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Presentation Goal

Describe a five-step approach to integrate climate planning into 
existing management actions to promote and enhance climate 
resilient populations.

Presenter Notes
Presentation Notes
Today I am going to talk about our climate approach that provides direction for addressing climate change through existing management actions.  Although we don’t have specific adaptive management projects geared towards mitigating the impacts of climate change on Atlantic salmon, our goal is to maximize the resilience of the salmon population as much as possible by integrating climate planning and thinking into all aspects of salmon management.  In this presentation I will walk through a five-step strategic approach that we are using to advance climate mitigation ideas into tangible climate actions.  



Approach
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Borggaard et al. 2019

Presenter Notes
Presentation Notes
The five-step approach starts with developing a national level climate strategy and culminates with the development of species specific science and management actions. These five steps are designed to complement and build off of each other as the focus becomes more regional.  My presentation will walk through each of these steps, detailing how they advanced the consideration and inclusion of climate science into management actions for Atlantic salmon. 



National Climate Science Strategy and Regional 
Action Plans
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Presenter Notes
Presentation Notes
The first dot on the arrow is the development of a climate science strategy and regional actions plans.The NOAA Fisheries National Climate Science Strategy and the Climate Science Regional Action Plans provide a national and regional approach to guide climate-smart resource management and implementation. The goal of these efforts is to increase the production, delivery, and use of climate-related information to support science, stewardship, and management of living marine resources.The Climate Science Strategy identifies national-level climate objectives that are needed to inform management and stewardship, and provides the goal posts for developing Regional Action Plans. The Regional Action Plans are five-year plans that identify priority science and management needs and specific actions to implement the Strategy in the five U.S. regions. The Northeast U.S. Regional Action Plan that includes a number of regional climate planning and management actions, includes Climate Vulnerability Analyses and Scenario Planning, both of which inform climate considerations within our overall management structure for Atlantic salmon. 



Climate Vulnerability Assessments (CVAs)
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Climate Exposure
Hare et al. 2016

Help us understand which species are most vulnerable to 
climate change

Help identify the factors that contribute to their vulnerability, 
including life history characteristics.  Some of the factors for 
salmon include:
● Complex life histories across freshwater and marine 

environments
● narrow range of suitable habitats and prey
● relatively low fecundity among anadromous fish
● Very low abundance

Presenter Notes
Presentation Notes
The first item on the trajectory following the development of a climate science strategy is identifying species’ vulnerability to climate change through Climate Vulnerability Assessments.Climate Vulnerability Assessments evaluate the vulnerability of species to changing climate conditions over time, taking into account the species exposure and sensitivity to climate stressors. Atlantic salmon were included in the northeast US CVA that included 81 fish and invertebrate species. Results from this analysis identified Atlantic salmon among the most vulnerable species to climate change shown in the left figure, circled in white.CVAs not only helped us identify which species are most vulnerability to climate change, but it helps us identify the factors that contribute to their vulnerability which informs conservation planning, prioritizing and implementing restoration actions.  
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Scenario Planning 
●A structured process  to:

● explore a range of plausible future 
scenarios based on climate projections 

● identify common science and management 
actions across each scenario that can be 
taken proactively to mitigate the impacts of 
climate change

Scenario Insight; Weeks et al. 2011, Park Science 

Presenter Notes
Presentation Notes
The third item on the arrow is scenario planning.  Scenario planning is a structured process used to explore plausible alternative future conditions and identify common science and management actions that can be taken proactively to mitigate the impacts of climate change across these plausible future scenarios.  After finding Atlantic salmon to be highly vulnerable to climate change, NOAA Fisheries conducted scenario planning to explore what the agency can do to improve U.S. Atlantic salmon population resilience to changing climatic conditions .��
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Borggaard, Dick et al. 2019

Select two independent drivers that 
form two intersecting axes’

Each quadrant represents a different 
plausible future scenario.

● Establishing scenario sets the 
stage to ask questions such as:

○ What are the risks and 
opportunities?

○ What should we do now to 
prepare?

○ How should we track changes 
over time?

Presenter Notes
Presentation Notes
The basic approach of scenario planning is to establish two primary but independent drivers represented by two intersecting axes’.  Each quadrant formed by the intersecting axes represents a different plausible future scenario.  �Each scenario sets the stage for conversation to ask questions such as what risks and opportunities does each scenario provide? What should we do to prepare for it? And  what indicators should we be tracking over time?�The two independent drivers that we selected for Atlantic salmon were climate change and connectivity.    We selected connectivity as our second axis as it continues to be a highest priority threat to salmon survival in the US. �



CVA and SP Outcomes
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● Convergence of knowledge and ideas among the 
scientific and management community on the impacts 
of climate change on Atlantic salmon

● A short list of immediate science/modeling needs

● Mutually agreed upon actions to tackle the climate 
change issues pertaining to Atlantic salmon

meteorologist

Biologist

geomorphologist

ecologist
Hydrologist

Presenter Notes
Presentation Notes
Most of what came out of the CVA and especially the SP exercise was a convergence of knowledge and ideas to formulate a mutually agreed upon approach to mitigate the impacts of climate change on ATS.  Although both efforts involved salmon experts, they also involved numerous individuals that were not directly involved in the salmon program.  The SP exercise especially involved other people and other agencies including meteorologists, hydrologists, geomorphologists and ecologists that had the means to provide science support directly to the salmon program despite not being directly involved in Atlantic salmon science and management.   Although some of the actions and science needs that came out of the CVA and SP had been discussed previously, these exercises helped unify and build partnerships around these efforts both within the salmon program as well as with other participating entities.   �



Science questions that emerged from Scenario 
Planning
What are the projected future conditions for both freshwater and 
marine habitats?

