
FOREST AND WOODLAND HABITATS
Climate Change Vulnerability and Adaptation Strategies for Northwestern California

Forest and Woodland Habitat Descriptions
This summary includes information about forest and woodland habitats considered within the project area of  
the Northern California Climate Adaptation Project, which includes the Klamath, Six Rivers, Mendocino, and  
Shasta-Trinity National Forests as well as public lands managed by the Bureau of Land Management, including  
Arcata, Redding, and portions of the Ukiah field offices.

The following forest and woodland habitat types are considered in this summary:

Coastal Conifer-Hardwood Forest
Coastal conifer-hardwood forests occur within 
three miles of the coast in areas influenced by 
coastal fog and salt spray. They are generally 
characterized by Sitka spruce (Picea sitchensis) 
and/or grand fir (Abies grandis) as dominant 
canopy species, in combination with a variety 
of other conifer and hardwood species. The 
relative dominance of these species changes 
along a north-south gradient, with Sitka 
spruce typically dominating in Humboldt and 
Del Norte Counties and grand fir becoming 
more dominant in the southern portion of the 
study region (e.g., Mendocino County). 

Coastal Redwood Forest
coastal fog zone at elevations up to 2,000 feet and 
distances of up to 36 miles inland from the coast. 
The canopy is dominated by coast redwoods 
(Sequoia sempervirens), which can reach heights 
of over 377 feet. The canopy is often multi-
layered, with species such as western hemlock, 
Douglas-fir (Pseudotsuga menziesii), and tanoak 
(Notholithocarpus densiflorus) in the lower 
canopy. Old-growth forest patches characterized 
by high structural complexity occur throughout 
the region, but are most extensive in northern 
areas.

Oak Savannas & Open Woodlands
Habitats dominated by blue oak (Quercus 
douglasii), valley oak (Q. lobata), interior live 
oak (Q. wislizeni var. wislizeni), and Oregon 
white oak (Q. garryana) may occur within a 
variety of habitat structures, including oak 
savanna (scattered trees with <25% cover), 
open oak woodland (25–50% cover), and 
riparian oak woodland (located adjacent to 
water bodies). Habitat type and structure vary 
depending on the ecological needs of each 
species, but generally oak savannas and open 
woodlands occur at lower elevations and/or 
on warmer, drier sites.

Black Oak & Tanoak Woodlands
Black oak (Q. kelloggii) and tanoak woodlands are 
found on sites where frequent low-intensity fire 
allows large-diameter oaks to be dominant 
(canopy cover ranging from 25–75%). The 
structure and distribution of black oak and tanoak 
woodlands has been enhanced and maintained 
by northwestern California tribes for thousands 
of years through routine cultural burning and 
other orchard stewardship activities. These 
practices promote the growth of mature, well-
spaced trees with full crowns, low branches, and 
abundant acorn crops. 
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Mixed Evergreen Forest
Mixed evergreen forests are distributed inland 
of the fog belt at relatively low elevations. 
Douglas-fir is frequently the dominant or co-
dominant species in the overstory, while the 
lower canopy is composed largely of 
hardwood species such as tanoak. Forest 
structure and composition vary widely 
depending on moisture balance, disturbance 
history, and site conditions. These factors have 
historically created a mosaic of forest patches 
with varied species composition and in 
different stages of succession, resulting in 
heterogeneous forests at the landscape scale.

Mixed Conifer & Ponderosa Forests
Mixed conifer forests are extensive in 
northwestern California between 1,000 and 6,000 
feet in elevation. In the southern Cascades region, 
open forests dominated by ponderosa pine (Pinus 
ponderosa) are particularly common, while 
Douglas-fir is a characteristic dominant species 
within the Klamath Mountains and North Coast 
region, often with a more diverse mix of conifers. 
Throughout the region, black oak is the primary 
hardwood species. Species composition and

forest structure can vary dramatically over short 
distances, depending on factors such as site 
characteristics and disturbance history. 

