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The Klamath-Siskiyou is one of the
wildest places left on the U.S. West
Coast and is home to the most
diverse conifer forests in North
America.

Executive Summary

he Klamath-Siskiyou along the Oregon-California border is

one of the wildest regions remaining on the U.S. West Coast.

World-class biodiversity, stunning wild rivers, and an incredi-
ble eight million acres of public lands are spread across the eleven-
million-acre region. Due to the diversity of plants and animals in
the region and its central location between the Sierra, Cascade, and
Coastal Mountains, this region may act as a refuge for nature in a
changing climate. Like many regions, the “KS” is already feeling sig-
nificant impacts from global climate change. Yet, there are important
steps we can take to ensure that the forests, rivers, and wildlife in
this region survive in a changing climate.

Reducing carbon emissions is essential to reduce the overall magni-
tude of impacts from climate change. Even so, many of the effects
are already here and we must adapt. Protecting the region’s natu-
ral systems requires the concerted efforts of public land managers
and engaged residents from across the region. This report draws on
expert research on the likely impacts of climate change and summa-
rizes the most critical efforts we can take to ensure continued diver-
sity and resilience of our natural systems in a changing climate.

The Challenge of Climate Change is Only Beginning

On average, the Klamath-Siskiyou region is already hotter and, con-
sequently, drier than historical norms. In the future, more precipi-
tation will come in the winters and less in the summers. More win-

PHOTO: SANE STILES



KS WILD | Hotter, Drier, No Less Wild

ter precipitation will come as rain, resulting in less
snowpack, important to feeding streams through-
out the summer. Warmer temperatures will more
quickly dry the landscape. As the region becomes
hotter and drier, stream levels in summers will
decrease and water temperatures will increase.
With longer and much hotter summer seasons, soil
moisture decreases, trees become stressed, and
vegetation will dry out. A future of bigger, hotter,
longer-lasting fires is likely.

These trends can create knock-on effects. Climate
change generally will reduce tree growth and make
forests more susceptible to insects and fire. This is
especially true at drier sites and lower elevations.
Forest types could change completely, for example,
from conifers to hardwoods, or even to scrublands
and grasslands.

A variety of species, from trees to wildflowers, from
big predators to insects will shift in composition,
seasonal timing, and range. The KS is especially
well-suited to maintaining biodiversity under such
pressures, because of the diverse topography, mi-
croclimates, and habitats available to species in
this area. Some species are more vulnerable than
others, however. Especially vulnerable are high
elevation species that cannot shift upslope. Sim-
ilarly, in a hotter, drier KS, wet and cold-loving
species at all elevations will often find nowhere
to survive. This situation could lead to the local
disappearance of many species or even complete
species extinction. Most vulnerable are certain rare

Forests and Fire

The KS is a region that has long adapted
to fire. Despite climate change’s amplifi-
cation of fire impacts, the region’s forests
often thrive after fire. Species composition
and density is often maintained or even
increased with fire. This is true even after
big, severe fires, and fires repeating after
short intervals.

Forests reduce atmospheric carbon levels
through storage in trees and soils. The latest
science shows that, generally, the best way
to store the most carbon in forests is to pro-
tect them, because mature and old growth
forests are the least likely forests to burn.
This is especially true in the KS where for-
ests are among those that store the most car-
bon of any in the U.S.

plants, amphibians, and perhaps most tragically,
that most iconic of species, salmon.

Salmon are in particular danger from changes in
flow timing, reduced flow overall, and hotter wa-
ter. These negative impacts come on top of already
decimated regional salmon populations.

Protecting Climate Strongholds and
Vulnerable Landscapes are Both Critical

The Klamath-Siskiyou has a variety of areas that act
as small climate refuges (“refugia”)—places where
species can escape to survive the worst effects of
climate extremes. Protecting these areas is critical
to the resiliency of the region. At the same time, the
region also has areas particularly vulnerable to cli-
mate change. Reducing non-climate stressors, such
as roads, livestock, and logging, gives them a fight-
ing chance in a hotter and drier future.

Old-growth and mature forest (about 80 years old
or older) is the most important overarching climate
refuge. Only 28% of this type of forest remains in
the Klamath-Siskiyou and little more can afford to
be lost. Among older forests, the most important
forests possess one or more of the following char-
acteristics: north or northeast-facing slopes, long
forested gradients across elevations, forested can-
yons, low to mid-elevation forests, and forests with
abundant fog or precipitation.

At almost three million acres, the region’s roadless
areas are key landscapes to protect as refugia. They
contain disproportionate amounts of old-growth,
rarer intact low and mid-elevation habitat types,
rare plants, and key watersheds. Cooler streamside
forests that shade streams, and areas that provide
connectivity between regions are also key targets
for protection.

Among ecosystems most vulnerable to climate
change, reducing non-climate impacts is critical.
Key examples of impacts to prevent include habitat
fragmentation, erosion from roads, loss of keystone
species, introduction of invasive species, livestock
overallocation, floodplain and coastal develop-
ment, over allocation of water, inappropriate fire
management, and post-fire logging.

Because of its rich diversity of species and large,
fairly intact landscapes, the Klamath-Siskiyou is
better positioned to fend off climate impacts than
many regions in the West. The region will only do
so if public land managers and an engaged public
take climate change threats and proposed solutions
seriously now, before it is too late.



Ecosystem Services of
the Klamath-Siskiyou™
- Nutrient recycling.

- Soil formation.

- Primary production.

- Wild foods (salmon,
mushrooms, etc.).

- Wood products.
- Genetic resources.

- Carbon storage and climate
regulation.

- Water and air purification.
- Medicinal resources.

- Pest and disease control.

- Waste decomposition.

- Pollination.

- Recreation.

- Ecotourism.

- Scientific discovery.

- Cultural, spiritual
opportunities.

The Klamath-Siskiyou has acted as a
refuge for nature during past climatic
events, owing to its complex terrain
and a wide variety of habitats.

The Klamath-Siskiyou:
Land of Treasures

The Klamath-Siskiyou region covers almost 17,000 square miles
of mountainous terrain in southern Oregon and northern Califor-
nia. This region—home to Pacific fisher, black bear, mountain lion,
northern spotted owl, bald and golden eagles, osprey, salmon—has
received extensive attention owing to its biological diversity and
natural wealth.

Now, the region faces challenges from a changing climate. Many
native species could disappear and ecosystem services (i.e., benefits
people obtain from nature) could diminish in the coming decades.
There is room for optimism, however, because the region acted as a
refuge for nature during past climatic events, owing to its complex
terrain and a wide variety of habitats with favorable temperatures
and conditions. With science-based public lands management, the
Klamath-Siskiyou may function again as a climate refuge and sus-
tain minimal losses to its unique values.

PHOTO: SHANE STILES
With eight of the eleven million acres of the Klamath-Siskiyou
managed by the Bureau of Land Management and Forest Service,
federal land managers play a critical role in addressing climate impacts.
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Exceptional
Habitat &
Biodiversity

Region
Distinctions

The high-elevation Siskiyou
Crest is home to a large
number of rare and endemic
plants, that is, plants found
nowhere else n the world.
These high-elevation plants
are under an increased
threat from climate change.
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- 36 species of conifer trees.

- 3,500 plant species (281 endemics).
- 120 butterfly species.

- 5 salmonid species.

- More than 4,000 miles of fish-bearing tributary streams in the

Rogue River Basin.!

- Nearly 13% of region is considered strictly protected, mostly

via large scattered wilderness areas.?

- 13% of region is serpentine bedrock geology.>
- Approximately 22% of the Klamath-Siskiyou (as of the mid-1990s)

contained late seral (>100yrs) forest (80% of this on public land).

- Exceptional reptile, amphibian, and mollusc richness and endemism.

- Exceptional diversity of genetically distinct populations (high beta diversity).

- Global Botanical Area of Significance (IUCN).
- Proposed World Heritage Site and Biosphere Reserve (UNESCO).

- The Rogue River was one of the original eight rivers named in the

Wild and Scenic Rivers Act of 1968.

- Contains first U.S. national monument set aside for the protection of its

rich biological diversity (Cascade-Siskiyou National Monument).

