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Introduction
California has an incredibly diverse landscape which is highly sensitive to changing trends in temperature and precipitation.  A number of ecological changes have already occurred in California over the past century in concert with increases in average temperature and changes in precipitation patterns.  Global temperature increases are expected to continue to have a wide range of impacts on California’s natural resources and ecosystems.  In addition to ongoing mitigation efforts, climate change adaptation is a new priority in the climate change arena and promises to offer solutions to climate impacts as a result of past and current emissions.  Our efforts to adapt to expected climate change impacts must occur in parallel to ongoing mitigation efforts since any adaptation strategies that are pursued will need to be adjusted based on the outcome of those mitigation efforts.
Efforts are underway to develop a climate change adaptation strategy (CAS) for California. The CAS will synthesize the most up-to-date information on expected climate change impacts to California for policy-makers and resource managers, identify vulnerabilities, provide strategies to promote resiliency to these impacts and develop implementation plans for short and long term actions. The CAS has six different Climate Adaptation Working Groups that will identify and prioritize climate adaptation strategies on a per-sector basis.  The Biodiversity and Habitat Sector group has been working to develop adaptation strategies to maximize species and habitat resiliency in the face of climate change.  A final report is expected in April 2009. 

Scope 

This report is intended to provide some preliminary strategies for adaptation options for conserving biodiversity in California in the face of a changing climate. The goal of the strategies is to develop a long-term collaborative effort that will preserve and sustain the largest possible array of biological diversity and habitat types in all ecological regions of California. The term biodiversity encompasses the diversity of species and ecosystems and the evolutionary and functional processes that link them.  For this sector report, adaptation is defined as actions or adjustments that managers can take to reduce the risk of adverse environmental impacts on biodiversity through activities that increase the resilience of ecological systems.  Resiliency can be measured as a systems ability to recover from stress or disturbance without undergoing a fundamental change in process or structure.  This report covers terrestrial and aquatic systems at a landscape scale and is not intended to address specific ecosystems or regions or California.
Overview of Climate Change Impacts to Biodiversity
· Changes to the seasonal pattern of snow accumulation and snowmelt

· Increase in the frequency and severity of extreme weather events such as storms, heat waves, flooding, and drought

· Changes in cloud cover and rainfall patterns

· Changes in the level of snow pack and the timing of their melt

· Sea level rise and wave intensity
· Increased intrusion of seawater into estuaries due to sea level rise

· Timing of animal and plant life cycles (phenology)

· Increase in invasive species including parasites and disease-causing organisms

· Altered migration patterns of fish, birds and mammals

· Changes in forage base by many species

· Wetland losses

· Pollution from storm runoff and flooding i.e. silt, sewage, farm chemicals

· Vegetation changes

· Increased frequency and intensity of wildfire

· Increased interactions between two or more of the above
· Possible reduction in coastal fog.
Existing stressors likely to be exacerbated by climate change

· Growth and development 

· Energy development

· Conflicts over land protection and land use planning

· Fragmentation

· Corridors/connectivity

· Agriculture and range expansion

· Water and hydrology

· Availability/quality

· Diversions

· Management conflicts

· Temperature changes

· Sea level rise

· Pollution and sediments

· Fish populations passage issues

· Ecosystem change

· Vegetation structure
· Community changes

· Invasive species, pests, and disease

· Fire regime changes

· Disturbance regime changes
· Sport and Commercially harvested species
Guiding Principles

· Maintain healthy, connected, genetically diverse populations
· Improve resiliency of existing habitats in order to maintain existing or new assemblages of species
· Reduce non-climate stressors on ecosystems (i.e. invasive species)

· Protect coastal wetlands and accommodate sea level rise
· Adjust yields for game and commercial species and collection/take of nongame species
· Develop adaptive management models for game and commercial species management
· Consider climate change models as well as historical data when making projections
· Employ monitoring and adaptive management 
· Adopt adaptation approaches that reduce risks to species and habitats and provide time for species evolution and development.
Adaptation Strategies