True Fir Forest
True fir forests are dominated by species in the 
Abies genus, and generally occur in the mid- to 
upper montane zone of the Klamath Mountains 
and southern Cascades. White fir (Abies 
concolor) forests are extensive at elevations 
ranging from 3,500–7,000 feet, but often begin 
to mix with Shasta red fir (A. magnifica var. 
shastensis) at elevations above 4,600 feet. Red 
fir-dominated forests are generally found at 
higher elevations in the montane belt and on the 
driest slopes of the subalpine zone (above 7,200 
feet). Other fir species that may be dominant in 
some areas include grand fir, noble fir (A. 
procera), subalpine fir (A. lasiocarpa), and Pacific 
silver fir (A. amabilis). Because fir species can 
regenerate in the absence of disturbance, true 
fir forests are often multi-layered and have high 
canopy cover.

Subalpine Forest
Subalpine forests occur at the highest elevations in 
the Klamath Mountains region (7,200–9,000 feet) 
and on Mount Shasta and adjacent peaks in the 
southern Cascades (7,500–8,900 feet), where 
growth is limited by shallow soils and harsh growing 
conditions. Stand structure typically consists of 
relatively open woodlands with a discontinuous 
shrub layer. Dominant species may include 
whitebark pine (P. albicaulis), foxtail pine (P. 
balfouriana), mountain hemlock (Tsuga 
mertensiana), Shasta red fir, western white pine (P. 
monticola), Jeffrey pine (P. jeffreyi), and lodgepole 
pine (P. contorta spp. murrayana), among others. 

Forest and woodland habitats in northwestern California have already experienced significant 
habitat loss and fragmentation due to land-use conversion (particularly at lower elevations), and 
forest structure and composition have been drastically altered across most of the region by the 
combined effects of timber harvest and fire exclusion.

Photo by Bob Wick/BLM (CC BY 2.0)



Key Climate Vulnerabilities
Forest and Woodland Habitats
Forest and woodland habitats in northwestern California are primarily sensitive to climate stressors that 
increase moisture stress, resulting in shifts in tree growth and recruitment as well as species composition and 
habitat structure. Changes in the frequency and/or intensity of disturbances (e.g., wildfire, insects, disease) 
may also cause more extensive tree mortality, especially where increased competition for soil moisture reduces 
tree vigor. Historical logging followed by decades of fire exclusion has significantly altered most forests and 
woodlands in the region, simplifying habitat structure and increasing vulnerability to disturbance-related 
mortality.

Coastal Conifer/Hardwood Forest ModerateVulnerability

Coastal Redwood Forest ModerateVulnerability

Oak Savannas & Open Woodlands Moderate-HighVulnerability
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Forests and woodlands are extensive across 
northwestern California, although the extent and 
integrity of some types have declined 
significantly. High physical/topographic diversity 
in the region increases resistance to climate 
stressors and disturbances, but moisture-
stressed forests exhibit delayed recovery from 
disturbances. Generally, high public and societal 
value increases support for management, and 
many management actions are known to 
effectively reduce the impacts of climate change.

Vulnerability Rankings for Forest and Woodland Habitats

Photo by Bob Wick/BLM (CC BY 2.0)

Mixed Evergreen Forests Moderate-HighVulnerability

Black Oak & Tanoak Woodlands ModerateVulnerability

Mixed Conifer & Ponderosa Forests ModerateVulnerability

True Fir Forests Moderate-HighVulnerability

Subalpine Forests Moderate-HighVulnerability



Sensitivity & Exposure
Potential impacts of projected climate changes on forest and 
woodland habitats in northwestern California include:
• Altered patterns of tree survival and recruitment due to 

moisture stress, resulting in shifts in species composition and 
increased vulnerability to disturbance-related mortality

• Possible increases in tree growth and seedling establishment at 
high elevations due to increased length of the growing season

• Increased tree mortality, reduced sapling recruitment, and shifts in 
stand structure due to climate-driven changes in fire regimes, 
particularly where high tree density and greater water stress 
reduce tree vigor

• Possible type conversion to shrublands following repeated high-
severity fires that prevent maturation of regenerating forests and 
woodlands

• Shifts in habitat structure and composition where pathogens and 
insect pests cause species-specific mortality

• Loss of culturally-valued trees (e.g., sugar pine) and associated plant 
and fungal resources (e.g., tanoak mushrooms)

