shrub Communities

Besides giant sequoias, there is one other special status plant (Pityopus californicus) documented to
occur in the proposed conifer replanting area in Redwood Mountain, and there are other plants on
the parks special status plant list that are known to occur near the other proposed replanting areas
and/or have the potential to occur in replanting areas. If present, special status plants could be
damaged by planting activities or trampling by individual teams of up to 15 individuals traveling to,
walking through, or camping near the action area over a period of one to two weeks. If planting
activities occur outside the blooming season for an annual species, which would limit the ability to
detect the presence of a special status species, there is a potential that the planting activity,
including the planted seedling itself, would inhibit or prevent establishment of annual species.
However, due to the severity at which the fires burned, understory special status plants that may
have been present within the project areas pre-fire have likely been extirpated due to high severity
fire effects and are no longer present in areas where the most extensive foot traffic would occur
(e.g., planting areas).

While individual plants may occur along trail-less travel routes or camping areas, and could be trod
upon, they are unlikely to die because plants are adapted somewhat to limited trampling from
wildlife and their root system is likely to remain intact. In addition, planting sequoia and other
mixed conifers in areas that are unlikely to recover on their own is expected to enable forest
recovery which would provide a greater benefit to special status plants that may have been present
by providing suitable habitat in the future once forests are re-established. Finally, mitigations
outlined in Appendix A, including minimum impact requirements, would be implemented to
prevent planting, trampling, and social trailing impacts in the planting areas, along travel routes, or
in selected camping areas.

Due to anticipated low likelihood of current occurrence combined with minimal disturbance
(potentially being trod upon once) and application of mitigations to further reduce potential
impacts, the NPS does not expect that implementing either of the action alternatives would directly
result in the death of individual special status plants or loss of rare plant populations. In the long
term—a period of decades—forest adapted special status plants that would have been present
prior to the fires (and may either still occur in the area or in the immediate vicinity) would benefit
from forest recovery as they are adapted to forested habitat.

Other common plant species that exist in the action area are resistant to disturbance, including
trampling at the levels expected for this project. That said, were the NPS to implement one of the
action alternatives, and if, as expected, tree seedlings become successfully established, shrub
communities that would otherwise become increasingly established in burned areas would be
crowded out over an estimated period of 50-100 years as the forest canopy recovers and
competition with trees for light and water increase. However, this process would have also
occurred naturally in these areas had they not burned at such high severity and led to the likelihood
of conversion from forest to shrub-dominated plant communities.
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Because the proposed action would not be expected to result in significant impacts to understory
special status plants or other understory vegetation, and because consideration of the impacts to
special status plants is not necessary to make a reasoned choice between alternatives, the NPS
dismissed special status plants and understory vegetation as a stand-along topic from further
analysis in the EA.
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Chapter 2: Alternatives

This chapter describes a no action alternative and two action alternative(s), as well as a brief
description of alternatives considered but dismissed from further analysis.

Alternative 1: No Action

Under Alternative 1, the NPS would not consider replanting any severely burned sequoia groves or
adjacent fisher critical habitat. Rather, the NPS would continue to monitor species succession within
former sequoia grove footprints. For the purposes of analysis, this EA assumes that monitoring
would involve development of monitoring plots which may include installation of 600 small plot
markers, such as rebar, as well as 60 other installations, such as temperature and moisture probes,
to characterize and understand microclimatic factors. The NPS also assumes these markers would
remain for at least 30-40 years to track conditions. Previously collected seed would remain in the
seed bank for research and potential planting in the future, and seedlings that have been
germinated would be transferred to partner organizations or agencies for their use.

Under Alternative 1, the NPS anticipates that sequoia and other conifer seedlings would remain
either absent or at densities below that needed to support forest recovery in affected areas, and
these areas are expected to convert to fire-initiated shrub-dominated communities for decades, if
not centuries to come. Loss of forest cover would lead to diminished natural quality of wilderness
character in the long term. In addition, because fisher habitat connectivity between remaining
green forest patches would not be restored, fisher genetic exchange would be diminished as well
as that of other forest dependent wildlife. Fire frequency and severity would also likely increase as
the vegetation converts to shrub-dominated communities without tree cover. These factors are
further analyzed in Chapter 3.

Alternative 2: Replant Seedlings Grown from Seed Collected
from the Local Genetic Community and Other Source
Populations (Preferred Alternative)

Under Alternative 2, the NPS would consider replanting giant sequoia (Sequoiadendron giganteum)
and other mixed conifer seedlings in up to six giant sequoia groves in Sequoia and Kings Canyon
National Parks: Redwood Mountain, Suwanee, New Oriole Lake, Dillonwood®, Board Camp, and
Homers Nose where these forests are otherwise unlikely to naturally recover following the impacts
of high severity fire. The NPS would also consider planting other conifer seedlings in the mixed
conifer forest immediately south of the Redwood Mountain Grove where seed sources were also
lost and where natural conifer regeneration is lower than what is estimated as necessary to re-
establish this important fisher habitat corridor. See Table 1 on page 19 for action area information,
like acreages, etc. See Figures 1-6 on pages 20-25 for maps of all proposed planting areas.

6 The boundary between Garfield and Dillonwood groves has historically been inconsistently defined and was mapped in
a manner that did not consider ecological conditions—e.g. slope and aspect, relationship to landscape topography, etc.

For the purposes of this Environmental Assessment, the portions of the Garfield grove occuring in the same drainage as

Dillonwood, and therefore sharing the same ecological conditions as Dillonwood, are considered part of the Dillonwood
grove.
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This alternative would also add genetic diversity to replanted giant sequoia groves by sourcing
cones/seed from not only within the groves where planting is proposed but also from arid groves
and groves with known higher levels of genetic diversity within the seed zone. This approach is
based on current sequoia-specific research and general understandings of adaptation in trees to
increase the likelihood of project success in a changing climate while also preserving local genetic
stock containing any local adaptation and long-term genetic diversity of the species (see Appendix
E). Under this alternative, the NPS would limit introduction of seedlings from outside the local
genetic community (but still within the seed zone) to 20% of all seedlings replanted as this is the
guantity of nonlocal genotypes (the genetic constitution of an individual organism) that can be
introduced into a population without negatively impacting (l.e., swamping) the genetic structure of
the local population (Aitken and Whitlock 2013).

Considering the purpose and need for action outlined in Chapter 1, the goal of this proposed
action is to direct the trajectory of severely burned areas toward forest recovery, or in other words,
plant sequoia and mixed conifer seedlings at sufficient densities to increase the likelihood that
forests are restored to their pre-fire composition in the long term, avoid type conversion of these
forests to shrub-dominated communities, and reduce the potential for high severity fire cycles to
impact remaining sequoias adjacent to severely burned patches of affected groves. Based on
evaluation of site-specific climate, use of other recommendations from published literature (North
et al. 2019; York et al. 2012; York et al. 2020), and technical reports (Stewart 2020), the NPS is
proposing to plant 100 to 400 seedlings per acre in areas where intervention is determined to be
necessary following the assessments under the decision tree outlined below. These densities would
be refined within site specific planting plans as planting densities would be generally based on USFS
technical guidance and may be reduced or increased in areas depending on likelihood of reburning
within a decade (indicating an increase in planting density was necessary), current and future
drought stress (indicating a reduced planting density was necessary), and other site-specific factors
such as slope, aspect, etc.

Pre-Planting Site Assessments and Decision Tree

Based on post-fire assessments completed to date, the NPS has preliminarily determined that, in
order to address the purpose and need for action, intervention may be necessary on up to roughly
1,200 acres of formerly forested areas across Redwood Mountain Grove, Suwanee Grove, New
Oriole Lake Grove, Dillonwood Grove’, Board Camp Grove, Homers Nose Grove, and the proposed
critical habitat corridor in Fisher Core Habitat Area 3, south of Redwood Mountain Grove.
However, the NPS would apply the results from additional site-specific analyses that have been, and
would continue to be, completed through a decision-making framework to determine if planting is
necessary and, if so, the extent to which it is warranted in each proposed location. This decision-
making framework, or decision tree, is described below, and is outlined in Figure 7 on page 26. If
action is determined necessary through this decision tree, the NPS would further refine planting

7 As mentioned previously, the boundary between Garfield and Dillonwood groves has historically been inconsistently
defined and was mapped in a manner that did not consider ecological conditions—e.g. slope and aspect, relationship to
landscape topography, etc. For the purposes of this EA, the portions of the Garfield Grove occuring in the same
watershed as Dillonwood, and therefore sharing the same ecological conditions as Dillonwood, are called Dillonwood
Grove.

Re-establish Tree Seedlings in Severely Burned Giant Sequoia Groves and Adjacent Fisher Habitat
Chapter 2: Alternatives Page 18 of 75



TABLE 1: GROVE AND AREA ACREAGE OF AREAS WHERE PLANTING WOULD BE CONSIDERED UNDER ALTERNATIVES 2 AND 3

Total Wilderness
Acres Proposed

Total Acres
Proposed for

Total Acres
Burned at High

Total Wilderness
Acres® within

Grove/Area Name Total
Grove/Area

Grove/Area Severity Planting for Planting
Dillonwood? 1,160 125 102 86 52
Homer's Nose 119 119 55 52 52
Board Camp 48 48 38 38 38
New Oriole Lake 15 15 3 3 3
Suwanee 69 69 27 26 26
Redwood Mountain 2,074 1,883 516 493 475
Total Acres within Sequoia 3,485 2,259 741 698 646
Groves
Fisher Proposed 72,219 65,003 12,411 485 485
Critical Habitat
Total Acres 75,704 67,262 13,152 1,183 1,131

8 For the purposes of calculating total wilderness acreage the NPS did not differentiate between designated and recommended wilderness as both are managed as
wilderness regardless of final designation in accordance with NPS 2006 Management Policies.

9 The boundary between Garfield and Dillonwood groves has historically been inconsistently defined and was mapped in a manner that did not consider ecological
conditions—e.g. slope and aspect, relationship to landscape topography, etc. Therefore, for the purposes of this EA, the portions of the Garfield grove occuring in the
same watershed as Dillonwood, and therefore sharing the same ecological conditions as Dillonwood, are considered the Dillonwood Grove.
Re-establish Tree Seedlings in Severely Burned Giant Sequoia Groves and Adjacent Fisher Habitat
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FIGURE 1. AREAS PROPOSED FOR RE-ESTABLISHING SEQUOIA AND OTHER CONIFER SEEDLINGS IN REDWOOD
MOUNTAIN GROVE
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FIGURE 4. AREAS PROPOSED FOR RE-ESTABLISHING SEQUOIA AND OTHER CONIFER SEEDLINGS IN DILLONWOOD

GROVE
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FIGURE 5. AREAS PROPOSED FOR RE-ESTABLISHING SEQUOIA AND OTHER CONIFER SEEDLINGS IN BOARD CAMP
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FIGURE 6. CORE PROPOSED
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FIGURE 7. PROPOSED DECISION TREE FOR RE-ESTABLISHING SEEDLINGS IN SEVERELY BURNED AREAS
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locations through site-specific planting plans that would align the final scope of action with site-
specific needs of each location.

By implementing this decision-making framework, the NPS would only plant in areas where data
show insufficient natural regeneration for sequoia mixed conifer forest to successfully re-establish
without supplemental planting and where analyses indicate the site can support forest cover in the
future. In other words, action would not occur in areas that show regeneration is sufficient to
support forest recovery or where analyses indicate the site may not support forest cover in the
future.

This decision tree would incorporate: (1) analysis of remote sensing data to identify areas of
concern based on post-fire conditions; (2) current conditions as measured in the field; (3)
comparison of measured natural seedling densities to thresholds of natural seedling levels required
to reestablish monarch sequoias within the groves (based on previous datasets) or other conifers in
the fisher habitat corridor (based on the Postfire Spatial Conifer Regeneration Prediction Tool
(PostSCRPT, Stewart et al. 2021)); and (4) climate change vulnerability given site conditions such as
elevation and slope. These components are described further below.

Site Identification (Completed)

The development of the decision tree began with an assessment of fire effects on forested habitats
immediately post Castle and KNP wildfires using the Rapid Assessment of Vegetation Condition
after Wildfire, Standardized Composite Burn Index (RAVG 4 category CBI product). This remote
sensing tool rapidly identified areas where sequoia and mixed conifer mortality was so high and so
widespread that successful tree cover reestablishment was unlikely. The NPS used maps derived
from these data to identify the seven proposed re-planting areas considered for action at this time.

Mortality and Regeneration Assessments (Ongoing)

Once these areas were identified, field crews from NPS and partner agencies (USGS and USFS)
began implementing a rigorous sampling protocol to assess seedling density and tree mortality in
target areas. Only RAVG areas identified as high severity were assessed in this step. These
evaluations include field data which documents survival of reproductive trees, natural regeneration,
and the potential for measured reproduction to be sufficient to reestablish monarch sequoias or
mixed conifer forests (in the case of fisher habitat) at densities similar to pre-fire conditions.

As of mid June 2023, field assessments have been completed for two of the six groves (Redwood
Mountain and Board Camp), as well as the fisher corridor immediately to the south of Redwood
Mountain Grove, and surveys have been initiated but not yet completed for two more groves
(Suwanee and Dillonwood). The NPS anticipates completion of the Suwanee and Dillonwood
surveys in summer 2023 and intends to initiate and complete surveys in the final two groves (New
Oriole Lake and Homers Nose) in summer 2023. In areas where these site assessments have been
completed— Redwood Mountain Grove, Board Camp Grove, and the 485-acre proposed critical
habitat corridor in Fisher Core Habitat Area 3, south of Redwood Mountain Grove—survey data, as
applied through the decision tree, indicate action is necessary to avoid loss of portions of these
sequoia groves and mixed conifer forests.

Climate Assessment

To consider current and future effects of climate change on project need and success, an
interagency team also completed an analysis evaluating the climate of the proposed planting
locations and the likelihood that these sites can support forest cover in the future (Meyer et al.
2022). As of mid June 2023, this analysis has been completed for all of the proposed planting areas
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and the results indicate that all of the areas have a high likelihood of continuing to support forest
under future climate conditions, although tree densities in some sites may need to be reduced in
order to reduce future drought stress from lower water availability in the future (Meyer et al. 2022).
This type of site-specific assessment of future water availability would be incorporated into site
specific planting densities and planting plans as they are developed for sites that are currently drier
or are anticipated to be drier in the future.

Site Planting Plans

For each grove or fisher habitat corridor where the decision tree indicates that action is necessary
and warranted, the NPS would develop a site-specific planting plan that considers site conditions in
determining the best way to achieve the purpose and need for action within that grove or habitat
corridor. With a goal of planting 100 to 400 seedlings per acre (discussed on page 17 above), these
planting plans would lay out a planting map that considers environmental variables critical to
seedling survival, species composition, and site-specific forest structure such as slope percentage,
slope aspect, elevation, microtopography, and soils to best mimic natural distribution of seedlings
after fire (North et al. 2019; Marsh et al. 2022). This planning allows for spatial heterogeneity in
planting and survivorship which is what would happen naturally. The planting plans would include
the species to be planted, their proportions, and the overall planting density for each area. These
planting plans would also consider other identified sensitive resources within the area to minimize
disturbance to these resources.

Implementation

Seed Collection and Treatment

The NPS began collecting seed in Board Camp in 2021, following the Castle Fire, and collected
additional seed in Redwood Mountain and Board Camp Groves in 2022, following the KNP
Complex Fire.'® Some of the collected seed was preserved in a seedbank to preserve sequoia
genetic diversity and for research—as called for in the park’s Resource Stewardship Strategy. The
NPS additionally germinated a portion of the collected seed to allow the option of planting

19 Initial seed collection efforts in 2021 were completed in compliance with NEPA under Categorical Exclusion (CE) 3.2
which does not require documentation. The NPS completed additional review, analysis, and documentation for cone
collection efforts under CE 3.3.E.2 in Fall 2022 in response to comments received during the initial public scoping period
which questioned the impacts of such cone collection efforts and the activity’s relationship to this larger proposed action.
Specifically, NEPA regulations do not permit agency use of a CE if one or more defined “extraordinary circumstances”
apply, two of which are: “whether the action would...[1] establish a precedent for future action or represent a decision in
principle about future actions with potentially significant environmental effects; [or] [2] have a direct relationship to other
actions with individually insignificant but cumulatively significant environmental effects” (NPS 2015b). Although
implementation of the action alternatives outlined in this EA are contingent on having seedlings to replant, the NPS
determined that collecting seed does not dictate that future planting in wilderness will occur. Rather, the collected seed is
being banked and propagated, and seedlings that have been propagated may be planted outside the scope of this
proposed action, consistent with the operations of the restoration program at Sequoia and Kings Canyon National Parks,
where seed is regularly collected and propagated without necessarily a destination of planting in mind. For example,
seedlings that are propagated can be used for planting outside the parks. Furthermore, the NPS has no indication that
seed collection, combined with replanting of either sequoia and/or mixed conifer seedlings, would have significant
environmental effects. Sequoia and Kings Canyon National Parks planted sequoias in areas impacted by development
during the Giant Forest Restoration; the USFS has planted giant sequoias in several groves including Black Mountain
Grove; UC Berkeley has planted giant sequoias in experimental plantations in Blodgett Forest; and Sierra Pacific Industries
has planted giant sequoias in their plantations across the Sierra Nevada. Given these considerations, the NPS determined
that no extraordinary circumstances applied, and a CE was appropriate. Notably, this EA evaluates cumulative impacts
from past, present, and reasonably foreseeable actions along with the proposed action.
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seedlings within the necessary timeframe should the NPS ultimately decide to act on this replanting
proposal.

Under this alternative, seed collection would continue—as described below—on a timeline that
would allow seedlings to achieve necessary planting size within planting timeframes.

¢ All non-sequoia collection would occur within California Tree Seed Zone 534 (Buck et
al.1970).

e Sequoia seed would be collected from a number of source groves, which may include a
percentage of seed from natural sequoia groves that are outside the local seed zone. The
NPS obtained guidance from an expert in giant sequoia conservation genetics to make
recommendations for seed sourcing based on current literature (see Appendix E).

e To reestablish the full complement of overstory community, species collected for this project
would be the dominant tree species in the giant sequoia forest alliance, ponderosa pine —
incense-cedar forest alliance, and white fir — sugar pine forest alliance vegetation
communities (Haultain et al. 2020). Within those vegetation communities, target species for
collection and propagation would include giant sequoia (Sequoiadendron gigantea), sugar
pine (Pinus lambertiana), Jeffrey pine (P. jeffreyii), ponderosa pine (P. ponderosa), fir (Abies
concolor, Abies magnifica), incense-cedar (Calocedrus decurrens), and California black oak
(Quercus kelloggii). Species would only be replanted in areas where field surveys have
confirmed there is inadequate regeneration.

e To ensure that seed collection would have no measurable impact on the seed availability in
the source locations, the NPS would collect a conservative quantity of cones/seed following
established guidelines for seed collection developed by the BLM “Seeds of Success”
Program, as well as the Center for Plant Conservation. For example, in Board Camp Grove,
where the NPS estimates that only around 40 living sequoias remain in the grove, the cone
collection effort in 2022 equaled roughly 1.5% of the total cone crop potentially available
in the grove that year.

e Cones would be collected by tree climbers, summer through fall, with oversight from NPS
ecologists and would be supplemented by ground collections to increase genetic diversity.

e All collections would be labelled to track source and to ensure chain of custody from
collection, through propagation, and planting, if approved.

Following collection, the NPS would continue to follow previously established and implemented
protocols for seed collection and treatment. These include promptly transporting seed to cleaning
facilities where cones would be dried and tumbled to extract seed, further drying seed for storage,
and cool moist stratification of seed for 60-90 days to overcome dormancy and be able to
germinate the seeds for growing seedlings.

Seedlings would then be grown at multiple nurseries to reduce risk of unforeseen circumstances
that could result in complete loss of seedlings. Those facilities include, but are not limited to, the
Sequoia National Park Native Plant Nursery at Ash Mountain, Tsemeta Nursery that is owned and
operated by the Hoopa Reservation in Northern California, and the USFS Nursery at Placerville,
California. All nurseries would sow seed in January-March in sterilized soilless media following best
management practices for nursery sanitation to prevent introduction of pathogens or non-native
species (Griesbach et al. 2012). The seedlings would be grown in 3.5-7.25-ounce (108-215
milliliters) containers (styro 6 and 15) for one year to achieve a target seedling size of 0.1 inches
(2.2mm) in diameter and 3 inches (8cm) high.
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Seedling Planting

Schedule

Once site assessments are completed and site planting plans finalized, the NPS would move
forward with planting seedlings as soon as possible—in the following fall or spring season—to
establish seedlings prior to extensive regrowth of dense, tall, uniform shrub cover with the intent of
mimicking, as closely as possible, natural post-fire conditions under which sequoia and other mixed
conifer seedlings thrive. For this reason, the NPS would consider planting in Redwood Mountain
Grove, Board Camp Grove, and the fisher corridor immediately to the south of Redwood Mountain
Grove (where analyses indicate action is both necessary and warranted) as early as fall 2023. For
any of the replanting areas though, the NPS could plant either in late October, just before the
season’s first snow, or in early spring, as sites become accessible and when soil moisture is highest,
to improve chances of planting success. Although conifers are most often planted in spring, with
hotter, drier summers becoming more frequent (see Stephenson et al. 2023 in preparation), fall
may be a more effective planting time since it avoids the summer drought. For this reason, the NPS
could plant in fall and/or spring. If determined planting is appropriate under the decision tree, the
NPS would likely plant in Suwanee, New Oriole Lake, Dillonwood, and Homer’s Nose Groves in
spring or fall of 2024 or 2025.

Given the above, the NPS anticipates that initial planting in these potential seven areas would occur
over the next two years, fall 2023-fall 2025, but additional supplemental plantings could occur per
area through several more years (estimated through fall 2028 or 2029) if survivorship of seedlings is
such that seedling density targets are not achieved following the initial plantings. Although the NPS
anticipates high survivorship of seedlings based on similar planting efforts elsewhere, planting over
this longer time period would improve probability of planting events aligning with years of above-
average precipitation; a critical component of seedling success in the southern Sierra Nevada (Shive
et al. 2022; York et al. 2009). It is anticipated that should supplemental planting be needed,
planting area/planting effort would be much smaller than those in the initial planting and would be
limited to 1-2 supplemental plantings per area over the course of this longer timeframe.

Each planting effort would be performed by crews of 10-15 individuals per planting location over
the course of 1-2 weeks.

Planting Methods

As outlined in site-specific planting plans, seedlings would be planted following the Individuals,
Clumps, and Openings methods outlined in North et al (2019) across the diversity of topography
and microsites (ridges, flats, depressions, along drainages, etc.) to mimic natural distribution of
seedlings after fire. Following this pattern, some individual trees would be widely spaced, and
others would be clustered together in small clumps. This would also factor in where some natural
regeneration may be occurring. The exact planting locations of specific species would be based on
their adaptations (e.g., ponderosa pines would be planted on ridges more than along drainages,
etc.). If some naturally regenerating seedlings occur in an area where action is determined
necessary under the planting plan, extra care would be taken to avoid trampling existing seedlings.

To plant seedlings, the NPS would use hand tools (dibbles or small spade shovels) to create divots a
maximum of 2" in diameter and 6" in depth (equivalent in size to the root plug). The soil around
each seedling’s roots would be loosened gently before it would be planted into the divot, and the
divot would be backfilled by gently compressing soil back in place around the root base. The NPS
would hand-build 2-3" wells with a rim of native soil on downslope sides of each seedling to
capture incidental moisture.
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Transport and Staging

The six sequoia groves and adjacent fisher critical habitat are distributed across both parks,
primarily within wilderness and with varying degrees of access (see Appendix D, Table D 2). Under
Alternative 2, areas having adequate trail infrastructure, but too far to allow transport of all
seedlings and gear by foot, would utilize pack stock transport. From staging sites where stock
deliver materials, planting crews would transport seedlings to their planting locations on foot. Sites
where pack stock would primarily be considered include parts of Redwood Mountain and the
adjacent fisher critical habitat corridor. In the case of Redwood Mountain, which has some small
and disparate patches proposed for planting, seedlings may be carried to smaller patches on foot
from the nearest road if determined not to be a safety risk.

If, as anticipated, stock was determined the minimum necessary transport method in parts of the
Redwood Mountain Grove and fisher habitat area, it would require a range of 15-30 pack stock
strings of 8 mules each (a total of 120-240 mules total) for each site in the first year and roughly 5-
10 each supplemental planting thereafter, if necessary. Each stock train would travel along existing
routes a distance of roughly 4-5.5 miles to reach project sites (see Table 2 below). Stock would not
travel cross-country and would not remain in wilderness overnight.

TABLE 2. FACTORS CONSIDERED FOR STOCK SUPPORT OVER A PERIOD OF ROUGHLY FIVE YEARS

Grove/Area Name Total Mules Total Proposed Mule Miles Round
Trains"' Trip
Redwood Mountain Grove 426 53 8
Adjacent Fisher Habitat 360 45 11
Total 786 98 N/A

Where barriers to stock or foot travel prevent safe access for seedling and tool delivery, including
areas that have been determined prohibitively far from developed trails and roads or having terrain
too difficult for stock or crews to transport seedlings and tools safely and feasibly, the NPS would
utilize helicopters to transport seedlings and tools, via sling loads, to a centralized staging area; no
staff would be transported via helicopter. Sites where helicopters would be considered include:
Suwanee, New Oriole Lake, Dillonwood, Board Camp, and Homers Nose Groves. For Redwood
Mountain Grove, the NPS would preferentially use stock and foot transport, though safety
considerations may ultimately require use of a helicopter. Some groves may require sling load
deliveries in multiple locations to deliver seedlings throughout the area due to the distances
between planting patches.

The NPS assumes that a total of roughly one to four, 10-30-minute round trip helicopter flights
would be needed to deliver sling loads during the first year of planting each of the sites where
helicopter use is considered (see Table 3 on page 32). The NPS further assumes that roughly one to
two helicopter flights would be used at each of these sites during each supplemental planting
thereafter for a total of roughly 37 sling-load landings over the course of five to six years, assuming
one to two supplemental plantings at each site. Finally, the NPS assumes that each helicopter
would travel at a height of roughly 500 feet above ground level (AGL) while in route to each
individual project site and helicopters would hover at a distance of roughly 150 feet AGL for a

" Assumes each mule would carry roughly 120 Ibs. and each string would be comprised of 8 mules.
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period of approximately five minutes to drop each sling load of materials. Slings would touch down
for less than one minute (roughly a period of seconds) to deliver or pick up the loads.

The NPS would locate an area roughly 70-90 feet in diameter clear of trees 150-200 feet in height
(estimated height of trees in these areas) to safely deliver sling loads to the project site. If a site of
sufficient size cannot be located, the NPS would fall snags (dead trees) to create a safe landing
zone. For the purposes of this analysis, the NPS assumes up to 10 snags may be felled at each of
the locations where creation of a safe zone is necessary (see Table 3 on page 32). Snags would be
felled using either explosives, or chainsaws, whichever is determined the safest (see Appendix D for
more discussion on safe felling considerations).

Staging and spike camps would occur in non-wilderness areas at Redwood Mountain and
Dillonwood and would be considered within wilderness for other proposed planting sites. Site
selection would consider factors such as absence of sensitive resources, durability of camping
surfaces, absence of unmitigated safety risks, and proximity to planting areas. Previously impacted
locations, including developed administrative camps or helicopter landing zones would be
preferentially used to minimize impacts. Campsites would not be improved, and all use of such
areas would follow wilderness minimum impact restrictions.

TABLE 3. TOTAL PROPOSED HELICOPTER SUPPORT IN WILDERNESS OVER A PERIOD OF ROUGHLY FIVE YEARS

Grove/Area Total Total Sling Total Estimated Snag
Name Estimated (ILET Flight Minutes of Felling
Sling Load Landings in Distance Hover Time Needed
Deliveries Wilderness in Miles™ (all trips)*
Dillonwood 81> 4 28 40 0-10
Homer’s Nose 7 14 21 35 0-10
Board Camp 7 14 22 35 0
New Oriole Lake 5 10 13 25 0-10
Suwanee 6 12 15 30 0-10
Redwood 4 8 10 20 0-10
Mountain Grove
and Fisher Habitat
Corridor
Total 37 62 109 185 50

12 Because each sling load would be dropped full and then picked up again, this number reflects the total actual
"touchdowns” in wilderness. It also reflects the total estimated time the helicopter would affect undeveloped quality.
This number overestimates landing time as slings typically take only seconds to drop and pick up.

13 Note that helicopter flight distance is estimated here for the purpose of analyzing impacts on wilderness character and
wildlife. This number would be multiplied by total flights and divided by mph to determine total flight time.

4 Helicopter hover time is estimated for the purposes of analyzing impacts to wilderness character and to wildlife. For this
calculation the NPS assumes 5 minutes of hover time per sling load.

15 Up to six flights/sling-load landings would occur in the non-wilderness portion of Dillonwood to support planting in
both non-wilderness and wilderness portions of proposed planting areas.
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Monitoring

In areas where planting is determined to be necessary, the NPS would establish benchmarks and
thresholds prior to planting and assess baseline site conditions, to follow grove conditions, track the
survival and growth of planted seedlings, and to determine whether planting goals are being met.
This EA assumes, for the purposes of analysis, that monitoring would involve development of
monitoring plots which may include installation of 600 small plot markers such as rebar as well as
60 other installations such as hobos'® for the purpose of characterizing and understanding
microclimatic factors such as light, temperature, and soil moisture within these areas. The NPS
further assumes these markers would remain for at least 30-40 years to track conditions.

Alternative 3: Replant Seedlings Grown from Seed Collected
from the Local Genetic Community of Each Replanted Area

Alternative 3 is the same as Alternative 2 except the NPS would not add genetic diversity to
replanted giant sequoia groves by sourcing cones/seed from arid groves and from groves with
known higher levels of genetic diversity within the seed zone. Instead, all seed would be collected
only from within the local genetic community (or neighborhood) of the grove being replanted as
described in Appendix E.

All methods of seed collection, propagation, planting, and transport would follow methods
previously outlined in Alternative 2.

Alternatives Considered but Dismissed

Plant Only Outside of Wilderness

Several respondents to NPS’ public scoping indicated support for replanting sequoia groves affected
by high severity fire but did not support action to plant sequoias in wilderness; suggesting instead
that the NPS focus on action in non-wilderness groves and mixed conifer forests.

Of the six sequoia groves that burned at high severity during the Castle and KNP wildfires, four
occur entirely within designated wilderness (Board Camp, Homer's Nose, New Oriole Lake, and
Suwanee Groves), one is partially located in designated wilderness (Redwood Mountain Grove), and
one is partially located in recommended wilderness (Dillonwood Grove). No frontcountry sequoia
groves were lost or partially lost to high severity fire. While fisher critical habitat burned at high
severity in non-wilderness, the 485-acre habitat corridor was identified as integral to connecting
fragmented fisher populations and is entirely within designated wilderness.

Because sequoia groves are ecologically valuable in large part to their location within the broader
Sierra Nevada, and because they serve as an identified attribute of the natural quality of both the
John Krebs and Sequoia-Kings Canyon wilderness areas, “replacement” or “restoration” of
sequoias cannot be adequately achieved off-site and outside of wilderness, nor would such
replacement serve to restore natural quality of wilderness character in areas where it has been

16 A hobo is a monitoring device that captures data such as temperature, water level, humidity, or other environmental
data.
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TABLE 4. SUMMARY OF ALTERNATIVES FOR RE-ESTABLISHING TREE SEEDLINGS IN SEVERELY BURNED SEQUOIA GROVES AND FISHER HABITAT CORRIDOR

Alternative 1:
No Action

Alternative 2:
Seedlings Grown from the Local Genetic

Neighborhood and Other Sources

Alternative 3:

Seedlings Grown from

the Local Genetic
Neighborhood

long-term monitoring
plots.

e The NPS would install 60
installations such as
temperature and
moisture probes (hobos)
to monitor microclimatic
factors.

Alternative 2, the NPS would track planted seedling survivorship,
growth, and mortality in addition to that of naturally regenerated
seedlings. The NPS would track any differences between seedlings
planted using local genetic seed and seedlings planted using
sources outside the local genetic community.