Strategy 2.1: Landscape Reserves 
Establish a system of priority sustainable habitat reserves that provides for protection of representative examples of California habitat in all nine ecological bioregions identified in California’s Wildlife Action Plan.  In order to help species survive in the face of climate change reserves should represent to the extent practical all aspects of ecosystem structure, composition, and function within aquatic, terrestrial, and near-shore marine habitats. In addition, any effort to establish a system of priority reserve areas should follow the basic principles listed below:
· Protect a range of ecosystems, environmental gradients (latitudinal and elevational), and key ecosystem features (structural characteristics, keystone species, soil representation, functional groups, i.e. composition, and ecosystem functions).
· Identify and protect habitat that is likely to become important habitat in the future as species ranges shift and habitat is lost due to changing climate conditions 
· Identify matrix lands (between reserves, surrounding protected areas, etc) to provide buffers from external pressures, including the creation of incentives and other mechanisms to ensure that private lands are managed to provide buffer zones. 
· Provide connectivity for species movement between current and future suitable habitat by protecting sufficient corridors and stepping stone habitat including latitudinal corridors (i.e. major river valleys that trend north-south) and elevational corridors that span broad climatic gradients over shorter distances; maintain roadless areas to provide connectivity;
· Protect refugia at large and small scales (i.e. microclimates). Refugia are areas with more resistance to changing climate conditions due to unique topography, local weather patterns, geographic locations, etc.;
· Protect less impacted ecosystems when possible as they are likely to be inherently more resilient to climate change;
· Maintain natural disturbance regimes (i.e. fire cycles) to maintain ecosystem resilience; 
· Protect diverse gene pools to provide genetic capacity for wildlife to respond to climate change (i.e. protect species across their range since populations are likely to have different adaptations to local climate conditions).

· Accommodate range shifts of multiple endemic plant species 
· Protect evolutionary hot spots and areas with high levels of endemism.

· Offer protection from catastrophic loss (e.g. through fire, flood, disease, invasive species).

·  Improve reserve boundary configurations, e.g. increasing area to perimeter ratio, and thereby reducing the negative impacts of adjacent land uses, especially residential, along interface.
· Provide for public access and recreational use as appropriate;
· Use selected reserve areas to pursue opportunities for public education;
· Use adaptive management strategies to maintain flexibility.
Sub-strategies

2.1.1: Identify relatively large reserve areas from existing public lands (federal and state) and protected nonprofit and private conservation lands. 
a. Establish spatially explicit reserve priorities for each ecological region. 

b. Identify potential sustainable reserves in each bioregion on public and private land which will represent priority areas for acquisition of easements, fee title and land use requirements, i.e. NCCP. 

c. Establish priorities within ecological regions of identified federal based reserves.

d. Look at different ownership collectively, comprehensively, and on landscape scale across ownership boundaries.  

e. Work with partners and stakeholders to maximize planning efforts
2.1.2: Pursue opportunities listed below to provide incentives for conservation of private lands including working landscapes that contributes to ecosystem and species resiliency within and between reserves (matrix lands) and establishes priorities for focusing resources towards areas with highest risks. 
a. Develop multi-county regional restoration plans

b. Assist private landowners when possible with land management and restoration.
c. Improve/enhance habitat on private land

2.1.4:
Expand institutional cooperation between State, Federal, academic, private, and non-profit entities to better improve communication, share resources and information, establish priorities, reserve planning, and develop solutions.  
2.1.5:
Base policies, priorities, and actions on the best available science and incorporate mechanism for adapting strategies as new scientific information becomes available. 