Non-climate stressors may interact with climate stressors and disturbance regimes:
• Fire exclusion/suppression and timber harvest physically alter habitat structure and species composition as 

well as the availability and type of potential fuels, reducing landscape-scale heterogeneity and increasing 
vulnerability to disturbance-related mortality
• Roads, highways, and trails fragment habitats, spread invasive plants and introduced pathogens (e.g., 

sudden oak death, Port-Orford-cedar root rot), and increase the risk of human ignitions
• Livestock grazing is most common in oak woodlands and savannas at lower elevations, where trees 

may be removed to improve forage quantity and quality; grazing also limits oak recruitment and 
spreads invasive plants that alter understory plant associations

Projected Trends

% CHANGE BY 2100 Models vary

-30% -5% +5% +30%

Air temperature ▲
Precipitation ●

Soil moisture ▼

Drought ▲▲
Wildfire ▲▲
Disease ▲
Insects ▲
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Adaptive Capacity
Intrinsic (i.e., inherent characteristics) and extrinsic (i.e., management potential) factors that enhance 
or undermine the ability of forest and woodland habitats to cope with climate impacts include:

Intrinsic factors:
▼Reduced extent and structural integrity due to 

logging and fire suppression
▼Reduced resistance to disturbances and delayed 

recovery in dense stands and/or under increasingly 
dry conditions

▲ Extensive distribution covers most of the region
▲Heterogeneous landscape supports high structural and 

species diversity, increasing resistance to and recovery 
from disturbances

▲Many species/habitats are well-adapted to fire

Extrinsic factors:
▲ Significant cultural value for northwestern California tribes
▲Provide critical ecosystem services
▲Climate-informed management supported by traditional 

knowledge and scientific literature

▼ Significant declines in culturally-valued 
forest/woodland species (e.g., black oak, tanoak) 
due to loss of tribal management

▼ Few effective strategies to eradicate or actively 
suppress sudden oak death



Key Climate Vulnerabilities:
Forest- and Woodland-Associated Species
Changes in climate factors and disturbance regimes that impact habitat extent, quality, and 
connectivity are likely to impact species groups associated with forest and woodland habitats, which 
include sugar pine, rare trees, marbled murrelet (Brachyramphus marmoratus), late-successional-
dependent species, native ungulates, and salamanders. Critical impacts may include:
• Changes in animal physiology, behavior, reproductive success, and survival due to warmer 

temperatures and more extreme conditions (e.g., heat waves, drought, wildfire)
• Changes in availability of specialized habitat features (e.g., marbled murrelet nesting platforms) due 

to altered plant composition and habitat structure
• Reduced forage/prey and water availability, increasing competition for resources
• Changes in species distribution, which may alter predator/prey dynamics and/or interspecific 

competition for habitat and food resources
• Increased mortality, habitat loss and fragmentation, and declines in quality and availability of food 

resources due to non-climate stressors (e.g., timber harvest, fire exclusion, roads and highways, 
recreation)

• Greater vulnerability for species that also depend on multiple sensitive habitats, including 
coastal/marine (e.g., marbled murrelets) or freshwater (e.g., salamanders) environments
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Factors that enhance or undermine adaptive capacity:
▲Greater ability to respond to environmental 

stressors in highly mobile species (e.g., birds)
▲High genetic/phenotypic diversity in some 

species/species complexes, supporting local 
adaptation to stress 

▲High public/cultural value of many species, 
increasing support for management

▲Regulatory/legislative support for 
management of federal- or state-listed species

▼Population declines occurring in many habitat 
specialists (e.g., marbled murrelet)

▼Migration in response to climate change limited by 
habitat fragmentation in many areas

▼ Small and/or isolated populations more vulnerable 
to extirpation

▼Recovery in many species limited by low 
reproductive potential and/or reliance on 
specialized habitat conditions
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Sugar Pine ModerateVulnerability

Native Ungulates ModerateVulnerability

Rare Trees Moderate-HighVulnerability

Vulnerability Rankings for Forest and Woodland Habitats

Marbled Murrelet Moderate-HighVulnerability

Late-Successional-
Dependent Species

Moderate-HighVulnerability

Salamanders Moderate-HighVulnerability



Sensitivity & Exposure
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hardwood forest