Seed e No seed would be The NPS would collect other conifer cones from within California All methods would be like
Collection collected specific to this Tree Seed Zone 534 (Buck et al. 1970). those under alternative 2 with
action. The NPS would collect sequoia seed from a number of source the exception that the NPS
groves including 20% from outside the local genetic neighborhood would not source some
(i.e., groves that likely do not have natural gene flow). sequoia seed from outside
The NPS would collect cones following established guidelines for the local genetic
seed collection developed by the BLM's “Seeds of Success” neighborhood.
Program, as well as the Center for Plant Conservation.
Seed e The NPS would maintain Following collection, the NPS would transport seed to cleaning and Same as Alternative 2.
Treatment all seeds in a seed bank. cold storage facilities.
e The NPS would transfer Seedlings would be grown at multiple nurseries.
seedlings to partner All nurseries would sow seed in January-March in sterilized soilless
organizations. media following best management practices for nursery sanitation.
Seedling o N/A The NPS would create divots a maximum of 2” in diameter and 6” Same as Alternative 2.
Planting in depth. The seedling would be planted into the divot.
The NPS would hand-build 2-3" a rim of native soil on downslope
sides of each seedling.
Tools, o N/A Dibbles or small spade shovels. Same as Alternative 2.
Transport Foot, stock, and helicopter transport may be considered.
Monitoring |* The NPS would install All methods would replicate those of Alternative 1 except in Same as Alternative 2.
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diminished. Likewise, the fisher habitat where planting in wilderness is being proposed serves as a
key habitat corridor between otherwise disjointed and fragmented surrounding habitat. Restoring
forest in areas outside of wilderness would not create habitat corridors where the corridor is
needed.

Several other considerations also make this alternative not viable. First, as identified in several
scientific publications (see Appendix E), different groves contain different genetic material and thus
loss of trees in these specific groves is damaging to the species ability to respond to future events
through adaptation. Additionally, if seed was collected from these groves and planted elsewhere
(whether in or outside of wilderness), these trees would not be able to exchange pollen with
remaining trees in these groves or adjacent groves and thus long-term genetic exchange and
adaptive potential would be disrupted. Finally, the NPS does not manage a lot of land that is both
outside wilderness and suitable for sequoia groves besides the limited acres in the Dillonwood
grove being considered in this proposal and those in front country areas of these parks. In fact, it is
unclear whether any additional areas exist and, if so, where they would be, particularly as giant
sequoia groves occupy hydrologic refugia (Baeza et al. 2021), meaning not all parts of the
landscape would support giant sequoia groves in the long term. Thus, planting only outside of
wilderness would not resolve the identified purpose and need for action for either sequoias or
fisher and was therefore dismissed from further analysis.

Plant Only Sequoia Seedlings in Sequoia Groves

Giant sequoia groves are naturally composed of a mix of sequoia and other conifer trees. Like
sequoia, other conifer trees in the six groves identified for potential action in this plan were lost to
high- severity fire and are unlikely to recover due to a lack of seed source. Because the purpose and
need of NPS action is to promote post-fire recovery of sequoia groves, and because mixed conifer is
an integral component of natural species assemblage in these groves, the NPS dismissed an
alternative that does not include planting of mixed conifer seedlings in areas where the framework
(i.e., decision tree) indicates it is necessary because, to a large degree, it would not resolve the
identified purpose and need for action.

Plant Sequoia Groves, but do Not Plant Adjacent Fisher Critical Habitat

The NPS considered a proposal to plant sequoia groves but to either not plant in adjacent critical
habitat or to consider planting this area under a separate proposed action. The NPS dismissed an
alternative to not plant this area as it would not resolve the identified purpose and need for action.
Due to the similarity in timing and overall nature of the proposal, the NPS determined that
combining the actions under one analysis would be more efficient and would provide the most
comprehensive review of proposed replanting actions. This alternative was therefore dismissed
from further analysis.

Sow Seed to Re-establish Seedlings

Sequoia seeds require specific conditions to germinate—friable mineral soil free of litter and duff
and adequate moisture—and germination is typically very low under natural conditions (38%
germination after one day on the ground when placed in native soil, 19% after 10 days on the
ground when placed in native soil, 0% after 20 days for seeds placed on the ground; Harvey et al.
1980). The low natural germination rate, combined with very high mortality of naturally sown
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seedlings during the few years of life (which is variable and can range from 56.5% to 98.4%;"
Harvey et al 1980 Table 8), would require the NPS to collect tens of thousands of cones to
adequately meet project needs. In comparison, planting seedling requires approximately 4,100
cones or ten bushels. This would notably increase any impacts to the existing cone stocks within
these groves, which the public voiced concern over during public scoping, and which is important
for the ability of groves to respond to future disturbance over both the short- and medium-term.

Beyond moderate to low seed germination rates and very high mortality of natural seedlings, the
NPS expects significant seed loss during the first several years post-fire. Post-fire modeling of the
Castle and KNP wildfires suggest that the high-severity areas are also at high risk of losing any
seeds that survived the fire due to surface erosion; seeds broadcast by NPS are likely to suffer a
similar fate (National Park Service 2020; National Park Service 2021). Thus, reestablishing sequoias
from seed would remove more than 50 times more seed from (i.e., pose a higher impact to) forests
that are already struggling to recover, and is not considered to be a practical option that would
meet the purpose and need for action.

In contrast, germination rates of 20-40% can typically be achieved under controlled nursery
conditions (Harvey et al. 1980; Stark 1968)—requiring less intensive cone collection, treatment, and
distribution efforts—and most importantly nursery grown seedlings have very high survivorship
within the nursery and when subsequently planted (between 80 and 90% survivorship; York 2009;
R. York personal communication 2022).

Similar constraints impact the other six species considered under this proposal. Broadcast seeding
of conifers is usually unsuccessful for the same reasons listed above and more: seeds falling on
inhospitable environs (Castro et al 2023), high early mortality of seedlings (Castro et al. 2004), and
seed predation (Shannon and Elliot 2020). Together, these factors result in extremely large seed
collection requirements in order to overcome low success rates, which may impact regeneration of
donor forests (Castro et al. 2023). Since sowing seed would not meet the purpose and need for
action, the NPS dismissed this as an alternative.

Plant at Higher Density Than Alternatives 2 or 3 then Thin Seedlings to
Achieve Desired Density

This alternative would plant higher densities of seedlings above those considered within the action
alternatives and would then manually thin (remove) seedlings to desired densities once seedlings
have achieved a size at which they would be expected to survive in order to improve chances of
success. This alternative was dismissed as it is essentially a duplication with the actions alternatives
that are less environmentally damaging and less expensive. Specifically, this alternative would be
more expensive and would result in additional impacts to the untrammeled quality of wilderness
character, and potentially other qualities depending on proposed tools, than the proposed action
alternatives.

Remove Existing Fuels either via Manual Thinning or Prescribed Burning Prior
to Planting

This alternative would manually thin or complete prescribed burns in these areas prior to planting
to remove existing fuels onsite. Areas where planting may occur under the framework outlined in

7 The lowest value measured in Harvey et al. 1980, 56.5%), was measured in 1968 and is likely incorrect because
seedling cohorts were not surveyed until the last week in August; so the bulk of first year mortality was likely missed.
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the action alternatives are those that burned at high severity during recent wildfires. There is
currently little understory vegetation in these areas, though vegetation is beginning to recover, and
planting conditions are therefore currently conducive to seedling survival absent fuels treatment.
Because this alternative is not necessary, would involve additional impacts to the untrammeled
quality of wilderness character, and could kill any naturally re-generated seedlings that are currently
present from the site (which is counter to the purpose and need for action), this alternative was
dismissed from further analysis.

Complete Site Preparation Including Herbicide and Crushing of Vegetation

One professional organization suggested that treating understory vegetation prior to replanting
would improve the chances of successful seedling establishment.

It is common practice in silviculture reforestation efforts to use mechanical equipment and
herbicide to control vegetation that may compete with planted seedlings. The NPS considered the
need and feasibility of including such treatments in this proposal but rejected this alternative due to
a number of factors including unclear need, high cost, impact to wilderness values, and difficulty of
implementation, described below.

Unclear Need

Giant sequoia evolved with the shrubs, forbs, and other trees that occur in the areas proposed for
replanting. These areas do not contain large numbers of non-native, invasive plants that compete
with giant sequoia. After prescribed fires implemented by Sequoia and Kings Canyon National
Parks where adult sequoias were not killed, the NPS has frequently seen successful establishment of
sequoia seedlings with no treatment beyond the fire itself (NPS Fire Monitoring unpublished data
reviewed in York 2013 and contained in Stephenson et al. 2023 in preparation). These data
indicate that under conditions found after prescribed fire, giant sequoia seedlings that establish in
appropriate microsites are able to compete with native shrubs and trees—evidence that removing
this vegetation is not necessary. This is a primary reason the NPS is focused on planting sequoias in
a similar time window to when they re-establish naturally, which is within the first two to three
years after fire (Hartesveldt and Harvey 1967; Harvey et al. 1980; Harvey and Shellhammer 1991).
Given the time needed to complete post-fire field surveys to inform the decision-tree and review
the proposal for compliance with resource protection laws, the NPS is now looking to complete an
initial planting in the first two to four years post-fire.

The assumption of the need to remove other vegetation is based in the idea that this vegetation
competes with the planted seedlings for light, water, or other needed resources. The conditions
present in the large high severity areas proposed for replanting in this project may not meet this
assumption. First, based on field observations completed to date, the proposed planting areas
contain large patches of bare ground. These openings would be targeted for planting of seedlings.
Second, given the complete removal of overstory canopy, these sites are at greater risk for high
heat and soil erosion (surface erosion models showed high likelihood of significant soil loss). Shrub
and forb cover has been shown to reduce surface temperatures, increase relative humidity, and
improve seedling survival, and reduce soil erosion, all of which could increase survivorship of
planted seedlings (Marsh et al. 2023; Marsh et al. 2022; Holmgren et al. 2012).

Previous studies have also shown that giant sequoia is one of the most competitively dominant
conifer species in the Sierra Nevada. While sequoia is not a commonly planted species and most
silviculture treatments involve removing competing vegetation, various studies still show that giant
sequoia grow quickly. York et al. (2007) found that giant sequoia seedlings outgrow all competing
conifers, giving them a competitive advantage shortly after fire. Meyer and Safford (2011) surveyed
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giant sequoia planted one to two years after prescribed burning with no vegetation control. At two
or more decades after treatment, they found giant sequoia seedlings and saplings in these areas,
indicating that sequoias were able to establish despite competing vegetation.

The above factors combined indicate there is not clear and overwhelming evidence that planted
seedlings will not survive without control of competing vegetation. This uncertainty combined with
the other factors described below, led to the dismissal of this alternative at this time.

Feasibility

Many reforestation/silviculture projects are undertaken in areas with easy access for both people
and equipment. All the areas proposed in this project are not accessible to heavy equipment due to
terrain and location. Additionally, most areas require long hikes both on and off trail to access.
These factors make the implementation of crushing of shrubs using equipment difficult if not
extremely impractical. Applying herbicide to kill native vegetation in these areas would also be
logistically difficult due to the need to bring in chemicals, spraying equipment, and the difficulty of
cleaning equipment and people in the wilderness.

Impacts to Wilderness

Depending on the methods and equipment used, control of competing vegetation would have
additional impacts to wilderness character. Regardless of the methods, control of competing
vegetation would constitute additional trammeling due to the manipulation of the native
vegetation present at the site. Second, if motorized tools were needed for shrub removal or
application of herbicide, this would be an additional impact to the undeveloped quality of
wilderness character.

Cost

From consultation with other reforestation specifications, the NPS estimates that control of
competing vegetation would be approximately $240/acre (KNP BAR mixed conifer specification)
although given the difficulty of accessing these sites, it could be significantly more than this. At
$240/acre this treatment would cost $284,000.

Summary

While true that vegetation treatment prior to replanting is common, the severity at which these
forests burned is un-precedented. Under these novel conditions, there is no comparable treatment
prescription indicating that such treatment is necessary. At this time there is no conclusive evidence
that vegetation treatments are necessary to achieve purpose and need, and, in keeping with the
goal of limited intervention in wilderness, the NPS dismissed this alternative from further analysis.

If, through monitoring, the NPS measures high sequoia seedling mortality such that project success
is in jeopardy, and if this mortality appears to be rooted in competition with native vegetation,
feasible treatments to control competing vegetation around seedlings could be considered and
evaluated in accordance with the Wilderness Act, National Environmental Policy Act, and other
resource protection laws.

Use other Planting Pattern

At least one correspondent suggested the NPS reconsider planting in the Individual, Clump, Gap
spatial pattern as it has been difficult to implement in other locations. Rather than reject this
methodology based on a handful of experiences in one national forest, the NPS plans to be flexible
in approach and implementation. The goal would be to mimic natural patterns of regeneration as
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much as possible both to replicate the conditions under which giant sequoia thrive and also to
maintain the natural appearance of these areas. Thus, the NPS would continue to plan with the
individuals, clumps, and openings approach and dismissed this alternative from further
consideration.

Plant Understory Vegetation in Addition to Sequoia Mixed-Conifer Seedlings

The NPS considered whether planting of understory vegetation was necessary to achieve project
goals and determined that native shrubs and forbs in the understory are expected to regenerate
naturally absent intervention and doing so is not necessary to meet the purpose and need for
action. Planting such vegetation would also increase the impacts to wilderness character and would
increase project costs. Further, planting understory vegetation would result in increased
competition and crowding for newly established seedlings—the avoidance of which is one of NPS’
primary reasons for proposing to conduct this project as near to post-fire as feasible. The NPS
therefore dismissed from further consideration an alternative that included planting understory
vegetation due to duplication with other, less environmentally damaging, or less expensive
alternatives considered and may inhibit the ability to resolve the purpose and need for action.

Inoculate Soils with Native Mycorrhizal Fungi Where Planting

The NPS considered whether inoculation of soils was necessary to further improve seedling survival
(Fahey et al. 2012). Soil microorganisms across the landscape are diverse, and the NPS has not
studied the arbuscular mycorrhizae in these groves. Soil sampling to assess baseline soil conditions
and monitor changes over time may be considered as part of a long-term monitoring plan, but no
soil amendments are being considered as part of this project at this time due to the high level of
technical unknowns associated with what mycorrhizal species or other soil amendments would be
appropriate and effective, whether growing and transporting them would be feasible, and the
unknown risk of introducing harmful pathogens. This alternative was therefore dismissed from
further analysis as beyond the scope of this environmental assessment.

Monitor Regeneration and Take Action at a Later Time if Necessary

Several commentors asked the NPS to wait several years to determine if more seedlings naturally
regenerate; then plant seedlings if conclusively determined that sequoias and mixed conifers are
not naturally regenerating.

The proposed action integrates field surveys, analyses, and a decision tree that would lead the NPS
to forgo action in an area should data indicate natural recovery is likely (see description of decision
tree in Alternative 2). However, initial analysis of remote imagery has indicated that significant
portions of the six groves targeted for survey and evaluation and potential planting may have such
high tree mortality and limited natural seedling recruitment that they are not expected to recover
on their own, and subsequent field sampling, observation, and analysis in four of the six groves
supports this concern (two of the proposed areas have not yet been surveyed). See Background
starting on page 3 and the Affected Environment for Sequoia Grove Recovery and Resilience
starting on page 41 for more information on the conditions under which sequoia and mixed conifer
forests naturally regenerate and how those conditions differ with what the NPS is finding through
field surveys, observations, and analyses in the areas proposed for action.

Although these field surveys, observations, and analyses are based on less than three years of
data—following precedent-setting impacts from wildfires throughout the Sierra Nevada—the NPS
has little to no indication that conditions found within these forests will improve (i.e., substantially
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more sequoia and mixed conifer seedlings become established) in the next several years to such an
extent that the NPS is confident no intervention is needed to avoid type-conversion of these forests,
prevent an unacceptable loss of giant sequoias in the limited number of groves where they
naturally occur, and restore a corridor of proposed fisher critical habitat. In other words, the lack of
observed natural regeneration at this time in high severity burn areas of sequoias groves and mixed
conifer forests, and the lack of a mechanism and limited research to suggest that more seedlings
will occur in future years, suggests that further monitoring will not reveal changed conditions that
indicate no intervention is necessary.

In fact, monitoring and delaying implementation by several years, as these commenters suggest,
could threaten, or at least certainly impact, project success for several reasons.

First, as stated above, the first two to three years after fire is the natural window for sequoia re-
establishment via seed. While the NPS expects that planting seed/ings—rather than trying to re-
establish trees directly from seed in the field—will extend the window in which sequoias can
successfully establish because they will already have germinated and grown roots and shoots in the
greenhouse, the NPS assumes that the seedlings would grow best under conditions that are most
closely aligned with those the species has evolved to regenerate and establish within (i.e., post-fire
conditions).

Second, as long as tree planting is delayed, shrubs and other vegetation can regenerate and grow
within these areas without competition—decreasing the likelihood that tree seedlings can later
outcompete the shrubs and increasing the likelihood that these areas will type-convert to shrub-
dominated communities. Because of this competition, once shrub communities are established,
successful re-introduction of sequoia and other conifer seedlings within these previously forested
areas could require more intensive, pre-planting intervention, especially as these shrub communities
alter the soil seedbank overtime (Coop et al. 2020; Coppoletta et al. 2016). See discussion on
Alternatives Considered but Dismissed: Remove Existing Fuels either via Manual Thinning or
Prescribed Burning Prior to Planting and Complete Site Preparation Including Herbicide and
Crushing of Vegetation. The sooner tree cover can be established, the sooner forest will be re-
established, and the sooner shrubs will return to a part of the community—not the dominant
vegetation type.

Third, there is some additional urgency to establishing seedlings soon so that they have as much
time as possible to grow to a size that can withstand a subsequent fire, whenever that occurs. This
is particularly of concern if shrubs come to dominate these forests before trees fully establish such
that fires increase in frequency and severity—a characteristic of shrub-dominated forests—and
threaten the remaining grove and mixed conifer forests surrounding these areas. In addition, the
longer the NPS delays implementation, the higher the risk of falling dead trees and the higher the
threat to field workers.

In summary, the NPS believes that the current field surveys, observations, analyses, and decision
tree are sufficient to prevent action being taken in areas that are likely to recover on their own. NPS
data clearly indicate that the risk of regeneration failure is very high and waiting several years to
monitor the fate of these areas is unlikely to generate additional information that would indicate
grove recovery is likely without intervention. Furthermore, delaying the project timeline away from
the natural regeneration ecology of giant sequoia and mixed conifer forest could reduce the
success of planted seedlings and/or result in the need for more complex and intensive interventions,
both of which lower likelihood of achieving purpose and need and may result in field conditions
that are less safe for workers. The NPS therefore eliminated this alternative from further
consideration as it would duplicate other, less environmentally damaging alternatives.

Re-establish Tree Seedlings in Severely Burned Giant Sequoia Groves and Adjacent Fisher Habitat
Chapter 2: Alternatives Page 40 of 75



Chapter 3: Affected Environment and Environmental
Consequences

This chapter provides a description of the existing conditions of specific resources that would be
affected by the alternatives if implemented and the likely environmental consequences from
implementing either the no action or action alternatives considered in this EA. The chapter is
organized by resources/impact topics that were derived from internal and public scoping (see Issues
in Chapter 1) and includes: Sequoia Grove Recovery and Resilience, Fisher Habitat Connectivity, and
Wilderness.

Sequoia Grove Recovery and Resilience

Affected Environment

Exclusion (i.e., agency suppression) of lightning-caused fire in these parks and surrounding lands
began only 125 years ago, yet it has had long-term consequences for the fire adapted forests of
the Sierra Nevada (Hagmann et al. 2021; Lydersen et al. 2019). Before the Castle and KNP wildfires,
the legacy of suppression (or exclusion) had left affected forests with such high and contiguous fuel
accumulations that they were no longer resilient to the fires with which they evolved (Hessburg et
al. 2019). Fire exclusion resulted in dramatic changes to forest structure with a higher density of
small trees (ladder fuels), shifts in species composition, and increases in stand densities. Factors
driven by climate change, including extended periods of hotter, drier drought, and less snowfall
(Diffenbaugh et al. 2015; Griffin and Anchukautus 2014) contributed to fuels accumulations from
the die-off of millions of trees in the Sierra Nevada. These factors likely contributed to certain
sequoia groves—including roughly 750 acres of the sequoia groves—burning at high severity
during the Castle and KNP wildfires.

Fire Effects

The areas of the six sequoia groves where planting is proposed burned in contiguous patches of
high severity fire—a number of which were identified by the RAVG analysis as being up to 300
acres in size. This high severity fire left these forests with very little litter or duff on the forest floor,
little vegetative re-growth, and many standing dead trees that lack needles or leaves. Most areas
experienced near total overstory tree mortality, and thousands of dead or dying trees remain
standing, including hundreds of dead large sequoias. Little to no regeneration of any species were
visible in the initial site assessments in Board Camp Grove during the spring in years one and two
following the Castle Fire (A. Caprio and A. Bishop personal communication 2022). Seedlings that
were present were primarily restricted to small patches in drainages or other protected microsites,
and densities across groves were low. Below are grove specific details for each area where action is
being considered, including the total number of sequoias by class size that predated the Castle and
KNP wildfires based on the Sequoia Tree Inventory (STI) conducted in the 1960s and 1970s'® and

18 STl data is used in the following section as a comparison tool between all groves, as one consistent data set. Notably,
Soderberg et al. 2023 in review includes STI data that is not directly comparable to these numbers because all groves
have not yet been fully surveyed and there are differences in what tree sizes are counted and included.
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(Hammon, Jensen, and Wallen Mapping and Forestry Services 1973; Soderberg et al. 2023 in
review).'?

Like affected sequoia groves, the fisher habitat corridor south of Redwood Mountain Grove also
experienced severe fire effects, and while the focus of this impact topic is on sequoia grove
recovery and resilience, fire effects in the fisher habitat corridor are mentioned briefly, due to their
potential to influence future fire effects in the Redwood Mountain Grove, in particular. See Fisher
Habitat Connectivity analysis beginning on page 52 for more information on the fisher habitat
corridor.

Grove Post-Fire Conditions

Redwood Mountain

At 2,074 acres pre-fire, Redwood Mountain Grove is the second largest sequoia grove by area with
the largest area of old growth and the most mature sequoias in the world (Willard 2000). It is
located on lands managed by Kings Canyon National Park, Sequoia National Forest, and UC
Berkeley (known as Whitaker Forest). The grove ranges from 5,000 feet to 7,200 feet in elevation
(Willard, 2000). It is one of the only groves which has a maintained trail to and through the grove
that is accessible by foot and stock. According to the STI, there were 95,939 living sequoias, with
17,052 over 1’ dbh, 5,959 at least 4’ dbh, 5,358 at least 5’ dbh, and 2,697 over 10’ dbh
(Hammon, Jensen, and Wallen Mapping and Forestry Services 1973).

Four-hundred-ninety-three acres (24%) of this grove burned at high severity during the KNP Fire.
Post-fire, USGS sampled mature sequoia mortality and seedling regeneration from a subset of the
area rather than across the entire grove because of the grove area and time required to complete
full inventory (USGS unpublished data 2022). In fall of 2022, one season post-KNP Fire, samples in
high-severity fire areas of Redwood Mountain Grove recorded 90.5% mortality of sequoias
(Soderberg et al. 2023 in review). Despite some regeneration in the grove, the NPS did not observe
sequoia and mixed conifer seedlings in patterns or densities similar to what has been observed after
previous wildfires and prescribed fires within the high severity areas that are identified for further
evaluation and possible replanting within this proposal. Sequoia seedlings measured within
Redwood Mountain Grove in the first season post-fire had a mean of 4,266 sequoia seedlings per
acre; well below the numbers typically seen after fire and associated with a stable sequoia
population (Stephenson et al. 2023 in preparation) (see Giant Sequoia Ecology on page 3).

Suwanee

Suwanee Grove, at roughly 69 acres in size, is located within the Sequoia-Kings Canyon Wilderness
and in the Marble Fork of the Kaweah River; reachable by a few miles of moderate cross-country
travel (Willard 2000). It had older and larger than average sequoias, with the STI counting 653 live
sequoias, with 196 over 4’ dbh, 174 at least 5’ dbh, and 77 over 10" dbh prior to the KNP Fire
(Hammon, Jensen, and Wallen Mapping and Forestry Services 1973). It also had enormous sugar
pines (Willard 2000). Twenty-seven acres (39%) of this grove burned at high severity during the
KNP Fire. Post-fire assessments conducted by Soderberg et al. (2023 in review) found 60.6%
mortality of sequoias in the high severity areas. Post fire seedling densities for Suwanee in the fall
one year after the KNP Fire were a mean of 4,763 sequoia seedlings/acre across the entire grove

19 Notably, the percentage of large tree mortality exceeds the percentage of acres within these groves that burned at high
severity because some tree mortality occurred across the groves, including in areas that burned at low- and moderate-
severity and is not limited to areas that burned at high-severity.
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(not just in the high severity areas under consideration for planting). This value is well below the
numbers typically seen after fire and associated with a stable sequoia population (Stephenson et al.
2023 in preparation) (see Giant Sequoia Ecology on page 3).

New QOriole Lake

New Oriole Lake Grove spans 15 acres within the Sequoia-Kings Canyon Wilderness (Willard 2000).
The grove is off trail, less than a mile south of Oriole Lake Grove, in the Lake Canyon drainage on
the East Fork of the Kaweah River. STl data showed 89 living sequoias, with 40 trees at least 4’
dbh, 39 at least 5’ dbh, and 15 at least 10" dbh (Hammon, Jensen, and Wallen Mapping and
Forestry Services 1973). This grove is at the lower end of the sequoia range, at 5,900 feet in
elevation (Willard 2000). Three acres (20%) of this grove burned at high severity during the KNP
Fire. Post-fire assessments conducted in 2022 (Soderberg et al. 2023 in review) found 76.7%
mortality of sequoias in high severity areas. Post fire seedling densities for New Oriole Lake were a
mean of 6,875 seedlings/acre which is well below the numbers typically seen after fire and
associated with a stable sequoia population (Stephenson et al. 2023 in preparation) (see Giant
Sequoia Ecology on page 3).

Dillonwood

The Dillonwood Grove—which includes portions of the Garfield Grove located in the same
drainage—totals 1,160 acres and covers lands managed by NPS and USFS on steep north and south
facing slopes of Mt. Dennison in the Tule River (Willard 2000). Dillonwood Grove is thought to have
some of the lowest elevation sequoias in the world at 4,600 feet (Willard 2000). STI data for
Dillonwood Grove included 1,099 living trees, with 407 of at least 4’ dbh (Hammon, Jensen, and
Wallen Mapping and Forestry Services 1973). 102 acres (9%) of this grove burned at high severity
during the Castle Fire. In August of 2021, all large giant sequoias immediately on the south side of
Dennison Ridge were sampled in a 52-acre high severity area. Seventy-three of 88 large sequoia
trees (83%) identified under the STI were dead, though five of these appear to have died or fallen
prior to the Castle Fire (NPS unpublished data 2022). In the first-year post-fire, the NPS found
extremely low regeneration—an average of 33 seedlings per acre—within a small, sampled portion
of the Dillonwood Grove (NPS unpublished data 2022). Like Redwood Mountain Grove detailed
above, this density of seedlings is far below the over 60,000 seedlings typically measured in the
first-year post fire (Stephenson et al. 2023 in preparation) (see Giant Sequoia Ecology on page 3).
During summer of 2023, mortality and seedlings will be more fully measured in a comprehensive
stratified random sampling procedure targeting the high severity areas proposed for planting
following the methods of Soderberg et al. 2023 in review.

Board Camp and Homer’s Nose

Board Camp and Homers Nose Groves, totaling 48 and 119 acres respectively, are located in the
John Krebs Wilderness on south-facing slopes in the South Fork drainage of the Kaweah River
(Willard 2000). These groves offer a remote, extremely steep, off trail wilderness grove experience
for those with a desire to explore off the beaten path. STl data from Board Camp showed 270 total
living sequoias, with 99 (4 of them are double stemmed trees) sequoias at least 4’ dbh, 83 (3
double stem) at least 5’ dbh, and 29 (2 double stem) at least 10’ dbh (Hammon, Jensen, and
Wallen Mapping and Forestry Services 1973). STl data from Homer’s Nose Grove showed 720 living
trees, with 277 over 4'dbh (Hammon, Jensen, and Wallen Mapping and Forestry Services 1973).
Thirty-eight acres (79%) of Board Camp burned at high severity during the Castle Fire and sequoia
mortality in high severity areas was 91.4% (Soderberg et al. 2023 in review); 52 acres (44%) of
Homer's Nose Grove burned at high severity during the Castle Fire but this grove has not yet been
surveyed so we do not known how many remain alive. Measured sequoia seedling densities within
Board Camp Grove during year two post-fire had a mean of 651 seedlings per acre (Soderberg et
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al. 2023 in review). This seedling density is far below the roughly 14,000 seedlings typically
measured two years post fire (Stephenson et al. 2023 in preparation) (see Giant Sequoia Ecology on
page 3).

Current Sequoia Genetic Structure

Based on estimated and field measured losses of large reproductive sequoias within burned groves,
these groves have lost genetic diversity since the fires, which translates into less capacity to adapt
to a changing environment, disease, and pests. Genetic diversity (variation in genes), and the
various ways that genes are expressed when interacting with the environment, are fundamental for
species’ resiliency in response to environmental changes such as novel diseases, insect pests, or
changes in the abiotic environment. This is especially true for stationary organisms, such as sequoia
and other plants, that cannot “move away” from an environmental stressor (DeSilva and Dodd
2021).

The genetic structure within and across sequoia populations is not static. Rather, it changes over
time in response to gene flow, population reduction (i.e., bottlenecks), genetic drift (i.e., loss of
genetic diversity in small, isolated populations subject to chance changes), and natural selection
(Allendorf et al. 2007). Given the loss of large numbers of mature sequoia and limited regeneration
that the NPS has documented in post-fire surveys, the project areas now contain smaller
populations of sequoia, with lower genetic diversity, that are more susceptible to genetic drift
moving forward (Aitken and Whitlock 2013).

In addition, the groves within the project areas likely lost local genetic structure during the Castle
and KNP wildfires. Giant sequoia groves have local genetic structuring, where neighboring trees are
more genetically similar than trees further away in the grove. This occurs because most genetic
exchange from seeds and pollen occurs at a small scale (approximately 200-meter radius) (DeSilva
and Dodd 2021). Due to a combination of large areas with loss of mature trees over many hectares
and poor regeneration, the NPS assumes this local structure has likely been at least partially
diminished in the project areas in comparison to pre-fire conditions (DeSilva and Dodd 2021).

Finally, the climate in the Southern Sierra has warmed 1.2 degree Celsius since mature trees
germinated 1,000-3,000 years ago and is predicted to warm between 1.5-4.8 degrees Celsius by
2100 (Cayan et al. 2008; Gonzales et al. 2018). Coupled with predicted reductions in snowpack
(Sun et al. 2019) and earlier snow melt (Schwartz et al. 2017), conifer trees will likely experience
less available water and increased evapotranspiration in the future (Thorne et al. 2015). These rates
of change are anticipated to outpace the ability of trees to shift locations to track their environment
(Aitken et al. 2008; DeSilva 2020). In addition, long generation times and limited genetic exchange
through pollen and seed dispersal are likely inadequate to facilitate adaptation to a changing
environment through natural selection at the rate of environmental change such as drought or
novel pests or diseases (Aitken et al. 2008). Their extreme longevity means that today's mature
trees germinated in much different environmental conditions, and the species has known low
diversity from a past bottleneck and the small number of groves and trees remaining range-wide
(Fins and Libby 1982; De La Torre et al. 2021). Giant sequoia in Sequoia and Kings Canyon National
Parks showed physiological stress during recent hot drought (Stephenson et al. 2018; Baeza et al
2021) and may lack genes that code for drought tolerant traits (De La Torre et al. 2022). Together,
these factors likely limit genetic diversity and make the grove areas more vulnerable to further
impacts in a changing environment. Despite the above, conditions in the project area are projected
to be suitable for conifer forests in the future; there is no indication that sequoia would not have
continued to persist in these forests if high fuel loading in the affected groves had not led to the
high severity fire effects. In fact, although over 100 million trees died in the Sierra Nevada during
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the 2012-2016 drought, there was limited mortality of mature sequoia trees attributed to drought
(Nydick et al 2018). Less than 40 mature sequoias across the entire range were recorded as dying
from drought related mortality sources during the 2012-2016 drought—demonstrating their
resistance to this event in comparison with all other conifers.

