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Presenter
Presentation Notes
Good morning.  I’m Christina Folger from the EPA Pacific Coast Ecology Branch in Newport, OR. Today I’m presenting our work on ‘Assessing impacts of climate stressors on near-coastal species at a regional scale, From the Gulf of California to the Beaufort Sea). 



Identify species most vulnerable to climate change 
 

Predict how vulnerability changes geographically 
 

Identify major climate stressors for vulnerable species 

Project objective 

 

Insufficient information to develop statistical, physiological, or mechanistic models for  
98% to 99% of coastal species. 



APPROACH – Risk assessment, cuts through the           
                 complexity of many species & many locations 

 

Risk assessments based on environmental thresholds and biotic traits as a 
practical solution to assess vulnerability in hundreds to thousands of species 

over large regional scales. 
 

Comparable to health questionnaires in resolution: 
 

 

 

 
 

• Use existing data about the species 
• Relatively inexpensive to conduct  
• Generate relative risks for multiple species 
• Generate risk patterns across geographic 

regions 
 

Presenter
Presentation Notes
Our general goal with this risk assessment is to cut through the complexities of many species and many locations. We like to think of our approach as comparable to a health questionnaire in resolution: using family traits and other life-style risk factors to generate an overall health risk.  Like a questionnaires, the approach is relatively inexpensive to conduct and can analyze many species over large geographic areas.  



METHODS - Scale, Scope & Taxa 

MEOW Ecoregions (Marine Ecoregions of the World) 

Gulf of California to Beaufort Sea 

Crabs (Brachyuran & Lithodid) & Rockfish (ca. 450 Species)  

Bivalves, Amphipods, Polychaetes & Echinoderms (ca. 2500 Species) 

Presenter
Presentation Notes
We use the Marine Ecoregions of the World classification system. Current analysis spans from the Beaufort Sea to the Gulf of California from the high intertidal down to a depth of 200 m. ADVANCE SLIDE
CRAB and ROCKFISH are the first groups we took on and are currently available to the public.  ADVANCE SLIDE
Three additional taxa: Bivalves, Polychaetes and Echinoderms are nearing completion and should be available in 2017 





Implementation - CBRAT 

Climate Risk Assessments Implemented as a Web-Based Tool 
‘Coastal Biodiversity Risk Analysis Tool’- (www.cbrat.org) 

 

≤ 2016: CBRAT functions as a powerful 
ecoinformatics platform synthesizing 
biotic & environmental information on 
Pacific crabs & rockfish 
 
2017: Risk assessments implemented for 
crabs & rockfish and updated analysis of 
regional climate risks, including bivalves 
 

 

Presenter
Presentation Notes
The vulnerability assessment is implementation of the form of a web-based tool called CBRAT – the Coastal Biodiversity Risk Analysis Tool.  From the projects inception through 2016 CBRAT serves as a powerful ecoinformatics platform that synthesized biotic and environmental information. Taxa are released to the public upon data completion and verification.  
In 2017 the risk assessment functionality will be implemented starting with the crabs and rockfish, and progressing through other taxa with time. 
Please feel free to explore the website and ‘Sign Up’ for receive elevated access where you can view the ‘Risk Analysis’ features being developed.



METHODS  - Phases of Implementation 

Phase I: Synthesize biotic and environmental data at a species level 

Phase II: Generate rules and climate thresholds based on literature & workshops  

Phase III: Implement an algorithm-based risk assessment - uses biotic & 
environmental data-based rules instead of expert opinion  

CBRAT 

• Reduce biases 
 

• Increase transparency 
 

• Reproducible 
 

 

• Model different climate scenarios 
 

Advantages of Algorithm-Based Risk 
Assessments: 

Expert Opinion Based Algorithm Based 

Presenter
Presentation Notes
Methods are progressing in phases: Phase 1 Involves synthesizing large volumes of biotic and environmental data on individual species; Phase 2 Involves generating rules and climate thresholds from the literature and technical workgroups; Our current phase, Phase 3, implements an algorithm-based risk assessment which removes expert opinion from risk calculation, instead builds upon biotic and environmental data and the established set of rules. Advantages of an algorithm-based risk assessment is that it reduces biases, increases transparency, is reproducible and allows the user to run different climate scenarios (i.e. different SLR, pH, or temperature projections etc.) 