• Black oak/tanoak 
woodlands

• Coastal redwood 
forest

• Mixed conifer & 
ponderosa forest

• Native ungulates

• Rare trees
• Salamanders 
• Late-successional-

dependent species

• Sugar pine
• Marbled murrelet

• Oak savannas & 
open woodlands

• Mixed evergreen 
forest

• True fir forest
• Subalpine forest

Understanding which components are driving overall 
vulnerability for a given habitat or species gives 
managers a better understanding of the actions that 
may be most effective at reducing climate change 
vulnerability. For instance, although oak 
savannas/open woodlands, mixed evergreen forests, 
true fir forests, and subalpine forests all received 
overall vulnerability rankings of moderate-high, the 
higher-elevation forest types (true fir and subalpine 
forests) received lower adaptive capacity rankings. 
This suggests that managers may want to place 
additional focus on actions that increase adaptive 
capacity for these forest types. 

Figure 1. Sensitivity and exposure (impact) and adaptive capacity rankings plotted for northwestern California forest and woodland
habitats and associated species. Habitats and species with high vulnerability to climate change (high impact/low adaptive capacity)
are located in the lower right, while those with low vulnerability (low impact/high adaptive capacity) are in the upper left.
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Climate Change Adaptation Strategies and Actions:
Forest and Woodland Habitats
Climate change adaptation refers to adjustments in natural or  
human systems in response to changing climate conditions.

Adaptation strategies attempt to reduce climate change
vulnerability  by reducing climate impacts (sensitivity and exposure) 
and/or  increasing resilience (adaptive capacity).

Adaptation Approaches
Climate change adaptation strategies are organized into three  
general management approaches: resistance/resilience, acceptance,  
and direct/response. Two additional approaches – knowledge and  
collaboration – describe adaptation strategies that support  
management efforts and may be precursors to implementing a  
strategy that falls under another approach (e.g., direct/response).

Aim to identify and/or implement a balanced  
portfolio of adaptation approaches

Over time, the balance may need to shift towards
approaches  that allow or facilitate change and

transformation.

Resistance/  
Resilience

Collaboration

Knowledge

Direct/  
Response

Acceptance

Resistance/   
Resilience

Focusedonmanaging 
for persistence of  

existing ecosystems

Near-to mid-term  
planning horizon;  

management-
intensiveapproach

Acceptance

Focused on  
accommodating  

change in response 
to novelconditions

Long-termplanning  
horizon; no  

managementaction 
beyondobservation

Direct/  
Response

Focused on actively  
facilitating change/  
transformation in  
response to novel  

conditions

Long-term planning  
horizon; may be  

management-intensive

Knowledge

Focused on gathering  
information about  

climate impacts
and/or  the 

effectiveness of  
management actions  
through research and

monitoring

Collaboration

Focused on  
coordinating efforts  

and/or building  
supportand capacity 

across agencies,  
organizations, and  
stakeholder groups

CLIMATE CHANGE VULNERABILITY AND ADAPTATION STRATEGIES FOR FOREST AND WOODLAND HABITATS OF NORTHWESTERN CALIFORNIA

7

Photo by Jason Hollinger via Flickr (CC BY 2.0)



Adaptation Strategies for Forest and Woodland Habitats
The table below summarizes management goals and associated adaptation strategies that have been identified  
for northwestern California forest and woodland habitats and associated species.
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GOAL 1. REDUCE THE IMPACT OF NON-CLIMATE STRESSORS

1.1 Prevent the introduction and establishment of invasive species and remove existing populations

1.2 Manage herbivory to promote regeneration of desired species

1.3 Retain biological legacies

1.4 Reduce direct mortality of native ungulates

GOAL 2. REDUCE THE RISK AND IMPACTS OF SEVERE DISTURBANCES/EXTREME EVENTS

2.1 Utilize fuelbreaks to slow the spread of high-intensity fire

2.2 Enhance the ability of forests to resist and/or recover from introduced pests and pathogens

GOAL 3. SUSTAIN FUNDAMENTAL ECOLOGICAL FUNCTIONS AND PROCESSES

3.1 Restore the role of fire as an ecological process on the landscape

3.2 Reduce impacts to soils and nutrient cycling

3.3 Restore coastal conifer hardwood forests

GOAL 4. ENHANCE HABITAT QUALITY AND AVAILABILITY FOR NATIVE UNGULATES

4.1 Increase forage quality and availability for native ungulates

GOAL 5. MAINTAIN AND ENHANCE GENETIC DIVERSITY

5.1 Increase seed collection and plant propagation of native species

6.2 Improve gene flow among fragmented wildlife populations

GOAL 6. MAINTAIN AND ENHANCE SPECIES AND STRUCTURAL DIVERSITY

6.1 Promote spatial heterogeneity to reduce the impact of climate stressors and climate-mediated changes 
in disturbance regimes