Alternative 1: No Action
Direct and Indirect Effects—Sequoia Grove Recovery and Resilience

Sequoia Grove Recovery

Under the No Action Alternative, the NPS anticipates that roughly 700 acres of giant sequoia grove
would be lost. This acreage is important for several reasons. First, for some groves (Board Camp,
Homer’s Nose, Suwanee) the acreage lost is a significant portion of the total area of the groves
(over a third of total grove area lost, see below). Loss of this much area within a grove would likely
decrease each of these groves’ ability to withstand and recover from future impacts such as fire,
drought, and disease, since a smaller area would remain. Second, as discussed earlier, genetic
diversity within sequoia groves changes across space within a grove, so lost grove area represents
loss of genetic diversity. In other words, each grove is important and maintaining as much grove
area as possible within each grove is important for both grove and species level resilience. For
example, the loss of acreage within in Dillonwood Grove (even though it would be the smallest
percentage of grove lost) would remove connectivity between Dillonwood and Garfield Groves.
Furthermore, mortality of reproductive sequoia and inadequate regeneration to replace dead
sequoias across large areas would likely result in type conversion of these acres to shrublands
(Guiterman et al. 2022), and the vegetative state change characterized by loss of giant sequoia
would be expected to be persistent and therefore continue to adversely affect sequoia grove
recovery into the future (Coop et al. 2020; Guiterman et al. 2022). See Sequoia Grove Resilience to
Future Change for a breakdown of grove specific loss. Additionally, the losses in these groves are
part of the greater rangewide losses that occurred over the 2020 and 2021 fire seasons—estimated
to represent a loss 0f13-19% of all giant sequoias in the world.

Future species composition would be expected to be similar to those described in the Affected
Environment, with sequoias and mixed conifer species largely absent (Coppoletta et al. 2016). Full
shrub dominance would increase over time with each fire cycle, further increasing fuel continuity
and converting former grove footprints to fire-initiated shrub-dominated communities long-term
(Coop et al. 2020). Likewise, the total number of future monarchs within the grove would either
remain reduced (due to of large areas with regeneration failure) or further decline depending on
fire effects from reburn and other impacts to large sequoias going forward (Coop et al. 2020).

Sequoia Grove Resilience to Future Change

The NPS anticipates that the reduction of total grove area described above would in turn adversely
impact sequoia grove resilience to future change in three primary ways.

First, a diminished grove footprint would mean fewer trees occupy a reduced and less diverse
geographic space across which they can respond to potential environmental changes or random
events. For example, outside of drainages, much of the Board Camp Grove area currently suffers
from both high mortality and low seedling regeneration. If no action were taken, the grove is
expected to remain confined to drainages. Were these drainages to experience an environmental
stressor in the future—such as an extreme flood, another high severity wildfire, or a moisture
mediated pathogenic fungus—the remaining diminished grove would be at greater risk to further
loss or potential elimination.
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Table 5: Estimated Acres and Sequoias Lost Under Alternative 12°

Grove Name Grove Area Grove Area Precent of Large (>4’
Pre-Fire Potentially Grove dbh) Sequoias

Potentially Lost

Dillonwood 1,160 102 9% 180

Homer’s Nose 119 52 44% 109

Board Camp 48 38 79% 79

New Oriole Lake 15 3 20% 6

Suwanee 69 26 38% 54

Redwood Mountain 2,074 493 24% 1030

Total 3,485 714 N/A 1457

Second, loss of grove area is also an indicator that the grove has lost genetic diversity. Under the
No Action Alternative, the genetic diversity of the groves would remain as they are today, with an
assumed reduced diversity compared to pre-fire conditions and a corresponding greater risk of
decline in the face of future environmental changes and genetic drift described above in affected
environment.

Third, the loss of hundreds of reproductive sequoias (see estimates in Table 5) would reduce
regeneration potential for a period of centuries or more. Without a soil seedbank, sequoia rely on
cones in the canopy to scatter seed across an area after fire. This aerial seed bank also acts as a bet-
hedging strategy; if a seedling cohort fails, the trees would have another opportunity after each fire
that occurs during their immense lifespan. Therefore, under no action, the future of the six grove
areas proposed for planting would be wholly dependent on this one seedling cohort established
post-fire that NPS had found to be inadequate in many locations.

Although cones with fertile seeds have been observed on sequoias as young as ten years old,
sequoias reach maturity with full cone crops at around 150-200 years (Weatherspoon 1986). An
individual large sequoia tree can hold as many as 30,000 cones, with each cone having an average
of 200 seeds per cone which are held until the right conditions for germination occur (Hartesveldt
et al. 1975; Harvey et al. 1980; Weatherspoon 1986). Given the low germination rate of seeds
(average 22.5%; Stark 1968) and the high mortality of seedlings (as high as 98% within the first
two years; Hartesveldt and Harvey 1967) the long-term absence of large living sequoias, as would
occur under Alternative 1, would result in continued low regeneration potential of these sequoia
groves, adversely affecting each grove’s ability to respond to disturbance and environmental

20 Killed sequoias were estimated using data from Stephenson and Brigham (2021) and Soderberg et al. (2023 in review).
Because not all mortality surveys are complete for all proposed planting areas, and in an effort to provide consistent
information across all groves, the number of sequoias over four feet in diameter in each planting area was estimated by
multiplying the area in acres by the average large sequoia density across all sequoia groves in the parks from Stephenson
and Brigham 2021. This estimated number of large sequoias in the planting area was then multiplied by the average
mortality rate in the high severity areas in the four groves proposed in this project that have been surveyed by Soderberg
et al. (2023 in review) in order to obtain an estimated number of large sequoias killed per proposed planting area.
Although consistent, these estimates may be a bit of an underestimate of large sequoia loss. For example, actual survey
data for Board Camp Soderberg et al. (2023 in review) found 151 sequoias, over 3 feet in diameter, that were killed; in
the New Oriole Lake planting area, 12 sequoias over 3 feet in diameter were killed.
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change. Based on NPS’ understanding of sequoias and conditions in these groves, this diminished
resilience would effectively be permanent.

Future Fire Effects

Giant sequoias are adapted to frequent, low to mixed severity fires. Fire history studies in sequoia
groves show a fire return interval prior to European colonization and subsequent fire suppression of
6 to 35 years (Swetnam 1993; NPS 2022). Since 2015, the NPS and others have seen wildfires
burning with such high intensity that they can kill large, mature giant sequoias. Thus, future fire
effects are critical to understanding how groves would respond under different alternatives. Future
large areas of high severity are likely to result in additional losses of mature giant sequoias and kill
any sequoia seedlings (for sequoia losses in high severity fire, see Shive et al. 2022).

Under the No Action Alternative, the loss of forest cover and vigorous re-establishment of shrubs
would likely result in an adverse vegetation driven shift from a mixed severity fire regime that is
natural in sequoia groves to a high severity fire regime typical of shrub-dominated landscapes
(Coop et al. 2020). In the absence of vigorous competition from conifers, shrubs are expected to
grow together in continuous patches that, combined with the high fuel loads from dead trees,
would reburn at high severity (Lyderson et al. 2019; Nemens et al. 2022). The resulting change in
fire regime would result in a feedback loop that further drives conversion from forest to a fire-
initiated shrub-dominated landscape (Coop et al 2020). It is anticipated that these areas would
experience high severity reburn within 7-20 years while giant sequoia seedlings and saplings are still
vulnerable to wildfire which would perpetuate shrub dominance by killing vulnerable saplings and
would expose/threaten the surrounding groves and forests to high severity fire (Prichard et al.
2017; Stevens-Rumann and Morgan 2019; Coop et al. 2020).

Like sequoia groves, the vegetation composition in the fisher habitat corridor adjacent to Redwood
Mountain Grove is also anticipated to shift toward a fire-initiated shrub-dominated landscape
which would adversely affect forest recovery. While such a transition would not affect all groves,
this shift would be anticipated to increase contagion between large contiguous shrub-dominated
landscapes increasing fire frequency and severity of reburn in Redwood Mountain Grove due to its
proximity to the proposed fisher habitat planting area. Such a transition would therefore be
anticipated to result in adverse fire effects in Redwood Mountain Grove in particular.

Genetic Structure of Sequoia Groves

As discussed in the affected environment, the genetic structure in affected sequoia groves has
already been modified from its pre-fire conditions. However, the living trees that remain within and
adjacent to the proposed planting areas would retain their genetic diversity and continue to
contribute to the future genetic structure, and some of the seedlings that have naturally
regenerated following the Castle and KNP wildfires could survive to reproductive age and
contribute to the genetic variation within the grove as well (i.e. not all the genetic variation in the
trees killed by the fires has been lost). That said, under the No Action Alternative, the existing
genetic diversity, which is less diverse than was there before the wildfires, would continue and
groves would remain at increased risk of genetic drift (Allendorf et al. 2007), particularly if high
severity fire threatens trees within the remaining portions of the groves or another natural event
wipes out the isolated populations of tree seedlings that are currently regenerating. Under
Alternative 1, the NPS anticipates genetic structure of sequoia groves to be adversely affected to a
greater degree than other alternatives considered.
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Cumulative Effects —Sequoia Grove Recovery and Resilience

Following a similar regiment to seed collection actions being proposed under the EA, the NPS
collected sequoia cones in 2021, 2022, and 2023 in order to protect the diversity of sequoias
through seed banking and to maintain an option to support planting sequoia seedlings were a
decision made to replant proposed areas. Because the NPS collected limited quantities (<10% of
cones from any population) of seed following best management practices, these collections would
not cumulatively affect sequoia grove recovery and resilience (see Seed Collection and Treatment in
Chapter 2, page 28 for further information).

Actions implemented under the Fire and Fuels Management Plan (FFMP) (NPS 2003)—such as
suppression of wildfire or monitoring and managed use of wildfire—may influence sequoia mixed
conifer recovery and resiliency in the project areas (NPS 2003). Although, fuel levels are not
anticipated to be high enough to carry a high-severity fire in these areas for five to seven years
post-fire, suppression or managed wildfire use may be necessary in 7-15 years, as fuel loads
increase, and wildfire returns to the project areas. Continued suppression over time would
adversely affect overall resiliency of recovering areas (if any) and could lead to adverse conditions
which caused the original degradation (high fuel loading). On the other hand, the decision to not
suppress wildfire or inability to manage wildfire entering these areas when seedlings are very young
could lead to loss of some, if not all, of the few seedlings that have naturally become established.

Alternative 2: Replant Seedlings Using Seed Propagated from Seed Collected
from both the Local Genetic Community and Other Source Populations
(Preferred Alternative)

Direct and Indirect Effects—Sequoia Grove Recovery and Resilience
Sequoia Grove Recovery

Replanting the six affected sequoia groves would restore seedlings to roughly 700 acres of affected
groves at densities expected to direct the trajectory of severely burned areas toward forest recovery
to their pre-fire conditions, beneficially affecting sequoia grove recovery. Once seedlings were
established, the NPS anticipates that natural and dynamic post-fire recovery processes would
continue, and the seedlings would mature over a period of centuries, such that large sequoias
would be the dominant feature within most, if not the entire, grove footprint. Overall grove area
and large sequoia density would largely be restored to pre-fire conditions in each of the six groves
that could change in response to future natural processes.

Sequoia Grove Resilience to Future Change

Given the overall low genetic diversity of this species and the anticipated future changes due to
climate change and other stressors, increasing the genetic diversity of local populations, as
proposed in Alternative 2, is expected to beneficially affect the overall ability of the species to
persist in the long term for several reasons when compared to other alternatives considered.

Some sequoia groves in more arid environments show evidence of adaptations to summer
temperatures and precipitation (DeSilva and Dodd 2020; De La Torre et al. 2021), suggesting that
groves which are currently more arid have genetic adaptations to improve their survival and fitness
to higher temperatures and drought. Based on this finding, De La Torre et al. (2021) concluded that
some groves, including Redwood Mountain Grove, would need increased genetic diversity to adapt
to a warming climate. In addition to selecting for adaptation to drought, adding genetic diversity,
particularly to small groves, would provide more options for sequoias to adapt to unforeseen
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factors in the future (Broadhurst et al. 2008; Aitken and Bemmels 2016). Based on these studies,
the ecology of conifers, and their responses to past environmental changes, the NPS expects that
increasing genetic diversity would boost overall grove resilience to future environmental changes
including potential new pathogens, altered wildfire regimes, increasing temperatures, and hotter
drought (see Appendix E for more information).

In addition, regardless of the seed source, the restored grove would increase the areas across which
each grove could recover from environmental events (e.g. extreme flooding, the next high severity
wildfire, or pathogens) because groves that occupy a larger area with more varied topography and
microhabitats are both buffered by size and variable conditions from being lost due to a single
event or stressor. Similarly, over a period of many decades, Alternative 2 is anticipated to result in
observed re-establishment of reproductive sequoias, restoring the regeneration potential to the
affected groves to a greater degree than Alternative 1 (and equivalent to Alternative 3). As the
trees mature, they would create greater quantities of cones and seed and across a broader
geographic area, bolstering their ability to respond to disturbance and environmental change in the
future.

Future Fire Effects

As the standing dead trees fall and shrubs and herbaceous plants become established, there would
be an increased potential for reburn at high severity, which could kill planted seedlings and those
naturally regenerating (Coop et al 2020). Planted seedlings’ risk to reburning would be expected to
peak between roughly 7 and 20 years, as fuels accumulate but saplings are not yet able to survive
high fire intensities to ensure grove recovery (A.Caprio personal communication 2022; York et al.
2021; Coppoletta et al. 2016). Similar to alternative 1, future fire effects are not fully known due to
the unprecedented scale of high severity fire experienced by these groves and associated unknowns
with how fuels will accumulate post-fire. However, under Alternative 2, the NPS anticipates long-
term re-establishment of tree cover through replanting such that established trees would shade out
some of the shrub cover and return fire and fuel dynamics to those of the historic frequent fire
forest. This would result in more beneficial and natural fire effects when compared to Alternative 1.

Sequoia Grove Genetic Structure

Under Alternative 2, up to 20% of nonlocal genotypes would be introduced into a population
during replanting. Since the remaining 80% of seedlings would be sourced from the genetic
neighborhood and some of the genotypes and genetic structure of the original groves are retained
through the natural regeneration, the risk of swamping (loss of genetic diversity currently existing
in the population) is low (Aitken and Whitlock 2013) and is not expected to affect sequoia grove
genetic structure. Retention of original grove genetic diversity and use of 80% locally sourced
seedlings means that any unique phenotypes such as twisted bark—if any such trees were present
and survived the fire—would likely be retained since most of the genetic material would still be
local in origin and some natural regeneration has occurred and would continue to occur from any
remaining live large sequoias in the groves.

The main concern when moving individuals to a new habitat is outbreeding depression—where
offspring are less well adapted to the site because of long-divergence or poor adaptation to local
conditions (Aitken and Whitlock 2013). However, the NPS would use seeds sourced from the
southern range of giant sequoia, which show genetic evidence of not being long diverged. In
addition, adding no more than 20% from non-local groves and using seeds sourced from known
high-diversity groves, would provide a buffer against non-drought stressors (Broadhurst et al.
2008), increase the probability of tree survival and therefore project success.
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Regardless of NPS action or inaction, the NPS anticipates that the genetic structure of the groves
within the action areas will change in the future in response to immigration, emigration, and
selection (Allendorf et al. 2007). There is little risk of Alternative 2 negatively impacting population
fitness as those individuals not adapted to future stressors would perish and fail to pass their genes
to the next generation. Based on NPS understanding of sequoia genetics and outbreeding
depression, the NPS concludes that adding 20% nonlocal genotypes would limit potential risks
and maximize adaptive benefits to recovery and resilience of giant sequoia groves, which would
increase the potential for long-term success and tree survival (see also Appendix E).

Cumulative Effects —Sequoia Grove Recovery and Resilience

Cumulative effects would be like those described in Alternative 1; however, the decision to either
suppress wildfire, allow fire to burn, or implement other fire management activities when seedlings
are young would additionally affect planted seedlings and would in turn influence long-term
recovery and resilience of these groves.

Alternative 3: Replant Seedlings Propagated from Seed Collected from the
Local Genetic Community of Each Replanted Area

Direct and Indirect Effects —Sequoia Grove Recovery and Resilience
Sequoia Grove Recovery

Like Alternative 2, replanting the six affected sequoia groves would restore seedlings to roughly
700 acres of affected groves at densities expected to direct the trajectory of severely burned areas
toward forest recovery to their pre-fire conditions, beneficially affecting sequoia grove recovery.
Once seedlings were established, the NPS would anticipate that natural and dynamic post-fire
recovery processes would continue, and the seedlings would mature over a period of centuries,
such that large sequoias would be the dominant feature within most, if not the entire, grove
footprint. Overall grove area and large sequoia density would largely be restored to pre-fire
conditions in each of the six groves that could change in response to future natural processes.

Sequoia Grove Resilience to Future Change

Under Alternative 3, replanted seedlings would be sourced from the groves within a local genetic
neighborhood only. Sequoia grove resilience to future environmental changes would be beneficially
affected to a greater degree over Alternative 1 in two main ways, but remain diminished when
compared to Alternative 2, as further described below.

First, should planted tree seedlings successfully become established as expected, they would
functionally replace those sequoias lost in high severity fire. The restored grove would increase the
areas across which each grove could recover from environmental events (e.g. extreme flooding, the
next high severity wildfire, or pathogens) because groves that occupy a larger area with more
varied topography and microhabitats are both buffered by size and variable conditions from being
lost due to a single event or stressor.

Second, over a period of a many decades, Alternative 3 is anticipated to result in observed re-
establishment of reproductive sequoias, restoring the regeneration potential to the affected groves
to a greater degree than Alternative 1. As the trees mature, they would create greater quantities of
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cones and seed and across a broader geographic area, bolstering their ability to respond to
disturbance and environmental change in the future.

While grove resilience would be improved to a greater degree than Alternative 1, long-term
resilience to future change would remain diminished when compared to Alternative 2 due to seed
being sourced only from trees that are already genetically connected (from the same genetic
neighborhood). This is primarily because, while giant sequoia likely has local adaptation to local
climate, future conditions are expected to be substantially different from the climate 1,000 to
3,000 years ago, when today’s mature trees germinated. Sourcing seed only from the local genetic
community under Alternative 3 would result in seedlings adapted to a climate that has now
changed several degrees Celsius (see Affected Environment). Therefore, the overall genetic variation
available to respond to any future environmental stressors would remain as it is today.

Future Fire Effects
Future fire effects under this alternative would be the same as in Alternative 2.

Sequoia Grove Genetic Structure

Under Alternative 3, genetic structure of the impacted groves would be increased over the No
Action Alternative through addition of material from the genetic neighborhood (see Alternative 2
for details) and would therefore likely have similar—though not exactly the same—genetic makeup
as the groves being replanted. The resulting genetic structure would most closely match the pre-fire
condition as planted seedlings would contain some of the genetic diversity lost through the
destruction of large sequoia trees but is still available in the neighborhood. Since these groves are
connected through gene flow already, this alternative does not introduce genetic material that
could not have otherwise occurred naturally had groves remained intact. Rather, some of the
diversity that may have been lost through the impacts of the fire would be returned but likely not
all because of the local post-fire genetic structure of giant sequoia that was present in the grove
would not likely be entirely replicated by inclusion of seeds from other local groves (see Affected
Environment).

Cumulative Effects —Sequoia Grove Recovery and Resilience

Cumulative effects would be like those described in Alternative 2.

Fisher Habitat Connectivity

Affected Environment

This section of the analysis focuses on the proposed 485-acre fisher habitat corridor, rather than all
areas where planting is proposed, because Sequoia Grove Recovery and Resilience is analyzed
under the previous section and impacts from project related to disturbance to wildlife are evaluated
in issues considered but dismissed.

Fisher (Pekania pennanti) are medium-sized carnivores within the Mustelidae family (the “weasel
family”) which historically inhabited a broad swath of the forested landscapes within North

America (Lofroth et al. 2010). While not exclusively dependent on old-growth forests, fishers are
associated with many of the characteristics found in mature forests such as dense canopy cover,
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large diameter trees, and fine-scale habitat features created over time by decay (e.g., cavities in
trees; Weir et al. 2013; Purcell et al. 2009; Green et al. 2019).

The United States Fish and Wildlife Service (USFWS) listed the Southern Sierra Nevada distinct
population segment of the fisher as endangered under the Endangered Species Act (ESA), effective
June 15, 2020 (USFWS 2020). Some primary causes of endangerment noted at the time of listing
included “loss and fragmentation of habitat resulting from high-severity wildfire and wildfire
suppression (i.e., loss of snags and other large habitat structures on which the species relies),
climate change, and tree mortality from drought, disease, and insect infestations” (USFWS 2020).

This southernmost population within the Sierra Nevada is also isolated from any extant populations
to the north (Zielinski et al. 2005). Although fishers and the forest types in which they occur in the
Sierra Nevada evolved with fire as a natural disturbance, the general pattern of occurrence was
frequent, low to moderate severity fire with occasional patches of high severity (as reported for
mixed conifer and yellow-pine forests; Safford and Stevens 2017). However, more than a century of
fire exclusion, more frequent drought, and a warming climate are now contributing to wildfires
that are larger in scale and severity than would have occurred historically (e.g., Meyer et al. 2022).

Landscape level habitat models for this region represent fisher habitat in a roughly north-south
collection of large but narrow habitat patches (“cores”) over elevations ranging from approximately
3,000 - 9,000 feet and which are separated by major river canyons including the Merced, San
Joaquin, Kings, and Kaweah Rivers (Zielinski et al. 2005; Spencer et al. 2016). Habitat types of
relatively high value for fisher in this area include Montane Hardwood-Conifer, Ponderosa Pine,
Sierran Mixed Conifer, and White Fir forests (based on the California Wildlife Habitat Relationship
(CWHR) systems) (R. Green personal communication.; https://wildlife.ca.gov/Data/CWHR/Wildlife-
Habitats). Spencer et al. (2016) mapped the predicted fisher distribution in this area as a series of
seven core areas (six of which are currently occupied) and six corridor areas, as consistent with
data on fisher space-use patterns and landscape genetic patterns. While fishers are thought to be
able to move and establish home ranges relatively freely within habitat cores, dispersal between
them is thought to be relatively rare, especially by females (Tucker 2013; Tucker et al. 2014).

Fisher Habitat Status, Trends, and Fire Effects

Over much of the Sierra Nevada, the fisher’s mixed-conifer forest habitat is outside the natural
range of variation (NRV) due to historic logging, fire suppression, and climate change (Safford et al.
2012; Mallek et al. 2013; Safford and van de Water 2013). This may elevate the risk of forest

loss and fragmentation by large, severe fires and other disturbances (Miller et al. 2009; Churchill

et al. 2013) and consequently, at least the temporary loss and fragmentation of fisher habitat
(Scheller et al. 2011; Spencer et al. 2016).

Between 2012 and 2015, a widespread drought led to massive tree mortality across Sequoia and
Kings Canyon, and over 140 million trees may have died in California, including large areas in the
lower and mid elevation conifer zones in the parks. Greater than 20% of trees may have died in
the lower elevation mixed-conifer zone with mortality decreasing with an increase in elevation
(Stephenson et al. 2018). An unknown number of tree mortalities continue as bark beetles kill trees
in the Sierran mixed conifer and subalpine forests within the parks. Thompson et al. (2020)
described the amount of reduced fisher habitat available as a result of these events. Current habitat
conditions will continue to change as forest dynamics are altered by climate change and
subsequent tree mortality events—including high severity fire.

Re-establish Tree Seedlings in Severely Burned Giant Sequoia Groves and Adjacent Fisher Habitat
Chapter 3: Affected Environment and Environmental Consequences Page 52 of 75


https://wildlife.ca.gov/Data/CWHR/Wildlife-Habitats

Though sequoia groves are a subtype of the mixed conifer forest fisher rely on, there has been
limited study on the specific use of sequoia groves by fisher—although current studies in both
Yosemite National Park and Sequoia-Kings Canyon National Parks hope to provide new insights in
the next year or two. In the southern Sierra Nevada, fishers have been detected in and around
sequoia groves using non-invasive methods (remote cameras, track plates), and on-going studies
using GPS collars have documented some fisher home ranges which encompass all or portions of
individual sequoia groves (Green unpublished data 2023). While the NPS expects that the severely
burned condition of groves proposed for replanting has also resulted in reduced fisher habitat value
of these roughly 700 acres, female fishers in this region have home ranges that are approximately
1,800 to 2,500 acres in size; the NPS therefore assumes they may be able to navigate around
severely burned patches in areas where a network of suitable live forest remains (R. Green personal
communication April 2023). Therefore, despite the extent to which high severity fire affected
sequoias in these groves, denning, foraging, resting, or dispersal habitat for any fisher who
continue to occupy these areas remains available in surrounding areas (R. Green personal
communication April 2023).

In contrast to sequoia groves, the NPS expects that the loss of suitable habitat in the severely
burned 485-acre proposed critical habitat corridor will be a barrier to fisher movement across the
landscape. This concern stems primarily from the size of the burned patch and the context of this
area in relation to remaining green forest patches located on either side and that fisher continue to
use. Currently the corridor area has very little litter or duff on the forest floor, limited or spotty
vegetative re-growth (varies across the landscape), and most standing dead trees lack needles or
leaves. This area, unlike other mixed conifer areas that burned at moderate to low severity,
currently provides very little habitat value for fisher. While many burned snags remain standing,
many of these do not retain suitable microsites (e.g., cavities), and they occur in relatively open
areas which may be risky for fishers to use and are likely very hot in summer.

To consider where the KNP Fire may have impacted fishers and fisher habitat within the boundaries
of Sequoia and Kings Canyon National Parks, the NPS quantified and compared the extent of
potential fisher habitat within the parks pre-fire with how much occurred within the KNP footprint
(in the parks) in a GIS analysis. Specifically, the NPS combined available spatial data into two
categories: 1) “reproductive fisher habitat”, and 2) “all fisher habitat”. The basis for the fisher
reproductive habitat category was the post-drought fisher reproductive habitat model (CBI 2021),
but to be sufficiently inclusive, the NPS also incorporated the slightly older pre- and post-drought
denning habitat models from CBI. The goal of the “all habitat” category was to represent any areas
where fishers might forage, travel, or disperse, as well as core resting and reproductive habitat;
thus, for this broad category, the NPS included all data in the reproductive habitat category plus
fisher foraging and high-quality habitat from CBI (2015).

Using this approach, the NPS calculated 102,009 acres of modeled “reproductive fisher habitat” in
the parks, with 43,733 acres in the park portion of the KNP Complex footprint (42.9% burned).
The NPS calculated 229,983 acres of modeled “all fisher habitat” in the parks, with 60,183 acres in
the park portion of the KNP Complex fire footprint (26.2% burned). In addition, Meyer et al. (2022)
used a circuit-scape modeling approach to identify areas, including the 485-acre proposed fisher
critical habitat corridor located in core area 3 proposed for replanting under this EA?", where
habitat connectivity for fisher has been severely reduced or constricted by recent high severity fire
within the southern Sierra Nevada. These “pinch points” typically occur in areas where high severity

21 Total critical habitat acreage is subject to change once critical habitat designation is finalized.
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fire has created large areas of open land (i.e., little to no live tree cover) in between remaining
green (or predominately green) forest. Notably, fishers were detected in the area proposed for
replanting just prior to the KNP Fire and are known to currently occur in remaining intact adjacent
green forest on either side (Green unpublished data 2023).

Alternative 1: No Action
Direct and Indirect Effects — Fisher Habitat Connectivity

The No Action Alternative would leave the identified vital 485-acre fisher habitat corridor
vulnerable to conversion from its pre-fire forested state to a fire-initiated shrub-dominated
community in the long term. Though the acreage lost under Alternative 1 represents 3% of the
over 12,000 acres of fisher habitat lost to high severity during the KNP wildfire, the context of the
area within the matrix of remaining habitat, combined with the size and continuity at which this
forest patch burned, means that lack of forest recovery in this particular area would continue to
restrict fisher movement across the landscape.

Under Alternative 1, type conversion is likely in the middle of large heavily burned patches where
few (or no) live conifers remain to provide a seed source. While some burned snags would remain
standing in the short-term (a period of 10-15 years or more depending on species), many of these
have limited value for resting or denning as they do not retain suitable microsites (e.g., cavities),
they occur in relatively open areas which may be risky for fishers to use and very hot in summer,
and regardless, the snags will eventually fall. While the resulting logs would provide some cover for
fishers and their prey in this corridor, a landscape dominated entirely by burned logs and shrubs
does not meet all the habitat requirements for fishers to meet daily survival needs, successfully
reproduce, and/or safely disperse. As well, shrub dominance could contribute to future high
severity fires due to the combination of heavy fuel loads and high shrub flammability. Such large
unforested patches on the landscape could become barriers to movement for fisher between
forested patches remaining on either side, further restricting dispersal options for young animals
and limiting gene flow in a population that already has limited genetic diversity.

In the long term, the NPS expects that implementing Alternative 1 would result in this vital fisher
habitat corridor having limited or lower suitability value to fishers due to lack of high-quality
standing rest and den structures and limited availability of key high calorie prey (e.g., tree squirrels
such as Douglas squirrel, Humboldt's flying squirrel). While the forest-shrub edge areas may
continue to provide some opportunities for foraging and travel, the central areas may become
barriers to movement.

Specifically, fishers may be reluctant to explore or cross large areas with limited tree cover to get to
other remaining suitable green forest on the other side — thus limiting dispersal options for young
fishers, mating opportunities for adult male fishers, and foraging opportunities for fishers in
general. Additionally, if fishers do venture into these more open or shrub-dominated habitats
during dispersal or other activities, they may be at increased risk of predation by larger carnivores
(e.g., mountain lion, bobcat) due to limited safe escape routes or resting structures. This is
especially relevant in the proposed action area because suitable green forest for fishers is currently
still available on either side of the area proposed for re-planting conifers and fisher are known to
occur in these surrounding areas (Green unpublished data 2023).

While resource managers and researchers are still learning about fisher use of the landscape under
postfire conditions, findings from Thompson et al. (2021) and preliminary findings from on-going
work in the southern Sierra Nevada (Green unpublished data 2023) suggest that large open and/or
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shrub-dominated areas within relatively recent fire footprints tend to be used infrequently, if not
avoided, by fishers while patches of low, moderate or mixed-severity fire, “fire skips,” and/or areas
with concave topography in fire footprints are more likely to correspond with use. Should habitat
suitability remain low and this area remain a barrier, it would adversely affect fisher habitat
connectivity for the foreseeable future.

Cumulative Effects — Fisher Habitat Connectivity

Actions implemented under the Fire and Fuels Management Plan (FFMP) (NPS 2003)—such as
suppression of wildfire or monitoring and managed use of wildfire—may influence fisher and fisher
habitat in the proposed action area (NPS 2003). Although fuel levels are not anticipated to be high
enough to carry a fire in these areas for five to seven years post-fire, suppression or managed
wildfire use may be necessary in 7-15 years, as fuel loads increase and wildfire returns to the
project areas (L. Mathiesen, personal communication March 2023).

Continued suppression over time would adversely affect overall habitat suitability by maintaining
overly dense forest stands which could ultimately lead to conditions which caused the original
degradation (high fuel loading and subsequent high severity fire effects). On the other hand, the
decision to not suppress wildfire entering these areas, or to implement other fire management
activities such as prescribed burning, when seedlings are very young could lead to the loss of some,
if not all, of the few seedlings that have naturally become established, further reducing the
likelihood that a mixed conifer forest will recover in the area and increasing the likelihood that the
area type converts to a shrub-dominated community which would adversely affect habitat
connectivity overall.

Alternative 2: Replant Seedlings Grown from Seed Collected from the Local
Genetic Community and Other Source Populations (Preferred Alternative)

Direct and Indirect Effects — Fisher Habitat Connectivity

Over a period of up to 20-50 years, as shrub cover remains dominant and tree seedlings have not
yet achieved the size where stand structure has improved, fisher habitat value and associated
effects on fisher would continue to be like those described in the affected environment and under
Alternative 1, though continually improving as canopy cover develops. Over a period of 50-100
years and beyond, stand structure would continue to improve and habitat value would continue to
increase across the 485-acre fisher habitat corridor project area. Improving habitat value in this area
would, in turn, facilitate fisher movement dispersal and associated gene flow vital to the species
conservation and meet fisher habitat requirements for foraging, resting, denning, and predator
avoidance.

