
FRESHWATER HABITATS
Climate Change Vulnerability and Adaptation Strategies for Northwestern California

Freshwater Habitat Descriptions
This summary includes information about freshwater 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 freshwater habitat types are considered in this summary:

Rivers, Streams, & Floodplains
Rivers and streams in northwestern California 
receive precipitation input from both snowmelt 
and rainwater, with rain-dominated basins 
primarily occurring in coastal areas. They are 
typically characterized by high winter and low 
summer flows as well as biota adapted to high 
inter-annual flow variability and frequent 
disturbances. Low-lying floodplains adjacent to 
river and stream channels experience periodic 
flooding, and often include riparian vegetation 
such as bigleaf maple (Acer macrophyllum), 
Port-Orford-cedar (Camaecyparis lawsoniana), 
Oregon ash (Fraxinus latifolia), cottonwood 
(Populus fremontii), valley oak (Quercus lobata), 
alder (Alnus spp.), and willows (Salix spp.). 

Wet Meadows & Fens
In northwestern California, wet meadows and 
fens primarily occur in montane and subalpine 
areas (3,950–6,400 ft), although they can also 
be found in lower-elevation montane valleys and 
depressions. Wet meadows are located in areas 
that confine or slow the release of groundwater 
over the landscape, and can range from open, 
herbaceous-dominated areas to densely packed 
riparian shrubfields. Fens, which may occur 
within wet meadows or adjacent to lakes or 
ponds, are usually small (less than 2.5 acres) and 
contain surface water for a significant portion of 
the year. Fens are characterized by a thick peat 
substrate that supports many distinctive plant 
species, including mosses and the insectivorous 
California pitcher plant (Darlingtonia 
californica).

Seeps & Springs
Seeps and springs are the physical locations where 
groundwater is discharged from aquifers to the 
Earth’s surface, with discharge rates varying 
seasonally depending on the depth and size of the 
supporting aquifers. Seeps and springs support 
unique, biologically rich ecosystems, and can 
include aquatic, wetland, and terrestrial species 
that are dependent on or benefit from 
groundwater for persistence.
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Lakes & Ponds
In northwestern California, lakes and ponds 
occur naturally and as man-made water 
bodies, and are found across a wide range of 
elevations. They often occur in inland 
depressions or dammed riverine channels and 
may be associated with wetlands and/or 
riverine habitats. Lakes are generally 
distinguished from ponds by having a greater 
depth and a correspondingly wider 
temperature profile that supports diverse 
aquatic communities, including fish. As the 
size of a water body increases, wind action 
can influence ecosystem dynamics. Elevation 
and terrestrial vegetation type and cover also 
impact aquatic structure and function by 
affecting temperature, nutrient inputs, and 
other factors associated with productivity and 
water quality.

Vernal Pools
Vernal pools are ephemeral wetlands that form in 
shallow depressions underlain by an impermeable 
underground layer, and may occur singly or in 
larger wetland complexes. Because vernal pools 
are isolated from ground and surface water 
sources, they are entirely dependent on 
precipitation. As a result, they are characterized by 
winter and spring flooding followed by slow drying 
that results in complete desiccation by late 
summer. Vegetation assemblages are dominated 
by vernal pool specialists adapted to annual cycles 
of wetting and drying, and species distribution 
varies along localized environmental gradients 
that influence inundation period and maximum 
pool depth. Within the study area, vernal pools 
are most prevalent within grassland habitats at 
low elevations in the Sacramento Valley.