GOAL 7. PROMOTE LANDSCAPE CONNECTIVITY

7.1 Maintain and/or create migration corridors for native plants and wildlife

GOAL 8. MAINTAIN AND PROTECT REFUGIA

8.1 Prioritize and maintain sites that may be more resistant to changes in climate (e.g., cooler, wetter sites), 
harbor high biodiversity, and/or provide habitat for rare species

GOAL 9. ALLOW OR FACILITATE SPECIES AND HABITAT ADJUSTMENTS TO BETTER ALIGN WITH CHANGING 
CLIMATE CONDITIONS

9.1 Favor or restore native species and genotypes that are expected to be adapted to future conditions

9.2 Introduce species and genotypes that are expected to be adapted to future conditions

9.3 Allow realignment of significantly disrupted ecosystems to meet expected future conditions
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GOAL 10. IMPROVE UNDERSTANDING OF CLIMATE CHANGES AND IMPACTS THROUGH RESEARCH AND 
MONITORING

10.1 Increase understanding of current conditions and projected future changes in forests and woodlands

GOAL 11. IMPROVE UNDERSTANDING ABOUT THE EFFECTIVENESS OF ADAPTATION ACTIONS THROUGH 
RESEARCH, MONITORING, AND EVALUATION

11.1 Develop and/or investigate the use of new or improved techniques

11.2 Increase monitoring efforts to inform adaptive management of native ungulates

GOAL 12. INCREASE SUPPORT AND CAPACITY FOR HABITAT MANAGEMENT

12.1 Strengthen societal support for management of forests and woodlands

GOAL 13. INTEGRATE AND ALIGN MANAGEMENT ACROSS AGENCIES AND ORGANIZATIONS

13.1 Strengthen partnerships and increase interjurisdictional coordination

9

Reducing Vulnerabilities Through Adaptation Actions
The table below presents examples of adaptation actions associated with each management goal and strategy.  
Adaptation actions fall within the five adaptation approaches: Resistance/Resilience (R), Acceptance (A),  
Direct/Response (D), Knowledge (K), and Collaboration (C). Adaptation strategies can reduce climate change  
vulnerability of a given habitat or species by addressing any or all of the components of vulnerability: reducing  
sensitivity, reducing exposure, and/or increasing adaptive capacity. Strategies are linked to whether they reduce  
climate impacts (sensitivity & exposure) or increase resilience (adaptive capacity).

Reduce climate impacts
(sensitivity & exposure)

Increase resilience
(adaptive capacity)

Reduce 
Climate Change  

Vulnerability

GOAL 1. REDUCE THE IMPACT OF NON-CLIMATE STRESSORS

1.1 Prevent the introduction and establishment of invasive species and remove existing populations

Example adaptation actions:
• Remove invasive plants (e.g., annual grasses, star thistle, scotch broom) that compete with native 

understory species for limited resources (R)
• Increase monitoring of high-elevation forests to ensure early detection of non-native plant species 

expanding upslope (R/K)

Vulnerabilities addressed:
Invasive plants
Precipitation and drought (competition for soil moisture)
Air temperature, snowpack/snowmelt (expanding range of invasive plants) 
Wildfire (fuels that facilitate spread of fire)
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GOAL 1. REDUCE THE IMPACT OF NON-CLIMATE STRESSORS (CON’T)

1.2 Manage herbivory to promote regeneration of desired species

Example adaptation actions:
• Use exclusion fencing in upland areas to prevent herbivory of oak seedlings (R)
• Work with private landowners to prevent grazing in riparian oak woodlands (R/C)

Vulnerabilities addressed:
Livestock grazing and herbivory by native ungulates (exacerbate climate-driven declines in oak 
recruitment)

1.3 Retain biological legacies

Example adaptation actions:
• Protect large, healthy trees of high ecological or cultural value (e.g., oaks, sugar pines) during forest 

management activities (R) 