- Provides key habitat linkages among Cascades, Great Basin, Siskiyou

Mountains, Klamath Mountains, and Sierra Nevada, and is therefore
thought to be of central importance in the long-term evolution and
development of western forest vegetation.*

- Provided refuge for wildlife during past climate change events.®

- Conifer forests here are the most diverse in North America,® and

among the most diverse of their kind in the world.’

- Region’s high-biomass forests are among the world’s most

carbon dense forest ecosystems.®®

- Region contains the most extensive exposure of ultramafic

rocks (serpentine) in North America.?
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Climate change will lead to a signif-
icant increase in the frequency and
severity of wildfires, including large,
high-intensity wildfires.

The Rogue Valley could transition to
climate conditions similar to those of
Sacramento, California.

Climate Projections for
the Klamath-Siskiyou

Climate change is here—the average annual temperature in the Sis-
kiyou Mountains has increased 3.5°F from 1950-2010°°—and its
impacts will only escalate throughout the century. The present rate
of warming is higher than previous rates over at least the past 10,000
years.?® By the end of the century, the temperature for western North
America could be 3.5-9°F above the range of temperatures that have
occurred over the last 1,000 years.*

Climate change will impact our natural systems in profound—and
sometimes unexpected—ways. The threat is especially severe given
that habitat fragmentation, extensive road-building, invasive spe-
cies, and other causes of ecosystem degradation have already weak-
ened the resilience of our lands and waters to new stresses such as
climate change.®

z
o
w
z
w
=
.
[a)




KS WILD | Hotter, Drier, No Less Wild

What to Expect

Temperature

A 1-3°F by 2040.

A 4-8°F by 2080.1

A 7-15°F by 2080 (summers)."®

Many more days likely to exceed 90 or 100°F.*
Models agree on significant warming for California.™

Precipitation

Shifting to mid-winter and away from spring,
summer, and fall.’

Shifting from snow to rain in winter.
Declining in September.?

More severe storm events.'®

More flooding.?!1

Decrease in coastal fog.!%

Snowpack

Decreasing snowpack.?1161

Y 75% by 2040.*

Y to negligible by 2080.%

Earlier snowmelt.?!

Snow turns to rain at lower elevations.?"

Wildfires

Significant A in frequency and severity of
wildfires.?!18:163

A risk of large, high-intensity wildfire.'®*

Drought
A frequency and severity of drought."18

Higher temps will lead to increased drying.*

Streams & Flows
A stream temperatures.?!
Shift of timing of peak streamflow to earlier in year.*

Large Y in summer flows in streams that depend on
snowmelt.?

Y dissolved oxygen.*

Sediment and mineral build-up in streams due to
increased erosion from storms and wildfires.*!

By 2080, snowpack in the
Klamath-Siskiyou may be
negligible.

Key Risks

Declines in water quality and quantity,"*° severe
wildfire,?! increases in stream temps,?! loss of
snowpack—and thus water supply during dry
summers.?

A New Sacramento

The Rogue Valley could transition to climate condi-
tions similar to those of Sacramento, California.'®

Ecological Impacts

- Species population reductions and
extirpations.'®

- Species range shifts (generally northward and
upslope).ZI,SO,lGS

- Phenology shifts (timing of flowering, aquatic
insect emergence, etc.).'%

- Non-native species invasions.'®%
- Tree die-offs.*
- Amphibian declines.®”

- Increased prevalence of disease and disease vec-
tors given warmer temperatures,'*®*! combined
with greater susceptibility of wildlife to disease
due to increased stress from climate change and
other stressors'® (collapse of the Klamath fall
Chinook population).

- Increased outbreaks of mountain pine beetle
leading to more tree mortality.**

- Potential jump of mountain pine beetle to non-
pine species.'®

- Community reorganization.®%162

- Current community dynamics such as preda-
tor—prey or competitive interactions may become
affected as species assemblages are reshuffled in
new ways.'%

- By 2070 over half (57%) of California could be
occupied by novel assemblages of bird species,
implying the potential for dramatic commu-
nity reshuffling and altered patterns of species
interactions.'®®

- Regions of high geologic diversity, such as the
Klamath-Siskiyou region, may have high com-
munity heterogeneity and thus greater potential
for the re-shuffling of species.!®®

- Increases in warm-adapted and decreases in
cold-adapted organisms?® (Increased mortality for
fall migrating adult salmon).

- Increased summer evapotranspiration.?

- Unanticipated changes to natural system."



Two out of every three rare
California plants surveyed
were classed as vulnerable
to climate change.

Vulnerable Wildlife in
the Klamath-Siskiyou

Hundreds to thousands of species in the Klamath-Siskiyou region

may be at risk due to climate change.*! Especially vulnerable are

species that depend on habitats that may disappear in the future

(e.g., high-elevation specialists) and species that may be unable to

move to new, suitable habitats due to low dispersal abilities or bar-
i riers such as roads (e.g., salamanders).

PHOTO: US FISH & WILDLIFE

Moreover, forest types themselves may change with consequences
for entire wildlife communities—birds, mammals, amphibians,
invertebrates, fungi, and non-vascular plants. Here is a look at some
of the Klamath-Siskiyou wildlife facing an uncertain future.

> : e o O
The Klamath-Siskiyou is a stronghold for the forest dwelling Pacific fisher (Pekania pennanti). PHOTOJONRY ARMSTRONG
Maintaining forest cover is important for this species.
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Many endemic species found no-where else on earth live in the Klamath-Siskiyou, such as the

PHOTO: STEVEN JOHNSON

Siskiyou Mountains salamander pictured here. This lungless salamander is low mobility and lives under
the shade of forest canopy and burrows deep into rocky talus slopes to avoid temperate extremes.

Vulnerable Wildlife and Communities

High-elevation plants and animals: may be unable
to migrate higher to suitable habitat*** and as
snowpack diminishes water-limitation may
become important at higher elevations.?”

Amphibians: could suffer from increased drying
combined with an inability to migrate to suitable
sites.»?® This is on top of the fact that amphibian
declines in the U.S. have continued unabated since
at least the late 1960s, averaging 3.8% per year,
with declines more severe on the West Coast.*

Species requiring cool, moist habitats: including
local endemic and relict species, may disappear
from region (e.g., lichen; bryophytes; fungi; Pletho-
don and Dicamptodon salamander species and
subgroups; molluscs including land snails; insects,
harvestman, millipedes, trapdoor spiders; Brewer
spruce, Engelmann spruce, Foxtail pine; additional
plants).#44

Salmon and other aquatic wildlife: face a suite of
threats from climate change, including from ocean
warming. See below for further details.

Long-distance migratory birds: could have lower
access to primary foods due to changes to timing of
flowering or insect emergences.”

Endemic serpentine flora: may be highly vulner-
able to increases in drying and warming.?¢ See
below for further details.

Coastal areas: at high risk.*!

Forests: may experience reduced growth and sur-
vival, in general.?® See below for further details on
forests.

Globally imperiled forest types: in the region
include White fir, Port Orford cedar, Brewer spruce,
huckleberry oak (Quercus vaccinifolia).*’

Regenerating trees: are most vulnerable (to heat,
soil drying, etc.) during the regeneration phase.?

Drought-stressed vegetation could be more sus-
ceptible to insect outbreaks, disease.?0?>%

Rare plants: 99 out of 156 California rare plants
surveyed (~2 out of every 3) were classed as vul-
nerable to climate change.*?

Traits Associated with Vulnerability
- Poor dispersal ability (e.g., small forest verte-
brates, flightless invertebrates).?%4?

- Narrow microclimatic preferences
(e.g., tailed frog).**

- Habitat specialization.*
- Dependence on other species (e.g., pollinator).**
- Low genetic diversity.*

- Dependence on a particular disturbance regime.**

Drought-related Tree Mortality

A 2013 drought followed by a 2014 snow drought in
southwestern Oregon led to lowered tree defenses
(especially in dense stands) and greater tree mor-
tality from insects and pathogens of pines, firs, and
Douglas firs.*
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The Applegate Valley, like most of
the KS, has complex landscapes
shaped by the mosaic of past fire
severity.