2.1.6: 
Pursue opportunities to leverage co-benefits through cross-sector assessments that encourage sustainability and that expands political, economic, and social capacity. 
2.1.7: 
Pursue modifications to laws, regulations and practices that frustrate NPS, USFS, and USFWS from acquiring land or interest in land beyond Congressional boundaries in order to encourage federal assistance in strengthening the landscape reserve system.
2.1.8
Establish targets for implementing, establishing, and improving reserves planning.  Review progress and make adjustments periodically.
2.1.9  
Immediately implement those components of adaptation strategy that have a high probability for success based on current knowledge and that can be modified or adaptively managed as scientific knowledge evolves.
2.1.10 
Build upon existing frameworks and programs to identify and manage reserve areas. The NCCP program of the DFG is an unprecedented effort by the State of California, and numerous private and public partners that takes a broad-based ecosystem approach to planning for the protection and perpetuation of biological diversity. An NCCP identifies and provides for the regional or area wide protection of plants, animals, and their habitats, while allowing compatible and appropriate economic activity. 
2.1.11
Reserve Planning: The reserve system is envisioned as a number, possibly 4-5, of mapped reserves representing the natural resources values in each ecological region. Reserves should be naturally sustainable, and, therefore, of relatively large acreage, possibly 150,000 acres and greater.
· Conservation biologists of the federal and state land managing agencies, nonprofits and academia who have established statewide conservation planning initially should be a part of planning efforts. 
· A method for comprehensive review should be identified. 
· The California Wildlife Action Plan should be used and could include spatially explicit maps of priority areas for conservation of California’s biodiversity across all land use types with consideration for climate change.
· In most cases it seems appropriate to identify reserves beyond the 2050 projected growth areas. 
· This effort should be undertaken immediately in help ensure conservation dollars are spent on priority needs. 
· The results of this planning effort should be comprehensively reviewed periodically in order to ensure program actions are being carried out properly, priorities are current, research is successfully addressed, and collaboration is sufficient.
Strategy 2.2: Management of Habitat and Restoration 
Increase the resiliency of California’s natural resource lands by increasing the adaptive capacity of the managing institutions. Land management and restoration actions should give priorities to the identified reserves. The actions will focus on, but are not restricted to, reducing the environmental stressors on plant and animal species and habitats and providing increased resiliency within the reserve or other protected lands.

Sub-strategies
2.2.1: Collaboration and Cooperation: Work with federal and other management agencies, and private landowners to more effectively manage habitat and species.  

2.2.2: Resource Assessment and establishing a baseline.
a. Conduct baseline surveys/inventories of plant and animal species on reserves
b. Establish management goals for maintaining optimal and feasible levels of biodiversity
c. Implement long-term monitoring to measure change over time. Use modeling to predict ecological changes for acquisition purposes
2.2.3: Conduct cost/benefits analysis to inform priorities. 
2.2.4: Identify success criteria and desired future conditions with clearly articulated milestones. Pursue priority actions to reduce stressors including but not limited to:

a. Eliminating invasive exotic species where feasible and/or most effective
b. Removing barriers to wildlife movement in both terrestrial and aquatics systems.
c. Restoring damaged systems and natural processes (e.g. reducing sedimentation through road repairs and maintenance) and maintaining natural disturbance regimes). 
d. Reducing risks of catastrophic loss from wildfire 
e. Reducing pollution caused by runoff and flooding
f. Reducing the threat of exotic disease, pests, and pathogens. 
g. Restore impacted ecosystems in order to increase resiliency.
h. To increase resiliency in aquatic areas consider the following management areas:

· Genetic diversity

· Habitat complexity

· Cold water resources

· Connect river/stream and floodplain

· Alpine meadows and riparian areas

· Wild and hatchery fish.
2.2.5: Pursue specific priority actions contained in California’s Wildlife Action Plan, 2007, for each of the bioregions of California.  
2.2.6: Identify areas of priority species movement including endemics within and between each reserve, especially latitudinal and elevational migration. These areas should be priority areas for resource management and restoration actions. 
2.2.7: Develop guidelines for resource managers planning large restoration actions to determine if impacts of climate change, e.g. natural resource vulnerabilities, will adversely impact primary purpose or cost/benefit analysis of restoration actions. 

2.2.8: Each land management agency should review current land and resource management goals, objectives, and practices relative to providing resiliency on landscape reserves and other major holdings. Develop a mitigation plan that optimizes resiliency and management objectives.
2.2.9: Continue to support stewardship of protected lands not included in the reserve system and improve their resiliency through additional climate change conservation efforts, including management and restoration actions.