Vulnerabilities addressed:
Fire exclusion, suppression activities (impact of fuel treatments on large, fire-resistant trees that may act 
as seed sources)
Cultural value

1.4 Reduce direct mortality of native ungulates

Example adaptation actions:
• Decrease hunting pressure on black-tailed deer (R) 
• Manage black bear and wild pig populations to reduce the negative impacts of predation on deer and elk

(R)

Vulnerabilities addressed:
Recreational hunting, predation by bears and wild pigs (exacerbate climate-driven population declines)

GOAL 2. REDUCE THE RISK AND IMPACTS OF SEVERE DISTURBANCES/EXTREME EVENTS

2.1 Utilize fuelbreaks to slow the spread of high-intensity fire

Example adaptation actions:
• Utilize the presence of ridgetops, wet meadows, and other landscape features (e.g., roads/trails, snow 

pockets) as fuelbreaks at high elevations (R)

Vulnerabilities addressed:
Wildfire
Fire exclusion (increased fuels that facilitate spread of fire)
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GOAL 2. REDUCE THE RISK AND IMPACTS OF SEVERE DISTURBANCES/EXTREME EVENTS (CON’T)

2.2 Enhance the ability of forests to resist and/or recover from introduced pests and pathogens

Example adaptation actions:
• Prevent the movement of contaminated soil along roads and trails to slow the spread of disease (R)
• Thin to mitigate the threat of sudden oak death on vulnerable sites (R)
• Survey areas impacted by sudden oak death to identify naturally-occurring disease resistance (R/K)
• Identify and propagate disease-resistant genotypes in species impacted by introduced pathogens (R)
• Plant disease-resistant stock during forest restoration (e.g., following fire) (R)
• Set up monitoring networks focused on early detection of sudden oak death in order to support proactive 

management of infected sites (R/K)
• Create tanoak refuges to protect uninfected trees in areas where environmental conditions are less 

conducive to the disease (R)
• Create tanoak seed banks and living collections to preserve genetic diversity and allow for the future 

reintroduction of tanoak into infected areas (R)

Vulnerabilities addressed:
Disease
Roads/highways/trails (facilitate the spread of disease)
Fire exclusion (increased vulnerability to disease in dense stands)
Genetic diversity
Management potential (information to support management decisions)

GOAL 3. SUSTAIN FUNDAMENTAL ECOLOGICAL FUNCTIONS AND PROCESSES

3.1 Restore the role of fire as an ecological process on the landscape

Example adaptation actions:
• Use frequent low- to moderate-intensity prescribed fire to maintain older trees while promoting fire-

dependent species (e.g., black oak) and a more open understory with reduced fuels (R)
• Use managed wildfire to reduce accumulated fuels, decrease competition for soil moisture and light, and 

increase landscape-scale species and structural diversity (R) 
• Partner with tribes to share resources and expand the use of cultural burning and managed wildfire (R/C)
• Increase education and outreach to enhance awareness of fire as a necessary and natural process in light 

of climate change (R/C)

Vulnerabilities addressed:
Precipitation and drought (competition for soil moisture)
Wildfire (fuels that contribute to uncharacteristically large and/or severe fires, higher mortality risk for 
stressed trees)
Insects and disease (increased spread in dense stands, higher mortality risk for stressed trees)
Fire exclusion and historical timber harvest (increased density of small trees that provide fuel and 
increase competition for soil moisture)
Habitat diversity (loss of species and structural diversity)
Management potential (public/societal support for management, loss of tribal stewardship, capacity to 
scale up use of prescribed fire)
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GOAL 3. SUSTAIN FUNDAMENTAL ECOLOGICAL FUNCTIONS AND PROCESSES (CON’T)

3.2 Reduce impacts to soils and nutrient cycling

Example adaptation actions:
• Modify forest management activities and equipment to minimize soil compaction, erosion, or damage to 

mycorrhizal networks (R)
• Retain coarse woody debris to maintain moisture, soil quality, and nutrient cycling (R) 
• Favor or plant native trees/shrubs that build organic matter and support robust mycorrhizal networks (R) 