Freshwater Marshes
Freshwater marshes occur where water is 
present for most or all of the growing season 
(primarily below 7,500 feet in elevation), often 
on the margins of ponds, lakes, or rivers. They 
are characterized by perennial herbaceous 
plants such as rushes (Juncus spp.), bulrushes or 
tule (Bolboschoenus, Schoenoplectus, and 
Scirpus spp.), cattails (Typha spp.), common 
reed (Phragmites australis), and sedges (Carex
spp.). Where water is over 3 feet in depth, 
aquatic plants such as water lilies 
(Nymphaeaceae), duckweed (Lemna spp.), and 
pondweed (Potamogeton spp.) may occur. 
Species composition is also dependent on 
hydroperiod (i.e., timing and length of 
inundation), which is strongly influenced by the 
dominant water source (e.g., snowpack, 
precipitation, groundwater). Significant acreage 
of freshwater wetlands occur within the 
Klamath Basin and the Sacramento Valley, 
where their water supply is managed through a 
system of canals and dikes. Smaller marshes are 
common around the edges of alpine lakes, as 
well as in coastal areas.

Many freshwater habitats in northwestern California have already experienced significant habitat 
loss and degradation due to land-use conversion (i.e., to development and agriculture) and other 
anthropogenic stressors that alter hydrology and erosion/sedimentation dynamics, reduce water 
quality, and result in vegetation loss or changes in plant community structure and composition.
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Key Climate Vulnerabilities
Freshwater Habitats
Freshwater habitats in northwestern California are most sensitive to climate stressors and disturbances that 
impact hydrology, water quality, and vegetation structure, composition, and distribution. Although freshwater 
habitats are naturally dynamic systems well-adapted to disturbances, more frequent and/or severe disturbance 
events may alter habitat structure and ecosystem processes (e.g., erosion and sediment transport), resulting in 
repercussions to associated flora and fauna. Additionally, recovery in freshwater systems may be reduced or 
eliminated where anthropogenic stressors have impacted natural hydrology and dynamic ecosystem processes 
that maintain habitat structure, function, and continuity. However, adaptive capacity is supported by high 
physical and species diversity, as well as robust societal support for habitat conservation and management. 
Strategies that restore structural and functional integrity are likely to enhance the ability of these systems to 
adapt to climate change.

Lakes ModerateVulnerability

Ponds Moderate-HighVulnerability
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Vulnerability Rankings for Freshwater Habitats

Vernal Pools Moderate-HighVulnerability

Freshwater Marshes ModerateVulnerability

Wet Meadows & Fens Moderate-HighVulnerability

Photo by Matt Baun/USFWS (Public Domain)Photo by USFWS (CC BY 2.0)

Seeps & Springs ModerateVulnerability

Rivers, Streams, & Floodplains Moderate-HighVulnerability



Sensitivity & Exposure
Potential impacts of projected climate changes on freshwater 
habitats in northwestern California include:
• Decreased plant growth/recruitment and increased mortality 

due to drier overall conditions and altered flooding regimes
• Altered habitat composition and structure due to changing 

patterns of sediment deposition/erosion and encroachment by 
upland vegetation

• Possible habitat contraction/loss and hydrologic disconnection 
due to reduced groundwater and surface water supplies that 
exacerbate channel incision

• High temperatures, low oxygen, and increased risk of harmful algal 
blooms in isolated pools that form as water levels decline

• Loss of riparian vegetation, altered stream channels, 
landslides/debris flows, higher water temperatures, and reduced 
water quality following severe disturbances (e.g., floods, wildfire)

Non-climate stressors may interact with climate stressors and disturbance regimes:
• Development and agriculture have resulted in significant habitat loss and fragmentation; agriculture is also 

associated with water withdrawals that reduce flow volume and nutrient runoff that reduces water quality 
and contributes to the occurrence of harmful algal blooms
• Dams and water diversions impact flow volume and timing in rivers and streams, affecting thermal regimes, 

sediment/erosion processes, and hydrologic connectivity
• Livestock grazing alters vegetation composition, growth, and reproduction, and can also cause physical 

damage (e.g., trampling of vegetation, soil compaction/erosion) that increases channel incision
• Invasive plants can alter hydrology, productivity, and nutrient availability in freshwater habitats; invasive 

fish and amphibians impact predator/prey and competitive dynamics for native species

Projected Trends

% CHANGE BY 2100 Models vary

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

Air & water 
temperature ▲
Precipitation ●

Snowpack ▼

Soil moisture ▼

Drought ▲▲
Wildfire ▲▲
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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 freshwater habitats to cope with climate impacts include:

Intrinsic factors:
▼ Extensive habitat loss and degradation of many 

riverine and wetland systems in the region, 
particularly at lower elevations

▼Reduced recovery and greater vulnerability to 
ecological collapse in fragmented/degraded systems

▲High physical heterogeneity and species diversity, 
supports many rare and/or endemic species

▲Dynamic systems that are well-adapted to recover 
from disturbances (e.g., flooding)

Extrinsic factors:
▲Highly valued for water supplies/filtration, flood 

protection, recreation, and other critical ecosystem 
services

▲High societal support for habitat protection and 
management (e.g., funding, regulations)

▲Responsive to management efforts focused on restoring 
hydrology in degraded systems 

▼ Likely increase in competition for water resources 
under future conditions

▼ Environmental regulations and permitting 
requirements can make restoration and 
management efforts more complex

▼Relatively little research available on groundwater 
dynamics in a changing climate



Key Climate Vulnerabilities:
Freshwater-Associated Species
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Factors that enhance or undermine adaptive capacity:
▲Native species are well-adapted to variable 

hydrologic regimes and disturbances
▲High public/cultural value of many species, 

increasing support for management
▲Regulatory/legislative support for management 

of federal- or state-listed species

▼Population declines and range contractions 
occurring in many species due to combined 
impacts of climate change and habitat 
degradation/loss of connectivity

▼ Increased risk of extirpation for small and/or 
isolated populations
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Frogs ModerateVulnerability

Northwestern Pond Turtle Moderate-HighVulnerability

Vulnerability Rankings for Freshwater Habitats

Native Mussels Moderate-HighVulnerability

Port-Orford-Cedar Moderate-HighVulnerability

Riparian-Nesting Birds Moderate-HighVulnerability

Photo by Colin Durfee via Flickr (CC BY 2.0)

• Changes in species physiology, growth/recruitment, survival, and migration due to warmer 
temperatures, changes in hydrology, and more extreme disturbances (e.g., drought, fire, flooding)

• Changes in species distribution, which may alter predatory/prey dynamics and/or interspecific 
competition for habitat and food resources

• Reduced habitat suitability and availability of unique habitat features (e.g., temperature and flow 
refugia) due to changes in hydrology, water quality, and habitat structure

• Increased mortality, reduced availability of habitat and food resources, and decreased habitat 
quality and connectivity due to non-climate stressors (e.g., dams, environmental contaminants, 
introduced pathogens, invasive species), among other impacts

• Greater vulnerability for species that utilize multiple sensitive habitats (e.g., frogs, turtles) due to 
their need for habitat connectivity and availability of suitable conditions

Changes in climate factors and disturbance regimes 
that impact habitat extent, quality, and connectivity 
are likely to impact species groups associated with 
freshwater habitats, which include frogs, 
northwestern pond turtle (Actinemys marmorata),
native mussels, Port-Orford-cedar (Chamaecyparis
lawsoniana), and riparian-nesting birds. Critical 
impacts may include :



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 rivers/streams/ 
floodplains, wet meadows/fens, and vernal pools all received 
overall vulnerability rankings of moderate-high, vernal pools 
received a higher sensitivity and exposure ranking. Similarly, 
low adaptive capacity was an important factor driving 
vulnerability for native mussels and Port-Orford-cedar 
compared to other species and species groups with moderate-
high vulnerability rankings. This suggests that managers may 
want to focus on actions that increase adaptive capacity for 
native mussels and Port-Orford-cedar, and reduce sensitivity 
and exposure for vernal pools. 