Focusing restoration at this location would presumably help to speed up the growth of tree cover in
areas where facilitating safe movement of fisher can yield the greatest relative benefit on the
landscape.

Because this area of mixed conifer forest is one of the “pinch points” identified as a high priority
for restoration, restoring this area is particularly important for providing a linkage between forested
areas on either side that were unchanged or burned at low to mixed severity and therefore retain
green trees (Meyer, et al. 2022). As mentioned previously, not only was this habitat modeled as
important for fisher, but fishers were detected in the proposed planting area just prior to the KNP
complex and are known to currently occur in remaining intact adjacent green forest (Green
unpublished data 2023). At some point, this 485-acre area of core area 3 would become
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indistinguishable in terms of habitat suitability and use from green forest patches currently
occupied by fisher on either side of the proposed planting area.

In addition to direct beneficial effects on habitat suitability and connectivity, re-establishment of
tree cover would indirectly benefit fisher by improving habitat suitability for key fisher prey species
(e.g., tree squirrels) and large-bodied primary cavity excavators (e.g., pileated woodpecker) that
play an important role in creating reproductive den cavities for female fishers.

Cumulative Effects — Fisher Habitat Connectivity

Cumulative effects would be like those described in Alternative 1; however, the decision to either
suppress wildfire, allow fire to burn, or implement other fire management activities would
additionally affect planted seedlings. These decisions would in turn influence long-term recovery
and resilience of fisher habitat. What actions, if any, might be necessary to address fire resilience
and the impacts of those actions would need to be evaluated and addressed in the future, as fuels
accumulate across the action area.

Alternative 3: Replant Seedlings Grown from Seed Collected from the Local
Genetic Community of Each Replanted Area

Direct and Indirect Effects - Fisher and Fisher Habitat Connectivity
Same as Alternative 2.
Cumulative Effects - Fisher and Fisher Habitat Connectivity

Same as Alternative 2.

Wilderness

Affected Environment

The six groves and proposed critical habitat corridor are located within a matrix of designated and
recommended wilderness whose combined 840,000 acres comprise nearly 97% of the lands
managed within Sequoia and Kings Canyon National Parks. The proposed action within three
groves, Redwood Mountain, Suwanee, New Oriole Lake, and the fisher proposed critical habitat
corridor total roughly 989 acres and occur entirely within the 735,000 Sequoia-Kings Canyon
Wilderness, while the proposed actions within Homers Nose and Board Camp Groves, totaling 90
acres, occur entirely within the 40,000-acre John Krebs Wilderness. The remaining grove area,
Dillonwood, where roughly 52 acres of lands managed as wilderness are proposed for replanting,
occurs primarily within the 30,000-acre Hockett Area Recommended Wilderness, though overlaps
slightly with the John Krebs Wilderness to the North, and more extensively with non-wilderness
areas at the very southern end of Sequoia National Park. As mentioned in Chapter 1, areas that are
designated wilderness or recommended wilderness will be referred to jointly as wilderness for the
purposes of this EA.

In order to secure for the American people of present and future generations the benefits of an
enduring resource of wilderness, the NPS is charged by statute with preserving “wilderness
character.” However, the Wilderness Act does not define this term. Rather, the four federal land
management agencies that steward wilderness worked together on a common framework to
define, quantify, and monitor wilderness character to meet this statutory requirement. This
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interagency framework defines wilderness character as a holistic concept comprised of five tangible
“qualities” found in the language of the Act: untrammeled, natural, undeveloped, opportunities
for solitude or primitive and unconfined recreation, and other features of value.

e Untrammeled: Wilderness is essentially unhindered and free from the intentional actions of
modern human control or manipulation.

e Natural: Wilderness is comprised of ecological systems that are substantially free from the
effects of modern civilization.

e Undeveloped: Wilderness is essentially without permanent improvements or the sights and
sounds of modern human occupation.

e Opportunities for solitude or primitive and unconfined recreation: Wilderness provides
outstanding opportunities for solitude or a primitive and unconfined type of recreation.

e Other features of value: Wilderness may also contain ecological, geological, or other
features of scientific, educational, scenic, or historical value.

The first four of these qualities, including their status and trends within the Sequoia-Kings and John
Krebs Wilderness areas, are described further below; other features of value, though they may be
present and may contribute to wilderness character, are not described further as identification of
specific features has not been completed or mapped relative to the project areas.

Wilderness character across the areas where action would be considered is moderately degraded
when compared to more eastern and northern areas of these wilderness areas (Tricker et al. 2014).
While some qualities of wilderness character in the project area(s) are stable, others are regionally
declining (Tricker et al. 2014, NPS 2015c). The following are descriptions of wilderness character
and influences on wilderness character within the proposed action areas.

Influences on Untrammeled Quality

Fire management activities, as implemented by federal land management agencies, has included
hundreds of fire exclusion actions in the drainage vicinity where the proposed planting areas are
located and have been documented as early as 1922 (NPS unpublished data n.d.) (see also
Appendix C). Although the extent to which suppression as the primary response to wildfire has
decreased with shifts in NPS policy, fire management—including suppression—is likely to continue
to some extent in the action areas. Full suppression wildfires with extensive suppression activities
(fire line construction and aerial retardant drops), such as what occurred during the 2020 Castle
and 2021 KNP wildfires, represent the most significant recent trammeling actions within or near
the project areas, but the removal of cones from these groves (both those from live remaining trees
and those scattered on the ground) between 2021 and 2023 have likewise trammeled several of
the project areas and other groves within the seed zone.

Influences on Natural Quality

Departure from historic fire regime has been judged by subject matter experts to be the most
important negative influence affecting biophysical resources throughout Sequoia-Kings and the
John Krebs Wilderness areas (Tricker et al. 2014). Prior to the Castle and KNP wildfires, the low to
mid-elevation forests in these areas of the wilderness areas—including many sequoia groves in
wilderness—have significantly departed from the historic fire regime (Caprio et al. 1997; Caprio et
al. 2002; Keifer et al. 2000). While the Castle and KNP wildfires may have regionally benefitted
natural quality in areas where moderate to mixed severity fire occurred, RAVG analysis indicates
that over 23,000 acres of wilderness, including 13,000 acres of proposed fisher critical habitat and
sequoia groves, burned at high severity and therefore experienced unnaturally severe fire effects—
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fully incinerating fuels and killing thousands of trees, including sequoias, other mixed conifers, and
their seed (see Table 1 on page 19 and Table D 1 in Appendix D). In locations where large
contiguous areas of severe fire effects occurred, natural quality, as it relates specifically to fire
regime, has therefore been further degraded rather than restored.

Because giant sequoia are an attribute of the natural quality of wilderness character (NPS 2014),
their loss across 750 acres of wilderness contributes considerably to a decline in natural quality of
wilderness character across the wilderness areas but most particularly within the action area itself.
As mentioned in previous sections, fisher is a federally endangered forest dependent species, and
all wildlife contribute to natural quality. Therefore, the implications of forest loss—especially loss of
over 12,000 acres proposed as critical fisher habitat—also negatively influences natural quality.

Other local influences which negatively influence natural quality include air pollution from regional
sources, deposition of contaminants, and ambient light originating from the nearby population
centers. Climate change is a global problem that has implications for the natural quality of
wilderness character across all wildernesses in these parks (NPS 2015c).

Influences on Undeveloped Quality

There is one trail in the Redwood Mountain Grove where occasional chainsaw use for trail clearing
is the primary factor affecting the undeveloped quality of wilderness, but any helicopters used to
transport materials for cone collection or mechanized use to maintain administrative backcountry
camps, along with the camps themselves (see footnote 10 on page 28), also intermittently and
temporarily degrades this quality. There are also a few Fire Monitoring Handbook (FMH) plots
located in Redwood Mountain and Suwanee Groves. There are no other non-recreational
developments in the wilderness portion of the action area.

Influences on Opportunities for Solitude or Primitive and Unconfined Recreation
Quality

Of the portions of the action areas that fall within wilderness, Redwood Mountain Grove is the
most accessible, accessed directly by trail within 4 miles of a trailhead. However, much of the
wilderness in the action area is seldom visited due to steep terrain and lack of trails in most areas.
Despite the fact that these areas are severely burned, the opportunities for solitude or primitive and
unconfined recreation continue to exist to the extent that those desiring to visit or recreate in such
areas are not deterred by high numbers of burned snags and can access such areas without trails.
For those wilderness visitors requiring trails to travel through wilderness, opportunities for solitude
are more readily accessible in the Redwood Mountain Grove area, though this opportunity would
be more confined if the visitors chose to remain on trail.

The presence of crews hiking to, camping within, and conducting post-fire monitoring or seed
collection in all groves included in this EA and those within the seed zone of these groves (see
footnote 10 on page 28), as well as any potential use of helicopter to transport equipment for
these purposes, also influences opportunities for solitude in affected areas when crews are present.
As well, the sights and sounds from other human-generated noise, including aircraft sounds, may
be audible up to nearly 10% of a given day even in remote wilderness (NPS 2005-2006). In all of
these areas—due in part to remoteness and in part due to fire effects and subsequent hazards
within these areas—uvisitation is anticipated to be currently very low (likely less than 200 visits per
year) such that it is rare to see another person within these areas at this time.
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Alternative 1: No Action

Direct and Indirect Effects—Wilderness

Wilderness Character

UNTRAMMELED
There would be no effect on this quality.

NATURAL

Should sequoia and mixed conifer remain either absent or at densities below that needed to
support recovery of affected sequoia groves, as expected (see Sequoia Grove Recovery and
Resilience on page 41), the total acreage of sequoia groves in wilderness would remain diminished
by roughly 700 acres in the long term. Due to type conversion and high severity fire feedback
loops, this timeframe is expected to be indefinite. Likewise, the total number of sequoias within
wilderness, including the total number of potential future monarchs, would also be reduced in the
long term—again, expected to be indefinite. Though this number is difficult to quantify, the NPS
assumes that the number of sequoias remaining in wilderness in the long term would be roughly
720 fewer than those that existed pre-fire (see Table 5 on page 46).

Because giant sequoias are an attribute of wilderness character in these parks, their loss from
affected areas of the landscape would adversely affect the natural quality of wilderness in the long
term as well as contribute to the overall adverse trajectory of wilderness character in these parks
toward less natural, given that their loss is determined to be the result of human influence. The
natural quality would be further adversely affected if, as expected, cycles of high severity fire
resulting from conversion to fire-initiated shrub-dominated systems increase risk that adjacent
areas, including surviving sequoias, could also be negatively influenced by the shorter fire intervals,
typical of shrub-dominated areas. Likewise, natural quality would further deteriorate were an
environmental event further degrade or eliminate remaining portions of affected groves (see
Alternative 1, Sequoia Grove Recovery and Resilience, beginning on page 45).

As mentioned in previous sections, fisher is a federally endangered forest dependent species, and,
though not specifically identified in the parks’ wilderness character assessment, are also a
component of the natural quality of wilderness character in these parks. Should the 485-acre
proposed critical habitat corridor where action is being considered convert in the long term to a
fire-initiated shrub-dominated system, fisher dispersal to suitable habitat found on either side of the
burn patch would be severely limited, restricting gene flow between these two areas. To the extent
that the loss of this habitat corridor would reduce the ability of the species to share genetic
material across the full species range in the Sierra, or otherwise influence long-term viability of this
population, the natural quality would also be adversely affected (see Alternative 1: No Action,
Fisher Habitat Connectivity on page 54 for additional information/context).

UNDEVELOPED

Though monitoring plans have yet to be developed, this EA assumes up to 600 small plot markers
and 60 other installations would be installed across the action area to monitor vegetation and other
resources within areas that burned at high severity. Though small in visibility and function, these
minor installations would negatively influence undeveloped quality for at least 30-40 years.
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OPPORTUNITIES FOR SOLITUDE OR PRIMITIVE AND UNCONFINED RECREATION
Taking no action to replant sequoias and proposed fisher critical habitat would have no effect on
this quality.

Cumulative Effects — Wilderness

Cumulative effects from the actions that currently influence the status and trends of the
untrammeled, natural, undeveloped, and opportunities for solitude and a primitive and unconfined
recreation within the Sequoia-Kings and John Krebs Wilderness areas would continue to do so to a
similar degree in the future, and the no action alternative would continue the trajectory of those
effects by increasing the number of installations within these wilderness area (though to a small
degree given size and nature) and further degrading—or at least perpetuating the degradation
of—the natural quality in the long term through the loss of affected sequoia groves, proposed
fisher critical habitat, and subsequent impacts to the fisher and other forest dependent species
from a loss of habitat connectivity within these wilderness areas.

Of particular note, actions implemented under the Fire and Fuels Management Plan (FFMP) (NPS
2003) would continue to influence wilderness character in the action area (NPS 2003). Actions
allowable under the FFMP include suppression of wildfire, monitoring or managed wildfire use, or
prescribed fire; though currently no prescribed fires are proposed within the action area (NPS
2003). Such management actions often include the use of chainsaws, helicopter, and other 4(c)
prohibited tools, cutting of fire line, and felling of trees—all of which have negative impacts on
undeveloped and untrammeled qualities of wilderness character but which may, in the long term,
benefit the natural quality (NPS 2003). In the near term, fuel levels are not expected to be high
enough to carry a fire of substantial size or intensity in or through these areas. Consideration of fire
management action is unlikely to be necessary for roughly five to seven years post wildfire (L.
Mathiesen personal communication March 2023).

Continuation of fire suppression over time, however, would serve to further degrade overall natural
quality and could lead to conditions which caused the original degradation (high fuel loading and
changes in vegetative structure). On the other hand, the decision to not suppress wildfire entering
these areas when seedlings are very young could lead to loss of some if not all of the few seedlings
that have naturally become established, thereby diminishing natural quality as it relates to post-fire
recovery and preserving the untrammeled quality.

Alternative 2: Replant Seedlings Grown from Seed Collected from both the
Local Genetic Community and Other Source Populations (Preferred
Alternative)

Direct and Indirect Effects—Wilderness Character

UNTRAMMELED

Under Alternative 2, untrammeled quality would be negatively affected over an area roughly 1,130
acres in wilderness for the first planting year. Should additional planting be necessary after the first
year, trammeling would continue to occur in smaller portions of the action area each year planting
is completed for a period of up to a total of approximately five to six years (estimated at one to
two times per grove following the initial planting). The total area where trammeling actions would
occur would decrease annually as high seedling survival is anticipated in the first year and every
year after. As well, trammeling actions would occur over a shorter timeframe if planting achieved
minimum densities during initial planting attempts.
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The degree of short-term trammeling actions would be greater under this alternative when
compared to Alternative 3 due to the introduction of non-local genetic material in seedlings grown
from non-local seed sources which would result in a different genetic makeup than was present
prior to the fire. These trammeling actions would occur for the duration of the project while actions
are actively being implemented. Once planting actions entirely cease (after approximately five to six
years), the untrammeled quality would return to pre-project levels such that the untrammeled
quality would be preserved in the long term. In other words, intentional actions to manipulate
these areas within wilderness would cease after replanting actions have been completed (one to
three times per grove over the course of approximately five to six years) and these forests would be
left to recover (or not) on their own, “essentially unhindered and free from the intentional actions
of modern human control or manipulation.”

NATURAL

Replanting of up to six affected sequoia groves and adjacent fisher critical habitat would restore
sequoia and mixed conifer seedlings in roughly 1,130 acres of wilderness at densities expected to
direct the trajectory of severely burned areas toward forest recovery to their pre-fire conditions,
beneficially affecting sequoia grove recovery and proposed fisher critical habitat and connectivity.
As described in impacts from Alternative 2 to Sequoia Grove Recovery on page 48 and to Fisher
Habitat Connectivity on page 55, the NPS anticipates that once seedlings were established, natural
and dynamic post-fire recovery processes would continue, and the seedlings would mature over a
period of centuries, such that large sequoias would be the dominant feature within most, if not the
entire, grove footprints. Similarly, over a period of 50-100 years and beyond, stand structure would
continue to improve and habitat value would continue to increase across the 485-acre fisher
habitat corridor project area which would, in turn, facilitate fisher movement dispersal and
associated gene flow vital to the species conservation and meet fisher habitat requirements for
foraging, resting, denning, and predator avoidance.

These impacts would thereby long-term restore and beneficially affect, to the same degree as it
impacts the species mentioned above, the currently diminished natural quality of wilderness
character in planting areas. As also described in the impacts from Alternative 2 to Sequoia Grove
Recovery and Resilience, Alternative 2 would also likely prevent the long-term conversion of these
forests to shrub-dominated communities and the transition to a fire regime typical of these
communities—one that is characterized by more frequent, high severity fire. In doing so, this
Alternative best maintains (in comparison to Alternative 1) the fire regime of these forests and
reduces the chances that high severity fire from shrub-dominated communities travels to and
through surrounding groves and mixed conifer forests that remain intact.

Though genetic diversity is low in Sequoias, the species does show some evidence of local
adaptation, specifically related to summer temperatures and precipitation (DeSilva and Dodd 2020;
De La Torre et al. 2021), meaning that groves which are currently more arid have adaptations to
improve their survival and fitness to high temperatures and drought. Therefore, while speculative,
seedlings propagated from a variety of sources may demonstrate increased survival capacity,
increasing the likelihood of success and long-term resilience to climate change. Likewise, should
seedlings grown from other sources prove key to successful replanting of these areas, Alternative 2
would beneficially affect natural quality of wilderness character to a greater degree than
Alternatives 1 and 3; though the characteristics of the population would be different from what
would otherwise be present. See impacts from Alternative 2 to Sequoia Grove Recovery and
Resilience.
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UNDEVELOPED

The potential effects from monitoring would be as those described under Alternative 1 should
installations be determined necessary for that purpose.

The undeveloped quality would also be negatively affected by up to one to six sling load helicopter
landings and roughly two to three hours of chainsaw use (when determined necessary) at each
planting location the first year of planting and up to one to two sling-load landings during each
subsequent planting (estimated as one to two per planting location over the next five to six years)
(see Table 3 on page 32). The negative effects on undeveloped quality from motorized tool use and
transport would return to pre-project levels once those tools were no longer being used.

If chainsaws, rather than explosives, are used to fell snags, evidence of up to ten cut stumps per
delivery location would result in additional, though minimal, negative effects on undeveloped
quality until stumps deteriorate naturally—a period of 10-20 years, depending on stump diameter
and tree species. The small tree wells created around each seedling would likewise have a minor,
though negative, effect on undeveloped quality until the wells are no longer evident on the
landscape—a period of one to two years post planting. Despite these temporary impacts to
undeveloped quality, the undeveloped quality would be preserved in the long term as all impacts to
this quality would cease within approximately five years but for the potentially few visible stumps
across the landscape, which would diminish in the 10-20 year timeframe.

OPPORTUNITIES FOR SOLITUDE OR PRIMITIVE AND UNCONFINED RECREATION

As with undeveloped quality, if use of helicopters and chainsaws are determined the minimum
necessary to achieve purpose and need, this quality would be negatively affected by sights and
sounds of up to roughly 37 helicopter flights traveling over wilderness for up to 30 minutes per
flight to each location over the course of approximately five to six years. The use of chainsaws
running for up to an estimated two to three hours at each location to potentially fell snags within
the first year of planting would further negatively affect this quality (see Appendix D, Table D 1).
But if explosives were used to fell snags (instead of chainsaws), the impacts to this quality would be
more intensive and far reaching, but of shorter duration—a period of seconds. Finally, the presence
of mule strings (8 mules per string for a total of up to 98 strings over the course of approximately
five years (see Table 3 on page 32 and Appendix D, Table D 1) would affect solitude in the
Redwood Mountain Grove and proposed critical habitat corridor by diminishing opportunities for
visitors to experience the wilderness in these locations in solitude. Similarly, the presence of up to
10-15 tree planters over the course of one to two weeks per planting in a given area, especially in
cases where personnel would be required to camp overnight in wilderness, would diminish
opportunity for solitude for those visitors choosing to recreate in these areas. Likely the effects of
personnel on solitude would impact the greatest number of visitors in the Redwood Mountain area
(grove and fisher habitat corridor) as this area is the primary location frequented by wilderness
visitors and as it is the largest planting location and likely requires the most time to implement.
Although wilderness visitors could be similarly impacted in other planting locations, the NPS does
not expect these impacts to affect a large number of visitors, even over the full duration of project
implementation, given the remote locations of the other groves and the difficulties associated with
accessing these groves, particularly in the shoulder season when planting would occur. Unless
wilderness visitors know of the project and are seeking to experience project implementation in
action, wilderness visitors are expected to be able to access a plethora of outstanding opportunities
for solitude and a primitive and unconfined recreation throughout the surrounding wilderness to a
similar degree as typical within these wilderness areas. Post project, opportunities for solitude or
primitive and unconfined recreation would return to pre-project levels, and this quality would be
preserved in the long term.
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Cumulative Effects — Wilderness

Cumulative effects from the actions that currently influence the status and trends of the
untrammeled, natural, undeveloped, and opportunities for solitude and a primitive and unconfined
recreation within the Sequoia-Kings and John Krebs Wilderness areas would continue to do so to a
similar degree in the future, and this Alternative would continue the trajectory of those effects by
increasing the amount of motorized tool use (by up to two to three hours) and mechanized
transportation (37 helicopter flights, each 30 minutes or less) and further increasing frequency,
duration, and intensity of on-site crews and/or stock within these areas of wilderness over the
course of approximately five to six years. This alternative would also increase the number
installations within these wilderness area (though to a small degree given size and nature) to the
same extent as Alternative 1. That said, this alternative could change the trajectory of the natural
quality by improving the likelihood that sequoia groves and mixed conifer forests could be restored
over approximately 1,130 acres of these wilderness areas. Although this alternative would
cumulatively increase the number of interventions that would impact the untrammeled quality, it
would do so over a small percentage of the wilderness acreage and these trammeling actions
would cease immediately upon project completion (anticipated to be within approximately five to
Six years).

Cumulative effects on wilderness character from fire management activities would be like those
described in Alternative 1. All actions within wilderness would continue to conform with NPS’
obligation under the Wilderness Act to preserve the enduring resource of wilderness.

Alternative 3: Replant Seedlings Grown from Seed Collected from the Local
Genetic Community of Each Replanted Area

Direct and Indirect Effects—Wilderness
Wilderness Character

Direct and indirect effects on wilderness character would be primarily as described under
Alternative 2. However, the degree of impacts to the untrammeled quality would be lower under
this alternative when compared to Alternative 2 due to use of seedlings grown from only local
genetic material. On the other hand, should seedlings grown from only locally collected seed lack
resilience to climate change stressors, the natural quality of wilderness character under Alternative
3 would be diminished in the long term when compared to Alternative 2, though again the
benefits of introducing non-local seedlings to natural quality are speculative in nature (see Sequoia
Grove Resilience to Future Change on page 48).

Cumulative Effects — Wilderness

Cumulative effects on wilderness character would be like those described under Alternative 2.
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TABLE 6. COMPARISON OF IMPACTS ACROSS THREE ALTERNATIVES CONSIDERED

Resource

Alternative 1:

No Action

Alternative 2:

Replant Seedlings Grown from
Variety of Source Populations

Alternative 3:

Replant Seedlings Grown from
the Local Genetic Community

installations.

e Natural, diminished in the
long term (centuries).

e No change in Opportunity for
Solitude or Primitive and
Unconfined Recreation.

¢ No change in Untrammeled
quality.

transport/sling load landings, and potentially
chainsaw or explosive use, if determined the
minimum necessary.

e Natural quality, restored in the long term.
e Opportunities for Solitude or Primitive and

Unconfined Recreation, short-term impacts
during project implementation due to sights
and sounds of helicopters, chainsaws, and
work crews.

e Untrammeled quality, diminished in the short

term through planting efforts and
introduction of seedlings grown from non-
locally sourced seeds.

Sequoia o Affected areas convert to o Affected areas maintained as sequoia groves | e Similar to Alternative 2 with the exception
Grove shrub long-term. in the long term. that resilience to future change may be
Recovery | * Footprint of each grove e Grove footprints maintained at pre-fire decreased due to no incorporation of
and remains diminished. acreage. additional genetic material.
Resilience | ® Resilience to future change e Resilience to future change improved over
remains diminished. existing conditions.
Fisher and | ¢ Affected areas convert to o Affected areas maintained as mixed conifer e Same as Alternative 2.
Fisher shrub in the long term. habitat in the long term.
Habitat e Fisher habitat connectivity e Fisher habitat connectivity restored in long
remains severed. term.
e Barriers to safe fisher dispersal | e Fisher use of area, including for denning,
between remaining green foraging, and dispersal, restored.
forest patches. ¢ Habitat suitability increased for key fisher prey
e Barriers to gene flow. (e.g., tree squirrels) and primary cavity
excavators.
Wilderness | ® Undeveloped, diminished in e Undeveloped quality, diminished in the short | ¢ Undeveloped quality, same as Alternative 2.
Character the short term by monitoring term by monitoring installations, helicopter e Natural quality, similar to Alternative 2 with

the exception that natural quality would be
improved to a lesser degree than Alternative
2 if, as speculated, the lack of genetic
material from other sequoia groves diminishes
overall grove resilience to environmental
change.

e Opportunity for Solitude or Primitive and
Unconfined Recreation, same as Alternative 2.

e Untrammeled quality, similar to Alternative 2
except that impacts to untrammeled quality
would occur to a lesser degree due to use of
only locally sourced seed.
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Chapter 4: Consultation and Coordination

Public Scoping

The NPS solicited public feedback in Spring 2022, on a proposed action which only included a
proposal to plant seedlings in the Board Camp Grove. A 30-day public comment period occurred
from February 22 to March 25, 2022. On February 17, 2023, the NPS re-initiated another 30-day
public comment period for an Environmental Assessment (EA) which outlined the NPS’ expanded
proposal to re-establish tree seedlings in Board Camp Grove and up to six other areas.

The NPS posted the original proposed action and associated scoping materials for public review and
comment on the National Park Service’'s (NPS) Planning, Environment, and Public Comment (PEPC)
website: https:/parkplanning.nps.gov/SEKIBoardCampSequoiaRestoration2022, and the expanded
proposal on https://parkplanning.nps.gov/ReEstablishGiantSequoiaPostFire202 1. Both efforts were
posted on the parks’ website: Public Participation - Sequoia and Kings Canyon National Parks (U.S.
National Park Service) (nps.gov).

The availability of scoping documents, comment period dates, and associated public meetings were
announced through two separate press releases, one for each scoping effort. Both press releases
were sent directly to the public affairs contacts list, which included media; congressional members;
non-profits; local businesses; community members; local, state, and federal government
stakeholders; and members of the public. The press release for the second effort was also sent
directly to all functional email addresses of correspondents to the Board Camp scoping effort as
well as other parties who had demonstrated a high level of interest in the proposals. Public
comments were accepted via email, letter, and the PEPC website.

The NPS held virtual public meetings on the proposed actions on March 1, 2022, and again on
March 7, 2023, where staff presented on the purpose and need for action, the full scope of the
proposed action, resources of concern, and the overall project timelines. NPS staff also accepted
and responded to questions from the public. Approximately 22 members of the public joined the
hour-long meeting for Board Camp while 41 people joined the public meeting on the expanded
proposal evaluated under this EA.

NPS’ public scoping effort for Board Camp resulted in the receipt of 2,800 pieces of
correspondence while the expanded project scope resulted in the receipt of approximately 1,937
pieces of correspondence. The majority of correspondences from both scoping efforts were form
letters. All correspondences were reviewed by park staff and considered in the decision-making
process.

Consultation with Tribes

The NPS initiated consultation with Tribal Chairs of the parks’ 14 formally recognized affiliated
tribes and additional Native American interested parties on February 17, 2023. The NPS received
two responses from Native American interested parties requesting additional maps and expressing
both a willingness to help the NPS and overall support of the proposed action.

National Historic Preservation Act

The NPS informed the State Historic Preservation Officer (SHPO) on the development of this EA on
February 17, 2023 through a press release shared directly with agency partners. The NPS
determined that the project, as defined for the purposes of NEPA, need not necessarily equate to
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the undertaking as defined pursuant to 36 CFR § 800.3(a) and determined that the NEPA project
planning area will not be used to define the undertaking or Area of Potential Effect (APE) for the
purposes of the National Historic Preservation Act (NHPA). Each treatment area will have
independent utility, individual approval processes, and is not inextricably connected to other
treatments. Because the areas are independent and undergo separate approval processes, each
treatment or subset of treatments addressed by an implementation plan will be considered
individual undertakings under NHPA, and Section 106 compliance will be fulfilled in accordance
with provisions of the 2008 Nationwide Programmatic Agreement.

While the NPS has completed background research and has initiated consultation with tribal
partners to identify historic properties within the areas of potential effect, field surveys in all
portions of the areas of potential effect have not been completed as of this writing. Therefore, as
consistent with 36 CFR 800.1(c), if site specific, non-destructive, analyses indicate planting is
necessary to achieve the purpose and need for action (this process is articulated in both action
alternatives as part of the decision tree; see Figure 7 in Chapter 2), cultural resources surveys would
be completed, as appropriate, on a site-by-site basis, and consultation with the State Historic
Preservation Officer and tribes, in accordance with 36 CFR 800.3 through 36 CFR 800.7, would be
completed to assess the effects of each undertaking and seek ways to avoid, minimize, or mitigate
any adverse effects on historic properties (should they be present within the area of potential
effect) through the refinement of an area’s specific planting plan. Through this additional
identification of historic properties and consultation process on an area’s site-specific planting plan,
and again, given the limited degree of potential disturbance from the proposed action, the NPS
anticipates avoiding adverse effect to historic properties.

Endangered Species Act

The NPS informed the U.S. Fish and Wildlife Service (USFWS) of the development of this EA on
February 17, 2023 through a press release shared directly with agency partners. Per the USFWS’
Programmatic Biological Opinion on Proposed Activities of the National Park Service that May
Affect the Southern Sierra Nevada Distinct Population Segment of Fisher (08ESMF00- 2020-F-2011-
1), the NPS initiated Section 7 consultation for proposed actions related to this proposal that may
affect the endangered fisher in June 2023. The NPS anticipates that USFWS will concur with NPS’
determination that replanting of this area will beneficially affect fisher.

IDT Members and Reviewers

Sequoia and Kings Canyon National Parks

Andrew Bishop, Restoration Ecologist, Vegetation Management

Elly Boerke, Branch Chief, Environmental Planning and Compliance

Danny Boiano, Branch Chief, Wildlife and Physical Sciences

Juanita Bonnifield, Program Manager, Cultural Resources

Christy Brigham, Chief, Resource Management and Science

Amy Brown, Environmental Protection Specialist, Environmental Planning and Compliance
Tony Caprio, Fire Ecologist, Vegetation Management

Theresa Fiorino, Environmental Protection Specialist, Environmental Planning and Compliance
Dave Fox, Sequoia District Ranger, Visitor, Fire, and Resource Protection

Josh Flickinger, GIS Specialist, Information Resources

Linn Gassaway, Cultural Resources Compliance (Section 106) Coordinator

Rebecca Green, Wildlife Biologist, Wildlife and Physical Sciences

Rick Hall, Chief, Facilities, Maintenance, and Construction

Ann Huber, Ecologist, Vegetation Management
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Sintia Kawasaki-Yee, Branch Chief, Communications and Management Support
Edward Kelleher, Chief Ranger

Clayton Jordan, Superintendent

Lief Mathiesen, Fire Management Officer

Erik Meyer, Physical Scientist, Wildlife and Physical Sciences

Marc Neidig, Chief, Division of Interpretation

Tom Warner, Program Manager, Vegetation Management

Erika Williams, Visual Information Specialist, Division of Interpretation

Department of Interior, National Park Service Regions 8, 9, 10, and 12
Alison Ainsworth, Science Advisor/Ecologist

Erik Frenzel, Regional Wilderness Coordinator

Brent Johnson, Regional Vegetation Ecologist

Nick Mitrovitch, Regional Environmental Protection Specialist

Rachel Wolstenholme, Regional Wildlife Biologist

Danette Nolan Woo, Regional Environmental Coordinator

Department of Interior, National Park Service, Washington Area Service Office
Roger Semler, Chief, Division of Wilderness Stewardship
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Appendix A:
Mitigations

Employee Safety

A job hazard analysis would be developed and would be shared with crews for their awareness of
hazards and how to reduce safety risks.

Workers would wear appropriate personal protective equipment, including hardhats, and would
receive safety briefings daily prior to beginning work.