2.2.10: Encourage land managing entities to protect habitat heterogeneity and resiliency through minimizing the impacts of catastrophic events

2.2.11: Develop criteria for determining where limited resources should be placed in order to have the most benefit.
2.2.12: Define commonly used terms to insure that agencies are working from the same platform and outcomes are measurable.
2.2.13: Expand criteria for NCCP’s, acquisition planning and wildlife corridors to include an assessment of the potential changes to habitat structure and species from climate change and conservation strategies.  Utilize a habitat-based model for conserving percentages of representative vegetation types.

· Species composition in vegetation communities in CA is likely to change and will require new approaches including modeling future habitat types or looking at habitats most vulnerable to change rather than a hard-line “preserve” based on development footprints and local jurisdictional boundaries.

2.2.14: Use of existing frameworks/programs.

· The primary objective of the NCCP program of the DFG is to collaborate with local entities to conserve natural communities at the ecosystem scale while accommodating development. The program seeks to anticipate and prevent the controversies and gridlock caused by species' listings.  NCCP planning efforts focus on protecting ecosystem processes and the long-term stability of wildlife and plant communities by creating large reserves and habitat connectivity and will be a key strategy for conserving habitat in the face of climate change.
· The DFG’s Areas of Conservation Emphasis (ACE) mapping effort involved a statewide prioritization of areas considered to be of highest conservation value. The intended purpose of ACE is to:
· Help identify opportunities for expanding existing reserves
· Use in conjunction with other mapping efforts to identify areas overlooked within biological subregions and ensure representative examples of every ecotype have been accounted for.
· Identify linkages and corridors that will help species movement.
· Assist coordination with our conservation partners and inform all levels of governments to better build collaboration and focus resources to the highest priorities.
· The DFG administers a program for mitigation banking. This program provides enhanced mitigation opportunities by creating large reserves rather than scattered piecemeal mitigation sites with little conservation value. Conservation or mitigation banks are privately or publicly owned land managed for their natural resource values. In exchange for permanently protecting the land, the bank operator is allowed to sell habitat credits to developers who need to satisfy legal requirements for compensating environmental impacts of development projects. These banks can be strategically located in areas identified as potential reserves or can be situated to provide needed habitat linkages.
Strategy 2.3: Research and Guidelines 
Establish standing groups of research scientists and resource managers to work closely together to ensure that the best available science is used in management and restoration activities aimed at long-term species protection in California and increasing resiliency in ecosystems. 
Sub-strategies
2.3.1: Develop a vulnerability and adaptation research process that:
· Covers large landscapes and ecosystems to help determine which systems are most vulnerable to climate change.

· Focuses research on critical needs of resource managers
· Ensures relevant science is evaluated for effectiveness and proper application 

· Provides real time, continuous access by the public
· Identify principles and “best practices” for resource management institutions.
· Uses appropriate guidelines to determine projected species range changes and migration pathways, especially endemics on currently protected lands.

· Accurately forecast responses to climate change in the short and long term.
2.3.2: Develop a statewide, long-term monitoring effort that evaluates climate related change in range and health of identified indicator species, populations and communities, and ecosystems.
2.3.3: While coordinating research through standing science and land managing groups, provide transparency and open up the process to include other outside interested parties that want to participate.  
Strategy 2.4: Regulatory Requirements
Sub-strategies
2.4.1: Seek appropriate California Environmental Quality Act (CEQA) guidance and land use regulations to offset the impacts of land divisions and new development on species survival in light of climate change.

2.4.2: Seek guidance for determining thresholds of significance relative to species adaptation capacity and the potential for significant direct, indirect or cumulative impacts resulting from implementation of CEQA projects under a climate change scenario.

2.4.3: Encourage local government to recognize and adopt conservation measures consistent with the State’s objectives while carrying out land use and regulatory requirements. With appropriate local land use planners, seek measures to reward concentration of development and reduced pressure on matrix lands.