The protection of “climate refuges”
represents a vital line of defense against
the negative impacts of climate change.

The Klamath-Siskiyou:
Climate Refuge

The protection of “climate refuges” represents a vital line of defense
against the negative impacts of climate change. Climate refuges
are places with favorable conditions (often cool and moist) where
species can persist despite an increasingly unfavorable regional or
global climate.5%-5962

Climate refuges tend to occur within complex, mountainous land-
scapes because this terrain produces an abundance of microhabitats
and thus opportunities for species to find favorable climates within
small geographic areas.!20#855:6263 The temperatures in rough moun-
tain terrain can vary by up to 16°F?*%® and evapotranspiration by
>20% between nearby sites.®

Mature and old-growth forests are key habitats to protect given
their ability to maintain stable climates and function as climate ref-
uges; 55596768 styydies show that well-shaded understory communi-
ties have changed little under recent decades of climate warming
compared to more open habitats.?*% Also, reducing non-climate
anthropogenic stressors (e.g., mining, logging, road-building,
etc.) is a critical step that will help climate refuges function most
effectively.

10
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History as a Climate Refuge

The Klamath-Siskiyou region functioned as a cli-
mate refuge for species of a shrinking warm-tem-
perate community (e.g.,, Siskiyou Mountains
salamander, Port Orford cedar, weeping spruce) fol-
lowing the increased aridity of the Miocene.” Past
refuge locations tend to occur on or near the coast
and overlap with areas of high precipitation.? Also,
the Russian Wilderness contains an extraordinary
assemblage of conifer species whose co-occurrence
may reflect past climate refuge conditions.*

Terminology: Large areas containing clusters of
climate refuges—or microrefugia—are known as
mesorefugia.>®

Locations of Climate Refuges

Near coasts: (lessens temperature extremes, abun-
dant rain and fog, low stratus clouds).3855:5

In forests: especially old-growth, mature, and com-
plex forests; especially forests on north and north-
east-facing slopes; especially mesic lowland and
mid-elevation forests (stable climate; shady; cool;
retain moisture, especially old-growth).%:59.67.68

On north- and northeast-facing slopes: (lower fre-
quency of fire; less solar heating; shaded areas;
lower evaporative demand).%6267.76

Persistently wet areas: wetlands, rock glaciers,
talus slopes, groundwater-fed seeps and springs,
bogs (persistent wet soil conditions).3:35:59.71.74.75

Riparian corridors: (climate stability, cool, low
evaporative demand).>

Near large bodies of water, deep persistent pools:
(air warms more slowly due to high heat capacity
of water).*

Near cold groundwater inputs: (produce local
cold-water refuges).®® Where cold air pools—valley
bottoms, steep canyons, sinks, local depressions,
coves, basins (shady, lower minimum temps, cool,
accumulate water and soil).596276

Where deep snow drifts form: (water source late in
season, insulation to surface below).*

1

Mature and old-growth forests
are key habitats to protect
given their ability to maintain
stable climates and function

as climate refuges.

Conditions in Climate Refuges

Stable climate: (free from temperature
extremes] 38,55,59,71-73

Persistently wet or moist: (high rainfall/fog, water
accumulates, wet soil conditions).?#55:5967.68.71.74

Shady: (buffers against temperature extremes).5%%%68

Cool: (presence of cold air pools, lower minimum
temperatures, temperatures drop rapidly after sun-
set, lower evaporative demand).*6267

Cold stream temperatures.*®

Accumulation of soil: (which helps retain water).%

Improving Refuge Effectiveness

Absence of anthropogenic land use stressors (min-
ing, logging, livestock grazing, damming of rivers,
human-caused alterations of fire regimes).*®

Contiguous habitat along elevational and environ-
mental gradients.*

Minimized spread of invasives and pathogens—
which are associated with roads.*

Areas that are protected from climate-related dis-
turbance—such as increasingly severe fires and
extreme floods, also can be considered climate
change refugia.5%!

Valuable Resource

See Olson et al. 2012% for a provisional set of 22
highest- and 40 high-priority climate refuges that
occur mostly outside of existing protected areas
and along wetter and lower elevations of the region.



Federally designated wilderness
ares, which make up 13% of the KS,
will be key climate refuges.

When already stressed and experiencing low
resilience, the significant stress of climate
change can cause an ecosystem to undergo a

fundamental change or “regime shift.”

Understanding
Ecological Resilience

Climate Change may dramatically disrupt the structure and func-
tioning of the Klamath-Siskiyou region with negative consequences
for wildlife and humans.?'*?! Efforts should be taken immediately to
maximize ecological resilience in the region through science-based
natural resource management. Increasing resilience will increase
the likelihood that wildlife will adapt or migrate to suitable loca-
tions as the climate changes, and decrease the likelihood of ecosys-
tem collapse.
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How Does Ecological Resilience Work?

The structure and functioning of an ecosystem
depends on (a) interactions among species (e.g.,
pollination, seed dispersal, predation) as well as
(b) the diverse functions performed by species
(e.g., regulation of biogeochemical cycles, impacts
on disturbance regimes, modification of the physi-
cal environment).””

In general, the resilience of a given ecological func-
tion—such as soil decomposition, for instance—
increases with the number of substitute species
that can perform that function.'®*77#-8 Thus, soil
decomposition may maintain consistent perfor-
mance while populations of the individual species
that perform soil decomposition fluctuate.* Resil-
ience also increases as diversity within species and
populations increases.!®77:8485

Species vary in the strength of their contributions
to ecological functions and structure. Those that
contribute most strongly may be considered “driv-
ers” whereas species having less pronounced eco-
logical impacts may be considered “passengers.””’
Drivers may be ecological engineers (e.g. beavers®
or gopher tortoises®’) or keystone species (e.g., sea
otters®® or asynchronously fruiting trees®®), both of
which have strong interactions with multiple spe-
cies.”” There is also evidence that the resilience
of ecosystems is further supported when species
within a given functional group (e.g., pollinators)
operate at different geographic scales. The result
is a cross-scale reinforcement of the ecological
function.”

When an ecosystem with low resilience experi-
ences significant stress and disturbance, the eco-
system can undergo a fundamental change or
“regime shift.” Such shifts are often attributed to
human actions that have undermined ecosystem
resilience.® For example, the Everglades have tran-
sitioned from a sawgrass-dominated habitat to
one dominated by cattails as a result of increased
phosphorus in the soils due to human agricultural
activities.”

As wildlife populations decline, species’ ranges
contract, and species go extinct or become locally
extirpated, the result is an ecosystem that is more
vulnerable to collapse and ultimately replacement
by an alternative ecological organization.””

Definition

Ecological resilience is the amount of disturbance
an ecosystem can withstand without fundamen-
tally changing its structure or function.”®”® Resil-
ient ecosystems are better able to handle stress and
disturbances, such as climate change.

Resilience Demonstrated

- Grasslands that had higher functional group spe-
cies richness were more resistant to invasion by
other species.*®

- Diverse communities achieved more stable eco-
logical function even with large fluctuations in
populations of individual species.®

- More diverse natural grass communities recov-
ered faster following drought.®

- In experimental ecosystems, carbon dioxide con-
sumption, vegetative cover, and productivity
increased with species richness.

-More diverse experimental plots achieved
greater plant cover and more efficiently utilized
nitrogen.®

- Lightly-stressed desert grasslands showed greater
resilience to drought than heavily-stressed des-
ert grasslands (stress: grazing by domestic
livestock).?
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It is hard to believe, but the
variety and the abundance of
Klamath-Siskiyou plants and
animals is not reduced even
after multiple large fires.

Fire size has increased in recent decades,
but fire severity proportions are in line
with historic fire.... Wildfires in the region
provide numerous benefits.