A risk assessment would be conducted daily to ensure employees operate only within the limits of
acceptable risk. If risk is deemed too high on a given day, work would not occur.

Comply with Sequoia and Kings Canyon National Parks’ Management Directive (MD) 44 for
tracking employees in remote locations.

Vegetation — Exotic Species

Clothing and equipment would be inspected prior to crews entering the field each day.
Disturbance would be limited to roadsides, trails, and other developed areas as much as
practicable. Overall soil disturbance would be minimized as much as practicable.

No hay or straw bales would be used for temporary erosion control.

Staging areas outside the park would be inspected for invasive plants and approved prior to use.
Surveys for and treatment of invasive plants would be completed for one to three years after
mitigation. If invasives are discovered, remedial actions would include controlling nonnative plant
species by hand pulling or with herbicide depending on the species and extent of spread.

Vegetation — Special Status Plants

Areas where naturally regenerating sequoia seedlings occur would be mapped and avoided to
prevent trampling.

Crews would be provided with information and training on how to identify naturally regenerating
giant sequoia seedlings prior to project activities.

Crews would take care when walking through groves to prevent inadvertent trampling of
unmapped naturally regenerating sequoia seedlings.

Although the likelihood is low that special status plants other than giant sequoias occur within
planting areas, crew leads would have sufficient botanical identification skills to be able to identify
special status plants that have the potential to occur within the project areas, and the parks plant
ecologist (or designee) would provide crews with a list of potential to occur special status plants
and distinguishing characteristics prior to project activities.

Crews would take care when walking through vegetated areas to prevent inadvertent trampling of
undetected special status plant species by avoiding walking on understory native vegetation
whenever possible. When walking on native vegetation cannot be avoided, crews would refrain
from trampling native vegetation to the extent that it would likely result in mortality (e.g., broken
main stem, extensive root damage, upturned plants).

Prior to planting activities, the crew lead (and any other crew members with sufficient botanical
identification skills), would survey the planting area for potential to occur special status plants,
other than giant sequoias. If found, plants would be flagged for avoidance.
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Special status plant detections and location information would be communicated immediately to
crew members working in the area and to the project lead(s).

Populations of special status plant species would be protected by limiting disturbance to the actual
project footprint when working in the vicinity of the plant.

Wildlife — General

Personnel would be informed of the occurrence and status of special status wildlife species and
would be advised of the potential impacts on the species and penalties for taking or harming a
special status species.

Workers must attend park-led training on food storage and garbage removal.

All food would be stored in bear-proof containers, and staging, camping, and other work areas
would be maintained (e.g., spilled food cleaned up, food stored properly, etc.) such that wildlife
cannot access human food or other scented materials.

Feeding or approaching wildlife would be prohibited.

The park biologist or ranger would be notified if bears loiter in the area or if fisher sightings occur.

Wildlife — Nesting Birds

Project would be implemented over the shortest timeframe feasible.

To the extent feasible, if necessary, tree felling would be conducted outside the nesting season (all
birds 1 February — 1 August; raptors 1 February — 1 August).

If tree felling is to occur during this time, nesting surveys would be conducted before any activity
occurring within 500 feet of suitable nesting habitat. Surveys shall be timed to maximize potential
to detect nesting migratory birds and should be repeated within 5 days of the start of project-
related activity.

A minimum 500-foot buffer would be implemented around any active special-status species nest.
If an active bird nest of other bird species is found, an appropriate no-disturbance buffer shall be
determined by the park terrestrial ecologist based on site-specific conditions, the species of nesting
bird, nature of the project activity, noise level of the project activity, visibility of the disturbance
from the nest site, and other relevant circumstances.

If establishing a buffer zone is not feasible, contact the U.S Fish and Wildlife Service for guidance to
minimize, if not avoid, impacts to migratory birds associated with the proposed project.

Wildlife—Herpetofauna

If herpetofauna (primarily salamanders, but also frogs, toads, and snakes) are observed during field
activities, the following care should be taken.

o First, document what was detected by taking photo(s) if possible and recording the
observation on paper or in a digital device [date, time, location, possible species, lifestage
estimate (juvenile or adult), and abundance (how many detected)].

o Delicately move the animal(s) away from any area that is or would be disturbed by project
activities and place in like-type habitat a safe distance away.

o Share all data with the aquatic and wildlife programs.
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Threatened and Endangered or Special Status Species

Fisher

e The park wildlife biologist (or trained wildlife technician) would teach NPS work crews how to
identify high quality potential den trees and cavities based on characteristics (e.g., dbh, decay, tree
species) documented in previous studies (Green et al. 2019). Trees meeting these characteristics
would not be removed during the fisher LOP for tree felling activities (March 1-June 30) and would
be avoided entirely if possible.

e If afisher is spotted in, on the trunk of, or near a hazard tree that is marked to be felled (i.e., may
have just climbed down, remains in area, or appears interested in climbing up), work would cease
until the animal moves on without harassment. The wildlife biologist would be contacted for
guidance.

e If a fisher is seen in the project areas when hazard trees are being felled, felling would cease until
the animal moves on without harassment.

e If afisher is seen in the project areas during tree planting activities, it would not be approached and
would be allowed to move through the area without harassment.

California Spotted Owl (anticipated listing in fall 2023)

e |If tree felling or helicopter project work needs to occur within the March 1-August 15 timeframe,
the area would be surveyed for active owl nesting and roosting prior to conducting these activities.
Surveys would be conducted in April of each year where project activity is planned.

e If nesting or roosting sites are detected, no action would occur within a 0.25 mile buffer until after
August 15th unless a wildlife biologist determines the owl pair is no longer nesting or non-
reproductive.

e No identified nesting trees would be removed.

Wetlands and Riparian Areas

e Avoid planting in a wetland area.
e Avoid traversing wetland or riparian areas.

Wilderness Minimum Impact Restrictions

To prevent erosion and preserve vegetation, do not shortcut trails.

Do not build rock cairns or other trail markers.

Pets are not allowed in the wilderness.

Pack out all trash including toilet paper.

Discharge of any firearm or weapon is prohibited. Possession of weapons, including bear spray, is

prohibited. The possession of firearms is subject to state regulations.

Please close all gates behind you to protect wilderness resources.

e No camping within 25 feet of water. From 25 to 100 feet from water, camping is only allowed in
previously established campsites.

e Camp on durable surfaces (rock, sand, dirt, snow, etc.) or in designated campsites. Do not camp on
vegetation or in meadows.

e Do not construct rock walls, trenches, new fire rings (or add rocks to existing fire rings), bough
beds, camp furniture, etc.

e Do not camp before reaching the first camping area for your specific trailhead.
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e Do not camp under leaning trees or dead branches.

e Human waste must be buried at least 6 inches deep and 100 feet from trails, camps, and all water
sources. Pack out used toilet paper.

e All soap, including biodegradable soap, should be used and disposed of away from water sources.
Carry water 100 feet from the source before washing. This includes washing clothes, dishes, and
yourself.

e Wilderness is a place where self-reliance and preparedness is essential. Be prepared for a wide
variety of hazardous situations.

e Most wilderness illnesses are attributable to poor hygiene. Wash your hands often.

e Boil, treat, or filter drinking water.

e Properly store food items and other attractants when not in use to prevent bears and other wildlife
from becoming conditioned to human food. Report any wildlife-related injuries, property damage,
or unusual encounters to a ranger.

e Food items include: any food meant for human or pack stock consumption; food-tainted garbage,
recyclables, and trash, such empty can, bottles, or food wrappers; any equipment with food residue
or odor; toiletries such as soap, toothpaste, ointments, and lotions.

e The only proper food storage methods are: using an allowed portable animal-resistant food-storage
container; using a permanent animal-resistant food-storage box; or using the counter-
balance hanging technigue. When camping in an area without food-storage boxes or adequate
trees for hanging food, you must carry a park approved animal-resistant food-storage container.

¢ Note that during times of high fire danger, additional campfire restrictions may be implemented.
Campfire restrictions also apply to the use of wood-burning camp stoves (e.g. Biolite or "Zip
stoves").

e Where campfires are allowed, use existing fire rings. Do not build new ones or add rocks to existing
fire rings.

e Use only dead or down wood found on the ground. Do not chop live vegetation or remove dead
branches from standing trees.

e Fires must be attended at all times.

e Do not burn trash (this includes plastic and foil).

e Put out fires with water 1/2 hour before leaving your campsite and stir the ashes.

Cultural Resources

e Archeological sites (eligible or those treated as eligible for listing on the National Register of Historic
Places) would be identified prior to planting and would be avoided during planting, along with a
100 foot buffer along the boundaries of the site.
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Appendix B:
Relevant Law, Policy, and Management Guidance

Laws, policies, and management guidance are summarized here in the order of their adoption.

Enabling Legislation for Sequoia National Park, 1890

“Whereas the rapid destruction of timber and ornamental trees in various parts of the United States, some
of which trees are the wonders of the world on account of their size and the limited number growing,
makes it a matter of importance that at least some of said forests should be preserved...” These lands are
to be managed “for the preservation from injury of all timber, mineral deposits, natural curiosities or
wonders . . . [and for] their retention in their natural condition.”

Enabling Legislation for General Grant National Park, 1890

General Grant National Park (which was later incorporated into Kings Canyon National Park) was
established in 1890 to protect “all timber, mineral deposits, natural curiosities, or wonders within the
parks” and to “retain their natural conditions.”

The NPS Organic Act of 1916

The Organic Act directs the NPS to “...conserve the scenery and natural and historic objects and the
wildlife therein...by such means as will leave them unimpaired for the enjoyment of future generations”.

Enabling Legislation for Kings Canyon National Park, 1940

“That the National Park Service shall... administer for public recreational purposes the lands withdrawn”
(Sec. 3.).

Senate Report 1134 on the Creation of Kings Canyon National Park
to accompany 54 Stat. 41, 16 USC 80a (March 4, 1940):

The major portion of the privately own lands comprise of the Redwood Mountain Grove of giant sequoias,
the finest large grove remaining in private ownership, which the bill would authorize for addition to the
park... [In 1890], General Grant National Park, only about 2,500 acres in extent, was established to
preserve the General Grant Grove of sequoia trees. By that time, private ownership of some of the sequoia
forest lands of importance for park purposes already had been established.... In 1926 the Kern country and
Mount Whitney were added to Sequoia National Park, but there still remained many thousands of the
California big trees (Sequoia gigantea) in private ownership, subject to destruction by commercial cutting
operations.”

The 1978 Amendment to the NPS Organic Act

This amendment clarified and enhanced the protective functions of the National Park Service and states:
“Congress further reaffirms, declares, and directs that the promotion and regulation of the various areas of
the National Park System, as defined in section 1c of this title, shall be consistent with and founded in the
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purpose established by section 1 of this title [the Organic Act provision quoted above], to the common
benefit of all the people of the United States. The authorization of activities shall be construed, and the
protection, management, and administration of these areas shall be conducted in light of the high public
value and integrity of the National Park System and shall not be exercised in derogation of the values and
purposes for which these various areas have been established, except as may have been or shall be directly
and specifically provided by Congress."

The Wilderness Act of 1964

Section 2 (¢) “A wilderness, in contrast with those areas where man and his works dominate the
landscape, is hereby recognized as an area where the earth and its community of life are untrammeled by
man, where man himself is a visitor who does not remain. An area of wilderness is further defined to mean
in this Act an area of undeveloped Federal land retaining its primeval character and influence, without
permanent improvements or human habitation, which is protected and managed so as to preserve its
natural conditions and which (1) generally appears to have been affected primarily by the forces of nature,
with the imprint of man's work substantially unnoticeable; (2) has outstanding opportunities for solitude or
a primitive and unconfined type of recreation; (3) has at least five thousand acres of land or is of sufficient
size as to make practicable its preservation and use in an unimpaired condition; and (4) may also contain
ecological, geological, or other features of scientific, educational, scenic, or historical value.”

Section 4 (a) (3) “Nothing in this Act shall modify the statutory authority under which units of the national
park system are created. Further, the designation of any area of any park, monument, or other unit of the
national park system as a wilderness area pursuant to this Act shall in no manner lower the standards
evolved for the use and preservation of such park, monument, or other unit of the national park system in
accordance with section 100101(b)(1), chapter 1003, and sections 100751(a), 100752, 100753, and
102101 of title 54, United States Code, the statutory authority under which the area was created, or any
other Act of Congress which might pertain to or affect such area, including, but not limited to, section 3(2)
of the Federal Power Act (16 U.S.C. 796(2)); and chapters 3201 and 3203 of title 54, United States Code."”

Section 4 (c) “Except as specifically provided for in this Act, and subject to existing private rights, there shall
be no commercial enterprise and no permanent road within any wilderness area designated by this Act and
except as necessary to meet minimum requirements for the administration of the area for the purpose of
this Act (including measures required in emergencies involving the health and safety of persons within the
area), there shall be no temporary road, no use of motor vehicles, motorized equipment or motorboats, no
landing of aircraft, no other form of mechanical transport, and no structure or installation within any such
area.”

Endangered Species Act of 1973 (as amended)

(1) “The Secretary shall review other programs administered by him and utilize such programs in
furtherance of the purposes of this Act. All other Federal agencies shall, in consultation with and with the
assistance of the Secretary, utilize their authorities in furtherance of the purposes of this Act by carrying
out programs for the conservation of endangered species and threatened species listed pursuant to section
4 of this Act.”
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NPS Management Policies 2006

4.4.1.1 Plant and Animal Population Management Principles

“The Service will adopt park resource preservation... strategies that are intended to maintain the natural
population fluctuations and processes that influence the dynamics of individual plant and animal
populations, groups of plant and animal populations, and migratory animal populations in parks."”

4.4.2.4 Management of Natural Landscapes

“Natural landscapes disturbed by natural phenomena, such as... fires, will be allowed to recover naturally
unless manipulation is necessary to (1) mitigate for excessive disturbance caused by past human effects...”

6.1 General Statement, Wilderness Preservation and Management

“The National Park Service will manage wilderness areas for the use and enjoyment of the American
people in such a manner as will leave them unimpaired for future use and enjoyment as wilderness.
Management will include the protection of these areas, the preservation of their wilderness character, and
the gathering and dissemination of information regarding their use and enjoyment as wilderness. The
purpose of wilderness in the national parks includes the preservation of wilderness character and
wilderness resources in an unimpaired condition and, in accordance with the Wilderness Act, wilderness
areas shall be devoted to the public purposes of recreational, scenic, scientific, educational, conservation,
and historical use.”

6.3.5 Wilderness Minimum Requirement

“All management decisions affecting wilderness must be consistent with the minimum requirement
concept. This concept is a documented process used to determine if administrative actions, projects, or
programs undertaken by the Service or its agents and affecting wilderness character, resources, or the
visitor experience are necessary, and if so how to minimize impacts. The minimum requirement concept
will be applied as a two-step process that determines

e whether the proposed management action is appropriate or necessary for administration of the
area as wilderness and does not cause a significant impact to wilderness resources and character, in
accordance with the Wilderness Act; and

e the techniques and types of equipment needed to ensure that impacts on wilderness resources and
character are minimized.

Although park managers have flexibility in identifying the method used to determine minimum
requirement, the method used must clearly weigh the benefits and impacts of the proposal, document the
decision-making process, and be supported by an appropriate environmental compliance document. Parks
must develop a process to determine minimum requirement until the plan is finally approved. Parks will
complete a minimum requirement analysis on those administrative practices and equipment uses that have
the potential to impact wilderness resources or values. The minimum requirement concept cannot be used
to rationalize permanent roads or inappropriate or unlawful uses in wilderness.”
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Sequoia and Kings Canyon National Parks General Management
Plan (2007)

Parks’ Mission: “protect forever the greater Sierran ecosystem — including the sequoia groves and high
Sierra regions of the parks — and its natural evolution, and to provide appropriate opportunities to present
and future generations to experience and understand park resources and values.”

Management Prescription: “The giant sequoia groves — particularly Giant Forest — and the ecosystems
they occupy are restored, maintained, and protected.”

Sequoia and Kings Canyon National Parks Wilderness Stewardship
Plan (2015)

The parks” Wilderness Stewardship Plan outlines the following desired conditions:

e "The untrammeled quality of wilderness character will be preserved by limiting deliberate
manipulation of ecological systems except as necessary to promote another quality of wilderness
character” (emphasis added).

e “The natural quality of wilderness will be preserved by mitigating the impacts of modern civilization
on ecosystem structure, function, and processes...In the wilderness, natural process would
dominate: ecosystem structure and function; native biodiversity; water quality and quantity;
decomposition, nutrient cycling, and soil forming processes; meadow and wetland productivity; fire
regimes; and soundscapes, dark skies, and viewsheds"” (emphasis added).

Sequoia and Kings Canyon National Parks Foundation Document
(2016)

The Parks’ purpose and need is identified in this document as the following: “Sequoia and Kings Canyon
National Parks preserve and provide for the enjoyment of present and future generations the wonders,
curiosities, and evolving ecological processes of the southern Sierra Nevada— including the largest giant
sequoia trees in the world, free flowing wild and scenic rivers, and the heart of the vast High Sierra
wilderness” (NPS 2016).

Furthermore, giant sequoia trees are identified as a fundamental resource and value of the Parks: “Giant
sequoia trees are endemic to the western slope of the Sierra Nevada and are among the largest and oldest
trees on Earth. The protection of giant sequoia trees from logging was one of the primary forces for the
creation of Sequoia National Park. The groves, and the magnificent trees contained therein, have inspired
generations of visitors from around the world with a sense of awe. The parks contain 39?* giant sequoia
groves, which account for roughly 40% of all giant sequoia grove areas in the world, including the largest
unlogged giant sequoia grove (Redwood Canyon Grove). The four largest giant sequoia trees—by trunk
volume—are in these parks (including the General Grant Tree, the nation’s only living war memorial). Giant
sequoias are also unique due to their evolutionary adaptations that make them resilient to many stressors.

22 At the time of the writing of the Foundation Document the number of groves was considered to be 39. That number has since
been revised down to 37 to exclude small tree clusters or individual trees no longer considered by park managers to be individual
groves.
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Research into giant sequoias influenced the field of fire ecology and provided the impetus for prescribed
fires in the parks” (NPS 2016).

Sequoia and Kings Canyon National Parks Resource Stewardship
Strategy (2017)

The parks’ Resource Stewardship Strategy (RSS) outlines the following goals associated with sequoia
protection:

1. Maximize persistence of large, living giant sequoias.

2. Maximize persistence of structurally and compositionally complex giant sequoia groves that are
sustainable, resilient (to drought, fire, insects, etc.), and support native biodiversity.

3. Manage for ecological functions essential to giant sequoia groves (fire, hydrology).

4. Prepare for potential shifts in giant sequoia distribution to enable its persistence in the broader
Sierra Nevada landscape.

5. Prioritize persistence of giant sequoia in areas of highest social value.

At the time of its writing, the RSS states that only 20% of sequoia groves in the Parks are within desired
fire return interval and that small trees are overly dense in most groves. Both of these stressors were
identified as moderate concern just five years ago.

Finally, the parks’ RSS identified such direct management priorities to “...include continuing and expanding
the use of fire and fuels treatments, reducing other stressors like invasive plants, establishing seed banks,
and research with new or expanded treatments that may increase resistance and resilience to climate
change, drought, insects, disease, and uncharacteristically severe fires” (NPS 2017, 84).
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Appendix C:

Evaluating Ecological Intervention Proposals in Wilderness

The following analysis is completed in accordance with the Guidelines for Evaluating Ecological Intervention Proposals in National Park Service
Wilderness as incorporated within Director’s Order #41, Reference Manual: Wilderness Stewardship on April 14, 2022.

Rationale

Factor to Favors Does NOT Favor

Consider Intervention Intervention

1. Cause of O

Degradation If the If the ecological
ecological degradation was

degradation primarily caused
was primarily by natural forces

caused by as opposed to
human action human action
as opposed

to natural

causes

This factor favors intervention because the primary cause of the degradation to
sequoia groves and proposed fisher critical habitat was high severity fire fueled
by a century of human fire suppression.

Fire is a primary ecosystem process shaping sequoia mixed conifer forests in the
Sierra Nevada and most fires prior to European settlement—save those
traditionally ignited by Native Americans—would have been ignited by lightning.
These lightning fires would have burned through these fire adapted forests in a
patchy mosaic of severity ranging from no fire to low and moderate burn
severity. Some patches would also have burned at higher severity—though not
necessarily high severity which connotes high mortality—and these patches, or
gaps, would have been spaced across the landscape in such a way that gaps
created by fire would naturally recover to their pre-fire forest conditions and
species composition in a period of 10-20 years (Stephenson et al. 1991;
Stephenson 1994; 1999; Demetry 1995).

As documented by the NPS and others, suppression of lighting caused fire in
these parks and surrounding lands began only 125 years ago yet has had long-
term consequences for the fire adapted forests of the Sierra Nevada (Kilgore
1972; Parsons 1978). The legacy of fire suppression (or exclusion) has left these
forests with such high and contiguous fuel accumulations that they are no
longer resilient to the fires they evolved with. Fire exclusion has resulted in
dramatic changes to forest structure with a higher density of small trees (ladder
fuels), shifts in species composition, and increases in stand densities. Because of
this fuel loading, nearly every fire ignition has the potential to lead to severe fire
effects or stand replacing fire (A. Caprio personal communication January 2023).
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Factor to Favors Does NOT Favor Rationale

Consider Intervention Intervention

Notably, these risks are not prevalent in areas where fire has been maintained, or
re-introduced, including areas of these parks that have successfully re-introduced
fire (A. Caprio personal communication January 2023).

The fire return interval for sequoia mixed conifer groves ranges from 6-35 years
and mixed conifer alone ranges from 1-30 years (Swetnam 1993; Caprio and
Swetnam 1995; Swetnam et al. 1998; Caprio and Graber 2000; Swetnam et al.
2009; NPS 2003; NPS 2022). Notably, many of the most recent fires in sequoia
groves within Sequoia and Kings Canyon National Parks have been due to
prescribed burning which has occurred in the drainages where some groves
occur and, in the case of Redwood Mountain, the upper part of the grove itself,
but had not occurred in the areas that burned at high severity during these fires.
The patches of forest that burned at high severity had not had recent recorded
unsuppressed fire as documented by the fire history in drainage vicinities where
the proposed replanting areas are located (NPS 2023).

e South Fork Kaweah Drainage (Board Camp, Homers Nose): Since 1932 and
through 2019, 116 ignitions had been recorded within the South Fork
Kaweah Drainage. Ninety-two of these—including 72 lightning caused
fires—were suppressed. Zero acres burned within the proposed planting
areas within Board Camp and Homers Nose between 1932 and 2019 (NPS
Fire History Data unpublished).

e Oriole Lake Drainage Vicinity: Since 1924, and through 2019, 104 ignitions
had been recorded in the Oriole Lake Drainage. Seventy-six of these—
including 65 lightning caused—were suppressed; 11 starts (2 in Oriole Lake
drainage), were prescribed or pile burns outside the action area. Other than
one pile burn that was less than an acre in size, New Oriole Lake Grove did
not see fire between 1970 and 2019 (NPS Fire History Data unpublished).

e Suwanee Grove Vicinity: Since 1925 and through 2019, 183 ignitions had
been recorded. One hundred and forty-nine of these—including 108
lightning caused fires—were suppressed; 22 starts were prescribed
treatments outside the action area; and one broadcast treatment occurred in
the area in 1992. Zero acres burned with the proposed planting area within
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Factor to Favors Does NOT Favor Rationale

Consider Intervention Intervention

Suwanne Grove between 1993 and 2019 (NPS Fire History Data

unpublished).

e Redwood Mountain Drainage: Since 1922 and through 2019, 104 ignitions
had been recorded. Seventy-four of these—including 36 lightning caused
fires—were suppressed; 20 were prescribed treatments and occurred in
upper half of the drainage outside the action area. Portions of the proposed
planting areas within Redwood Mountain Grove have seen prescribed fire in
the last 15 years but burned at high severity in the KNP Fire. Fifteen percent
of the grove was burned in a prescribed fire in 2009; 14% was burned in a
prescribed fire in 2011; and 6% was burned in a prescribed fire in 2016. The
remaining portions of the proposed planting areas did not see fire between
the mid 1980s and 2020. (NPS Fire History Data unpublished).

¢ Dillonwood: No suppression data is available. Zero acres burned within the

proposed planting area within Dillonwood Grove between 1932 and 2019

(NPS Fire History Data unpublished).

Factors driven by climate change, including extended periods of hotter, drier
drought, and less snowfall (Diffenbaugh et al. 2015; Griffin and Anchukautus
2014) have contributed to fuels accumulations from the die-off of millions of
trees in the Sierra Nevada. These factors likely contributed to certain sequoia
groves and mixed conifer forests burning at high severity during the Castle and
KNP wildfires. However, while all 27 groves in Sequoia and Kings Canyon
National Parks that burned during these fires were subjected to these same
climate-driven factors, not all experienced high-severity effects. In fact, groves
with recent natural or prescribed fire, and thus less fuel accumulation,
experienced largely beneficial effects; in comparison the six groves with a history
of fire exclusion, and therefore higher fuel loads (e.g. surface fuel accumulations
and standing ladder fuels), experienced severe effects (Shive et al. 2021; York et
al. 2013). This key difference in pre-fire fuel conditions has led fire ecologists and
sequoia experts to conclude that, were it not for high pre-fire fuel loading in the
groves where severe fire effects were documented, more sequoias would have
survived (A. Caprio personal communication January 2023).
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Factor to
Consider

Favors

Intervention

Does NOT Favor
Intervention

Rationale

Fire and fuels monitoring data from other areas and post-fire assessments in
these groves suggest that high fuel loading in the affected groves, as well as
topography and weather conditions, led to the high severity at which these
groves burned and was the primary factor contributing to sequoia mortality and
near total loss of seed sources that would otherwise promote natural
regeneration post-fire.

2. Timing of
Degradation

If the cause
of the
ecological
degradation
occurred in

the past and

will not
potentially

compromise
the success of

the
intervention

O

If the cause of
the ecological
degradation is
ongoing and will
potentially
compromise the
success of the
intervention

As outlined above, mortality of large sequoias and mixed conifer forests during
the Castle and KNP wildfires would not likely have occurred but for high fuel
loading resulting from direct human action to suppress wildfires within a
naturally fire adapted forest ecosystem. Notably, all areas (and the surrounding
forests) where intervention is proposed have experienced fire in the last three
years and no longer retain the same heavy fuels accumulation post-fire
suppression/pre-Castle and KNP wildfires.

As fuels re-accumulate post-fire, the awareness of the impacts of high severity
fire provides a new framework for fire managers to prioritize maintenance of
low fuel loading across the landscape, especially in high priority areas such as in
and around sequoia groves. NPS policy and plans continue to support and
enable the NPS to utilize a variety of tools, including wildland fire, to meet these
fuel loading objectives.

3. Origin of
Degradation

If the origin
of the
ecological
degradation
occursin a
location
where the
agency has
authority to
act

O

If the origin of
the ecological
degradation is
regional or
global, or occurs
outside the
wilderness with
little chance for a
successful
outcome within
wilderness

This factor favors intervention because the origin of degradation (fire
suppression) within each of these groves, fisher habitat corridor, and
surrounding forests 1) occurs on lands that are managed by the NPS, and 2) is
within the jurisdiction of NPS’s authority for managing wildfire. While other
agencies (USFS, BLM, and NPS managers for surrounding NPS lands) actions to
suppress fires may influence fuel loading within Sequoia and Kings Canyon
National Parks, particularly near shared boundaries, the NPS increasingly
coordinates with these agencies on fire management activities. Notably, the fire
history documented in the previous section were NPS management activities.
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Factor to Favors Does NOT Favor Rationale

Consider Intervention Intervention
4. Urgency of This factor could either favor or not favor intervention, depending upon the
Degradation If the If the intensity of action.
degradation  degradation does
warrants a not warrant a Acting now, when these areas are at their closest to post-fire conditions—when
need to need to intervene re-establishment would have occurred naturally had it not been for the impacts
intervene quickly to of fuel loading and resulting high severity fire—would increase the likelihood of
quickly to prevent the success. Additionally, conversion to fire-initiated shrub communities, if not

prevent the degradation from halted now by timely intervention, is likely to exacerbate a high severity fire cycle
degradation  becoming worse ~ and increase the likelihood of degradation that could occur should high severity

from fire spread from these new shrub communities to other areas, including remnant
becoming portions of affected groves (Coop et al. 2020; Coppoletta et al. 2016). Once
worse shrub communities become dominant, this degradation will be self-perpetuating

and irreversible without substantial intervention (e.g. mastication, herbicide).

Note that though the NPS recognizes the window for action is closing (without
needing to take additional measures), the opportunity for successful correction is
still open due primarily to 1) the impact of the high severity fire, which created
patches where little to no vegetation is yet establishing (the shrub seed bank
may have incinerated or did not exist due to previously forested conditions) (i.e.,
openings still exist) and 2) seedling size at planting would be roughly the size of
seedlings expected to be present in the second-year post-fire; a size which allows
them to increasingly compete with shrub growth.

Furthermore, giant sequoia and Sierra Nevada mixed conifer forests are adapted
to frequent low to moderate severity fire with small pockets of high severity.
Regeneration for sequoias in particular relies on the conditions created by
moderate to high severity fire in small gaps, where there is reduced competition
for light and moisture and the forest floor is free of litter and duff down to bare
mineral soil. Therefore, sequoia germination and seedling establishment is
greatest in the first ear post-fire with a much smaller germination pulse in year
two (Kilgore and Biswell 1971; Harvey et al. 1980; Shellhammer and
Shellhammer 2006).
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Similarly, the dominant pine species of the mixed conifer forest are adapted to
frequent low-severity fire (Welch et al. 2016). After high-severity wildfire, with
large patch sizes, they are at risk of regeneration failure because they lack the
ability to resprout, cone serotiny, or a soil seed bank and therefore rely on living
trees for recruitment (Stewart et al. 2021; Guiterman et al. 2022).

Study of large contiguous areas of high-severity fire in the Sierra Nevada shows
that shrubs—with adaptations to resprout and/or soil seed banks—are
stimulated by fire and are likely to become dominant over a period of years. In
addition, downed fuels and continuous shrub cover increase the likelihood of
high severity reburn which would kill any surviving seedlings and further select
for shrubs (Copolletta et al. 2016; Nemens et al. 2022).

The reproductive biology of the trees and the competitive advantage of shrubs
makes successful conifer establishment, without more intensive intervention,
increasingly unlikely as the post-fire time lengthens—especially as the area
continues to burn and shrubs gain a stronger foothold. Prior to any reburn
event, if shrubs were the dominant vegetation, they would have a larger seed
bank and would resprout vigorously following fire. Therefore, planting trees
following a reburn would decrease the likelihood of success because shrub
competition will continue to increase with every burn.

By fall of 2023, it will have been three years since the Castle Fire and two years
since the KNP, and while the window for planting is not yet closed (see outcome
of intervention below), the window for conifer establishment to restore natural
conditions in a manner that minimizes trammeling is nearing its end.

Should the NPS not act in a timely manner (within the next 1-2 years for initial
efforts as proposed), the opportunity to restore the ecological function of these
previously forested areas in a manner that most closely mimics natural post-fire
recovery and is most sensitive to wilderness character will be lost. In addition, the
standing dead trees will become weakened with time, which will pose increasing
operational safety risks for planting crews and reduce the potential for action to
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be considered in the future until at least such time as those snags are no longer
a risk or are removed through further trammeling actions.

5. Sustainability This factor may either favor or not favor intervention depending upon future fire
of Intervention If climate- If climate-driven management activities, the climate vulnerability of planted areas, and the
driven or or other broad- resiliency of the species in question.
other broad-  scale, persistent
scale, ecological drivers ~ Wildfire Management
persistent will likely Though NPS policy from 1904 through 1968 was to extinguish all fires within
ecological interfere with the parks, law and policy now allow wildfires to run their course to the
drivers will correcting the maximum extent feasible; and the NPS is committed to a managed wildfire
not interfere  degradation strategy when state air quality standards do not require fires to be suppressed,
with when such strategy would not threaten communities, when fire would be
correcting the beneficial to the landscape, and when fire does not place resources at risk. More
degradation specifically, the Fire and Fuels Management Plan for Sequoia and Kings Canyon

National Parks (2003) states that the NPS, through the plan and its
implementation, “seeks to benefit park resources and society by restoring and
maintaining the natural fire regime in a manner consistent with firefighter and
public safety,” and chief among the tools available to the NPS through that plan
includes wildland fire use (i.e., non-suppression).