· Land management agencies should re-evaluate existing policies and programs to incorporate climate change context.  Pursue regulatory research to see what adjustments may need to be made to address climate change.  What holes exist in regulatory schemes- need to make sure climate change included in regulations.
2.4.4: The primary objective of the NCCP program is to conserve natural communities at the ecosystem scale while accommodating compatible land use. The program has the potential to substantially contribute to building reserves and habitat linkages but suffers from incompatible land uses in and adjacent to sensitive habitats, inadequate funding for acquisition of lands and/or the timing at which  fund are available concurrent with lands becoming available to purchase, and there is insufficient funding for monitoring effectiveness which precludes adaptive management of resources. Addressing these deficiencies in State and local regulations, general plans, and ordinances and establishing a more stable funding stream would benefit this planning process. 
2.4.5: Appropriate water for natural resources. 
· Conduct climate change modeling based on flow requirements for fish bearing streams.
· Dedicate new instream flow requirements based on climate change modeling.

· Develop new policies to preemptively deal with conflicts.
Strategy 2.5: Implementation
Sub Strategies

2.5.1
All programs managed by the Resources Agency and departments within the Agency, e.g. State Parks local assistance program and WCB's restoration grants programs, should review the implication of climate change and adopt relevant policy, criteria, directives, or other measures to ensure the broadest application of adaptation measures. In addition, the Agency and departments should ensure their daily operations are geared towards reducing greenhouse gas emissions and other appropriate mitigation measures to reduce contributing to climate change.

2.5.2 
Capacity and Continuity: To carry out the following strategies a significant amount of time and effort is required within the Resources Agency and departments overseeing or carrying out the adaptation strategies herein. This effort requires full time dedicated personnel to manage and implement these urgent needs over the long run. The effort must endure change in administrations over the decades, and therefore should be managed by full time permanent civil servant personnel.

2.5.3
Public understanding and support is critical to long-term implementation. Early in the process of implementing the strategies a comprehensive public outreach effort is needed that clearly communicates key aspects of the program. This can be difficult since the lay person will not be familiar with much of the science behind the strategies and efforts to carry them out. Planned outreach to the lay public should include most all entities, e.g. nonprofits, to ensure a standard, understandable message to all. 

2.5.4
Measuring progress and success:  The Resources Agency is responsible for seeing the strategies are implemented in a timely fashion and that the appropriate parties are invited to contribute. As each strategy is undertaken and planned, quantifiable and qualitative short term targets, midterm milestones and measures of success must be identified. The Agency will be responsible for monitoring these requirements.
2.5.5
Timing of Implementation: With limited fiscal resources at all levels of government and in the private sector, identifying adequate resources for initiating the strategies is a huge challenge. The Resources Agency should convene a group of stakeholders and state agency staff to discuss prioritizing strategies as well as existing opportunities to pursue implementation in a time when resources are scarce. All strategies are in need of implementation as soon as possible and require a timeline for achieving goals based on what we can do right now with current resources and what we could do if we had more staff/funding. 
Cross Sector Issues and Opportunities 
Agriculture

In California a large number of wildlife species are dependent on privately owned agricultural lands for habitat. As temperature and precipitation patterns change it is likely that there will be a shift in the intensity and location of agriculture that could impact fish and wildlife resources.  Agricultural lands can provide significant habitat and connectivity between protected reserves, but can also compete with fish and wildlife for resources that may become limited due to climate change. Predictions of higher proportion of precipitation in the form of rain with concomitant loss of snow pack suggests more frequent summer droughts thereby creating conflicts between wildlife and crops. Further impact to fish and wildlife may result from chemical treatment of pests and pathogens that may proliferate within agricultural settings with warming temperatures. These issues will require close coordination between the agricultural and biodiversity sectors to ensure best management practices are developed and followed. 