Understanding
Wildfire in the
Klamath-Siskiyou

Mixed-severity wildfires have shaped the Klamath-Siskiyou region
for millennia. Variability in burn patterns and severity creates hab-
itat patchiness in vegetation that contributes to the high biological
diversity of the region'*#:33:349.96 hecause different wildlife species
are adapted to the different habitat types that result from fires.*”:%

Wildfires in the region provide numerous benefits. They recycle
nutrients,'* increase the abundance of early successional and fire-
adapted broadleaf plants (fires of shorter intervals, such as every 30
years, create canopy gaps that allow persistence of these generally
shade-intolerant species®),’**® and increase fine-scale, structural
diversity within habitat types because many or few trees in a stand
may survive a fire depending on its severity.**’

PHOTO: KS WILD
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The widespread 20th century policy of fire sup-
pression in the region (the median area burned per
wildfire decreased from 128 ha before Europeans
arrived to 25 ha during the fire suppression period®’)
has resulted in major effects on landscape struc-
ture, biodiversity, and ecosystem functioning,41%
especially in dry, low-elevation forests character-
ized by more frequent fire return intervals.*

Some research shows the region’s forested land-
scapes were generally more open due to fire prior to
the 20th century than they are today'® and today’s
landscape is characterized by denser forests, less
structural diversity, more fire-sensitive species,
fewer coarse-grained vegetation mosaics, and a
greater likelihood of high-severity fire (particularly
in previously open ponderosa pine forests).3497:101
Douglas-fir, and white fir to a lesser extent, increased
the most under fire suppression and both are more
sensitive to wildfire when young than pines.®”

Other research shows fires in the region have
increased in size in recent decades®*'%* but have
maintained fire-severity proportions in line with
contemporary and historic fires: 59% low-sever-
ity, 29% moderate, and 12% high-severity.** Many
fires that do show high-severity effects are related
to infrequent, severe drought,'®® but fire exclusion
practices have had minimal impact on these fires.*

Determinants of Fire Behavior and
Severity

Topography: a primary control on fire behavior
(evidenced by consistent relationships between
fire boundaries and topographic features in com-
plex terrain);***’ likelihood of high-severity fire on
ridgetops and upper topographic positions (due to
preheating of fuels, higher winds, and lower can-
Opy cover),}197.99.101

Weather: can override topography and be a main
driver of fire behavior,3!:34105.106

Impediments to Fire Spread: streams, riparian
zones (canopy and soil damage lower in riparian
areas compared to uplands in Biscuit Fire'?”), sharp
changes in aspect, changes in vegetation.%”1%
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Vegetation: drier vegetation, especially untreated
post-logging slash and debris, is more likely to
combust,*%1:3597 and stressed and dying vegetation
allows more and bigger fires.'®

Shrub cover: there was a positive relationship
between shrub cover and canopy damage in the
Biscuit Fire.'%

Mature and Old Forests: the long absence of fire
(>75 years) results in lower likelihood of high-se-
verity fire**1% (due to decreased abundance of
combustible understory fuels from shading [e.g.,
shrubs, evergreen hardwoods] and increased
height-to-crown with forest age),* ' (due to
lower understory temperatures from shading),!*
(due to large trees and downed logs functioning as
heat sinks).?%

Plantations: tend to experience higher-severity
fires,**'"! more combustible than co-occurring for-
ests, 311! experienced twice as much severe fire as
multi-aged-forests.**

Closed forests: lower fire severity in forests where
fire had been absent for 57 years (compared to for-
ests that had experienced more recent fire),** much
lower severity fire than open forest and shrubby
non-forest habitats.*

Serpentine: low-productivity, high shrub cover
sites with few trees experienced among the highest
rates of conifer crown damage in the Biscuit Fire.'*

Mountain Pine Beetles: outbreaks do little if any-
thing to increase fire severity.®!12-118

North-facing slopes: longer times between fires
(because wetter conditions inhibit fire)*” but can be
high-severity fire when fire occurs (because of high
tree densities).”

South-facing slopes: more frequent fires (because
drier conditions),'*%” likelihood of high-severity
burn on upper third of slope and ridgetops.'*!

West-facing slopes: longer times between fires
(may be due to low productivity soils),?” likelihood
of high-severity burn on upper third of slope and
ridgetops.'”
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Southwesterly slopes: likelihood of high-severity
fire (because drier conditions), especially in upper
topographic positions.*!

East-facing slopes: more frequent fires.?’

Fire Resistance in Trees

Douglas fir, once mature, is extremely fire-resis-
tant thanks to its thick bark, deep roots, and high
crowns.’® Similarly, mature ponderosa, Jeffrey,
and sugar pine are also fire-resistant. In contrast,
most trees of the much rarer subalpine zone have
thinner bark and are easily damaged or killed by
fire. These include mountain hemlock, Shasta
red fir, white bark pine, western white pine, fox-
tail pine, lodgepole pine, and curl-leaf mountain
mahogany.'"!

Community Resilience

A consistent finding from the Biscuit Fire, and
other nearby fires, was the high resilience of plant
and animal community composition in the after-
math of fire, even in areas burned twice within 15
years.’® Both conifer- and hardwood-dominated
riparian plant communities returned in similar
states following the Biscuit Fire due to abundant
regeneration.’® Following a repeat high-severity
burn, bird community richness remained level or
increased and bird densities increased.’*** Small
mammal richness and community structure was
similar between twice-burned and once-burned
areas, but densities were higher in twice-burned
areas.* Lastly, plant species richness actually
increased after a repeat burn due to increases in
ephemeral fire-adapted plants in combination with
minimal species extirpation.!12!

Burn Patterns of Sequential Fires

In general, areas that burned at high-severity are
likely to burn again at high severity if fire returns
within a short time period (<30 years).****% This
time period can be extended if severe fire reduces
soil carbon and site productivity and therefore slows
tree growth and lengthens the time when highly
flammable shrubby vegetation dominates.” Early
successional, non-forest vegetation experiences
much higher fire severity than forests, and this
tends to favor the persistence of early-successional
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habitat.** In locations where the mixed-severity
Biscuit Fire re-burned over the 15-year-old Silver
Fire, low-severity patches tended to burn at low-
severity and high-severity patches tended to
re-burn at high-severity.'?*

Fire Severity & Return Intervals

High-severity fire has played a role, at least in some
areas, in shaping the structure of the region accord-
ing to the presence of large (>100 ha), even-aged
patches of trees in the Klamath Mountains and
southern Cascades.®”'® The recurrence of fires in
western forests varies widely, from once per decade
in a few dry pine forests to cycles of 250-400 years
(or more) in coastal forests.**

Birds and Wildfire

Many birds depend on disturbances such as fire.*
In general, the following types of birds increase
in abundance following a wildfire: cavity-nest-
ing birds, aerial insectivores, and ground- and
shrub-nesting birds.” Early hardwood cover fol-
lowing a fire can be moderate-to-high and this pro-
vides good habitat for open-cup nesting birds while
aiding soil function and mycorrhizal networks.*
The black-backed woodpecker depends heavily on
burned forests and their populations often increase
dramatically following a fire.3*119120 After high-se-
verity fire, abundant birds were those associated
with dead wood (hairy woodpecker), bare ground
(dark-eyed junco), and aerial foraging (Townsend’s
solitaire).*® The presence of shrubs helped pre-
dict both avian abundance and composition, and
presence of snags helped predict bird community
composition.®® It appears once-burned areas and
twice-burned areas may converge in bird commu-
nity composition over time.*

Avian Indicators of Post-fire Habitats™

Recent burn (2-3 years post-burn): hairy wood-
pecker, Townsend solitaire, dark-eyed junco.

Repeat burn (2-3 years post-burn): lazuli bunting,
rufous hummingbird, spotted towhee, fox sparrow,
white-crowned sparrow, nashville warbler.

Old burn (17-18 years post-burn): wrentit, orange-
crowned warbler, black-headed grosbeak, Macgil-
livray’s warbler.
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Lower summer streamflows have
lower water quality and warmer
temperatures that harm juvenile
salmon, and the lower flows may
prevent spawning salmon from
entering some smaller streams.

Protecting older forests and allowing
young forests to regrow for longer
periods are two ways to increase regional
carbon storage.