Vulnerabilities addressed:
Precipitation, soil moisture, drought (loss of moist microsites)
Flooding (rapid overland flow on compacted soils and/or those with less ability to hold moisture)
Fire suppression and timber harvest activities (disturbance to soils and mycorrhizal networks)

3.3 Restore coastal conifer hardwood forests

Example adaptation actions:
• Conduct spatial analyses to better understand where to implement management actions (e.g., beaver 

release, managed wildfire) that would support restoration of coastal conifer hardwood forests (R/K) 

Vulnerabilities addressed:
Management potential (information to support management decisions)

GOAL 4. ENHANCE HABITAT QUALITY AND AVAILABILITY FOR NATIVE UNGULATES

4.1 Increase forage quality and availability for native ungulates

Example adaptation actions:
• Plant native deer and elk forage species that are adapted to future climate conditions (D)

Vulnerabilities addressed:
Air temperature, precipitation, soil moisture, drought (changes in productivity/phenology)

GOAL 5. MAINTAIN AND ENHANCE GENETIC DIVERSITY

5.1 Increase seed collection and plant propagation of native species 

Example adaptation actions:
• Collect and store seed from rare trees (e.g., cypress) to facilitate species persistence and maintain genetic 

diversity (R)

Vulnerabilities addressed:
Wildfire (frequent fires that prevent trees from surviving long enough to produce cones)
Habitat diversity (declines in species and genetic diversity)
Geographic extent, population status
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GOAL 5. MAINTAIN AND ENHANCE GENETIC DIVERSITY (CON’T)

6.2 Improve gene flow among fragmented wildlife populations

Example adaptation actions:
• Build highway crossings to enhance elk movement throughout the state (R)
• Increase elk reintroduction/relocation efforts (R)

Vulnerabilities addressed:
Roads/highways and other human land uses that cause habitat fragmentation (prevent movement in 
response to environmental changes)
Geographic extent, population status, habitat connectivity, genetic diversity (population declines and lack 
of gene flow due to barriers on the landscape)

GOAL 6. MAINTAIN AND ENHANCE SPECIES AND STRUCTURAL DIVERSITY

6.1 Promote spatial heterogeneity to reduce the impact of climate stressors and climate-mediated 
changes in disturbance regimes

Example adaptation actions:
• Reduce stand density through variable-density thinning to increase tree vigor and structural diversity 

while decreasing the risk of uncharacteristically severe wildfires (R)
• Reforest disturbed areas in patterns that promote natural development of heterogeneity (e.g., cluster 

planting) (R)

Vulnerabilities addressed:
Precipitation and drought (competition for soil moisture)
Wildfire (fuels that contribute to uncharacteristically large/severe fires, higher mortality in stressed trees)
Insects and disease (increased spread in dense stands, higher mortality in stressed trees)
Fire exclusion and historical timber harvest (increased density of small trees that provide fuel and 
increase competition for soil moisture)
Habitat diversity (loss of species and structural diversity)

GOAL 7. PROMOTE LANDSCAPE CONNECTIVITY

7.1 Maintain and/or create migration corridors for native plants and wildlife

Example adaptation actions:
• Use conservation easements to protect existing oak woodlands from further loss and fragmentation (R)
• Plant riparian oaks (e.g., valley oak, interior live oak) following floodplain reconnection (R)

Vulnerabilities addressed:
Development and agriculture (habitat loss and fragmentation due to land-use conversion)
Precipitation, soil moisture, stream flows (loss of moisture refugia in degraded riparian corridors)
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GOAL 8. MAINTAIN AND PROTECT REFUGIA

8.1 Prioritize and maintain sites that may be more resistant to changes in climate (e.g., cooler, wetter 
sites), harbor high biodiversity, and/or provide habitat for rare species

Example adaptation actions:
• Identify forest areas of least/slower change to support the protection and management of potential 

climate change refugia (R/K)
• Protect mature and late-successional forests (R)
• Expand reserve boundaries to include mid-seral and complex early-seral forests that have high structural 

diversity and the potential to develop old-growth characteristics over time (R)

Vulnerabilities addressed:
Land-use conversion and human land uses that result in habitat loss and fragmentation
Air temperature, precipitation, soil moisture, drought, wildfire (loss of cool, moist refugia in mature and 
late-successional forests)
Habitat diversity (loss of structural complexity and range of successional stages)