What are the life stage specific environmental thresholds (e.g. 
temperature, flow etc.)?

How will Atlantic salmon behavior change in response to a changing 
climate?

How will habitat productivity change?

Where and why are salmon dying in the ocean?

How will a changing climate further affect survival?

Are there ways to increase marine survival both in general and in light 
of climate change?

9

Presenter Notes
Presentation Notes
Emerging from the scenario planning exercise were many science questions that moves as to the Science and modeling dot; the fourth dot on the arrow.  In addition, many of the science questions that resulted from the scenario planning were subsequently tailored into recovery actions that were incorporated in the Final Recovery Plan that defines conservation objectives and guides Atlantic salmon recovery efforts in the U.S. The next few slides I will briefly touch on three science and modeling efforts directed towards addressing these questions that emerged from the scenario planning.  



Understanding the lifestage specific vulnerabilities to a changing 
climate
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Henderson, EM, Mills, KE, Alexander, MA, Barajas, M, Collins, MJ, Dzaugis, M, Kircheis, D and Sheehan T.F. 2022. A synthesis of U.S. Atlantic salmon 
habitat requirements and implications for future suitability under a changing climate. ICES Journal of Marine Science. in review.

Presenter Notes
Presentation Notes
The first science effort that I will highlight was an effort to synthesis Atlantic salmon lifestage specific vulnerabilities to climate change.  This synthesis helps address our questions regarding lifestage specific environmental thresholds and how U.S. salmon productivity may change in response to a changing climate.  Refined understanding of these vulnerabilities is helping to inform short- and long-term conservation planning and management action implementation, as well as identify data gaps where more information is needed. �



Baseflow Modeling
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Areas in purple are areas with 
greatest base flow.  

Lombard, P. J., Dudley, R. W., Collins, M. J., Saunders, R., & Atkinson, E. (2021). Model estimated baseflow for streams 
with endangered Atlantic Salmon in Maine, USA. River Research and Applications, 37(9), 1254-1264.

Presenter Notes
Presentation Notes
The Second science effort I will highlight is a study to predict mean August baseflow by looking at the percentage of sand and gravel aquifers in conjunction with average July precipitation.   Although there are many factors that influence stream temperature, baseflow has been identified as a key factor in moderating temperatures.  Therefor, we can use estimates of baseflow to help us readily identify areas that may have cooler summertime temperatures and subsequently better suited for Atlantic salmon spawning and rearing.  Areas identified with higher baseflow are also be used in our efforts to inventory and prioritize climate resilient and climate vulnerable freshwater habitats.�



Understanding how delay of  salmon at hydro-electric dams 
impacts survival and reproduction
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Rubenstein, S. R., Peterson, E., 
Christman, P. M., & Zydlewski, J. D. 
(2022). Adult Atlantic salmon (Salmo 
salar) delayed below dams rapidly 
deplete energy stores. Canadian Journal 
of Fisheries and Aquatic Sciences, (ja).

Presenter Notes
Presentation Notes
The third study I am highlighting is a study to understand the impacts of delay of adult salmon at hydro-electric dams. Addressing the impacts of dams on Atlantic salmon has been, and remains a high priority for Atlantic salmon recovery efforts in the U.S..  In our efforts to improve and evaluate the effectiveness of fish passage at dams, we have accumulated a lot of evidence over the years that show that although some fishways allow most fish to pass, that some adult salmon will spend many days, and in some cases, many weeks below a dam searching for the fishway entrance.  We know that in most circumstances that the waters below dams are not ideal spots for salmon to spend time and are often exposed to much higher water temperatures than what they would experience if they were able to quickly migrate to their traditional holding areas.  Climate change is now exacerbating the adverse conditions that salmon are experiencing below dams.  This study revealed that Atlantic salmon that experienced delays below dams between 16 - 23 days lost between 11% and 22% of their fat reserves compared to salmon that were not delayed at dams.  These losses in fat reserves can be consequential to spawning success and post-spawn survival. 



“Climate Ready” conservation and management actions 
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Presenter Notes
Presentation Notes
And now for the fifth and final element of the climate-ready approach.The end of the arrow is applying the threat identification, planning, and science from the first four elements to inform and implement climate-ready conservation and management actions.  Here, I will give three examples of how this five step approach is guiding strategic planning, regulatory actions, and pro-active restoration efforts.    