Carbon Storage and
Emissions in Forests

Climate Change is a major threat to wildlife'?® and action to minimize
the extent of climate change through carbon uptake and storage by
vegetation is important.'** Protecting older high-biomass forests and
allowing young forests to re-grow for longer periods are two ways
to increase regional carbon storage.*'**>% Additionally, forests that
regenerate after disturbance store carbon rapidly—and for long peri-
ods—if left undisturbed through the stages of succession.*?

Wildfires and Carbon

Wildfires can release huge amounts of carbon into the atmosphere?!
and they are the largest source of carbon losses on federal lands.*

Most carbon losses from wildfires come from the combustion of sur-
face fuels (as opposed to canopy fuels) because surface fuels burn
abundantly in almost all fire types whereas canopy burns, when
they occur, tend to be patchy;*® consequently, high-severity fires
(>80% canopy combustion) produce only 30% more emissions than
low-severity fires (0-10% canopy combustion).5*4

For example, in the 2002 mixed-severity Biscuit Fire that burned
in the Siskiyou National Forest in southern Oregon and northern
California, less than 20% of the carbon emissions came from canopy
combustion.®

From a management perspective, efforts to minimize canopy mortal-
ity (and subsequent plant material decay with its additional carbon
release) are limited in their ability to reduce overall wildfire carbon
emissions because most wildfires experience significant combustion
of surface fuels and this is what drives total wildfire emissions."%

More carbon is stored by forests that burn less often; long-term
simulations indicate that forests experiencing a low-frequency,
high-severity fire regime store more carbon than forests with a
high-frequency, low-severity fire regime.

In the first decade (or two) following a forest-replacing fire, it is
likely that carbon emissions from the decay of fire-killed trees will
exceed the carbon sequestered by new vegetation.®

Forest stands that experience high tree mortality from fire experi-
ence higher carbon and nitrogen losses from mineral soil.*!
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Protecting older high-biomass forests and allowing young forests to re-grow PHOTOSHANE STILES

for longer periods are two ways to increase regional carbon storage.
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Both logging and wildfires produce significant car-
bon emissions.'®?3? It is important to note that
fuel-reduction treatments aimed at preventing
future high-severity wildfires emit more carbon
into the atmosphere than they ultimately save from
combustion.’®%* Also, they do not have a major
impact on total wildfire carbon emissions because
high-severity fires release only moderately more
carbon (~30%) than low-severity fires.5*¢*

Good News for Climate Mitigation: Regional forests
in the Pacific Northwest have shifted from a net
source to a net sink of carbon under the Northwest
Forest Plan (1994-Present) due to reduced logging
and forest regrowth.*

Logging and Carbon

Logging can release huge amounts of carbon into
the atmosphere.” Logging (mostly on non-federal
lands) is the primary source of land-use related
carbon emissions.*? Carbon emissions from fuel-re-
duction treatments generally exceed the carbon
savings that would occur if the treated area were
to burn.®® For example, simulations of conifer for-
ests in Oregon indicate that removing three units of
carbon in treatment will protect one unit of carbon
from wildfire combustion.**

The average aboveground carbon losses from
fuel-reduction treatments in semiarid conifer for-
ests (western U.S.) are 10% for prescribed fire
only, 30% for thinning only, and 50% for thin-
ning followed by prescribed fire.’® By compari-
son, aboveground carbon losses from wildfires
on comparable fire-suppressed forests averaged
122204 64125

There is a low likelihood that forest stands that
receive fuel-reduction treatments will be exposed
to fire.>®

If fuel-reduction treatments could possibly result
in greater carbon storage overall, it would require
the treatments to increase maximum achievable
biomass on the plot (e.g., through decreased non-
fire tree mortality, protection of soil fertility from
losses sometimes incurred from high-severity fire,
etc.).?®

Over a period of seven years, plots that received
fuel-reduction treatments did not store more car-
bon than comparable fire-suppressed control
plots.'?” Typically, carbon emissions from the decay
of dead plant material in logged forests exceeds the
carbon sequestered from the growth of new vegeta-
tion.'?® The fossil fuel costs of fuel-reduction treat-
ments range from ~1-3% of aboveground carbon
StOCk.lZS_wO
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Regional forests in the

Pacific Northwest have shifted
from a net source to a net sink
of carbon under the Northwest
Forest Plan (1994-Present)

due to reduced logging and
forest regrowth.
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While protecting all mature and
old-growth forest is important,
climate change makes it vital in
middle and low elevations, on
north- and northeast-facing slopes,
in canyon bottoms, and in coastal
mountains.

PR -

In the Pacific Northwest, most forest types
begin developing mature/old-growth
characteristics at 80 years.

Valuable Old Forests

Old-growth and complex mature forests are immensely valuable
owing to their wildlife habitat, provision of ecosystem services
(including carbon storage), and their role as climate refuges (i.e.,
places where species can persist despite an increasingly unfavorable
regional or global climate).’**® The mature forests that will function
most effectively as climate refuges are mesic lowland and mid-ele-
vation mature forests, those located on north- and northeast-facing
slopes, in canyon bottoms, along elevational gradients, or in areas
with abundant fog and precipitation (e.g., in coastal mountains).*7*
Cultivating additional older forests will also help alleviate the neg-
ative impacts of climate change and align with the growing public
interest in older forest protection.'*** The Klamath-Siskiyou region
contains only 28% of its historic old-growth forests,** adding further
to the rationale for their protection.
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Forests as Sanctuariesin a
Changing Climate

Mature and old-growth forests are important cli-
mate refuges for wildlife because they maintain
a stable climate; their canopy cover—especially
when dense and complex—buffers temperature
extremes by keeping temperatures cooler in sum-
mer and warmer in winter.?*?*%% Maximum
springtime temperatures are 4.5°F lower in old-
growth than in structurally simple forest plan-
tations.?® Old-growth forests exhibit year-to-year
consistency in site-level conditions despite sizable
fluctuations in annual climates.?

Complex canopy cover also increases relative
humidity in the understory?® and this, in combi-
nation with the greater litter and understory veg-
etation of mature and old-growth, helps retain
moisture and protect wildlife from the stress of
desiccation during summer droughts.®® The climate
buffering characteristics of mature forests can pro-
vide a critical lifeline (a safe haven, plus extra time
to adapt or migrate) for temperate forest diversity
in a warming climate—this may be essential for the
many known slow-colonizing forest herbs.*?

Recent studies show that mature forests are in fact
functioning as climate refuges for wildlife. Com-
munity change data from southern Oregon demon-
strate that well-shaded understory communities
changed less over six decades of climate warming
than more open understory communities.®® Simi-
larly, a multi-decadal study of temperate decid-
uous forests in 29 regions in Europe and North
American found that thermophilization (i.e., the
increase of warm-adapted species and the decrease
of cold-adapted species) was lowest in the densest
forests.?

Ecosystem Services of Old Forests

Older forests—especially high-biomass older for-
ests'’>—provide a wealth of ecosystem services.
These include wildlife habitat, carbon storage,
clean air, clean water, primary productivity, reg-
ulation of hydrologic processes, soil formation,
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Mature and old-growth forests
are important climate refuges
for wildlife because they
maintain a stable climate; their
canopy cover— especially when
dense and complex—buffers
temperature extremes by
keeping temperatures cooler in
summer and warmer in winter.

nutrient cycling, pollination, medicinal resources,
wild foods, salmon productivity, cultural and spiri-
tual opportunities, and recreation.?%133-139.170

Old-Growth Ages, Features, & History

In the Pacific Northwest, most forest types begin
developing mature/old-growth characteristics at
80 years.® Old-growth forests are characterized
by high tree size diversity at the stand level and
high densities of large live trees, large snags, and
downed wood cover.” Douglas-fir forests are clas-
sified as mature at >80 years and as old-growth at
150-200 years.*> Subalpine fir, white/grand fir, and
ponderosa pine become old-growth at 150 years,*
and upper elevation subalpine fir and Pacific silver
fir reach old-growth at 260-360 years.®

Historically, old-growth forest once covered about
two-thirds (41 million acres) of the Pacific North-
west.’® Today, about 28% remains.’®> Within the
Klamath-Siskiyou region the same percentage—
about 28%—of historic old-growth forest remains.>®
Since the adoption of the Northwest Forest Plan in
1994, most losses of old-growth on federal lands in
the region are due to large wildfires.*?