Given these changes in management policy, planning in the last 50 years, more
recent changes in fuels accumulation in these areas, and the severity of effects
recently experienced in these groves and the renewed impetus to correct past
degradations resulting from suppression, the NPS can state with relative
certainty, that future fire management activities will increasingly reflect the
lessons learned from these and other devastating fires experienced throughout
California in the past 10 years.

Climate Change

The parks’ Resource Stewardship Strategy (RSS) outlines three plausible future
climate scenarios and their effects on Sequoias through 2040: 1) Much
warmer/drier climate where stress levels and pockets of mortality increase; 2)
Warmer climate with similar precipitation where effects are similar to scenario 1,
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but of smaller magnitude; and 3) Much warmer and wetter where mature giant
sequoia persist in similar footprint but forests become more dense with other
species intermixed with young giant sequoia (NPS 2017). Scenarios are similar for
mixed conifer forests where vulnerability to species such as those proposed for
planting is greatest under scenario 1; though some species would continue to
find refuge in sequoia groves.

Due in part to the uncertainties over the future of forest systems in the Sierra
Nevada, as well as whether and how the distribution of sequoias on the
landscape may change, the NPS cannot say with 100% certainty that climate
change will not limit the effectiveness of this correction of the degradation.
However, as evidenced by modeling scenarios conducted for the RSS, neither is
there evidence that sequoia would not have continued to persist within these
grove footprints in the future had it not been for the loss of seed sources in
these fires. There is also no evidence that seedlings will not be able to survive in
areas where planting is proposed. In fact, if adequate moisture is available for
seedlings during the years when planting would occur, giant sequoia has higher
post-planting seedling survival than the other mixed-conifer tree species (York et
al. 2007). Likewise, there is no evidence that the fisher mixed conifer habitat
where action is being considered will not support mixed conifer forest in the
future (Meyer et al. 2022).

During the 2012-2016 drought, over 100 million trees died in the Sierra Nevada.
However, there was limited mortality of mature sequoia trees attributed to
drought (Nydick et al 2018). Less than 40 mature sequoias across the entire
range were recorded as dying from drought related mortality sources during the
2012-2016 drought—demonstrating their resistance to this event in comparison
with all other conifers. While sequoia have extremely high water demands
(Ambrose et al. 2016) research suggests the groves exist in hydrologic refugia
(Suetal. 2017; Baeza et al. 2021; Stephenson 1996).

Therefore, while climate had an impact on the fire weather and severity of fire
effects, there is no indication that sequoia would not continue in these locations
if high fuel loading in the affected groves had not led to the high severity at
which these groves burned and was the primary factor contributing to sequoia
mortality and near total loss of the seed bank. Given the commitment of NPS
managers to protect the natural fire regime in these areas (see factors 2 and 5
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Factor to
Consider

Favors

Intervention

Does NOT Favor
Intervention

Rationale

above), the ecological correction being proposed has a strong likelihood of being
a sustainable correction and addressing the ecological degradation. In addition,
as the planted trees grow, they will shade competing shrubs, breaking up the
fuel continuity and reducing risk of fire spread.

6. Outcome of O This factor favors intervention because the proposed project has an achievable
Intervention If the If the outcome and a clear point at which the outcome would be reached.
intervention intervention does
has a clear not have a clear  The desired outcome of this proposed intervention is to establish a sufficient
and and identifiable amount of sequoia and mixed conifer seedlings, and at sufficient densities, so as
identifiable point at which an  to direct the trajectory of these forests toward recovery to their pre-fire forest
point at achievable assemblages—as they would have done naturally had high fuel loading not led
which an outcome is to severe fire effects. For this reason, the proposed planting densities and
achievable reached planting timeframe have been scoped for species resiliency to single year
outcome is droughts and future mortality sources, such as future fires.
reached
As proposed, planting would extend for up to 5 years to account for natural
variables, such as winter precipitation, but would cease as soon as the target
densities of established seedlings are achieved. Once seedlings are established,
the NPS anticipates that natural and dynamic post-fire recovery processes would
continue without additional intervention (i.e., additional planting or seedling
care). Over a period of centuries, the NPS anticipates trees would mature and
that large sequoias (monarchs) would be the dominant feature within most, if
not the entire, former grove footprints and mixed conifer would persist in the
fisher habitat corridor. The NPS also recognizes that the footprint of all sequoia
groves will vary (grow, shrink, or shift) over time due to natural factors (fire,
weather, etc.) and the influences of climate change.
7. Intensity of O This factor favors intervention as the intensity of the intervention is relatively
Intervention If the If the low-to-moderate in context of the size of the area trammeled as compared to
intervention intervention is a the area of forest impacted by high severity fire and the wilderness areas as a
is a less more intense whole, the tools used, and the intermittent nature and short duration of on-site
intense undertaking due  intervention (see Wilderness Stewardship Plan; NPS 2015).
undertaking  to the size of the
due to the area trammeled, In all, the NPS is proposing action across roughly 700 acres of sequoia groves

and 485 acres of mixed conifer habitat in wilderness out of a total of roughly
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Factor to
Consider

Favors
Intervention

size of the
area
trammeled,
tools used,
number and
frequency of
interventions

Does NOT Favor
Intervention

tools used,
number and
frequency of
interventions

Rationale

840,000 acres designated or managed as wilderness within these parks and of
over 750 acres of giant sequoia groves and over 12,000 acres of fisher habitat
that burned at high severity in both fires. Although planting could occur for up

to 5 years (up to 2 years initially and then only as necessary to replace seedlings
that have dies), actual on-site work would be intermittent and would occur over
the course of weeks across these 1,130 acres and across this much longer time

frame.

The planting crew would also complete on-site work by hand, utilizing hand
tools (such as small spades or “dibbles”) to move aside sufficient soil to create a
gap to plant each seedling. Each gap would be closed after seedling was
planted. The soil profile would not be modified, and soil would not be removed
from its native location. A small well of soil and duff up to three inches high
would-be hand built downhill of each seedling to capture incident moisture,
however there would be no additional care of seedlings once seedlings were
planted. Planting would involve small crews of up to 15 individuals.

Helicopter flights would be considered in areas where transporting seedlings and
tools to the site would otherwise be infeasible. Removal of several trees may be
proposed to facilitate safe sling-loading of tools and seedlings. An MRA would
be developed to determine the minimum requirement for all 4c prohibited
activities and tools. The use of these tools is expected to be intermittent and of
low intensity (measured in hours, not days) over the course of the project.

All planting crews and monitoring staff would walk into the worksite to conduct
planting activities. Higher intensity interventions such as flying crews into the
sites, using motorized equipment to aid in planting, using motorized equipment
to prepare sites for planting, removing dead trees prior to planting, and
removing shrubs using mechanical or chemical means are not being considered
at this time as they are not considered the minimum necessary to achieve the
purpose and need of the project so long as work could be completed in the
current timeline proposed.
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Factor to Favors Does NOT Favor

Consider Intervention Intervention

Rationale

As well, the NPS and cooperators are utilizing analyses regarding fire severity,
natural regeneration, and habitat suitability to constrain this action to forest
areas that are highly unlikely to regenerate naturally and that are modeled to
persist as forest under future climate scenarios.

Long-term monitoring would be conducted to track restoration success, and
alternatives for monitoring would be evaluated through a Minimum
Requirements Analysis (MRA) to preserve wilderness character, though some
monitoring is likely appropriate regardless of whether or not intervention is
taken.

8. Experience O

with Intervention |[f the If the
intervention intervention has
has been not been
successfully successfully
conducted conducted
previously previously or has
and haslow  unknown or high
risk of risk of
unintended unintended

consequences  conseqguences

The NPS and others have extensive experience with successful planting of giant
sequoias and other conifer species within these parks and within and outside of
the species’ natural range. SEKI planted sequoias in areas impacted by
development during the Giant Forest Restoration, and USFS has planted giant
sequoias in several groves including Black Mountain Grove. UC Berkeley has also
planted giant sequoias in experimental plantations in Blodgett Forest, and Sierra
Pacific Industries has planted giant sequoias in their plantations across the Sierra
Nevada. Planting absent supplemental water has likewise been conducted and
has been highly successful; sequoia from different genetic sources have also
been successfully planted in many areas (i.e., Mountain Home, Whitakers Forest,
McKinley Groves).

There is no documented evidence of unintended consequences from planting
sequoia or mixed conifer species. Though the opportunity to introduce non-
native, invasive, species or pathogens exists, sterile soil media and other
mitigations—with which the NPS and other experts have extensive experience—
would be implemented to reduce the potential for invasive species introduction
or establishment. Additional analysis of environmental consequences would be
completed through an Environmental Assessment.
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Appendix D: Minimum Requirement Analysis

GENERAL INFORMATION

Project Title: Establish Tree Seedlings in Severely Burned Giant Sequoia Groves and Adjacent Fisher
Critical Habitat in Sequoia and Kings Canyon National Parks

Project Duration: 2023-2028/2029

STEP 1: Determine if any administrative action is necessary

Description of Situation

What is the situation that may prompt administrative action? \What is the reason that you are
proposing an action (or actions) in wilderness?

The Castle and KNP Complex (KNP) wildfires burned across roughly 98,361 acres within the parks in 2020
and 202 1—roughly 90,000 acres of which burned in the John Krebs and Sequoia-Kings Canyon Wilderness
areas and the Hockett-Area Recommended Wilderness (see Table D 1 below). Although Sierra-Nevada
mixed coniferous forests, including those that contain giant sequoia, are adapted to frequent, low to
moderate severity fire, large patches of high severity fire (which equates to high tree mortality) is not
documented within the natural fire regime of these forests (Shive et al. 2022). And yet, 2,132 acres of the
John Krebs Wilderness, 20,068 acres of the Sequoia-Kings Canyon Wilderness, and 1,646 acres of the
Hockett-Area Recommended Wilderness—representing close to 3% of these wilderness areas, combined,
and more than a quarter of the acres that burned in recent wildfires within these wilderness areas—burned
at high severity during these recent wildfires, with severe impacts to these forests and, subsequently, the
wilderness character of these wilderness areas.

TABLE D1. TOTAL ACREAGE BURNED ACROSS WILDERNESS

Total Acres of Acres Burned Acres Burned Acres Burned Acres Burned

Wilderness as Percent of at High at HS as
Total Severity (HS) Percent of
Total Acres

John Krebs 39,967 5,812 14.5% 2,132 5.3%

Wilderness

Sequoia-Kings 768,110 73,427 9.6% 20,068 2.6%

Canyon

Wilderness

Hocket Area 29,516 10,678 36.2% 1,646 5.6%

Recommended

Wilderness

Fisher Proposed 65,003 40,380 62.1% 11,260 17.3%

Critical Habitat in

Wilderness

TOTAL 837,593 89,917 10.7% 23,846 2.8%

WILDERNESS

In fact, the Castle and KNP wildfires (along with the 2021 Windy Fire) burned at such unprecedented high
severity across such large contiguous acres that an estimated 9,760 to 14,237 large giant sequoias were
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outright killed by or are otherwise dying from high intensity fire range-wide. This amount of loss within this
species is unprecedented and accounts for 13-19% of the total population of large sequoias. Total
mortality of large sequoias in the groves of concern is estimated at 720 individual large trees and a range
of 4-40 percent total grove loss. See Table 5 of Re-establish Tree Seedlings in Severely Burned Giant
Sequoia Groves and Adjacent Fisher Habitat Environmental Assessment (EA).

In addition to the high mortality of sequoias, approximately 11,260 acres of proposed fisher critical habitat
within the John Krebs and Sequoia-Kings Canyon Wilderness areas and the Hockett-Area Recommended
Wilderness burned at high severity during the Castle and KNP wildfires, including a roughly 485-acre
proposed critical habitat corridor within Fisher Core Habitat Area 3 south of Redwood Mountain Grove
(Spencer et al, 2016; Meyer et al, 2022).

Contiguous high severity areas in groves and mixed conifer forests are vulnerable to long-term type
conversion to shrub-dominated systems because:

1) They lack adequate seed sources as most reproductive trees are now dead, and

2) There are inadequate seedlings to regenerate forest (Coop et al. 2020; Guiterman et al. 2022).
Post-fire seedling surveys indicate numbers significantly lower than what the NPS has documented
in previous post-fire plots. ee EA, Chapter 1 (specifically Re-planting Proposal Development on
page 6) and Chapter 3 (specifically Sequoia Grove Recovery and Resilience on page 41) for details
about individual sequoia groves.

Although high severity fire from these recent fires burned through close to 24,000 acres of wilderness
areas within Sequoia and Kings Canyon National Parks, the NPS completed a RAVG analysis to identify
areas of particular concern—where large contiguous patches of high severity fire align with sequoia groves
(given their nexus with the establishment of the national parks) or fisher habitat (given its status as an
endangered species and its reliance on mixed-conifer forests). Through this RAVG analysis, the NPS found
large patches of high severity fire within six sequoia groves (Redwood Mountain, Suwanee, New Oriole
Lake, Dillonwood (which as mentioned previously includes the small portion of Garfield Grove that is in the
same drainage as Dillonwood), Board Camp, and Homers Nose) and the 485-acre proposed fisher critical
habitat south of Redwood Mountain Grove.

Post-fire assessments within Redwood Mountain Grove, Suwannee Grove (surveys in process), Dillonwood
Grove (surveys in process) by NPS and partner agencies, Board Camp Grove (completed), and the fisher
habitat corridor south of Redwood Mountain Grove (completed) show low seedling regeneration and high
sequoia mortality leading to a lack of adequate seed source within these contiguous high severity patches.
In a recent analysis of post-fire sequoia regeneration across 26 different fires spanning a 48-year period in
Sequoia and Kings Canyon National Parks, Stephenson et al. (2023) found that the mean sequoia seedling
density in the first-year post-fire was 62,031 per acre, and in the second year after fire, the mean density
was 14,112 seedlings per acre. A lifetable analysis of giant sequoia by York et al. (2013) indicates that
these post-fire densities are representative of the numbers needed to create a stable population as only a
handful of these seedlings survive to become the majestic trees that we see today. In comparison to these
densities, when the NPS and partners completed field surveys of sequoia seedlings in 2022 of Redwood
Mountain Grove (high severity fire effects areas only), Board Camp Grove (sampled entire grove), New
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Oriole Lake Grove (sampled the entire grove), and Suwanee Grove (sampled the entire grove), crews found
the following densities of sequoia seedlings:*?

e Board Camp Grove: Modeled median of 651 seedlings/acre; <0.1% probability of the mean
meeting the second-year seedling densities after fire;

e Redwood Mountain Grove (only high severity area of the grove): Modeled mean of 4,266
seedlings/acre; 1.1% probability of meeting the second year seedling densities after fire;

e Suwanee Grove: Modeled mean of 4,763 seedlings/acre; 2.4% probability of meeting the second-
year seedling density after fire;

e New Oriole Lake Grove: Modeled mean of 6,875 seedlings/acre; 11.2% probability of meeting the
second-year seedling density after fire (Soderberg et al 2023 in review).

Based on the above findings, it is apparent that current sequoia seedling densities in these areas are well
below what is estimated as needed to re-establish sequoias and generate a stable population (Soderberg et
al. 2023 in review; Stephenson et al. 2023 in preparation). Seedlings that are present in the proposed
action areas are also primarily restricted to small patches in drainages or other protected microsites.
Additionally, areas of this size contain large patches that are beyond the distance that the majority of
sequoia seeds disperse (Clark et al. 2021). In high severity patches, this combination of factors (insufficient
natural seedling densities and lack of living sequoias), combined with previous studies that demonstrate a
high mortality rate of post-fire germinated sequoia seedlings and low (if not zero) seedling regeneration at
more than three years post-fire, indicate that these areas are highly vulnerable to conversion from forest to
fire-initiated shrub-dominated communities in the long term (Coop et al. 2020). Again, see EA, Chapter 1
(specifically Re-planting Proposal Development on page 6) and Chapter 3 (specifically Sequoia Grove
Recovery and Resilience on page 41) for additional details.

For these areas with insufficient natural seedling densities and lack of living trees, particularly sequoias,**
action is needed to give these forests an opportunity to recover and thereby prevent the loss of acreage
within these sequoia groves and fisher habitat which is expected to otherwise type-covert to shrub-
dominated communities. See Tables 1 and 5 (pages 19 and 46) and Figure 7 (page 26) in the associated
Environmental Assessment for more information on impacted areas and decision process.

See Chapter 1 (specifically “Background”) in the EA for more information and details on the situation that
may prompt administrative action within wilderness.

Wilderness Considerations

A. Options Outside of Wilderness

Can actions taken outside of wilderness adequately address the situation and meet project goals?

No. Of the six sequoia groves that burned at high severity during the Castle and KNP wildfires, four occur
entirely within designated wilderness (Board Camp, Homer’s Nose, New Oriole Lake, and Suwanee Groves),
one is partially located in designated wilderness (Redwood Mountain Grove), and one is partially located in

23 For Board Camp, New Oriole Lake, and Suwanee, seedlings were measured throughout the entire grove, not just the high
severity target planting areas. For Redwood Mountain, only the high severity target planting area was measured (Soderberg et al
2023 in review).

24 Notably, data is still being collected for Suwanee, Dillonwood, Homer’s Nose, and New Oriole Lake Groves, which should be
completed in summer 2023. Should there be sufficient reproductive trees remaining and/or sufficient natural regeneration post-fire
in these areas, action would not be needed.
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recommended wilderness (Dillonwood Grove). No frontcountry sequoia groves were lost or partially lost to
high severity fire. While fisher critical habitat burned at high severity in non-wilderness, the 485-acre
habitat corridor was identified as integral to connecting fragmented fisher populations and is entirely
within designated wilderness.

Because sequoia groves are ecologically valuable in large part to their location within the broader Sierra
Nevada (see Chapter 3 (specifically the Affected Environment within Sequoia Grove Recovery and
Resilience) of the EA for additional information about the groves and their significance) and because they
serve as an identified attribute of the natural quality of both the John Krebs and Sequoia-Kings Canyon
wilderness areas, “replacement” or “restoration” of sequoias cannot be adequately achieved offsite and
outside of wilderness, nor would such replacement serve to restore natural quality of wilderness character
in areas where it has been diminished. Likewise, the fisher habitat where planting in wilderness is being
proposed serves as a key habitat corridor between otherwise disjointed and fragmented surrounding
habitat. Restoring forest in areas outside of wilderness would not create habitat corridors where the
corridor is needed.

Several other considerations also make this alternative not viable. First, as identified in several scientific
publications (see Appendix E), different groves contain different genetic material and thus loss of trees in
these specific groves is damaging to the species ability to respond to future events through adaptation.
Additionally, if seed was collected from these groves and planted elsewhere (whether in or outside of
wilderness), these trees would not be able to exchange pollen with remaining trees in these groves or
adjacent groves and thus long-term genetic exchange and adaptive potential would be disrupted. Finally,
the NPS does not manage a lot of land that is both outside wilderness and suitable for sequoia groves
besides the limited acres in the Dillonwood Grove being considered in this proposal and those in front
country areas of these parks. In fact, it is unclear whether any additional areas exist and if so, where they
would be, particularly as giant sequoia groves occupy hydrologic refugia (Baeza et al. 2021), meaning not
all parts of the landscape would support giant sequoia groves long-term. Thus, planting only outside of
wilderness would put the future of sequoias at higher risk and has a significant potential for long-term
failure.

Because the need for action is to prevent an unacceptable loss of giant sequoias in the limited number of
groves where they naturally occur, restore proposed critical habitat for an endangered species and avoid
type conversion of these forests to high severity, frequent fire shrub communities, and these areas primarily
occur in wilderness, acting outside of wilderness would not address the lack of seedling regeneration in
affected areas.

Furthermore, the situation described above and in supporting materials is not just a loss for the sequoia or
fisher, as components of a larger ecosystem, but are also part of the wilderness character of the John Krebs
and Sequoia-Kings Canyon Wilderness areas and the Hockett-Area Recommended Wilderness. Restoration
of sequoia or fisher habitat elsewhere (outside of wilderness) does not address the loss to these areas.

B. Valid Existing Rights or Special Provisions of Wilderness Legislation

Is action necessary to satisfy valid existing rights or a special provision in wilderness legislation (the
Wilderness Act of 1964 or subsequent wilderness laws)?

Though not necessary to conform with a special provision, Section 4(a) of the Wilderness Act establishes
that the supplemental purposes of wilderness shall not lower the standards evolved for use and
preservation of national park units established under the Organic Act: “Nothing in this Act shall modify the
statutory authority under which units of the national park system are created. ... Further, the
designation... as a wilderness area pursuant to this Act shall in no manner lower the standards evolved for
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the use and preservation of such park, monument, or other unit of the national park system in accordance
with section 100101(b)(1)...of Title 54, United States Code, [or] the statutory authority under which the
area was created...” The proposed action serves to preserve Giant Sequoias; both Sequoia and Kings
Canyon National Parks were designated in large part for the protection of this species.

C. Requirements of Other Legislation

Is action necessary to meet the requirements of other federal laws?

Yes. The persistence of mature giant sequoia and preservation of fisher habitat connectivity is required to
meet the park enabling legislation and other federal laws governing the National Park Service as follows.

1890 Enabling Legislation of Sequoia National Park, 26 Statute 478

“Whereas the rapid destruction of timber and ornamental trees in various parts of the
United States, some of which trees are the wonders of the world on account of their size
and the limited number growing, makes it a matter of importance that at least some of said
forests should be preserved...”. These lands are to be managed “for the preservation from
injury of all timber, mineral deposits, natural curiosities or wonders . . . [and for] their
retention in their natural condition.”

Sequoia National Park was established, in a large part, to preserve trees that are “the wonders of the world
on account of their size and the limited number growing.” This passage is referring to Sequoias, recognizes
their limited distribution, and directs that they should be preserved within the park. As the distribution of
the species has been reduced, and current conditions are not the “natural condition” but instead will
threaten recovery of these groves, the NPS is obligated to act to achieve one of the primary purposes for
which these parks were established.

1890 Enabling Legislation of General Grant National Park

“all timber, mineral deposits, natural curiosities, or wonders within the parks, and to retain
their natural conditions.”

General Grant National Park, the predecessor to Kings Canyon National Park, was similarly set aside for the
purposes of protecting “wonders” [sequoias] within the park, specifically the General Grant Tree and
surrounding trees.

The NPS Organic Act of 1916 (54 USC 100101(a))

The Organic Act directs the NPS to “...conserve the scenery and natural and historic objects and the
wildlife therein...by such means as will leave them unimpaired for the enjoyment of future generations”.

The 1978 Amendment to the NPS Organic Act (54 USC 100101(b)(2))
This amendment clarified and enhanced the protective functions of the National Park Service and states:

“Congress further reaffirms, declares, and directs that the promotion and regulation of the
various areas of the National Park System, as defined in section 1c of this title, shall be
consistent with and founded in the purpose established by section 1 of this title [the
Organic Act provision quoted above], to the common benefit of all the people of the United
States. The authorization of activities shall be construed, and the protection, management,
and administration of these areas shall be conducted in light of the high public value and
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integrity of the National Park System and shall not be exercised in derogation of the values
and purposes for which these various areas have been established, except as may have
been or shall be directly and specifically provided by Congress."

The Organic Act and amendments direct the NPS to conserve “natural objects and wildlife therein” in an
unimpaired manner. Sequoias and fisher are natural objects and wildlife naturally occurring within the park
boundaries. Sequoias in particular are specifically referred to in the park’s enabling legislation thus a
resource that is necessary to fulfill identified park purposes. Both species are key to the natural integrity of
the parks, though sequoia, in particular, holds special significance for park management and public
enjoyment.

As well, both species are under threat of habitat loss due to recent high-severity fire. The threats to
sequoias directly relate to a loss of occupied land area and associated total population decline which would
remain diminished should affected areas convert in the long term to shrub communities. While overall
populations of fisher may not have declined due to recent fire (this is unknown however as NPS does not
have data on direct fisher mortality during the fires), loss of habitat connectivity in the identified area (Core
Area 3) restricts natural gene flow necessary for long-term species survival.

As current conditions threaten the natural distribution and survival of both species, the NPS is obligated to
conserve these species in a manner consistent with the Act in order to prevent degradation through a long-
term, if not permanent, loss of these resources within these areas.

Kings Canyon Enabling Act of 1940

“That the National Park Service shall... administer for public recreational purposes the lands
withdrawn.” and “to insure (sic) the permanent preservation of the wilderness character of
the Kings Canyon National Park.” (Sec. 3.)

The enabling legislation of Kings Canyon National Park is notably the first legislation to incorporate the
term “wilderness character”. Lands designated under this legislation include, among other resources, giant
sequoia and fisher, and sequoias have been specifically identified as an attribute of the natural quality of
wilderness character in the Sequoia-Kings Canyon Wilderness (Tricker et al. 2014). The park’s enabling
legislation therefore directs the NPS to act to direct areas diminished by recent high severity impacts
toward recovery in order to preserve or restore wilderness character—specifically the natural quality of
which fisher and sequoias are a component—in areas where it is currently diminished.

Endangered Species Act (16 USC 1536(c)

“(1) The Secretary shall review other programs administered by him and utilize such
programs in furtherance of the purposes of this chapter. All other Federal agencies shall, in
consultation with and with the assistance of the Secretary, utilize their authorities in
furtherance of the purposes of this chapter by carrying out programs for the conservation
of endangered species and threatened species listed pursuant to section 1533 of this title”

The Southern Sierra Nevada distinct population segment of fisher is a federally endangered species under
the Endangered Species Act (Federal Register 85, 28532-29589) and the proposal to designate critical
habitat was released in October of 2021 and expected to be finalized by fall of 2023 (FWS-R8-ES-2021-
0060). The NPS’ use of agency authorities to restore fisher habitat connectivity lost to high severity fire
directly serves the NPS’ obligations to conserve this species.

Re-establish Tree Seedlings in Severely Burned Giant Sequoia Groves and Adjacent Fisher Habitat
Appendix D: Minimum Requirement Analysis Page 6 of 22



D. Wilderness Character
Untrammeled: NA

Undeveloped: NA

Natural: Giant sequoia is an attribute of the natural quality of wilderness character for both the John
Krebs and Sequoia-Kings Canyon Wildernesses (Tricker et. al. 2014). High severity fire during two recent
fire events (2020 Castle and 2021 KNP Complex wildfires) has contributed to the death of thousands of
individual large (> 4 feet in diameter) sequoia trees and reduced the intact acreage of six wilderness
sequoia groves; resulting in diminished natural quality of wilderness character. A documented lack of
seedling regeneration leaves affected areas highly vulnerable to long-term type conversion to shrub-
dominated systems. Because sequoia already have limited distribution (as recognized in the parks’ enabling
legislation), taking action is necessary to prevent conversion of sequoia forests to non-forest and direct
these areas—over a period of centuries—toward recovery of pre-fire distribution and population levels of
large giant sequoias, thus preserving in the long term, the natural quality of wilderness character.

Fisher is a forest-dependent carnivore which is federally endangered. The area where action is proposed is
within a habitat corridor for proposed fisher critical habitat, core area 3 (Meyer et al. 2022). Restoration of
this area would help speed up the return of tree cover and suitability for fisher movement, thus facilitating
dispersal and associated gene flow vital to the species conservation. As this species is a natural component
of the wilderness areas where they are located, restoring areas such that natural dispersal and gene flow
can continue is therefore also necessary to preserve the natural quality of wilderness character.

Outstanding Opportunities for Solitude or Primitive and Unconfined Recreation: Action is not
necessary to preserve this quality.

Other Features of Value: NA
E. Other Guidance

Is action necessary to conform to direction contained in agency policy, unit and wilderness management
plans, species recovery plans, or agreements with tribal, state and local governments or other federal
agencies?

Yes. NPS Management Policies (MP) require the NPS maintain natural population processes (MP 4.4.1.1)
and strive to protect a full range of native plant and animal genotypes (MP 4.4.1.2) such as those that
would be protected and preserved under this proposed action. These policies also require that the NPS
meet its obligations under the Organic Act and Endangered Species Act to protect threatened or
endangered species and their habitat (MP 4.4.2.3). Further, these policies permit the NPS to manipulate
landscapes and plant or animal populations if necessary to correct excessive disturbance caused by past
human actions (MP 4.4.2.4) and when such actions would not cause unacceptable impacts to the species
in question or the ecosystem in question (MP 4.4.2). The parks’ internal management guidance further
directs the parks to re-establish the function of human disturbed natural systems (NPS 2007, Vegetation:
desired conditions).

NPS Management Policies 2006

The Service manages the natural resources of parks to maintain them in an unimpaired condition for
present and future generations in accordance with NPS-specific statutes, including the NPS Organic Act
and the National Parks Omnibus Management Act of 1998; general environmental laws such as the Clean
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Air Act, the Clean Water Act, the Endangered Species Act of 1973, the National Environmental Policy Act,
and the Wilderness Act; executive orders; and applicable regulations.

1.4.5 WHAT CONSTITUTES IMPAIRMENT OF PARK RESOURCES AND VALUES
“An impact to any park resource or value may, but does not necessarily, constitute an
impairment. An impact would be more likely to constitute impairment to the extent that it
affects a resource or value whose conservation is:

e necessary to fulfill specific purposes identified in the establishing legislation or
proclamation of the park, or

e key to the natural or cultural integrity of the park or to opportunities for enjoyment of
the park, or

e identified in the park’s general management plan or other relevant NPS planning documents as
being of significance.”

1.4.6 WHAT CONSTITUTES PARK RESOURCES AND VALUES

e “the park's scenery, natural and historic objects, and wildlife, and the processes and condition
that sustain them, including, to the extent present in the park: the ecological, biological, and
physical processes that created the park and continue to act upon it; scenic features; natural
visibility, both in daytime and at night; natural landscapes; natural soundscapes and smells; 11
water and air resources; soils; geological resources; paleontological resources; archeological
resources; cultural landscapes; ethnographic resources; historic and prehistoric sites, structure,
and objects; museum collections; and native plants and animals;

e appropriate opportunities to experience enjoyment of the above resources, to the extent that
can be done without impairing them;

e the park's role in contributing to the national dignity, the high public value and integrity, and
the superlative environmental quality of the national park system, and the benefit and
inspiration provided to the American people by the national park system; and

e any additional attributes encompassed by the specific values and purposes for which the park
was established.”

4.4.1.1 PLANT AND ANIMAL POPULATION MANAGEMENT PRINCIPLES
“The Service will adopt park resource preservation... strategies that are intended to
maintain the natural population fluctuations and processes that influence the dynamics of
individual plant and animal populations, groups of plant and animal populations, and
migratory animal populations in parks” (emphasis added).

4.4.1.2 GENETIC RESOURCE MANAGEMENT PRINCIPLES
“The Service will strive to protect the full range of genetic types (genotypes) of native plant
and animal populations in the parks by perpetuating natural evolutionary processes and
minimizing human interference with evolving genetic diversity” (emphasis added).

“The need to maintain appropriate levels of genetic diversity will quide decisions on what
actions to take to manage isolated populations of species or to enhance the recovery of
populations of rare, threatened, or endangered species” (emphasis added).

4.4.2 MANAGEMENT OF NATIVE PLANTS AND ANIMALS
“Whenever possible, natural processes will be relied upon to maintain native plant and
animal species and influence natural fluctuations in populations of these species. The
Service may intervene to manage individuals or populations of native species only when
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such intervention will not cause unacceptable impacts to the populations of the species or
to other components and processes of the ecosystems that support them.”

4.4.2.3 MANAGEMENT OF THREATENED OR ENDANGERED PLANTS AND ANIMALS
“The Service will fully meet its obligations under the NPS Organic Act and the Endangered
Species Act to both proactively conserve listed species and prevent detrimental effects on
these species.”

Further, the NPS will “manage designated critical habitat, essential habitat, and recovery areas to maintain
and enhance their value for the recovery of threatened and endangered species.”

4.4.2.4 MANAGEMENT OF NATURAL LANDSCAPES
“Natural landscapes disturbed by natural phenomena, such as... fires, will be allowed to
recover naturally unless manipulation is necessary to (1) mitigate for excessive disturbance
caused by past human effects...” (emphasis added).

Sequoia and Kings Canyon National Parks General Management Plan (NPS 2007)

Parks Mission: “protect forever the greater Sierran ecosystem — including the sequoia groves and high
Sierra regions of the parks — and its natural evolution, and to provide appropriate opportunities to present
and future generations to experience and understand park resources and values” (Page 1).