Carbon Sequestration  
Carbon sequestration will play an increasingly important role in California’s efforts to address climate change impacts on the landscape.  Carbon sequestration activities are currently largely commodity driven and could have impacts to fish and wildlife populations and the habitats they depend on if not managed wisely.  It will be important to identify opportunities for carbon sequestration within reserves and other lands when consistent with existing management actions.  It will also be critical to avoid converting or degrading existing habitat to biofuel production and to avoid use of highly invasive and/or exotic species that could escape and/or spread.  Resource managers should look for opportunities to support sequestration projects on lands previously converted by urbanization or agriculture. Moreover, significant co-benefits are derived from our forests, open spaces, and wetlands which are among California's most important tools in the fight to reduce greenhouse gas emissions. They are also home to thousands of native plant and animal species. These landscape types, and others, have historically used natural processes to regulate the majority of the carbon released and absorbed in the atmosphere. Our public and private forests, open spaces, and wetlands have the potential, if properly managed, to provide significant capture and sequestration of greenhouse gases while simultaneously providing habitats necessary for the long-term conservation of CA's biodiversity. Conversely, the mismanagement and loss of these critical natural landscapes will lead to the continued accumulation of greenhouse gases in the atmosphere and accelerated species loss.
Energy Development

To meet the Governor’s Renewable Portfolio Standard by the year 2017 California needs to obtain 33 percent of its energy from renewable resources or “green energy."  Environmental issues associated with energy development and production include direct and indirect environmental impacts like habitat fragmentation, habitat loss and mitigation, as well as legal issues; the foremost being the incidental take of sensitive, rare, and state and federally listed species.  These issues will require close coordination to ensure best management practices are developed and implemented.  
Fire

Fire is an integral part of the ecology of California and has contributed to the diversity of its ecosystem.  Climate change is already altering the timing and frequency of fire events and will impact ecosystems throughout the state.  In addition, our response to catastrophic fire (replanting with exotics, managing road and perimeter fuel loads, forest thinning, etc) sometimes leads to unintended consequences such as increased stream temperatures and sedimentation, and increased opportunities for invasions of non-native species that could compromises management efforts to protect native species in the face of climate change.  Measures such as forest thinning, removal of flammable fuels in high ignition areas, removal of highly flammable exotic vegetation, and maximizing prescribe burning as appropriate are critical but needs to be done with existing or future climate change scenarios in mind.  Managers across the state must work together to support key fuels management measures that find a balance between protecting the public and existing infrastructure and the important ecological role fire plays on the landscape. 
Forestry and Range Lands
Management of California’s forests must balance the benefits of wood production, carbon sequestration, and habitat with potentially devastating losses from catastrophic fires, including crown fires resulting in habitat conversion, e.g. forest to shrubs, shrubs to grasses. Current Forest Practice Rules promulgated by the California Board of Forestry address watercourse protection through established criteria based on stream classification, i.e. presence of aquatic species. Protection of riparian, aquatic areas and other sensitive forest habitats within reserve system should be continually improved through advances in timber harvesting rules. Climate change has the potential to disrupt the status-quo for species composition due to changes is stream temperatures and sedimentation. Increased opportunities for invasions of non-native species and increased frequency of fire will likely result in vegetation composition changes that could lead to type conversion. Vegetation shifts and potentially shifts of entire biomes could result in the loss of taxa limited by temperature, moisture, soils, or disturbance.  Thinning standards should take into account pre-fire suppression forest densities and reduce groundwater conditions resulting from drought and early snow melt.  Forests and rangelands will likely play an important role in species adaptation and resiliency. Potentially, monocultures once favored in forest management could be restored to assist species resiliency to climate change. This sector and the Biodiversity and Habitat Sector will require close collaboration in order to achieve the potentially significant multi-benefits necessary to sustain viable populations of forest species.  
Oceans and Coastal

The Biodiversity and Habitat Sector generally address all natural areas above high tide. The continuum of habitat below high tide includes bays, estuaries, coastal wetlands and open ocean waters.  Climate change will have direct impacts on existing coastal protected areas such as ecological reserves, wildlife areas, undesignated lands, mitigations sites, and easements.  Sea level rise and changes in the intensity of storm events could impact low lying coastal areas and result in the loss or inundation of coastal wetlands and dune habitat resulting in salt water intrusion and loss of fresh water resources for fish and wildlife.  Changes in ocean circulation and ocean warming will impact pelagic species distribution and community structure.  In addition, ocean acidification could impact shellfish species as well as their prey base.  Changes to the timing and intensity of freshwater input may impact marine and near shore populations through increased runoff resulting in pollution and sedimentation contamination and shifts in urban growth and development will place new or increased pressure on existing coastal resources and available habitat. Inundation of coastal infrastructure will cause widespread pollution and contamination further jeopardizing marine and near-marine environments. These challenges and many more will require close coordination with the coastal adaptation working group. 
Public Health