The KS still includes nearly three
million acres of roadless acres at
least 1000 acres in size. That’s over
one-quarter of the region. These
areas are essential to protect in the
face of climate change.

Valuable Roadless
Areas

Roadless areas in the Klamath-Siskiyou region avoid the negative
impacts of roads while simultaneously increasing habitat connectiv-
ity and protecting numerous elements of special conservation inter-
est. Existing roadless areas, in combination with protected lands
and waters (e.g., wilderness areas), provide an important foundation
upon which to build an overall regional conservation strategy*° to
maintain ecological resilience and integrity in the face of climate

a
=
=
g
o
I
I




KS WILD | Hotter, Drier, No Less Wild

Roadless Areas in the Klamath-Siskiyou
and their Contributions to Conservation

In 2001, Strittholt and DellaSala* mapped nearly
500 roadless areas (each >1000 acres) in the Klam-
ath-Siskiyou region. These roadless areas (totaling
more than 2,930,000 ac) combine to cover ~27% of
the region—an area twice as large as that covered
by designated wilderness—and they contain valu-
able conservation elements that complement what
is protected in wilderness areas.*’

Klamath-Siskiyou wilderness areas are concen-
trated at high elevations and protect non-forested
habitats as well as most of the region’s red fir and
white fir forests, and significant portions of the
region’s higher Jeffrey pine, ponderosa pine, mon-
tane-hardwood conifer, and Klamath mixed-coni-
fer forests.® Roadless areas augment the acreage of
some of these habitats, but more importantly they
add new physical zones for the same plant com-
munity types as well as new habitats; in fact, add-
ing roadless areas to wildernesses resulted in 96
new habitat types (note: 214 total habitat types
in the region) being captured at a level of >25%
of their total occurrence in the region;* together,
roadless areas and wildernesses protect 64% (138
out of 214) of Klamath-Siskiyou habitat types at the
>25% level.*

Roadless areas represent low- and mid-elevations
(<5000 feet) better than wilderness areas.*® This
is significant because lower elevations contain the
most biological diversity in the region.'*® Roadless
areas also made important contributions to regional
habitat connectivity,*’ a critical landscape compo-
nent that will allow species to adapt and migrate
when faced with stresses from a changing climate.

Negative Impacts of Roads

Negative impacts of roads on terrestrial and aquatic
environments include the following: increased ero-
sion, air and water pollution, the disruption of the
natural infiltration of water to the soil, the spread of
invasive species and pathogens, wildlife mortality
and avoidance, restricted wildlife movement and
dispersal, forest fragmentation, and an increase in
human-caused forest fire.®*® Additionally, roads
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Once roads are built, a landscape is more
susceptible to landslides, the fouling of
streams, the spread of noxious weeds, and
an increase in human-caused forest fires.

increase access to natural areas which often leads
to human activities—such as logging, mining, and
grazing—that degrade ecosystems and result in
native species declines.*® As of 2001, the total road
length (all road surface types) for the Klamath-Sis-
kiyou region was ~28,000 miles.

KS Roadless Areas® (In Brief)

- 498 mapped roadless areas.
- 367 smaller roadless areas (1000-5000 ac).
- 131 large roadless areas (>5000 ac).

- Roadless areas cover 27% of the region (2,930,000
ac) and contain high percentages of the region’s

- remaining mature and old forests (36%).

- known occurrences of heritage-elements (i.e.,
point locations for plant and animal species of
special conservation interest; 36%).

- mapped serpentine habitat (37%).
- key watersheds for aquatic biodiversity (42%).
- Port Orford cedar strongholds (60%).

- 929% of roadless areas occur on US Forest Service
land, 7.6% on BLM land, and 0.4% on National
Park Service land.



Protection from the numerous
stressors caused by climate change
increases dramatically right at a
wilderness boundary, here, in the
Kalmioposis Wilderness which has
evolved for thousands of years
with fire. |

Climate Change
Impacts on Forests

Forests in General

- Reduced forest growth and survival (in general), due to adverse
effects of higher temps and drought stress.!

- May be positive forest responses in growth and productivity where
there is sufficient moisture or where growth is limited by cold.!

- Changing forest structure and composition."!#!

- Rapid climate change may challenge the capacity of tree species to
adapt in place or migrate to new locations.*?
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- Greater forest susceptibility to insects, disease.!

- Beetle conditions will be enhanced, increasing
the threat to native forests.?!

- Potential jump of mountain pine beetle to non-
pine species.'®

- Forest changes will lead to impacts on the terres-
trial communities that depend upon them.

- Mature forest communities may be vulnera-
ble to increases in wildfires and lengthened fire
seasons.!

Lower Elevation Forests
- Increased drought stress at lower elevations.?

- Drought-related vegetation die-off in warm and
water-limited low to moderate elevations.*°

- Areas that are moisture-limited are particularly
vulnerable (e.g., low elevations in the Klamath
and Siskiyou Mountains).!

- Douglas-fir associations will be reduced.*

- Warming and drying will favor oaks and other
hardwoods at lower elevations.*

- Chaparral, dry pine forests, oak, and broadleaved
hardwood forests will replace wetter temperate
forests—this transition could happen rapidly via
wildfires.

- Grassland and scrublands are likely to expand as
forest conditions diminish.*

- Increase in fire-adapted vegetation communities.?*

High Elevation Forests

- Increase in high elevation plant productivity and
species richness, with losses of high-elevation
specialists.>3°

- Increased establishment and growth at higher
elevations.?

- Higher elevation spruce/fir/hemlock communities
will be compromised or eliminated.?
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The speed at which the climate changes matters. Rapid
climate change may challenge the capacity of plant
species to adapt in place or migrate to new locations.

Maritime Forests

Projections show significant declines in maritime
evergreens, and two models show an increase in
maritime needleleaf and temperate deciduous
broadleafs.?!

Plant Physiology & Climate Change

Warmer temperatures tend to improve plant phys-
iological processes so long as moisture is sufficient
and optimal temperatures are not exceeded.!

Whether plants benefit from elevated carbon diox-
ide concentrations may depend on nutrient avail-
ability, especially nitrogen." There may be little
benefit on nutrient-poor sites.

Plants may be able to accommodate some degree
of drought with minimal negative effects because
higher atmospheric carbon dioxide increases water
conservation in plants.** As plants open their sto-
mata (tiny openings on leaves) to draw in carbon
dioxide molecules to build their bodies, they lose
moisture; but with higher atmospheric carbon
dioxide they need to open their stomata for shorter
time periods and consequently lose less moisture.
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Coho and other salmon are simulta-
neously one of the most culturally
and ecologically important species in
the region. They are also some of the
most threatened, even before the full
impacts of climate change are felt.

Trees grow up to three times as
fast when salmon are plentiful.

Salmon, Streams, and
Climate Change

Benefits of Salmon and Salmon Habitats

Salmon populations support the health and functioning of ecosys-
tems in multiple ways. Salmon are the primary food source for many
wildlife species'**!*¢ and they bring marine-derived nutrients—such
as carbon, nitrogen, phosphorus, and micronutrients—to inland
communities.'*”~'%° In fact, trees grow up to three times as fast when
salmon are plentiful.’®* They also create new in-stream habitats for
other wildlife when they alter streambeds and sediment composi-
tion during spawing.®* Salmon are a keystone species that interact
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(directly and indirectly) with many species in an
ecosystem; thus, their decline or extirpation from a
region affects many wildlife species.?**4

Ecosystems capable of supporting robust salmon
populations—such as intact and functional wet-
lands, floodplains, streams, rivers, and riparian
systems—also provide regulating ecosystem ser-
vices including water purification, flood control,
more consistent stream flows, temperature regula-
tion, and abundant fish populations.**” Addition-
ally, salmon hold cultural significance for many
people and bring economic vitality to regions
where they occur.