Management Prescription: “The giant sequoia groves — particularly Giant Forest — and the ecosystems
they occupy are restored, maintained, and protected” (NPS 2007, Page 53).

DESIRED CONDITIONS
Vegetation (including Sequoia Groves):

“Intervention in natural biological or physical processes will be allowed only (1) when
directed by Congress, (2) in some emergencies when human life and property are at stake,
or (3) to restore native ecosystem functioning that has been disrupted by past or ongoing
human activities” (emphasis added) (NPS 2007, Page 13).

“The National Park Service will re-establish natural functions and processes in human-
disturbed natural systems in the parks unless otherwise directed by Congress” (emphasis
added) (NPS 2007, Page 14).

Wildlife:

“Populations of native plant and animal species function in as natural a condition as
possible except where special management considerations are warranted” (NPS 2007, Page
15).

Sequoia and Kings Canyon National Parks Wilderness Stewardship Plan (NPS 2015)

The Executive Summary of the parks’ Wilderness Stewardship Plan (Page v.) outlines the following desired
conditions:

“The natural quality of wilderness would be preserved by mitigating the impacts of modern
civilization on ecosystem structure, function, and processes. The NPS aspires to minimize or
localize adverse impacts caused by visitor use and administrative activities. In the wilderness,
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natural processes would dominate:

ecosystem structure and function (emphasis added)

native biodiversity (emphasis added)

water quality and quantity

decomposition nutrient cycling, and soil forming processes
meadow and wetland productivity

fire regimes (emphasis added)

and soundscapes, dark skies, and viewsheds”

Sequoia and Kings Canyon National Parks Resource Stewardship Strategy (NPS 2017)

The parks’ Resource Stewardship Strategy (RSS) outlines the following goals associated with sequoia
protection:

N

“Maximize persistence of large, living giant sequoias.

2. Maximize persistence of structurally and compositionally complex giant sequoia groves that are
sustainable, resilient (to drought, fire, insects, etc.), and support native biodiversity.

3. Manage for ecological functions essential to giant sequoia groves (fire, hydrology).

4. Prepare for potential shifts in giant sequoia distribution to enable its persistence in the broader
Sierra Nevada landscape.

5. Prioritize persistence of giant sequoia in areas of highest social value” (NPS 2017, Page 41).

At the time of its writing, the RSS stated that only 20% of sequoia groves in the Parks were within desired
fire return interval and that small trees were overly dense in most groves. Both of these stressors were
identified as moderate concern just five years ago (NPS 2017, Page 41).

Finally, the Parks’ RSS identified such direct management priorities to “...include continuing and expanding
the use of fire and fuels treatments, reducing other stressors like invasive plants, establishing seed banks,
and research with new or expanded treatments that may increase resistance and resilience to climate
change, drought, insects, disease, and uncharacteristically severe fires” (NPS 2017, Page 84).

MANAGEMENT OBJECTIVES: TERRESTRIAL WILDLIFE

The RSS listed monitoring, protecting, and restoring (when feasible) was listed as a high priority for the
NPS.

“Contribute to/review species recovery plans and evaluate opportunities to facilitate
recovery of T&E and candidate species and other species of concern (Sierra Nevada bighorn
sheep, California spotted owl, California condor, Pacific fisher)” (NPS 2017, Page 94).

NPS Climate Change Response Strategy (NPS 2010)

Under the Climate Change Response Strategy, the NPS will analyze potential climate change impacts and
adaptively apply the information to improve planning, resource conservation, and visitor experience.

Goal 2: Collaborate with partners to develop, test, and appropriately apply climate change models to NPS
activities (NPS 2010, Page 12).

Objective 2.3: Facilitate development of models that can be used by managers to plan for and adapt to
climate change impacts (NPS 2010, Page 14).
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Goal 6: Implement adaptation strategies that promote ecosystem resilience and enhance restoration,
conservation, and preservation of park resources (NPS 2010, Page 15).

Objective 6.1: Collaborate with federal, state, and local partners and programs to acquire, evaluate, and
develop tools, such as vulnerability assessments and scenario planning, to inform the development of
adaptation plans at appropriate scales (NPS 2010, Page 14).

Objective 6.3: Collaborate to develop cross jurisdictional conservation plans to protect and restore
connectivity and other landscape scale components of resilience (NPS 2010, Page 14).

NPS Guidelines for Ecological Intervention in Wilderness Reference Manual 41 (RM41 2022)

As of 2022, Reference Manual (RM) 41 includes an analytical tool, Guidelines for Evaluating Ecological
Intervention Proposals in National Park Service Wilderness, developed to assist NPS unit managers in
applying the provisions of NPS management policy and other guidance when determining whether or not
intervention is or is not favored in wilderness. The parks’ analysis of the eight factors outlined within this
guidance document resulted in several factors favoring intervention and several factors neither strongly
favoring nor strongly dis-favoring as follows:

1. Cause of Degradation: This factor favors intervention because the primary cause of the degradation
to sequoia groves and proposed critical habitat was high severity fire fueled by a century of human
fire suppression.

2. Timing of Degradation: This factor favors intervention because NPS policy under which high fuel
loads began to build is no longer in effect. NPS policy now supports wildland fire use to maintain
and restore fire in these areas.

3. Origin of Degradation: This factor favors intervention because the origin of degradation (fire
suppression) within each of these groves, fisher habitat corridor, and surrounding forests 1) occurs
on lands that are managed by the NPS, and 2) is within the jurisdiction of NPS’s authority for
managing wildfire.

4. Urgency of Degradation: This factor could either favor or not favor intervention depending upon
the intensity of action desired. Acting now, when these areas are at their closest to post-fire
conditions—when re-establishment would have occurred naturally had it not been for the impacts
of fuel loading and resulting high severity fire—would increase the likelihood of success. Once
shrub communities become dominant, correcting this degradation may still be feasible, but would
require additional intervention to create conditions conducive to replanting (e.g. mastication,
herbicide).

5. Sustainability of Intervention: This factor may either favor or not favor intervention depending upon
future fire management activities, the climate vulnerability of planted areas, the resiliency of the
species in question, whether climate driven drought returns to the area before seedlings are
established, and the future climate in these areas.

6. Outcome of Intervention: This factor favors intervention because the proposed project has an
achievable outcome and a clear point at which the outcome would be reached. The desired
outcome of this proposed intervention is to establish a sufficient amount of sequoia and mixed
conifer seedlings, and at sufficient densities, so as to mimic natural regeneration of these species
post wildfire and thereby direct the trajectory of these forests toward recovery to their pre-fire
forest assemblages—as they would have done naturally had high fuel loading not led to severe fire
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effects. For this reason, the proposed planting densities and planting timeframe have been scoped
for species resiliency to single year droughts and future mortality sources, such as future fires.

7. Intensity of Intervention: This factor favors intervention as the intensity of the intervention is
relatively low-to-moderate in context of the size of the area trammeled as compared to the area of
forest impacted by high severity fire and the wilderness areas as a whole, the tools used, and the
intermittent nature and short duration of on-site intervention (see Wilderness Stewardship Plan,
2015).

8. Experience with Intervention: This factor favors intervention as the NPS and others have extensive
experience with successful planting of giant sequoias and other conifer species within these parks
and within and outside of the species’ natural range. Planting absent supplemental water has
likewise been conducted extensively and has been highly successful; sequoia from different genetic
sources have also been successfully planted in many areas (i.e., Mountain Home, Whitakers Forest,
McKinley Grove).

STEP 1 DETERMINATION

Is administrative action necessary in wilderness?
Yes, administrative action is necessary in wilderness.

Section A: These groves and adjacent habitat primarily occur in wilderness. Acting entirely outside of
wilderness would not address the lack of seedling regeneration in affected areas.

Section B: There is no wilderness legislation specifically directed toward the preservation of sequoias or
fisher.

Section C: Sequoia and Kings Canyon National Parks were created, in large part, to preserve giant sequoia
forests. Action is therefore necessary to meet the purposes of park enabling legislation, and the NPS
Organic Act, as consistent with section 4(a) of the Wilderness Act as well. Further, the Endangered Species
Act directs the NPS to preserve the endangered fisher and its habitat (critical habitat anticipated to be listed
in fall 2023).

Section D: Giant sequoia trees are an identified attribute of the natural quality of wilderness character,
and fisher are a component of the natural faunal makeup for both the John Krebs and Sequoia-Kings
Canyon Wildernesses. Because sequoias have been severely impacted and fisher habitat connectivity has
been lost, action is necessary to preserve (and restore) the natural quality of wilderness character in these
wilderness areas.

Section E: Action is necessary to conform to NPS Management Policies and Park Management Plans. Six
factors in the parks’ RM 41 analysis favored intervention while the other two neither strongly favored nor
dis-favored intervention.

STEP 2 Determine the Minimum Activity

Below is the initial minimum requirement determination to address the situation outlined in Step 1. See
Chapters 1 and 2 of EA for full details on all alternatives, including those considered but dismissed in the
process of evaluating this proposal. As well, see Chapter 3 for finalized analysis on impacts to wilderness
character.
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Alternative A: No Action

Under Alternative A, the NPS would take no action to restore post-fire succession. The NPS would continue
to monitor within former sequoia grove and adjacent mixed conifer footprints; though a monitoring design
has not been finalized and would be considered under a separate MRA. Previously collected sequoia seed
would remain in a seed bank to preserve genetics of the species, for research, and potential planting in the
future.

Wilderness Character

How does this alternative affect the qualities of wilderness character in both the short and long-term?
Include both positive and negative effects. What mitigation measures will be taken?

Untrammeled: There would be no effect on this quality.

Undeveloped: Though monitoring plans have yet to be developed, the NPS estimates up to 600 small
plot markers and 60 other installations would be installed across the action area to monitor vegetation
and other resources within areas that burned at high severity. These installations would negatively
influence undeveloped quality for up to 30-40 years.

Natural: Sequoia mixed conifer and mixed conifer seedlings would remain either absent or at densities
below that needed to support forest recovery in affected areas. Based on current assessments, 700 total
combined acres across six sequoia groves and roughly 500 acres of adjacent fisher critical habitat would
remain highly vulnerable to conversion from giant sequoia mixed conifer forest to disturbance
related/maintained shrub community. Note that rounding of these numbers results in an estimated 1,200
acres total, however the total acreage within wilderness is 1,130; roughly 80 acres lie outside of
wilderness. Because giant sequoia is a primary attribute of wilderness character in these parks, the
diminished grove footprint would adversely affect the natural quality of wilderness and contribute to the
overall trajectory toward less natural. As well, the natural quality could further deteriorate if cycles of high
severity fire resulting from the conversion to shrub-dominated systems spread to other nearby areas.

As mentioned above, fisher is a federally endangered forest dependent species and, though not specifically
identified in the parks’ wilderness character assessment, is a component of the natural quality of wilderness
character in these parks. The area where action is proposed is within a habitat linkage for critical habitat
core area 3 (Meyer et al. 2022). Should this area convert, fisher dispersal to suitable habitat found on either
side of the burn patch would be severely limited, restricting gene flow between these two areas. To the
extent that the loss of this critical habitat linkage reduces the NPS’ ability to preserve the species, natural
quality would be adversely affected.

Opportunities for Solitude or Primitive and Unconfined Recreation: Taking no action would have no
effect on this quality.

Other Features of Value: There would be no effect on this quality.

Alternative B: Replant Seedlings Propagated from Seed Collected from the Local
Genetic Community of Each Replanted Area; Support Project Using a Combination
of Helicopter, Stock Support, and Foot Travel

Under Alternative 2, the NPS would consider replanting giant sequoia (Sequoiadendron giganteum) and
other mixed conifer seedlings in up to six giant sequoia groves in Sequoia and Kings Canyon National

Parks: Redwood Mountain, Suwanee, New Oriole Lake, Dillonwood, Board Camp, and Homers Nose where
these forests are otherwise unlikely to naturally recover following the impacts of high severity fire (see
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Table 1 on page 19 of the EA) following the Decision Tree outlined in Figure 7 on page 26 of the EA.
Dillonwood Grove is mostly outside of wilderness and this MRA therefore only applies to a small portion of
that grove. The NPS would also consider planting conifer seedlings other than sequoia in the mixed conifer
forest immediately south of the Redwood Mountain Grove where these seed sources were also lost and
where natural regeneration is lower than what is necessary to re-establish this important fisher habitat
corridor (see Figures 1-6 on pages 20-25 of the EA).

Considering the purpose and need for action outlined above, the goal of this proposed action is to have
sequoia and mixed conifer seedlings at sufficient densities in these areas to direct the trajectory of these
forests toward recovery. Based on evaluation of site-specific climate, use of other recommendations from
published literature, and general technical reports from the USFS, the NPS is proposing to plant 200 to 600
seedlings per acre in areas where intervention is determined to be necessary. The planting rate is much
lower than the seedlings per acre found after fire due to the substantially higher survival rate of planted
seedlings compared to those established from seeding (Stewart 2020; York et al. 2009).

See Chapter 2, Alternative 3 in the EA for detailed description of components of this Alternative.

Transport Methods and Landing Clearance

The six sequoia groves and adjacent fisher critical habitat are distributed across both parks in wilderness (in
the case of Dillonwood partially within recommended wilderness) with varying degrees of access (see Table
D 2 on page 15 of this MRA). Under Alternative B, areas having adequate trail infrastructure, but too far to
allow transport of all seedlings and gear by foot, would utilize pack stock transport. From staging sites
where stock deliver materials, planting crews would transport seedlings to their planting locations on foot.
Sites where pack stock could be used include parts of Redwood Mountain and the adjacent fisher critical
habitat corridor. In the case of Redwood Mountain, which has some small and disparate patches proposed
for planting, seedlings may be carried to smaller patches on foot from the nearest road if determined not
to be a safety risk.

Where barriers to stock or foot travel prevent safe access for seedling and tool delivery, including areas that
have been determined prohibitively far from developed trails and roads or having terrain too difficult for
stock or crews to transport seedlings and tools safely and feasibly, the NPS would utilize helicopters to
transport seedlings and tools, via sling loads, to centralized staging areas from landing sites, seedlings
would then be transported by foot to their planting locations (see Table D 1). No staff would be
transported via helicopter. Some groves may require sling load deliveries in multiple locations to deliver
seedlings throughout the area due to the distances between planting patches.

For Redwood Mountain Grove, the NPS would preferentially use stock and foot transport, though safety
considerations may ultimately require use of helicopter. The following therefore represents a reasonable
worst-case scenario over the course of three years as would occur if planting is determined necessary
beyond the first or second year and safe transport of materials in these locations cannot be otherwise
achieved.

To safely transport a 150 foot-long sling load, a helicopter requires a roughly 20 x 20 foot opening for
trees up to 150 feet tall and 75 x 75 foot opening for trees roughly 150 feet tall. Sites meeting these
criteria, where a sling load can be safely dropped without removing snags, would be selected where
feasible. However, in locations where one or more snags would be required, the NPS estimates that
roughly 5-10 snags (dead trees) may be felled; again, this may be necessary in multiple sites for one or
more groves. For the purposes of this analysis, the NPS assumes that a total of up to 6 landing zones may
be needed across all sites and snags may inhibit safe landing at least 4 of these. Under this scenario, a total
of up to 40 snags would be removed across the combined 1,200-acre action areas (1,130 in wilderness).
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TABLE D2. FACTORS CONSIDERED FOR MINIMUM TRANSPORT REQUIREMENT

] Approximate
Weight of \-:\Le;zh;:; Total Stock Miles of Miles of Ex'?s(;?n Elevation
Seedlings Supblies in Needed for Maintained |Abandoned Routeg Difference from
in Pounds PP 25 Weight Access Trail Trail?*® a7 Nearest Trail
Pounds Miles . 28
Access in Feet
Dillonwood 3,100 800 31 55 0.8 0 489
Homer’s Nose 1,650 800 19 3.1 3.1 .6 2,352
2.7
Board Camp 950 800 13 2.7 0 1,673
New Oriole 105 250 3 3.1 0 0.7 643
Lake
Suwanee 945 800 13 0 2.7 0 738
Redwood
Mountain 18,100 2,000 163 2.7 0 0 0
Grove
Fisher Habitat 14,500 1,500 130 3.6 0 0 0

2> Including food, gear, and tools to support 10-15 crew members for 7-14 days.

26 This distance conveys the length of abandoned trail that the NPS would need to re-construct in order for stock to travel the distance between the nearest maintained trail
to reach each proposed planting area. Trails for stock travel are typically graded at 10% and would traverse across a slopes while avoiding drops in elevation in order to
reach a given destination.

27 The distance of non-existing route demonstrates how many miles of “new” trail would need to be constructed to make the area accessible by stock and was determined
using a geoprocessing tool called 'least-cost path' which delineates a feasible travel route. This tool produced a route that was only slightly better than 'as-the-crow-flies'
direct line and is not reflective of the path an individual or stock would take to avoid ravines/hills/other topography. Therefore, this distance would be the minimum length
of trail the NPS would need to conduct to reach the center of the planting area and does not reflect the total length needed.

28 This elevational difference was calculated by subtracting the maximum elevation from the minimum elevation of a given route profile. For this calculation, only abandoned
trail miles and non-existing route miles were included, and elevational drops and gains between the two points are not considered. This elevational gradient is meant to
partially convey the steepness of terrain that would be necessary to traverse (on foot or via stock) from the nearest maintained access point. Though the abandoned trail and
non-existing access route distances must also be considered as those routes would more closely represent the distance one would need to traverse to avoid elevational loss
between the two points.
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TABLE D3. PROPOSED HELICOPTER SUPPORT IN WILDERNESS OVER A PERIOD OF FIVE TO SIX YEARS

Grove/Area Total Estimated Total Flight Estimated Minutes Snag Felling

Name Flights/Wilderness Distance in of Hover Time (all Needed
Sling-Loads Miles’ trips)?®

Dillonwood 8 28 40 0-10
Homer's Nose 7 21 35 0-10
Board Camp 7 22 35 0
New Oriole 5 13 25 0-10
Lake
Suwanee 6 15 30 0-10
Redwood 4 10 20 0-10
Mountain
Grove
Total 37 185 50

Snags would be felled using a combination of chainsaw, explosives, or crosscut if hazard can be safely
felled in less than 30 minutes. The tool selected would be whichever is determined the safest tool. If
chainsaws or crosscuts are used, stumps would be flush cut and camouflaged with duff to reduce visibility.
Explosives would be expected to result in a generally “natural” look so would not require additional
camouflage.

Wilderness Character

How does this alternative affect the qualities of wilderness character in both the short and long-term?
Include both positive and negative effects. What mitigation measures will be taken?

Untrammeled: Under Alternative B, planting of tree seedlings would result in trammeling actions
occurring over an area of roughly 1,130 acres (again, some areas where actions would occur are non-
wilderness) for a period of up to five to six years—though would occur over a shorter timeframe if planting
achieved minimum densities during initial planting attempts. Up to three plantings could be implemented
per project area over the course of this longer timeline; post project, the untrammeled quality would be
restored to pre-project levels.

Undeveloped: The undeveloped quality would be negatively affected by 37 sling load deliveries and
up to roughly 6.5 hours of chainsaw use (at 10 minutes per tree when chainsaws are determined the
only safe alternative though this number may be lower if other tools can be safely used). The temporary
negative effects on undeveloped quality from motorized tool use and mechanical transport would
return to pre-project levels once those tools were no longer being used. Though evidence of stumps
from trees cut with chainsaw would be visibly abated, they would still be present and result in
additional, though minimal, negative effects on undeveloped quality until stumps deteriorate naturally
— a period of 10-20 years. The small tree wells would likewise have a minor, though negative, effect on
undeveloped quality until the wells are no longer evident on the landscape—a period of one to two
years post planting. In addition, similar to Alternative 1, the undeveloped quality would also be

29 The estimated hover time reflects length of time wildlife would be disturbed as well as the length of time that undeveloped
quality would be affected by a 4c prohibited use.
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negatively affected by the installation of small monitoring equipment which would be in place for
atleast an estimated 30-40 years.

Natural: Replanting of up to six affected sequoia groves and adjacent fisher critical habitat would restore
sequoia and mixed conifer seedlings in roughly 1,130 acres of wilderness at densities expected to direct the
trajectory of severely burned areas toward forest recovery to their pre-fire conditions—as they would have
done naturally had unnaturally high fuel loading not led to severe fire effects. Once seedlings are
established, the NPS anticipates that natural and dynamic post-fire recovery processes would continue, and
the seedlings would mature into trees. Over a period of centuries, the NPS further anticipates trees would
continue to mature and that large sequoias (monarchs) would again become the dominant feature within
most, if not the entire, grove footprint, thus preserving the natural quality of wilderness character in these
groves.

The genetic structure within and across sequoia populations is not static. Rather, it changes over time in
response to gene flow, population reduction (bottlenecks), genetic drift (loss of genetic diversity in small,
isolated populations subject to chance changes), and natural selection (Allendorf et al. 2007). Given the
loss of large numbers of mature sequoia and limited regeneration that the NPS has documented in post-
fire surveys, the project areas now contain smaller populations of sequoia, with lower genetic diversity, that
are more susceptible to genetic drift moving forward (Aitken and Whitlock 2013).Though speculative,
should seedlings grown from only locally collected seed prove unsuccessful due to lack of resilience to
climate change, the natural quality of wilderness character would be diminished.

Opportunities for Solitude or Primitive and Unconfined Recreation: This quality would be negatively
affected by sights and sounds of aircraft and motorized equipment for up to a total of 1-2 hours of aircraft
hovering over the course of three years and for up to several minutes in the vicinity of the 10-30-mile flight
paths as helicopters approach, pass overhead, and recede. As well, opportunities would be negatively
affected for the duration of crews working and camping in the areas for the duration they are present.
Opportunities would be restored to pre-project levels once project activities cease.

Other Features of Value: There would be no effect on this quality.

Alternative C: Replant Seedlings Using Seed Propagated from Seed Collected from
both the Local Genetic Community and Other Source Populations; Support Project
Using a Combination of Helicopter, Stock Support, and Foot Travel

This Alternative is the same as Alternative B except the NPS would add genetic diversity to replanted giant
sequoia groves by sourcing cones/seed from arid groves and from groves with known higher levels of
genetic diversity within the seed zone. This approach would use current sequoia-specific research and
general understandings of adaptation in trees to increase the likelihood of project success in an uncertain
future. Proportions of supplementation would be based on available seed and recommendations of experts
in giant sequoia genetics with the goal of increasing potential for success in a changing climate while also
preserving local genetic stock containing any local adaptation and long-term genetic diversity of the
species. The NPS anticipates that seed from outside the local genetic community, but still within the seed
zone, would account for roughly 20% of all seedlings replanted.

All methods of seed collection, propagation, planting, and decision making would follow those outlined in
Alternative B.

Transport Methods and Landing Clearance

All transport methods would follow those outlined in Alternative B.
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Wilderness Character

How does this alternative affect the qualities of wilderness character in both the short and long-term?
Include both positive and neqgative effects. What mitigation measures will be taken?

Untrammeled: Same as Alternative B except up to 20% of the sequoias planted under this alternative
would come from a larger seedbank, beyond the grove. This would increase the degree to which the
untrammeled quality would be negatively affected during project implementation. Post project, the
untrammeled quality would be restored to pre-project levels.

Undeveloped: Same as Alternative B.

Natural: Same as Alternative B except up to 20% of planted sequoias would come from a more
diverse genetic pool, increasing the likelihood that the intervention would be successful and enough
giant sequoia would grow to full maturity and become monarchs over centuries as described further in
the impacts from Alternative 2 in the EA (see Chapter 3). The natural quality for the proposed critical
habitat corridor for fisher would be the same as Alternative B.

Opportunities for Solitude or Primitive and Unconfined Recreation: Same as Alternative B.

Other Features of Value: There would be no effect on this quality.

Alternative D: Only Plant Areas Safely and Feasibly Accessed by Foot, Stock, or Road
Support

Under Alternative D, the NPS would plant seedlings with seed grown from either local sources and regional
sources as described under Alternative C but would only do so in areas that are accessible via road, foot,
and stock. Due to limited access, this alternative would result in planting only some areas of Redwood
Mountain and adjacent proposed fisher critical habitat; all other areas would not be planted.

All methods for planting would follow those outlined in Alternative C, but all transportation of plants,
equipment, supplies, and crew would occur via road, stock, or foot; no helicopters would be used for
transportation.

Transport Methods and Landing Clearance

Under this alternative, crews, seedlings, and tools would be staged in a roadway area nearest to each
trailhead where trail infrastructure allows stock to be staged to carry supplies. Areas having adequate trail
infrastructure would utilize pack stock transport. From these sites, planting crews would transport
seedlings to their planting locations on foot. As well, some areas, primarily in Redwood Mountain Grove
may be near enough to the road and in terrain moderate enough that seedlings and tools could be safely
and reasonably transported on foot. If such is the case, they would be transported on foot.

Wilderness Character

How does this alternative affect the qualities of wilderness character in both the short and long-term?
Include both positive and negative effects. What mitigation measures will be taken?

Untrammeled: Same as Alternative C, except action would occur across 978 acres.
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Undeveloped: Installation of small tree wells and subsequent monitoring would occur across 978
acres for a period of one to two years post planting for tree wells and at least 30-40 years for roughly
300 monitoring markers negatively affecting the undeveloped quality.

Natural: Replanting, or partially replanting, the Redwood Mountain Grove and adjacent fisher critical
habitat would restore seedlings to the areas of wilderness that can be reached via these methods at
densities they would be expected to occur under a natural post-fire conditions had seed sources as
described under Alternative C. However, as outlined in Alternative A, this quality would remain diminished,
or may deteriorate further (should high severity fire return) in groves, or areas of groves, that remain
unplanted and convert to shrub-dominated communities.

Opportunities for Solitude or Primitive and Unconfined Recreation: There would be some limited
affect to this quality from the sights and sounds of work crews planting trees in the Redwood Mountain
area for the duration of planting efforts (one to two weeks annually).

Other Features of Value: There would be no effect on this quality.

Additional Alternatives

See EA, Chapter 1 for full details on alternatives fully considered but dismissed under NEPA requirements.
The following were considered in the initial MRA primarily for the purposes of determining the minimum
4(c) methods and tools. Transport methods dismissed in this MRA were not considered or further discussed
in the EA.

Broadcast seed

Given the technical infeasibility and cost of gathering, storing, treating, and broadcast seeding the quantity
of seed required, the low survival rates of seed, and the tendency for seed to be washed away in high
storm events, the NPS dismissed an alternative to sow tree seed rather than plant tree seedlings (see EA,
Chapter 1 for further details).

Treat or Develop Fuels Management Prescription Prior to Planting

This alternative would include treatment of understory vegetation through burning, herbicide, crushing, or
cutting prior to replanting. Areas where planting is being considered are those that burned at high severity
during recent wildfires. There is currently little, litter, duff, or understory vegetation and planting conditions
are therefore currently conducive to seedling survival absent fuels treatment. The NPS determined that
additional treatment was therefore unnecessary prior to replanting seedlings and was not the minimum
necessary at this time (see EA, Chapter 1 for further details).

Transport all Seedlings and Tools to All Groves with Non-Motorized Transport

Various alternative components to transporting materials and equipment to all areas without the use of
helicopters were considered but dismissed for the reasons outlined below. Please see also Table D 1 and
Table D 2.

Transport seedlings and tools to all affected groves on stock and foot

The NPS considered the use of only roads, stock, and foot to transport materials to Redwood Mountain
Grove and the associated proposed fisher habitat corridor in Alternative D, but the other five areas
considered for replanting in Alternatives B and C are not accessible via trail, much less trail that is accessible
for stock. As shown in Table D 1, other than the Redwood Mountain area, none of the proposed planting
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areas are accessible via maintained trails. Further, the distance that would need to be traversed from the
nearest maintained trail ranges from 2.7 to 5.5 miles and would require stock or foot traffic to traverse
steep elevational gradients. While abandoned trail alignments do exist in many of these areas, they are not
passable to stock and are either obliterated or not feasible for human use due to their condition—including
downed trees and lack of tread surfaces. Again, see Table D 1 for additional information.

The steep terrain, lack of maintained trails in most areas, distance to sites and weight of plant materials,
tools, food, and gear therefore make this alternative infeasible to achieve the purpose and need for action
and in some cases would present an unacceptable safety risk to tree planting crews and stock traveling to
and from work sites. This alternative was therefore dismissed due to safety considerations and infeasibility.
This alternative component for transport is not considered further in the EA.

Allow cross-country travel of stock to re-planting sites to transport seedlings and tools

Under this alternative, stock would travel from existing access routes cross-country in trail-less areas to
deliver seedlings and tools. This alternative was dismissed outright as trail-less areas where planting would
occur are too steep and rugged to allow for safe stock travel. This alternative component for transport is
not considered further in the EA.

Construct stock trails in currently trail-less areas to transport tools and seedlings

Under this alternative, the NPS would utilize hand tools—including chainsaws, crosscuts, or pulaskis—to
construct or restore several miles of administrative stock trails to support mobilization of seedlings, tools
and equipment (see Table D 1 for information on existing access and terrain). Administrative trails would
be restored to pre-project conditions at the conclusion of project.

Constructing and/or re-opening and then commissioning one mile of trail in forested terrain in the middle
of a high severity burn scar is estimated to require one full month for a 6-8-member trail crew. Work
required would include tread work (scraping of a tread surface with digging tools), log clearing (using
chainsaws), and ultimately recontouring and revegetation of duffing. An additional one month per trail
mile would be required if cross-cut saws and pulaskis were used to clear trail rather than chainsaws. While
abandoned trail alignments ranging from 2.7 - 5.5 miles in length do connect to existing trail system in
some places, these trails have been abandoned for decades in part due to poor alignment and have been
restored to prevent continued damage resulting from erosion. In the case of Homers Nose and New Oriole
Lake, a minimum of 0.6-0.7 miles of new trail would be needed to provide access for stock requiring an
estimated 2-3 weeks of additional work were chainsaws to be used and 4-6 weeks using cross-cut saws
and pulaskis.

Restoring abandoned trails, or building new trail would lead to extensive soil, vegetation, and sound
disturbance (from crew presence and tool use). As well, during construction and re-closure of any trail
located through a burn scar, crews would be continually exposed to snags that are numerous in all of the
planting areas. Exposure would be much greater than that to which planting crews would be exposed—
four months vs. 1-2 weeks—increasing the risk for a tree failure to occur when crew members are present
than tree planting alone (see below for more information on safety components routinely considered by
NPS). For additional information on abandoned trails and how trail construction or the presence of trails
impacts wilderness character please see Appendix K of the parks’ 2015 Wilderness Stewardship Plan.

Due to reasons outlined above, an alternative that involves construction and then de-commissioning of
stock trails through currently trailless areas was dismissed from further consideration for both safety
purposes and because constructing such trails would have greater impact to wilderness character—
including the opportunity for solitude or primitive and unconfined recreation, undeveloped, and natural
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qualities—than other alternatives considered and would therefore not be the minimum requirement to
achieve project objectives. Therefore, the NPS determined that it was not necessary to document a full
wilderness character analysis in this MRA.

Use Only Non-Motorized Tools (i.e., Crosscut Saw or Axe) or Explosives to Clear Snags
from Sling-Load Landing Zones

Tree felling is consistently one of the top five most dangerous jobs in America (BLS 2020); when requiring
crews to complete this type of work, safety must be of utmost concern. NPS often uses the Severity,
Probability, Exposure (SPE) model of risk as described further below:

« Severity: Tree falling mishaps are easily fatal; there’s only so much risk personal protective
equipment (PPE) can mitigate. The choice of tool does not change severity.

« Probability: Method of mitigation affects skill needed, with greater probability of mishap when
the required skill level is high. Felling trees with non-motorized tools or explosives is a highly
technical skill, and though skill can be partially mitigated through training and crew selection
firefighters available to complete the work, most staff do not have the skills to safely fall trees with
these tools. Complexity of the surrounding environment further increases the probability of mishap.
As action areas are located within high severity burn scars, there are other numerous dead/dying
trees and those requiring felling would be over 150 feet in height (see Transport Methods and
Staging Page 14 of MRA) and would have a high dbh., complexity, and therefore probability, of
mishap is therefore likely to be high in locations where trees would require felling depending on
the density of trees in the action area.

o Exposure: Exposure is the factor most influenced by the choice of tool or methods. Given that
felling trees of the size class needed to create a safe landing zone (>100 feet in height) with a
crosscut saw would take roughly 2-4 hours to complete and would require additional staff to
complete the cuts, the risk/exposure to crews of falling objects (i.e., “widow-makers”) during this
extended period of stationary work would be considerable. In comparison, cutting a single tree
with a chainsaw would take an estimated 10 minutes or 17% of the time needed to use a crosscut
saw. Felling the tree with explosives would require 30 minutes to an hour to set up the blast.