GOAL 9. ALLOW OR FACILITATE SPECIES AND HABITAT ADJUSTMENTS TO BETTER ALIGN WITH CHANGING 
CLIMATE CONDITIONS

9.1 Favor or restore native species and genotypes that are expected to be adapted to future conditions

Example adaptation actions:
• Plant a greater proportion of drought- and fire-tolerant species (oaks, ponderosa and Jeffrey pines) when 

restoring disturbed areas (D)

Vulnerabilities addressed:
Precipitation, soil moisture, and drought (species sensitivity to reduced moisture)
Wildfire (species sensitivity to frequent and/or high-intensity fire)

9.2 Introduce species and genotypes that are expected to be adapted to future conditions

Example adaptation actions:
• Experiment with seeds from climate analog zones (e.g., assisted gene flow) for restoration projects (D)

Vulnerabilities addressed:
Precipitation, soil moisture, and drought (species sensitivity to reduced moisture)
Wildfire and disease (species sensitivity to frequent/high-intensity fire and introduced pathogens)

9.3 Allow realignment of significantly disrupted ecosystems to meet expected future conditions

Example adaptation actions:
• Identify areas where post-fire type conversion should be allowed to occur without management 

intervention (A)

Vulnerabilities addressed:
Wildfire (species/community sensitivity to frequent and/or high-intensity fire)
Precipitation, soil moisture, and drought (sensitivity to moisture during post-fire recovery)
Management potential (ability to effectively alleviate climate impacts for some areas/habitats)
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GOAL 10. IMPROVE UNDERSTANDING OF CLIMATE CHANGES AND IMPACTS THROUGH RESEARCH AND 
MONITORING

10.1 Increase understanding of current conditions and projected future changes in forests and woodlands

Example adaptation actions:
• Identify species at risk of extirpation (e.g., rare and/or specialized species) and whether others will be able 

to fulfill a similar functional role within the ecosystem (A/K)
• Expand research on serotinous conifer seed viability/longevity and dispersal in order to support 

management of these species under changing climate conditions (K)

Vulnerabilities addressed:
Functional diversity (ability of species within the assemblage to provide critical habitat niches and/or 
ecosystem services)
Population status and connectivity (recruitment and dispersal ability)
Management potential (information to support management decisions)

GOAL 11. IMPROVE UNDERSTANDING ABOUT THE EFFECTIVENESS OF ADAPTATION ACTIONS THROUGH 
RESEARCH, MONITORING, AND EVALUATION

11.1 Develop and/or investigate the use of new or improved techniques

Example adaptation actions:
• Expand research on hardwood silviculture techniques, particularly for drought- and heat-tolerant species 

(K)

Vulnerabilities addressed:
Management potential (information to support management decisions)

11.2 Increase monitoring efforts to inform adaptive management of native ungulates

Example adaptation actions:
• Increase monitoring of native ungulate presence and absence across the landscape to inform restoration 

and maintenance of winter range and calving habitat (R/K)

Vulnerabilities addressed:
Management potential (information to support management decisions)

Photo by Tom Kogutus/USFWS (CC BY 2.0) Photo by Phil Johnston, Lost Coast Interpretive Association (Public Domain)



All information within this brief is summarized from the source reports of the Northern  
California Climate Adaptation Project, available at https://tinyurl.com/NorCalAdaptation
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GOAL 12. INCREASE SUPPORT AND CAPACITY FOR HABITAT MANAGEMENT

11.1 Strengthen societal support for management of forests and woodlands

Example adaptation actions:
• Develop and support community-based institutions (e.g., Groundwater Sustainability Agencies) (C)
• Create outreach campaigns designed to increase a sense of connection between community members 

and their local landscape (C)

Vulnerabilities addressed:
Management potential (public/societal support for management)

GOAL 13. INTEGRATE AND ALIGN MANAGEMENT ACROSS AGENCIES AND ORGANIZATIONS

11.1 Strengthen partnerships and increase interjurisdictional coordination

Example adaptation actions:
• Develop and/or strengthen new and existing collaborative networks in order to leverage resources across 

organizations (C)

Vulnerabilities addressed:
Management potential (capacity for management)

Photo by Bob Wick/BLM (Public Domain)

https://tinyurl.com/NorCalAdaptation