Climate Threats to Salmon and Streams

Hotter temperatures—warmer air temperatures
will increase water temperatures and cause ther-
mal stress and possibly death to salmon.*2

Reduced summer streamflows—lower summer
streamflows have lower water quality and warmer
temperatures that will compromise the survivor-
ship of juvenile fish, and the lower flows may pre-
vent spawning salmon from entering some smaller
streams.?®

Altered timing of natural events—warmer tem-
peratures could lead to earlier emergences of
aquatic invertebrates and a possible decoupling of
the availability of fish food sources from seasonal
fish needs.'®?!

Increased storms and wildfires—more intense
storms combined with more frequent and severe
wildfires will harm aquatic systems by increasing
runoff of sediment, nutrients, persistent organic
pollutants, and other contaminants into streams
and tributaries.’®* Increased sedimentation to
streams caused by runoff from roads after a severe
fire (and by post-fire logging if present) may con-
tinue for years'* and may push aquatic systems
into a less desirable ecological states altogether.!5?

Increased disease prevalence—the combination in
summers of warmer stream temperatures, lower
streamflows, and reduced dissolved oxygen con-
centrations increases the potential for disease
spread and fish mortality.®
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The surrounding landscape—patch dynamics on
the greater landscape affect waterways by influenc-
ing hydrology, sediment and contaminant loads,
and water temperatures.?

Notable: Due to widespread salmon declines, cur-
rent salmon populations bring only 6% or 7% of
the historical amount of marine-derived nitrogen
and phosphorus to rivers and inland terrestrial
communities in the Pacific Northwest.4

Sample of Aquatic Species in the
Rogue Valley™

- Coho salmon.

- Chinook salmon.

- Steelhead.

- Cutthroat Trout.

- Amphibians, including tailed frog.
- Pacific lamprey.

- Green sturgeon.

- White sturgeon.

- Klamath smallscale sucker.
- Speckled dace.

- Prickly sculpin.

Valuable Riparian Habitats

Riparian habitats alongside streams and rivers are
dynamic and complex environments that contain
high biological diversity compared to surround-
ing landscapes,?”'** provide dispersal corridors for
wildlife, especially fish migration,”” and directly
influence the health and integrity of stream hab-
itats and their dependent wildlife communities
(including birds, salmon, amphibians, aquatic
invertebrates, molluscs, etc.).'*
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The high metal content in serpentine
soils has led to an explosion of unique
and wonderful plant species through-
out the Klamath-Siskiyou, including
lady slipper orchid above, and the car-
nivorous cobra lily or Darlingtonia, to
the right.

Serpentine and
Climate Change

An Introduction to Serpentine

Serpentine rocks are found throughout the world, primarily where
oceanic crust and mantle appear on the earth’s surface, and soils
weathered from these rocks contain high magnesium, low calcium,
possibly low macronutrients (especially phosphorus and potas-
sium), possibly high heavy metals (such as, nickel, chromium, and
cobalt), and sometimes high rock content.”” Plant communities
on serpentine soils have traits that reflect harsh living conditions:
small stature, low specific leaf area, more roots than shoots, and
overall sparse canopy cover.'® Low canopy cover in combination
with the high rock content of the soils can lead to higher tempera-
tures and water scarcity.®”1** Serpentine communities have evolved

PHOTO: KS WILD
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to tolerate the stresses of their environment and
in the Klamath-Siskiyou region, where 13% of the
soil is serpentine,* these communities have con-
tributed to the region’s high level of plant species
endemism,!40:15

Are Serpentine Communities Vulnerable
to Climate Change?

An important question is whether serpentine plant
communities, with their stress-tolerant traits, will
be more or less vulnerable than other communities
to the changes brought by climate change. There is
evidence on both sides:

Serpentine communities will be more resilient to
climate change:

- In the Klamath-Siskiyou region, shrub and tree
abundances (insufficient data on herbs) have var-
ied less on serpentine compared to granitic sub-
strates over the past 15,000 years,’ suggesting
greater tolerance to climate changes on serpen-
tine soils.

- Serpentine grassland communities in northern
California responded less to variation in annual
precipitation than non-serpentine, in terms of
species richness and composition.'®”

- Generally, serpentine communities vary less than
non-serpentine across climate gradients.'s%1%

- Three out of four studies suggest serpentine com-
munities will be less sensitive to climate change,
while the fourth indicates serpentine communi-
ties will be just as sensitive as communities on
“normal” soils.'®

-In a 15-year observational study as the climate
has become more arid, grassland species diversity
declined but less so on serpentine soils.*

- Balance of evidence seems to support hypothe-
sis, that low soil fertility results in stress-tolerant
plant traits that confer higher resistance to cli-
mate change.®
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Serpentine communities

have evolved to tolerate the
stresses of their environment
and in the Klamath-Siskiyou
region, where 13% of the soil is
serpentine, these communities
have contributed to the region’s
high level of plant species
endemism.

Serpentine communities will be more vulnerable to
climate change:

- Greater shifts in Klamath-Siskiyou region from
1949-2007 in plant species richness and cover on
serpentine compared to non-serpentine soils.!

- Serpentine endemics had greater declines in
cover than soil generalists in Klamath-Siskiyou
from 1949-2007.1%°

It is important to note that even if serpentine com-
munities are more resilient to climate change, they
can still suffer species loss and other negative
impacts.® Their sparser canopy cover means they
will experience more heating than forests, which
could undermine their greater tolerance of water
stress.%® Additionally, stress-tolerant invasive spe-
cies could become established and outcompete
native species.®® Serpentine sites that retain wet
soil conditions, such as those located in or near
seeps and fens, may be important climate refuge
locations for serpentine flora.*



Careful thinning in dense, second
growth stands and on south facing
slopes can reduce fire hazards and
lessen drought stress. The Nedsbar
Timber Sale, pictured below, pro-
posed logging large trees in older
forest stands and was stopped by
community action.

-L

Post-fire logging and associated
road-building can increase future fire risk
and severity and are nearly always harmful
to natural regenerative processes after fire.

An Overview of
Thinning and Logging

A century of fire exclusion policies in the western U.S. has resulted
in forests that differ both structurally and compositionally from his-
toric forests.?® Tree removal and prescribed fire (i.e., fuel-reduction
treatments) are common management tools used in fire-prone forests
to restore historic functionality, reduce fuel quantity and continu-
ity, and reduce the risk of high-severity forest fire.??5® It is generally
accepted that fuel-reduction treatments do reduce fire hazards in
forests for short periods,®*!** and they are also said to lessen drought
stress and likelihood of insect and disease outbreaks.!

PHOTO: KS WILD
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That said, there are also costs associated with
fuel-reduction treatments. It takes the treatment
of about 10 locations to influence fire behavior in
a single location due to the rarity of severe wild-
fires.*® Carbon emissions from fuel-reduction treat-
ments generally exceed the carbon savings that
would occur if the treated area were to burn.*® Log-
ging causes heavy disturbance to the soil that can
reduce the abundance of herbs ill-adapted to such
disturbance.®*® Without careful implementation,
treatments often damage remaining trees, compact
the soil, and lead to fuel build-up.* Finally, logging
in riparian areas, which harms these highly valu-
able wildlife habitats, also can diminish recruit-
ment of wood to instream habitats.®

Where to Thin

- The home-ignition zone (up to 100-200 ft
outward from home structures).®3

- In drier forests sites to lessen drought stress and
mimic natural fire regimes.45

- Dense, young forest stands on south-facing slopes
and ridgetops (where fire-severity is typically the
greatest).'431:101

Logging and Beetles

Thinning and logging are said to reduce the risk of
future mountain pine beetle outbreaks,* however,
studies reveal mixed effects on future outbreaks
at the stand level and no effects at the landscape
scale.”!'® Even when thinning reduces an outbreak
at the stand level, the negative impacts of thinning
(i.e., soil compaction and other impacts to soils,
damage and stress to trees, road-building and its
associated negative impacts, carbon loss, water
quality reductions from soil runoff, spread of inva-
sives, etc.) must be considered.®'’
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Post-fire Logging

Post-fire logging—the logging of forests relatively
soon after a wildfire event—has many negative
impacts on wildlife and ecosystems.*'**** The log-
ging (and associated road-building, if present) can
increase future fire risk and severity® and is nearly
always harmful to natural regenerative processes
after fire.’>131

Following post-fire logging in ponderosa pine
or Douglas-fir forests, there tends to be in the
early years greater abundances of ground- and
shrub-nesting birds and less prevalence of bird
species associated with snags.!” The black-backed
woodpecker is a “sensitive species” in Oregon®
that is less abundant in salvaged forest, regard-
less of whether it is partial or complete logging."”
Maintaining some burned forests for this post-fire
specialist is a management action consistent with
maintaining native bird populations.?’