Figure 1.Sensitivity and exposure (impact) and adaptive capacity rankings plotted for northwestern California freshwater 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:
Freshwater 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 FRESHWATER HABITATS OF NORTHWESTERN CALIFORNIA

7

Photo by Courtney Boyd/BLM (Public Domain)



Adaptation Strategies for Freshwater Habitats
The table below summarizes management goals and associated adaptation strategies that have been identified  
for northwestern California freshwater 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 grazing to improve water quality and restore degraded systems

1.3 Prevent and restore degradation of freshwater systems due to marijuana cultivation

1.4 Reduce contaminant and nutrient inputs to improve water quality

1.5 Reduce upland sediment mobilization and transport to improve water quality

1.6 Reduce anthropogenic water withdrawals

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

2.1 Develop and implement short-term measures to mitigate immediate impacts of acute water 
temperature events

GOAL 3. SUSTAIN FUNDAMENTAL ECOLOGICAL FUNCTIONS AND PROCESSES

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

3.2 Increase water supply, retention, and quality in freshwater systems

3.3 Restore variable flow regimes in areas impacted by dams and water diversions

3.4 Restore and maintain stream channel form and function

3.5 Protect and restore riparian areas

3.6 Maintain and restore wetlands in agricultural areas

GOAL 4. PROMOTE LANDSCAPE CONNECTIVITY

4.1 Maintain and restore hydrologic connectivity

4.2 Increase access to spawning areas and coldwater refugia

GOAL 5. MAINTAIN AND PROTECT REFUGIA

5.1 Protect and enhance thermal refugia

5.2 Protect and enhance microclimate and microhabitat refuges

GOAL 6. ALLOW OR FACILITATE SPECIES AND HABITAT ADJUSTMENTS TO BETTER ALIGN WITH CHANGING 
CLIMATE CONDITIONS

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

GOAL 7. IMPROVE UNDERSTANDING OF CLIMATE CHANGES AND IMPACTS THROUGH RESEARCH AND 
MONITORING

7.1 Increase understanding of current conditions and projected future changes in freshwater habitats
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GOAL 8. IMPROVE UNDERSTANDING ABOUT THE EFFECTIVENESS OF ADAPTATION ACTIONS THROUGH 
RESEARCH, MONITORING, AND EVALUATION

8.1 Evaluate the feasibility and/or effectiveness of potential management options

8.2 Increase monitoring efforts to inform adaptive management of freshwater habitats

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 plant species in riparian areas (e.g., tamarisk, arundo, ravenna grass) (R)
• Electroshock and net non-native fish and bullfrogs that are likely to exacerbate the impacts of climate 

change on native species (e.g., anadromous fish, amphibians) (R)
• Set up an early detection-rapid response program to prevent the establishment of invasive species from 

lower elevations in high-elevation wet meadows (R/K)
• Create outreach campaigns focused on weed prevention measures for motorized vehicles used for 

recreation and land management (R/C)
• Expand the use of environmental DNA (eDNA) for monitoring and develop eDNA markers for additional 

species (e.g., native and invasive aquatic species, parasites, pathogens) to detect changes in species 
distributions and populations (R/K)
• Expand research on the most effective strategies to minimize invasion risk from non-native plants and 

aquatic species, particularly in the context of projected increases in drought and fire activity (R/K)
• Expand partnerships focused on reducing invasive species and pathogens to ensure that both long-term 

and emergency measures are established (R/C)

Vulnerabilities addressed:
Invasive/problematic species
Air temperature (expanding range of invasive plants) 
Precipitation, streamflow, soil moisture, and drought (competition for water)
Wildfire (fuels that facilitate spread of fire)
Recreation, roads/highways/trails (facilitate spread of invasive species)
Management potential (public support and capacity for management; information to support decisions)
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GOAL 1. REDUCE THE IMPACT OF NON-CLIMATE STRESSORS (CON’T)

1.2 Manage grazing to improve water quality and restore degraded systems

Example adaptation actions:
• Develop and implement an adaptive management and monitoring plan for cattle grazing that focuses on 

achieving desired ecological outcomes with triggers for management actions (R)
• Construct grazing exclosures to keep livestock out of sensitive and/or degraded areas (e.g., riparian 

vegetation, springs) (R)
• Temporarily or permanently suspend cattle grazing in degraded wet meadows (R)
• Move livestock water sources out of riparian/wetland habitat (i.e. off-channel watering) (R)