Due to the conditions in the proposed action area, the NPS cannot assume that any snags within
wilderness could be safely felled with a crosscut saw and will not impose this requirement on staff when
the work could be completed more safely (via substantially less exposure to surrounding hazards) with a
chainsaw. The use of crosscut saws to fell snags was dismissed from further consideration as it is not
recommended as a reasonable alternative from a safety standpoint.

Conducting blasting in a forest where numerous snags exist would be technically challenging, and in some
cases would present a high level of safety and operational risk—as experienced by NPS staff in previous
situations within the parks, though explosives may be the safer tool in some cases where snags are
extremely decayed and rigging cannot be employed, it is not always recommended as a reasonable and
safe alternative for all situations (Ned Aldrich personal communication September 2022). Furthermore,
trees felled with explosives can easily catch fire in the process, increasing risk for additional wildfire within
the project areas. Given these safety concerns, explosives are not often recommended as the safest tool for
felling snags particularly in light of the high density of snags and other dead/dying trees in the project areas
and the susceptibility of the project areas to future high severity fire. Given these considerations, an
alternative to only use explosives was also dismissed from further consideration as it would not safely meet
the purpose and need for action and is again, not always recommended as a reasonable alternative from a
safety standpoint.
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Appendix E:
Utilizing Genomic Insights to Inform Seed Selection for
Post-Fire Replanting of Giant Sequoia Groves

Rainbow DeSilva Ph.D.
Introduction

The fire seasons of 2020 and 2021 led to widespread high-severity fire in many giant sequoia groves in the
southern Sierra Nevada. The combined effects of these fires caused the mortality of nearly 20% of all
mature giant sequoia trees. In addition, minimal post-fire regeneration is occurring in areas where fire not
only killed standing trees but also burned aerial cones. In these areas, it is likely that burned areas will not
recover unaided due to large distances to live sequoia trees that serve as seed source for recruitment. To
address this issue, Sequoia and Kings Canyon National Park (SEKI) has planned strategic reforestation
efforts within six giant sequoia groves. SEKI seeks to identify appropriate seed sources that can maximize
the future resilience of restored groves. The traditional practice in reforestation has been to plant locally
collected seed, a custom that began with the assumption that local seed would be adapted to current
environmental conditions. However, given the climatic shifts both recorded and expected for the Sierra
Nevada region, seed stock that harbors genetic adaptations to historic conditions may be maladapted to
the future climate at reforested sites. Therefore, a re-assessment of seed selection strategy that explicitly
considers which gene pools are likely to thrive under future conditions is warranted. An additional
complication for giant sequoia is that few studies have investigated how to determine local seed. Groves
have been loosely interpreted as representing populations (a gene pool of interbreeding individuals), but
giant sequoia distribution is spatially complex, and some grove designations have been pliable over time.
Understanding how genetic variation changes over space can inform foresters on the historical continuity
of groves and the potential genetic differences between seeds collected from various locations across the
giant sequoia range. Moreover, current patterns of genetic diversity and local adaptation contain clues as
to the possible extent of future maladaptation and the potential to mitigate this phenomenon through the
deliberate introduction of seed from other groves (hereafter assisted migration) to facilitate adaptive
responses to climate change. Thus, to support giant sequoia reforestation efforts, | provide background on
genetic differentiation among groves and patterns of local adaptation and genetic diversity. This
information serves as the basis for an examination of what constitutes local seed and the potential benefits
and risks of assisted migration in giant sequoia reforestation.

Genetic Continuity Among Giant Sequoia Groves

Giant sequoia occurs in ~70 groves in a narrow elevation band (mostly within 1400-2200 m) along the
western slope of the Sierra Nevada. Giant sequoia range is highly fragmented from Placer County to the
Kings River and becomes more contiguous from the Kings River south (hereafter the southern region) to
the southernmost grove, Deer Creek. In the southern region, some groves are spatially separated by large
non-grove areas, while others occur in grove complexes. Given the spatial complexity of giant sequoia
distribution, it is surprising that no formal studies have examined how/whether grove units correspond to
genetic populations. Genetic data, specifically the level of differentiation among groves (how much genetic
variation is contained within each grove in comparison to among all sampled groves) can provide
information on what is local vs. non-local in terms of continuity of genetic variation. For giant sequoia,
patterns of genetic differentiation suggest that groves north of the Kings River are genetically distinct from
each other and from southern groves (Dodd and DeSilva 2016, DeSilva and Dodd 2020a, DeSilva and Dodd
2020b). This finding has been corroborated by a recent study that found significant range-wide genetic
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structure using a large genome-wide dataset (De La Torre et al. 2021). South of the Kings River, groves
show a larger degree of genetic continuity that degrades at the extreme southern parts of the range (Dodd
and DeSilva 2016, DeSilva and Dodd 2020a, DeSilva and Dodd 2020b). When examining the southern
populations alone, average Fsr, a common measure of genetic differentiation, ranges between 0.033 —
0.080 with larger/more central giant sequoia groves showing low levels of genetic differentiation (Fsr <
0.05), and extreme southern groves that become increasingly distinct (Table E1; DeSilva and Dodd 2020a,
DeSilva and Dodd 2020b, DeSilva unpublished data). Yet, populations in the southern range do not show a
significant trend of increasing differentiation with geographic distance (isolation by distance) (Figure E1;
DeSilva unpublished data). Comparisons of grove pairs show a signal of genetic similarity between large
groves in areas of high grove density and less similarity between the southernmost small groves (DeSilva
and Dodd 2020a). Small population sizes at the range periphery may contribute to the observed increase in
genetic differentiation in the both the northern and southernmost range because small populations show
higher rates of genetic drift (Eckert 2008 and references therein). If this pattern holds, it is likely that small
groves in the southern range will be more genetically distinct. Indeed, average Fsr values in the southern
range show a negative correlation with grove area (Correlation = -0.77; P-value 0.006; DeSilva unpublished
data). Although small groves in the core of the southern range are underrepresented in DeSilva and Dodd
(2020a), Lost Grove shows higher levels of differentiation than larger groves in the same geographic area
(Table E1). It is important to note that many studies investigating genetic structure in giant sequoia have
examined a limited number of southern populations (between 10 - 15), (Dodd and DeSilva 2016, DeSilva
and Dodd 2020a). More comprehensive sampling of the range will provide a better understand the genetic
continuity in this region.

FIGURE E1: GEOGRAPHIC DISTANCE BETWEEN 11 SAMPLED SOUTHERN POPULATIONS OF GIANT SEQUOIA IN COMPARISON TO
PAIRWISE Fsr.
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TABLE E1. Fsr FOR THE 11 SOUTHERN POPULATIONS SAMPLED IN DESILVA AND DODD 2020A

GRNT RMNT LOST MCTR FMAN LMD CNHM
GRNT - - - - - - - - - - -
RMNT 0025 - - — — = = - - = -
LOST 0074 0058 - - - - 5 5 5 - 5
GFOR 0.023 0015 0057 - - 5 : 5 - 5

ATWL 0.039 0.029 0.066 0.027 -- -- -- -- -- -- --
MCTR 0.035 0.025 0.061 0.022 0.042 -- -- -- -- -- -
FMAN 0.034 0.018 0.078 0.021 0.034 0.031 -- -- -- - --
LMDW 0.045 0.026 0.091 0.028 0.046 0.041 0.023 - -- - -
CNHM 0.065 0.042 0.106 0.046 0.051 0.061 0.046 0.053 -- -- --
PKSD 0.038 0.032 0.099 0.042 0.034 0.058 0.040 0.038 0.054 - -
DCRK 0.075 0.046 0.106 0.053 0.069 0.066 0.053 0.062 0.068 0.071 -
Average 0.045 0.031 0.080 0.033 0.044 0.044 0.038 0.045 0.059 0.051 0.067

Continuity in genetic variation over space is maintained through historical and/or current genetic exchange
among populations (i.e., gene flow). Estimates of gene flow among paired giant sequoia groves indicate a
likelihood of ongoing and/or recent genetic exchange among the south groves General Grant and
Redwood Mountain, Giant Forest and Atwell, and Freeman Creek and McIntyre (DeSilva and Dodd 2020a).
Further south, groves pairs Long Meadow and Cunningham, and Packsaddle and Deer Creek do not show
strong evidence of ongoing genetic exchange although these groves are separated by comparable
distances (DeSilva and Dodd 2020a). This dichotomy could reflect the capacity of large populations to
produce more pollen and seed, increasing the opportunities for gene flow through long-distance dispersal
events (Nathan et al., 2008; Purves, 2009), or higher grove density in some areas allowing for step-wise
gene-flow among population networks (DeSilva and Dodd 2020a). Even low levels of gene flow can reduce
diversity loss via genetic drift and maintain genetic continuity (Slatkin 1987). Estimates of gene flow in the
core parts of giant sequoia range are somewhat incongruent with the apparent predominance of short
distance dispersal in the species (DeSilva and Dodd 2021). Research on pollen rain within, and adjacent to,
two small giant sequoia groves suggest restricted pollen dispersal in giant sequoia (Anderson 1990). In a
slightly more comprehensive study where genetic data was used to infer dispersal, effective dispersal of
pollen and seed was found to predominantly occur over distances < 370m (DeSilva and Dodd 2021). Yet,
fat-tailed pollen dispersal kernels indicate potential for long distance pollen movement among populations
(DeSilva and Dodd 2021). Because of these conflicting lines of evidence, it remains obscure whether the
genetic connectivity within portions of the southern range reflects ongoing gene flow, perhaps at higher
rates among large populations, or that giant sequoia had a more contiguous range in the recent past and
not enough time has passed to allow populations to diverge. Indeed, genetic data has supported the
inference that giant sequoia has suffered from a long-term population decline (over the last 2 million years)
with a more severe contraction prior to the last glacial maximum (Dodd and DeSilva 2016). Certainly,
twenty thousand years would likely represent a short time interval for evolutionary changes to accumulate
in a species with long generation times and extreme longevity.

Evidence of Trait Variation Among Populations

Studies in which different provenances of giant sequoia are grown in common environments have provided
information on the extent of genetically based phenotypic variation. These studies have demonstrated
variation in cold hardiness among five southern giant sequoia populations (Du and Fins, 1989), variation in
growth-related traits among 23 populations, including 15 in the southern range (Valness 2016), differences
in height and diameter growth among four provenances (1 northern, 3 southern) (Melchior and Hermann
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1987), variation in frost resistance in 22 provenances (Guinon et al. 1982), and variation in rates of seed
germination among 26 populations distributed across the range (Fins and Libby 1982). Moreover, a study
investigating traits related to water balance and drought response noted only minor (or non-significant)
differences among three giant sequoia populations that represented the northern, central, and southern
parts of the species’ range (Ambrose et al. 2016). Variation in drought-related traits has been noted in a
range-wide set of 23 populations with some observed differences showing correlations with latitude (De La
Torre et al. 2022). The majority of provenance studies in giant sequoia provide range-wide assessments of
trait differences (Fins and Libby 1982, Valness 2016, De La Torre et al. 2022), which makes it more difficult
to assess the signal of trait divergence among southern populations alone. Taken together, this evidence
demonstrates that important variation in functional traits exists across the giant sequoia range. However,
fully understanding the degree of variation among population in the southern region and the spatial scales
at which trait variation becomes evident would require studies with increased representation of southern
provenances.

Local vs. Non-Local in the Southern Range of Giant Sequoia

Although an accurate determination of genetic populations for giant sequoia is not possible given the
available research on the species, levels of genetic structure and gene flow can provide information on the
likely degree of genetic divergence among seed sources. Within the southern range of giant sequoia, many
lines of evidence suggest that spatially proximal groves are likely to have similar genetic composition. This
pattern is more likely to be maintained in large vs. small populations, and in areas of higher grove density.
If the pool of genetic variation among proximal groves is continuous, seeds collected from a grove of
interest (i.e., local seed) will exhibit a large degree of genetic overlap with seeds from other groves nearby
(i.e., non-local seed). Unfortunately, the distance that is considered ‘nearby’ cannot be reduced to a
general statistic. In other plant species, delineations of ‘local’ provenance that use genetic data have been
informed by relationships between genetic differentiation and geographic distance (Kraus et al. 2013,
Hufford et al. 2016). Because no significant patterns of isolation by distance were found in the southern
range of giant sequoia (DeSilva unpublished data), any threshold distance to delineate the bounds of local
vs. non-local would be artificial. Instead, a grove-specific approach should be considered, where for any
particular grove, small groves in the immediate vicinity (< 2 km) and medium-large groves at larger spatial
radius can be considered ‘local’ because they are likely to have a high degree of genetic similarity to the
grove in question. In regard to the six populations where reforestation is proposed, Table E2 provides
additional information in regard to potential groves that could be considered within the local provenance.
It is important to note that many giant sequoia populations show a high level of genetic structure within
groves (DeSilva and Dodd 2021). This means that the genetic diversity present within a single grove is
spatially clustered, with related individuals tending to exist in close proximity. Thus, seed collections within
groves need to occur at multiple spatial localities in order to adequately capture the genetic diversity. Based
on the degree of spatial genetic structure and average gene dispersal distances (DeSilva and Dodd 2021),
seed collection sites should be > 250 m apart and occur in multiple locations within targeted groves, with
the number of collection sites being related to grove area (10 being sufficient for small groves and 20-25
needed in large groves). Ideally, collection sites should systematically maximize spatial distances between
collection sites and attempt to make collections within all sections of the grove.
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TABLE E2. GROVES WHERE REPLANTING WILL OCCUR. PROXIMAL GROVES WITH HIGH LIKELIHOOD OF GENETIC SIMILARITY
ARE NOTED

Grove Name  Groves within the 2km; groves > 100 acres within 10km (grove to grove perimeter)

Redwood Big Stump (2.6), Grant (4.9), Muir (6.8), Converse Basin (9.8)

Mountain

Suwanee Giant Forest (2.9), Muir (5.2), Pine ridge (5.8)

New Oriole Oriole lake (1.9), Redwood Creek (2.5 — as it is fairly contiguous with Atwell), Atwell (3.0), Eden creek (4.1),
Lake East fork (4.9), Castle Creek (7.4), Homers Nose (8.1)

Homers Nose Board Camp (0.4), Cedar Flat (0.5), South Fork (1.6), Surprise (1.9), Eden Creek (2.1), Garfield (2.9),
Dillonwood (6.2)

Board Camp Homers Nose (0.4), South Fork (0.5), Cedar Flat (0.6), Garfield (2.0), Eden Creek (3.2), Dillonwood (5.9)

Dillonwood Garfield (0.0), Middle Tule (3.6), South Fork (4.2), Mountain Home (4.8) Homers Nose (6.2)

Genetic Diversity and Local Adaptation in Giant Sequoia

Giant sequoia populations exhibit relatively low genetic diversity as compared to some other conifer
species, with the smallest and most isolated groves often being the most depauperate (Fins and Libby
1982; Dodd and DeSilva 2016, DeSilva and Dodd 2020a, De La Torre et al. 2021). Observed levels of
genetic diversity are related to grove size with the smallest groves showing reduced genetic diversity and
medium to large groves exhibiting similar diversity levels (Figure E2; Table E3).

FIGURE E2: THE RELATIONSHIP BETWEEN HETEROZYGOSITY (A MEASURE OF GENETIC DIVERSITY) AND GROVE SIZE
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TABLE E3: DIVERSITY AND DIFFERENTIATION STATISTICS FOR 26 GIANT SEQUOIA GROVES*

Grove He Ar AREA**
Placer 0.25 1.9 3
North Calaveras 0.57 3.3 66
South Calaveras 0.62 3.7 342
Tuolumne 0.47 2.5 23
Merced 0.55 3.0 16
Mariposa 0.63 3.4 248
Nelder 0.67 3.5 379
McKinley 0.56 3.3 53
Cabin Creek 0.62 3.4 150
Converse Basin 0.67 3.7 1544
Lockwood 0.62 3.5 66
Windy Gulch (Evans) 0.68 4.1 958
Grant 0.60 3.8 167
Redwood Mountain 0.59 3.7 2604
Lost 0.53 3.2 35
Giant forest 0.64 3.9 2106
Atwell 0.62 3.7 922
Mtn Home 0.62 3.7 3220
Black Mountain 0.62 3.7 1717
Mcintyre 0.61 3.9 279
Freeman 0.61 4.0 1413
Wheel Meadow 0.65 3.8 575
Long Meadow 0.56 3.6 214
Cunningham 0.54 3.2 10
Packsaddle 0.53 3.0 175
Deer Creek 0.51 2.9 35

*Diversity Stats heterozygosity and allelic richness (He and Arrespectively): represent data or averages (where applicable) from
Dodd and DeSilva 2016, DeSilva and Dodd 2020(a).
**Area (in acres) from updated grove perimeter GIS layer.

Extensive research using common garden and reciprocal transplant experiments has demonstrated the
prevalence of local adaptation in forest trees (Morgenstern 1996, Savolainen et al. 2007, Alberto et al.
2013). In giant sequoia, patterns of association between climate and genome-wide genetic variation (likely
containing both neutral and functional genomic regions) show signatures of local adaptation to gradients
in water availability (DeSilva and Dodd 2020b). Similar results were found by De La Torre et al. (2021) in a
study that utilized a dataset consisting of > 50k genetic markers (De La Torre et al. 2021). In support of
these findings, variation in drought-related traits has shown strong correlations with potential candidate
genes for drought tolerance (De La Torre et al. 2022). Moreover, variation in growth-related traits from the
most comprehensive common garden trial of giant sequoia (Foresthill Seed Orchard) suggest that trees
originating from larger and less isolated groves grow best when planted in Foresthill, a location that tends
to be warmer than much of giant sequoia range (Valness 2016). This study demonstrates the existence of
adaptive genetic variation across the species’ range and suggests that large southern groves may perform
better in warmer conditions (Valness 2016), a likely signal of local adaptation. Other provenance studies
(also see above) showing trait variation among giant sequoia trees grown in common environments further
support the existence of functional variation in the species (Melchior and Hermann 1987; Du and Fins
1989). Overall, this indicates that genetic differences among populations impact growth and drought
related traits. Ecological studies add to our knowledge of the environmental factors that are important for
giant sequoia success. A broad set of ecological studies have noted that giant sequoia seedlings grow best
under conditions of high resource availability and are especially sensitive to moisture conditions, as
desiccation is a main cause of seedling mortality (Rundel 1972, Hartesveldt et al. 1975, Weatherspoon
1990, York et al. 2003, Shellhammer and Shellhammer 2006). In addition, a common understanding is
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that the lower elevational range limit of giant sequoia is controlled by a lack of sufficient soil moisture
(Rundel 1972). Taken together, evidence suggests that giant sequoia are both sensitive to the moisture
conditions of their habitat and that populations are locally adapted to gradients in water availability,
supporting the idea that populations currently inhabiting drier areas are likely better-adapted to those
conditions (DeSilva and Dodd 2020b, De La Torre et al. 2021, De La Torre et al. 2022). It is important to
note that although many giant sequoia populations are likely to show some local adaptation, large
populations are expected to be more locally adapted than small populations due to loss of genetic diversity
in smaller populations because of higher rates of genetic drift (Aitken and Whitlock 2013, and references
therein). To date, few studies have investigated the genetic underpinnings of important functional traits in
giant sequoia and much remains to be learned about giant sequoia adaptation to its environment.

The Case for Assisted Gene Flow

Climate change is causing a warming and drying trend in the Sierra Nevada region. The predicted changes
by 2100 include average temperature increase of 1.5-4.5 °C (Cayan et al. 2008), an estimated 75%
reduction in mid-elevation snowpack (Sun et al. 2019, Siirila-Woodburn et al. 2021), and snowmelt
occurring 30-80 days earlier (Schwartz et al. 2017). Within SEKI under high emission scenarios (RPC 8.5),
average predicted warming from 2000 to 2100 ranges from 4.7 - 4.8°C (Gonzalez et al. 2018).
Precipitation is also predicted to show modest increases in SEKI, however overall drier conditions (as
indicated by increased Climate Water Deficit) are likely to occur due to higher rates of evapotranspiration
(Thorne et al. 2015). These long-term trends in climate are coupled with increased potential for regional
droughts in California (Diffenbaugh et al. 2015).

As we progress through the 215 century, Sierra Nevada climate will likely become more arid with reductions
in snow-pack leading to effective increases in the length of summer dry periods. As a water sensitive
species, giant sequoia is likely to experience rapid changes to a resource needed for their ongoing success.
For long-lived species that lack the capacity for rapid migratory or evolutionary responses, in part due to
long-generation times, populations that are adapted to historic climate regimes are likely to become
maladapted to future conditions (Aitken et al. 2008, Aitken and Whitlock 2013, DeSilva 2020). Indeed,
signs of maladaptation have already been observed in some tree species (Gellie et al. 2016, Browne et al.
2019, Etterson et al. 2020), and are predicted for many others (Bradley ST Clair and Howe 2007, Frank et
al. 2019, Dougherty et al. 2021). As maladaptation becomes more pronounced, tree populations will likely
suffer ongoing declines in growth and survival. For giant sequoia, the recent foliage dieback during the
2012-2016 drought highlights the potential risks posed by a more arid future coupled with increased
drought frequency (Stephenson et al. 2018). Additionally, some giant sequoia trees within SEKI have
shown reduced photosynthetic rates after drought, another sign of drought sensitivity (Baeza et al. 2021).

The movement of genetic material within the range of a species (i.e., assisted gene flow) could mitigate
maladaptation by enhancing the ability of populations to adapt to climatic changes (Sgré et al. 2011,
Aitken and Whitlock 2013, Aitken and Bemmels 2016). Assisted gene flow as a tool for conservation is
gaining support, with numerous scientists recommending adjustments to seed collection and transfer
strategies that explicitly consider future climatic conditions (Sgro et al 2011, Aitken and Whitlock 2013,
Prober et al. 2015, Ramalho et al. 2017, Castellanos-Acuna et al. 2018). Updated seed transfer guidelines
that include assisted gene flow have been recommended for a multitude of tree species (O'Neill et. al.
2008, Grey et al. 2011, Browne et al. 2019, Milesi et al. 2019, Etterson et al. 2020). The major strategies in
assisted gene flow are to enhance overall genetic diversity or attempt to capture and introduce preadapted
variation (e.g., add warm or arid-adapted genotypes into populations in areas that are becoming warmer
and drier). Since genetic diversity is the fuel for adaptive evolution, capturing and spreading genetic
variation creates a larger pool from which selection can act, effectively providing options to populations.
Bolstering levels of genetic diversity within a population increase the likelihood of adaptation to climate
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change as well as provide potential benefits in relation to unforeseen factors of importance (e.g., resistance
to insect or pathogen attack, adaptations to non-target climatic factors) (Broadhurst et al. 2008, Aitken
and Bemmels 2016). Adding diversity increases the spectrum of possible trait variation and allows natural
selection to determine the best suited individuals. When considering adaptation to climate change, not all
genetic variation will be equally beneficial in facilitating adaptation to future conditions. Populations that
currently inhabit warm or arid regions of the distribution have higher potential to contain genetic variants
that are preadapted for conditions predicted to occur in other areas of giant sequoia range (see Appendix
1, Aitken and Bemmels 2016, Dodd and DeSilva 2020b). The genetic variation that underlies any local
adaptation to aridity will likely be crucial additions for recipient populations that are headed into a drier
future. The potential benefits of assisted gene flow in mitigating the negative impacts of climate change
are clear, yet operational frameworks on how to implement these programs are lacking for many tree
species. Some studies suggest attempting to mimic and enhance natural processes of gene flow by adding
more seed from nearby provenances and smaller amounts from more distant locales (Broadhurst et al.
2008), others advocate for regional seed mixtures in order to gain benefits of increased genetic diversity
while minimizing potential risks associated with assisted gene flow (Bucharova et al. 2019), and some
strategies, termed ‘climate matching’, advocate for incorporating seeds across a climate gradient with
emphasis on planting seeds collected from areas where present-day climate is similar to expected climate at
the planting site (Prober et al. 2015). Recommendations for assisted gene flow have also suggested a
maximum of 20% influx from source populations can aid in genetic adaptation to future environmental
changes while minimizing potential risks (Weeks et al. 2011, Aitken and Whitlock 2013). Although
adaptation to aridity is vital to ongoing giant sequoia persistence, many other environmental factors will
likely be important as well (e.g. resistance to insect or pathogen attack, adaptations to other climatic
factors, resistance to fire). Thus, a successful path forward may be a diversified approach that considers the
potential benefits of bolstering overall genetic diversity as well as targets preadapted variation to a more
arid future.

The Risks of Introducing Non-Local Seeds into Populations

It is important to consider the potential negative impacts of assisted gene flow. Outbreeding depression is
the most commonly cited concern. Outbreeding depression is when the mixing of genetically distinct
lineages results in subsequent offspring with reduced fitness. The risks of outbreeding depression are most
important when highly divergent lineages are mixed (Frankham et al 2011, Aitken and Whitlock 2013). In
simulation studies of outbreeding depression, the addition of 20% outside gene flow caused moderate
dips in fitness, however reductions were temporary, and fitness recovered within relatively few generations
of selection (Aitken and Whitlock 2013). Moreover, when the influx of gene flow included preadapted
variants, long-term gains in fitness far outweighed any short-term losses (Aitken and Whitlock 2013). Some
researchers suggest that the risks of outbreeding depression have likely been overstated for wind-
pollinated forest trees (Aitken and Whitlock 2013), as this phenomenon appears to be less common than
previously believed (Whiteley et al. 2015). In addition, as local conditions shift with ongoing climate
change, natural populations (those where planting has not taken place) are likely to suffer declines due to
maladaptation (Aitken and Whitlock 2013), an effect that is being observed in multiple tree species (Gellie
et al. 2016, Browne et al. 2019, Etterson et al. 2020). A newly published work by Hall et al. (2023)
suggests widespread climate mismatches between conifers and their environments in the Sierra Nevada,
noting that temperatures suited for conifers have already shifted upslope by 182 meters. Thus, populations
of Sierra Nevada conifers will likely experience reduced fitness both without management and under the
status quo of planting local seed only.

Another concern with assisted gene flow is the potential disruption of local adaptation to non-target
environmental factors (Aitken and Whitlock 2013). For example, if aridity or heat tolerance is targeted for
assisted gene flow, then other important ways populations can be locally adapted could be disrupted.
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Populations of forest trees are likely adapted to a suite of environmental conditions including climate, soil
type, biotic interactions, photoperiod, fire regimes, etc. If populations targeted as seed sources differ from
recipient populations in their adaptation to unaccounted for factors, reductions in fitness could occur
(Aitken and Whitlock 2013, Schiffers et al. 2013). Any risks associated with maladaptation to non-target
environmental factors will be related to the proportion of outside materials introduced and can be
mitigated by keeping non-local seed to 20% or less (Aitken and Whitlock 2013).

The risks for assisted migration in the southern range of giant sequoia are minimal. Outbreeding
depression is a concern when combining long-diverged lineages (Aitken and Whitlock 2013). In the
southern range of giant sequoia, there is a high degree of genetic continuity among populations, meaning
most lineages are not long-diverged. Giant sequoia is potentially adapted to other site-specific conditions
(e.g., difference in soil type, pest resistance). However, within the southern portion of giant sequoia range,
differences in population adaptation to photoperiod or fire regime are likely minimal, as this section of the
range covers about two degrees latitudinal and most areas experience similar fire regimes (Stephenson
1999, and references therein). Also, diversified approaches to choosing seed which seek to enhance
genetic diversity as well as facilitate adaptation to future climate can provide buffers against unforeseen
environmental stressors (Broadhurst et al. 2008). In addition, a conservative approach where non-local seed
constitutes less than 20% of the total numbers of trees in the recipient population can provide adaptive
benefits while keeping the genetic risks low. Lastly, if reductions in fitness do occur after assisted migration
due to outbreeding depression or maladaptation to non-target factors, natural selection could likely help
giant sequoia rebound quickly. Giant sequoia undergoes a strong selective filter for establishment (DeSilva
2020). The species generally displays bursts of reproduction after fire in which thousands of seeds can be
dropped within small areas. The vast majority of these seeds will perish in the first few years of life,
ultimately leaving only a few individuals that grow to maturity. This selective filter can be highly effective in
removing lower performing seeds, allowing the environment to determine which seeds are best.
Ultimately, with careful employment, the genetic risks associated with assisted gene flow in giant sequoia
will be low and likely outweighed by potential gains (Aitken and Whitlock 2013, Weeks et al. 2013).

Summary

The ‘local-is-best’ rationale for replanting trees needs to be re-examined in our current era of
unprecedented change. As aridity increases in the Sierra Nevada and droughts become commonplace, the
risks of inaction are looming. Climatic change is creating novel climatic conditions within giant sequoia
range, increasing the likelihood that populations will become maladapted to their environment. Assisted
migration can mitigate this phenomenon by providing an influx of genetic variation to aid in adaptation.
This benefit can be achieved by enhancing overall diversity, which can increase a populations ability to
withstand a diverse array of potential stressors, or by targeting aridity tolerance, which can be crucial for
the success of populations that will soon be subjected to drier conditions. Groves that currently occupy arid
regions of the distribution have higher potential to contain genetic variants that are preadapted to a drier
future. In addition, medium to large groves of giant sequoia tend to contain higher diversity. Thus, a
planting approach that combines local seed with regional non-local seed sourced from high diversity groves
and groves that inhabit arid conditions can restore groves and help them thrive into the future. For giant
sequoia, the risks associated with this approach appear minimal. Thus, replanting of giant sequoias is an
opportunity to build resilience into giant sequoia groves and give these trees a fighting chance at long-term
persistence.
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APPENDIX 1: ARIDITY RANKING FOR ALL GIANT SEQUOIA GROVES. GROVES INHABITING THE MOST ARID CONDITIONS WITHIN
THE RANGE ARE SCORED AS ‘10" AND “1” IS USED TO INDICATE THE MOST MESIC CONDITION. GROVES ARE RANKED FROM
MESIC TO XERIC USING A METRIC CREATED FROM THREE CLIMATE VARIABLES INVOLVED IN ARIDITY: CLIMATE WATER DEFICIT,
SUMMER PRECIPITATION, AND APRIL SNOWPACK.

Bearskin 3.7
Putnam-Francis 10.0 Big Baldy 3.7
Wishon 10.0 Dillonwood 3.7
Clough Cave 9.7 Calaveras North 3.7
Belknap (includes Mcintyre) 9.0 Oriole Lake 3.7
Cunningham 9.0 Garfield 3.3
Deer Creek 9.0 Calaveras South 3.3
Black Mountain 8.7 South Fork 3.3
Starvation 8.7 Deer Meadow 3.0
Peyrone 8.3 Skagway 3.0
Long Meadow 8.0 Evans 2.7
Pine Ridge 8.0 Agnew 2.0
Cedar Flat 7.7 Douglass 2.0
Packsaddle 7.7 Middle Tule 2.0
Sequoia Creek 7.7 Placer 2.0
Big Stump 7.3 Giant Forest 1.7
Freeman Creek 7.3 Landslide 7
South Peyrone 7.3 Muir 1.7
Redwood Mountain 7.0 Suwanee 1.7
Abbott 6.7 Maggie Mountain 1.3
Converse Basin 6.7 Upper Tule 1.3
East Fork 6.7 Lost 1.0
General Grant 6.7
Redhill 6.7
Silver Creek 6.7
Squirrel Creek 6.7
Tuolumne 6.7
Cahoon 6.3
Coffeepot 6.3
Dennison 6.3
Monarch 6.3
Redwood Creek 6.3
Castle Creek 6.0
Cherry Gap 6.0
Horse Creek 6.0
Indian Basin 6.0
Nelder 6.0
New Oriole Lake 6.0
Alder 5.7
Case Mountain 5.7
Forgotten 5.3
Homers Nose 5.3
McKinley 5.3
Mountain Home 5.3
Atwell 5.0
Board Camp 5.0
Merced 5.0
Surprise 5.0
Burro Creek 4.7
Devil's Canyon 4.7
Eden Creek 4.7
Granite Creek 4.7
Little Redwood Meadow 4.0
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