Strategic Planning

Photo Credit:  Tim Swan

Areas with high baseflow are indicators of areas with 
greater climate resilience, enabling us to prioritize 
connectivity efforts.  Dams

Presenter Notes
Presentation Notes
First, is an example of how the five-step approach is informing strategic planning.  Improving connectivity at dams and road crossings has been a priority for the U.S. salmon program since 2006. To provide the greatest benefit to salmon and increase their resilience to climate change, we must be strategic in our efforts to restore connectivity by targeting areas that will afford the greatest conservation benefit. The base flow modeling provides us with information we can use to develop a roadmap to focus connectivity efforts that help ensure that salmon have access to the most climate resilient areas. 



Regulatory Measures

- The study on the impact of delays at dams added to our state of knowledge that 
dams exacerbate climate impacts by limiting energy reserves for gamete 
production and spawning, and considerably reducing the likelihood of repeat 
spawning

Management Action:  This information has enabled us to impose passage criteria that 
includes a delay standard at some of our hydroelectric dams.

- The Endangered Species Act and other 
policies grant us the authority to implement 
regulatory measures necessary to protect 
endangered Atlantic salmon, but only if it’s 
well supported by science.

Presenter Notes
Presentation Notes
The five step approach is also providing the climate science we need to inform regulatory measures.Through the authorities of the U.S. Federal Power Act and the Endangered Species Act, we work to implement measures at hydro-electric dams that are necessary for the protection of endangered salmon, including measures to improve passage rates and reduce delay.  Previous studies have quantified the negative impacts associated with dams and the effects on emigration of juvenile salmon.  The recent study on the impact of delays at dams for adult salmon has expanded our knowledge on the energetic cost of those delays and how warming waters can exacerbate those threats. 



Pro-active Conservation 
and Restoration

Presenter Notes
Presentation Notes
And finally, the five step approach is guiding pro-active conservation efforts, by providing us the information we need to guide stakeholders on where and what types of management actions will afford the greatest benefits to salmon now and into the future.One example is the legacy impact of Maine’s log drives that were done in the 1800’s and early 1900’s.  Maine’s rivers and streams were heavily modified by the 100+ years of log drives. Today, these modified rivers continue to be over-widened, straightened, lack habitat complexity, and lack riparian and in-river cover.  These factors increase the sensitivity of rivers and streams to warming conditions.  



Information on life history 
vulnerabilities and  baseflow 
contribution can help inform:

- Where habitat restoration or 
habitat protection is needed

- What habitat features are needed 
to afford the most protection

Presenter Notes
Presentation Notes
Given that there are over 16,000 kilometers of river and stream networks in Maine, new information on life history vulnerabilities and on the current and projected habitat conditions helps to identify where habitat restoration projects are most needed and will afford the greatest benefit to salmon.  This new information also helps with identifying what habitat features are needed to afford the most protection to the most climate sensitive life stages. 



Summary
The CVA and SP led to a convergence of knowledge and ideas among the 
scientific and management community on the impacts of climate change on 
Atlantic salmon, and establish some mutually agreed upon actions to tackle the 
climate change issues pertaining to Atlantic salmon

The SP exercise helped us identify science and modeling efforts that we have 
been able to readily integrate into existing proactive and regulatory management 
actions 

The information gained from the CVA and SP exercises enables us to provide 
better guidance to stakeholders on where and what projects will afford the 
greatest benefits to salmon.

Presenter Notes
Presentation Notes
The Climate Vulnerability Assessments and Scenario Planning exercises resulted in a convergence of knowledge and ideas to formulate an approach to mitigate the impacts of climate change on Atlantic salmon in the Gulf of Maine.  Although both efforts involved salmon experts, they also involved numerous individuals from a wide range of disciplines not previously represented within the salmon program, including meteorologists, hydrologists, geomorphologists, and ecologists. These experts were able to provide meaningful science support to the salmon program in unexpected ways.  Although some of the actions and science needs that came out of the Climate Vulnerability Assessments and Scenario Planning had been discussed previously, these exercises helped unify and build partnerships both within the salmon program as well as with other participating entities. These partnerships and the resulting science efforts have contributed valuable information that is now being integrated into existing proactive and regulatory management actions.  



Next Steps

● Continue to refine our understanding of where climate vulnerable and 
climate resilient habitats are located, taking into account climate 
projections

● Consider Management Strategy Evaluation to compare different 
management strategies in light of resource constraints and identify the 
best, most effective management strategy to achieve our conservation 
and management objectives. 
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Presenter Notes
Presentation Notes
At present, modeling efforts are continuing to refine our understanding of where climate vulnerable and climate resilient habitats are located and how that may change in light of climate projections.  We are also pursuing a Management Strategy Evaluation (MSE). By incorporating resource constraints, including uncertainties associated with climate change, into the operating models of an MSE, managers can use the outputs from applying the MSE to identify the best, most effective management strategy to achieve identified conservation and management objectives.  Development and use of an MSE is likely an appropriate next step in determining the most effective strategies to advance our conservation objectives for Atlantic salmon in the face of identified uncertainties related to climate change and other factors.  As we build our knowledge base on the current and projected impacts of climate change on salmon and salmon habitat, and increase the tools in our toolbox for managing these impacts, we will need to be strategic in maximizing the limited resources available for conservation.  



Questions?

20
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