Vulnerabilities addressed:
Livestock grazing
Invasive plants (spread and establishment by livestock)
Air temperature, precipitation, soil moisture, drought (changes in vegetation productivity/phenology, 
increased risk of channelization under drier conditions)
Water temperature (reduced shade due to loss of riparian vegetation in heavily-grazed areas)
Flooding (increased erosion/sedimentation due to compacted soils and streambank trampling)

1.3 Prevent and restore degradation of freshwater systems due to marijuana cultivation

Example adaptation actions:
• Conduct intense restoration on former marijuana cultivation sites (R) 
• Increase enforcement of regulations around pollutants, water use, and landscape engineering at existing 

marijuana cultivation sites (R)

Vulnerabilities addressed:
Marijuana cultivation and associated pollutants and water withdrawals (exacerbates climate-driven 
changes that reduce water availability, water quality, and channel structure/function)
Precipitation, streamflow, and drought (declines in water availability)

1.4 Reduce contaminant and nutrient inputs to improve water quality

Example adaptation actions:
• Increase local firefighting capacity to reduce reliance on retardants (R) 
• Utilize the presence of wet meadows and other landscape features (e.g., roads/trails, snow pockets) as 

fuelbreaks to reduce the use of fire retardants (R)
• Explore policies that would reduce the amount of fire retardant used, prioritize non-toxic alternatives, 

and/or potentially exclude retardant use from key watersheds (R)
• Expand research on the ecological effects of fire retardants and potential non-toxic alternatives (R)
• Collaborate with farmers to reduce agricultural runoff that contains contaminants and excess nutrients 

(e.g., nitrogen, phosphorus) that contribute to harmful algal blooms (R/C)

Vulnerabilities addressed:
Pollutants (degrade water quality, contribute to harmful algal blooms)
Wildfire (increased reliance on retardants due to changes in fire frequency/intensity)
Fire exclusion (increased fuels that facilitate spread of fire)
Water temperature (contribute to harmful algal blooms in nutrient-rich waters)
Management potential (information to support management decisions)
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GOAL 1. REDUCE THE IMPACT OF NON-CLIMATE STRESSORS (CON’T)

1.5 Reduce upland sediment mobilization and transport to improve water quality

Example adaptation actions:
• Survey and prioritize high-sedimentation areas for restoration (R)
• Limit travel or close unpaved roads and trails during the wet season to limit erosion (R)
• Conduct proactive road maintenance (e.g., storm-proofing) to minimize delivery of stormwater runoff and 

associated sediment to freshwater systems (R)
• Decommission and revegetate roads to reduce sediment inputs and limit the number of stream crossings 

(R)
• Revise OHV management plan to take climate stressors (e.g., flash floods) into account (R)
• Plant floral buffers between OHV trails and freshwater habitats to trap sediment (R)

Vulnerabilities addressed:
Roads/highways/trails, recreation, agriculture, and other human land uses that increase sedimentation
Extreme precipitation, storms, flooding, and wildfire (increased sedimentation, especially in burned 
areas)

1.6 Reduce anthropogenic water withdrawals

Example adaptation actions:
• Reduce groundwater withdrawals to prevent the drying of springs (R) 

Vulnerabilities addressed:
Water withdrawals 
Precipitation, streamflow, and drought (declines in water availability)

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

2.1 Develop and implement short-term measures to mitigate immediate impacts of acute water 
temperature events

Example adaptation actions:
• Utilize prescribed and/or cultural burning in strategic geographic areas to create smoke inversions as an 

emergency measure to cool warmer river sections during heat waves/drought (R)

Vulnerabilities addressed:
Air/water temperature and heat waves
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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 prescribed fire at appropriate intervals in riparian areas and wet meadows to reduce conifer density, 

promote willow and cottonwood habitats, and maintain water table elevation (R)
• Utilize prescribed and managed wildfire in upland areas to maintain stream complexity and aquatic 

productivity while decreasing the occurrence of large, severe fires and associated erosion (R) 
• Partner with tribes to share resources and expand the use of cultural burning and managed wildfire (R/C)