After post-fire logging in the Eastern Cascades,
there were lower relative abundances and den-
sities of black-backed woodpecker, hairy wood-
pecker, brown creeper, western wood-pewee, and
yellow-rumped warbler, and higher relative abun-
dances and densities of fox sparrow and dark-eyed
junco.'” Additional studies demonstrate negative
impacts on hairy woodpecker with near complete
removal of snags, whereas other studies show
mixed effects from partial post-fire logging.'” A
separate study found non-significant responses
of most bird species to post-fire logging and little
effect on community composition.?



Land Management
Solutions

Good forest management in a time of rapidly
changing climate differs little from good forest
management under more static conditions, but
there is increased emphasis on protecting climatic
refugia and providing connectivity. — REED NOSS

S

PHOTO: KSWILD

Believing that climate change is Scientifically-informed land management will be the primary means
happening is not enough. Our public to stave off the worst effects of climate change for ecological com-
land managers must consistently munities. Action must be swift, however. Here we outline the most
use the bESt, available climate sci- important land management steps from the scientific literature for
encein making Ignd management protecting the unique biological heritage of the Klamath-Siskiyou
decisions that will affect this region region.

and its people for centuries.
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Mature and Old-growth Forests
° - Protect remaining old-growth habitat as swiftly as possible.?1%:15:18:20.24.37.48

Habitats to - Manage for high biomass old forests (because these support more biodiversity

and provide more ecosystem services).*
Protect and

Restore Climate Refuges

- Immediately identify and protect climate refuges (especially old-growth) at
multiple scales, including small scales (see above for details).!3:20:23:37:3848.50

- Identify past refugia (when possible) and protect them because they may act
as refugia again.*®

- Identify and protect thermal refugia in streams (provided by cold ground-wa-
ter and tributary inflows).?1:2
Streams and Rivers

- Restore and maintain critical stream habitats (e.g., high-elevation riparian
areas, floodplains, tributary junctions, north-facing streams, stream reaches
with gravels and topographic complexity).

- Restore native vegetation in riparian zones that provide shade and complex
habitat.?:%6

- Maintain or increase stream buffers.®?

- Restore and maintain stream floodplain complexity and connectivity,!%21.2649
restore stream flow regimes,*® restore channels,” and raise groundwater
tables.?®

- Use native beavers and beaver dam analogs to increase water retention on
landscape.®

- Ensure highest possible water quality and quantity.?*

- Protect genetic diversity and life history diversity of fish.*®

Protect missing elements in existing protected area network:

- Areas that add to habitat connectivity'® (large forest patches;* roadless
areas'®). Protected areas should be expanded (longitudinally, latitudinally)
to allow species to shift ranges, especially along elevational gradients!®?).

- Areas containing representative lowland species assemblages.®”

Degraded areas

- Undertake ecological restoration in degraded areas.’”
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Prevent
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3.
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Resilience

4.

Landscape
Planning and
Forestry
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- Reduce greenhouse gas emissions wherever possible.’

- Increase carbon storage in the landscape (protect older, high-biomass forests;

allow young forests to regrow for longer time periods because these forests
rapidly sequester carbon).*13:18:32.38

- Do not undertake fuel treatments (thinning and/or prescribed fire) for the pur-

pose of increasing carbon storage on the landscape because fuel treatments
aimed at preventing high-severity wildfires emit more carbon into the atmo-
sphere than they ultimately protect from subsequent wildfire combustion.’*%*

- Maintain species richness,'®* maintain diversity of functional groups and

redundancy of species within functional groups,*** and maintain genetic
diversity within and among populations.3184

- Probably the single most important action land managers can take is to reduce

existing non-climate stressors (e.g., habitat fragmentation, erosion from roads
and resource extraction, air and water pollution and contamination, loss of
keystone species, invasive species, livestock overgrazing, logging of old for-
ests, floodplain/coastal development, over allocation of water, flooding, energy
development, human footprint, disease, overfishing, inappropriate fire man-
agement, loss of natural habitats).!13:18:24:38.39

- Target the reduction of non-climate stressors to core habitats, old-growth cli-

mate refuges, and adaptation corridors along elevational gradients.*

- Increase habitat connectivity (especially along elevational and environmental

gradients).1®2124

- Maintain native forest types across environmental gradients.*
- Maintain keystone species near ecologically optimal population levels.*®

- Minimize impediments to adaptability and resilience.

- Apply ecologically-appropriate, low-intensity fuels reduction where needed

(particularly in dry ponderosa pine and dry mixed-conifer forests; and within
100-200 ft of homes®*) (to reduce competition, drought stress, and risk of
high-severity fire).13:15:18:21:46

- Retain old live trees, large snags, and large logs, and restore native under-
story plants.™

- Minimize the following: soil disturbance and soil compaction, the loss of
carbon and mycorrhizae from soil, the introduction of invasive species,
road-building, the size of canopy openings, and the removal of biomass.??

- Prevent conversion of forests to even-aged, single species tree plantations

(because they harbor lower biodiversity and are more vulnerable to distur-
bances such as fire and pest outbreaks).!320:34

- Restore a diverse mosaic of resilient habitats across the landscape.!**!

- Restore early successional forests and forests experiencing natural regen-
eration (because they are scarce on the landscape).!*%

- Restore young forests (<80 years old) that originate after disturbance in
older forests (i.e., complex early seral forest) (because of high species rich-
ness, especially forbs and shrubs).83
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- Retain “snag forests” (because they are very biologically diverse and one of
rarest forest types due to prevalence of post-fire logging).10:11:33

- Retain trees killed by mountain pine beetles outbreaks (because ecologi-
cally valuable and used by birds, bats, squirrels, etc.).

- Represent forest types across environmental gradients in reserves.*?

- Increase quality of landscape matrix that exists among habitat patches.*

- Use prescribed fire and thinning to inhibit conifer encroachment into wild-

life-rich oak habitats.?®

- Reintroduction of fire (prescribed and from natural ignitions).*

- Fire suppression may be ecologically warranted if habitat of critically threat-

ened species is at risk, if fire is outside the historical range of variability, or
in places where high-severity fire is not viewed as desirable (e.g., old-growth
forests).*

- Do not log after fires (because suites of species depend on large areas of post-

fire “snag forest” habitat type, as well as other natural habitats that form
through natural succession).?11%14

- Avoid replanting after fire (replanting may reduce natural tree regeneration,

may reduce the recovery of native plants and biodiversity, and may not be
effective at reducing soil erosion).'1431

- Control undesirable plants and invasive species through vegetation treatments.*

- Periodically monitor status and condition of old-growth and mature forests.*

- Survey old-growth forest invertebrates and non-vascular plants in order to

understand distributions of distinct assemblages (to inform identification of
representative climate refuges for protection).®

- Identify climate refuges for at-risk species.®

- Identify species of high ecological importance for all ecosystems, and main-

tain them.®

- Decommission or repair failing roads (to improve water quality).®2!26

- Create zoning ordinances to prevent development and agriculture within or

adjacent to riparian areas.?!

- Limit stream water withdrawals during periods of low flow and high

temperatures.”®

- Equip rural residences with tanks to store spring and winter runoff for use in

the summer (to lessen withdrawals from low summer streamflows).?®

- Incentivize decreased human consumption of water.?®

- Increase storage of winter rains in soils (to offset summer drought stress).
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We stand now where two roads diverge. But unlike
the roads in Robert Frost’s familiar poem, they are not
equally fair. The road we have long been traveling is
deceptively easy, a smooth superhighway on which we
progress with great speed, but at its end lies disaster.
The other fork of the road—the one ‘less traveled by'—
offers our last, our only chance to reach a destination
that assures the preservation of the earth.
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