The effects of climate change will impact natural ecosystems and species directly, with consequences that may have substantial public health implications. First, changing climates could shift the abundance and geographic distribution of disease vectors and parasites and affect the seasonal occurrence of many infectious diseases causing them to spread. Specifically, changes in temperature, surface water, and humidity may change the habitat of organisms such as mosquitoes and parasites carried by many rodent and bird species. Control, eradication and abatement actions intended to protect public health could result in contamination of water and terrestrial environments and affect the survival and behavior of many organisms. Second, outdoor recreation and similar ecosystem services may be impacted, diminished or changed such that the mental health benefits afforded a broad segment of society as a result of these services will be affected. Esthetic, education and economic benefits derived from outdoor recreation may be threatened. Coordination between the public health sector and the Biodiversity and Habitat Sector will help minimize the treatment effect on species and habitats and benefit from combined knowledge and expertise regarding invasive and nuisance species control as well as maximizing continued public use and enjoyment of natural resources.

Water

Changes in temperature and precipitation could result in alteration to existing fresh water systems and an overall reduced availability of water for fish and wildlife species. An increase in flood events may amplify movement of pollutants and contaminants into previously pristine areas.  Temperature and precipitation changes will impact a variety of aquatic species and may result in loss and degradation of sensitive aquatic ecosystems and potentially increase invasive species challenges.  In addition, these changes will impact groundwater recharge and over drafting as well as impacting hydropower and hatchery project operations, fish populations’ passage issues, and water diversion projects.  Changes in composition and structure from precipitation and flow changes for riparian communities and conflicts over allocation of surface water could result in increased management conflicts between people and wildlife and will require communication and collaboration among managers.
Overarching challenges for all sectors 

· Assigning specific performance measures to each strategy and sub-strategy will add considerable credibility to the sweeping goals laid out in this strategy. Also, scientifically verifiable measures will allow each Department, and ultimately the Resources Agency to make defensible budget requests supported by past achievements towards the strategic goals. This effort should be closely followed by development of Department specific implementation strategies that will achieve this goal.
· The Agency's Climate Adaptation Strategy process provides a unique opportunity to justify the kinds of inter-agency budget proposals that can leverage the resources and expertise of multiple agencies. Expanded discussion of inter-department/agency work to address biodiversity concerns would be useful and would provide some outside-of-the-box strategies that are needed.
· How do we measure adaptation success?
· How do we develop the flexibility to manage resources adaptively, incorporating new knowledge about adaptation techniques and climate change as it becomes available?
· How to build capacity within our agencies in order to implement an adaptation strategy?

· Need to identify pilot projects to begin working immediately while we continue to plan.

· Include social sciences.
· Devise a strategy for communication/outreach that is substantive and socially responsible.
· Establish a permanent and dedicated funding source for biodiversity adaptation. 

· Integrate and coordinate efforts among local, state and federal agencies, academics, and NGOs.

· Educate ourselves and others about the science of climate change as it is currently understood, and invest today in the network necessary to continually improve that scientific understanding.
· Encourage sustainability of process, ensuring explicit political and financial support at the State level is provided across all agencies, as well as current and future administrations.

· Develop a state-wide data storage and retrieval system for all monitoring and climate related data.
· Identify the costs for implementing each component of the strategy.  Cost data should be attached to specific techniques as well as more general over-arching strategies, such as a cost for a research program dedicated to adaptation.
· Create a “Climate Conservancy” to act as a clearing house for information, priorities, etc.
· Coordination with other states and regional efforts will be critical since many of the challenges associated with climate change do not end at the California border.
Research Areas
Monitoring

· Establish a framework for comprehensive research program combining predictive modeling and monitoring of focal species and ecosystems to assess changes in the ecological resources while also assessing viability.