Vulnerabilities addressed:
Fire exclusion (buildup of fuels that facilitate spread of fire)
Wildfire (increased risk of uncharacteristically frequent and/or severe fires where fuels build up)
Precipitation, streamflow, drought (competition for water/soil moisture where vegetation is dense)
Air/water temperature and heat waves (high temperatures that may be cooled by smoke inversions)
Extreme precipitation, storms, and flooding (increased sedimentation, especially in burned areas)
Habitat diversity (loss of species and structural diversity)
Management potential (loss of tribal stewardship, capacity to scale up use of prescribed fire)

3.2 Increase water supply, retention, and quality in freshwater systems

Example adaptation actions:
• Selectively thin small to mid-size trees in riparian areas to reduce water use without creating large canopy 

gaps (R) 
• Promote beaver occupancy and/or install beaver dam analogs to slow flow velocity and increase 

landscape water storage and groundwater recharge (R)
• Create and/or restore ponds to promote groundwater recharge/storage and provide critical habitat for 

aquatic species (R)

Vulnerabilities addressed:
Precipitation, streamflow, drought (reduced runoff and groundwater recharge under drier conditions 
competition for water/soil moisture where vegetation is dense)
Wildfire (risk of uncharacteristically frequent and/or severe fires where fuels build up and associated 
increases in post-fire erosion/sedimentation)
Fire exclusion (buildup of fuels that facilitate spread of fire)
Water temperature (loss of hyporheic flows where groundwater levels are very low)
Storms and flooding (less opportunity for water to infiltrate the soil due to high velocity and amount of 
runoff)

3.3 Restore variable flow regimes in areas impacted by dams and water diversions

Example adaptation actions:
• Control the timing and volume of dam releases to mimic seasonal flow variability (R) 

Vulnerabilities addressed:
Dams
Precipitation, streamflow, and flooding (changes in the amount/timing of seasonal flows and flooding 
regimes)
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GOAL 3. SUSTAIN FUNDAMENTAL ECOLOGICAL FUNCTIONS AND PROCESSES (CON’T)

3.4 Restore and maintain stream channel form and function

Example adaptation actions:
• Place large woody debris and brush to slow or stop channelization in degraded streams (R) 
• Increase the use of plug and pond techniques for incised stream channels to restore natural flow and 

flooding frequency (e.g., seasonality) in floodplains (R)

Vulnerabilities addressed:
Livestock grazing and other non-climate stressors that cause channelization
Precipitation, streamflow, drought, flooding (accelerate channelization in degraded streams)
Water temperature (decreased hyporheic flows where channelization lowers groundwater table)
Flooding (increased erosion/sedimentation due to high water velocity in incised channels)

3.5 Protect and restore riparian areas

Example adaptation actions:
• Plant native riparian trees and shrubs to increase plant diversity, structural complexity, canopy cover, and 

inputs of large woody debris and nutrients into aquatic systems (R) 

Vulnerabilities addressed:
Air and water temperature (lack of shade increases water temperatures)
Habitat diversity (loss of species diversity and structural complexity in riparian areas)

3.6 Maintain and restore wetlands in agricultural areas

Example adaptation actions:
• Create and/or support existing incentive programs that pay farmers and landowners to remove 

environmentally-sensitive wetlands from active agricultural use (R/C) 

Vulnerabilities addressed:
Agriculture 
Precipitation and drought (loss of wetlands due to drier conditions/drought)

GOAL 4. PROMOTE LANDSCAPE CONNECTIVITY

4.1 Maintain and restore hydrologic connectivity

Example adaptation actions:
• Replace undersized culverts to allow passage of wildlife and sediment/debris under future conditions (R)
• Remove dams to restore natural flow and sediment regimes (R)
• Develop new watershed networks to support the development and implementation of projects to restore 

connectivity from headwaters to estuaries (R/C)

Vulnerabilities addressed:
Dams, roads/highways/trails, and other non-climate stressors that reduce hydrologic connectivity 
Extreme precipitation, storms, flooding (increased peak flows and movement of sediment/debris)
Wildfire (greater risk of sedimentation/debris flows in burned areas) 
Habitat continuity
Management potential (capacity for landscape-scale management)
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GOAL 4. PROMOTE LANDSCAPE CONNECTIVITY (CON’T)

4.2 Increase access to spawning areas and coldwater refugia

Example adaptation actions:
• Modify existing dams to be passage-friendly (e.g., install fish ladders) (R)

Vulnerabilities addressed:
Dams (loss of habitat connectivity)
Water temperature (decreased access to coldwater refugia)
Habitat continuity (barriers to species migration/dispersal)

GOAL 5. MAINTAIN AND PROTECT REFUGIA

5.1 Protect and enhance thermal refugia

Example adaptation actions:
• Identify and protect high-elevation streams, coldwater springs, and other potential refugia that may be 

more resistant to the effects of climate stressors (R/K)
• Deepen pools by increasing recruitment of woody debris into streams (R)

Vulnerabilities addressed:
Air and water temperature, precipitation, drought, heat waves (loss of temperature and flow refugia)

5.2 Protect and enhance microclimate and microhabitat refuges

Example adaptation actions:
• Protect and enhance riparian buffers and shelter microclimates created by topographic variation (R)

Vulnerabilities addressed:
Air temperature, precipitation, flooding, drought, heat waves, wildfire (loss of cool, moist refugia in 
riparian areas)
Water temperature (loss of shade that reduces water temperature)

GOAL 6. ALLOW OR FACILITATE SPECIES AND HABITAT ADJUSTMENTS TO BETTER ALIGN WITH CHANGING 
CLIMATE CONDITIONS

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

Example adaptation actions:
• Identify and plant more drought-tolerant native species in riparian areas (D)
• Source riparian and wetland species for plantings from areas lower in the watershed that are warmer and 

drier (D)

Vulnerabilities addressed:
Air temperature, precipitation, soil moisture, and drought (sensitivity to warmer, drier conditions)
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GOAL 7. IMPROVE UNDERSTANDING OF CLIMATE CHANGES AND IMPACTS THROUGH RESEARCH AND 
MONITORING

7.1 Increase understanding of current conditions and projected future changes in freshwater habitats

Example adaptation actions:
• Conduct a baseline study to delineate groundwater aquifer locations, depths, water quality, discharge, 

and other characteristics (K)
• Research and survey wetlands to establish baseline conditions (K)
• Increase temperature and streamflow monitoring across basins and watersheds to inform connectivity 

planning and identify high quality habitat (e.g., potential coldwater refugia) (K)
• Develop a comprehensive, lake-based monitoring program to provide early warning of climate-driven 

changes (K)
• Expand research on how climate change will impact algal communities, including the occurrence of 

harmful algal blooms (K)
• Expand research on expected changes in saltwater intrusion (e.g., salinity levels, gradient) and how 

coastal groundwater sources and freshwater systems may be impacted (K)

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

GOAL 8. IMPROVE UNDERSTANDING ABOUT THE EFFECTIVENESS OF ADAPTATION ACTIONS THROUGH 
RESEARCH, MONITORING, AND EVALUATION

8.1 Evaluate the feasibility and/or effectiveness of potential management options

Example adaptation actions:
• Evaluate the potential benefits and drawbacks of assisted migration for anadromous fish, frogs, and other 

sensitive species (D/K)

Vulnerabilities addressed:
Air and water temperature, precipitation, drought, heat waves (loss of climatically-suitable habitat)
Habitat continuity (loss of connectivity between climatically-suitable habitats for sensitive species)
Management potential (information to support management decisions)

8.2 Increase monitoring efforts to inform adaptive management of freshwater habitats

Example adaptation actions:
• Monitor fish and wildlife abundance and activity before and after restoration efforts to support adaptive 

management (R/K)

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

All information within this brief is summarized from the source reports of the Northern  
California Climate Adaptation Project, available at https://tinyurl.com/NorCalAdaptation

https://tinyurl.com/NorCalAdaptation