· Conduct long term monitoring to evaluate changes in focal species and ecosystems.  Develop regional climate change scenarios for California  
· Include micro-region weather data collection protocols and coordinate with other scientists at regional level to ensure repeatability and data integration.

· Ensure that monitoring is comprehensive across species, ecosystems, and relevant climatic variables, and that data can be statistically analyzed to detect change.
· Centralize data banks that synthesize data for land managers.  This could be in the form of response plans based on different scenarios.  Need to be able to easily transform data into regulatory schemes and on-the-ground management plans.  
· Use predictive models to focus on which species are most likely at risk (sensitivity, likely habitat shifts, etc).
· Develop tools to forecast species’ responses to climate change using modeling tools to predict range shifts, demographic and population trends, and physiological responses across taxonomic groups over a range of climate models, emissions scenarios, and management timelines (25, 50, 100 years). 

· Where possible, improve models with data from experimental and observational studies that monitor species and ecosystem responses to changing climate conditions. 

· Develop tools  that integrate data from range shift modeling efforts to illustrate areas of land and water that will become important for supporting biodiversity in the future under a range of climate models, emissions scenarios, and management timelines (25, 50, 100 years), including corridors and stepping stone habitat to facilitate climate-induced migration. 

· Identify data gaps and update this map as new information becomes available.  

· Incorporate data from state, federal, academic, and NGO sectors, and make the data and mapping tool available to all.

· Identify activities that agencies are already undertaking and evaluate how/if they should be modified ; 
· Identify gaps in data for fish, wildlife and plants.

Connectivity

· Identify critical connections/corridors taking into account changes due to climate change? (Model change in precipitation and temperature, land-use change, corridors, other existing or projected threats (invasives, development, etc)
· Linkages should include heterogeneity (soil, vegetation type, elevation, latitudinal).  

· More potential to accommodate changes with more habitat variability.  

· Consideration of multiple types of corridors. 
· Species home ranges and movement behavior.  

· Corridors should facilitate native species movement and not create “disturbance corridors” for invasive plants to move through and proliferate. 
· Corridors should contain intact native habitat in good health.
Changes to Community Composition

· Develop ability to predict community composition changes based on areas where biodiversity is currently high and would likely support high biodiversity in the future (due to such elements as heterogeneity, soil, topography, etc).
· Focus on wetlands habitat and specific mechanisms to achieve conservation, i.e. CEQA, stream alteration permit, integrating potential significant impacts resulting from climate change.
Invasive Species

· Predicted response of invasive species.  Need better predictive modeling and integrate climate change scenarios into invasive species. 
· Interstate/country invasive species monitoring and control – species are going to move across borders and it will be important to work with other states to monitor the spread of and respond to invasions.

· Need close coordination with DFG’s Invasive Species Program, NGO’s, private sector expertise, and law enforcement to control/irradiate invasive/exotic species.  
· Do we need a new definition of invasive species?  As species move in response to climate change when does a species become invasive in a new region (if at all)?
Water

· Need to establish distribution/longevity, i.e. dedicated water rights, of surface water for wildlife.
· Can we predict changes in composition and structure from precipitation and flow changes for riparian communities?

Fire

· Need data to predict likelihood of fire and model potential habitat change due to climate change where catastrophic events are possible to convert one habitat type to another?
Managed Relocation and Captive Propagation
· Research options for relocating certain species in response to the effects of climate change. Complicating issues include high costs, uncertainty of future range, conflict with natural processes, and restriction of natural movement due to existing development patterns.   Also the fact that if you are moving species without their associated ecosystem and support species, you may not be successful in reintroduction efforts.
· While research continues, support some small scale experimental efforts, e.g. revegetation of valley oak north of its existing range or of certain conifers at a higher elevation.
· Pursue management discussions and necessary research to determine whether certain plant and animals species will require captive breeding, seed banking, identification of amenable genotypes, and DNA warehousing.  If appropriate, collect representative samples of narrow endemic species and those likely to require reintroduction or genetic augmentation following climate change impacts.  Evaluate “species of concern” and candidate lists for various taxonomic groups and determine those species needing conservation or enhancement measures.
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