    METHODS – Algorithm Considers 2 Types of Risk 

 

Baseline Risks: Species traits related to population viability but not 
readily linked to specific climate drivers (e.g., endemic, habitat specialists). 
 

Climate-Related Risks:  Ecoregion-specific projections,  thresholds  
                                          compared directly to climate driver. 
 
 
 
 
 
 

Sea Level 
Rise 

Ocean 
Acidification Temperature 

Presenter
Presentation Notes
Our approach uses two types of risk to predict vulnerability – A BASELINE RISK considers a species life history and other biotic factors, for example…if a species is an endemic or a habitat or trophic specialist risk it’s risk would be increased, conversely, if a species has a wide distribution or is a generalist  it’s risk would be reduced. The second risk type is Climate Related Risk based on a species relative risk to climate change. The three stressors we addressed are SLR, OA and rising sea surface temperatures. 





                    METHODS  - Overview 

Historical  
Enviro. 

Conditions 

Habitat 
Thresholds   

Biotic 
Modifiers 

Relative Risk 
at ecoregion 

scale 

Projected 
Enviro. 

Conditions 

pH or Ω 
 

Temperature 
 

What habitats 
 

Depth within those 
habitats 

pH or Ω  
 

Temperatures 
 

SLR rates 

Establish taxa or 
habitat specific 
tolerances to 

stressors.  

Natural history 
traits, 

distributions, etc. 
modify climate 

risk  

Presenter
Presentation Notes
This slide very briefly describes the kinds of data that we use to establish relative risk for a species. (#1) we look at Historical environmental or Habitat conditions,  (#2) Use the Projected environmental conditions in ecoregions (#3) Determine specific habitat thresholds - how tolerant is that species or habitat to the projected stressor, (#4) use biotic modifiers to adjust the climate risk.  Specifically, (ADVANCE SLIDE) for OA we look at pH or Omega, for temperature we look at SST, for SLR  we use habitats occupied and habitat depth. (ADVANCE SLIDE) (#2) Projected pH or Omega values, temperatures and SLR rates, (ADVANCE SLIDE) (#3) Establish cutpoints for taxa or habitat  for each of the three stressors (ADVANCE SLIDE) (#4) Modify Climate risk according to RULES generated by natural history risk or resilient traits.  In the next few slides I will review how we generated specific HABITAT THESHOLDS and will present preliminary results based on these cutpoints.



 

SLR METHODS – Developing Habitat Thresholds 

Habitat /  
Threshold Class 

Increase/Minor 
 (Increase to -10% loss) 

Low 
 (-11 to -29% loss) 

Moderate 
 (-30 to -49% loss) 

High 
 (>50% loss) 

  Constrained  Unconstrained Constrained Unconstrained Constrained Unconstrained Constrained Unconstrained 

Rocky Intertidal   _ 
  400   _ 

 
800 

 
_ 
 1400 _ 

 
>1400 

  

Low Marsh 360 270 630 450 1440 1890 >1440 >1890 

Mangroves 750  _ 
  1150  _ 

  1600  _ 
  >1600  _ 

  

Submerged Aquatic 
Vegetation 540 1080 720 1440 900 1800 >900 >1800 

 Tide Flats 180 360 630 990 1260 1440 >1260 >1440 

Coastal Beaches 550 650 600 800 800 1000 >800 >1000 

Net SLR (mm) by 2110 associated with different % habitat loss at a regional scale 
 
 

Unconstrained=Inland migration of habitat not artificially limited  Constrained=Inland migration of habitat limited by structures; coastal squeeze 

Presenter
Presentation Notes
To determine different risk levels for SLR we estimated cutpoints based on SLR projections compiled from the literature for specific habitats. For instance a SLR increase of 1440 mm by 2110 would reduce low marsh habitat by 30 – 49% and would fall within the ‘moderate risk’ risk class; SLR more than 1440 mm would reduce the habitat by more than 50% and would fall under a high risk class.  The grey columns used constrained models and assumes that the habitat will not migrate inland due to dikes or other armoring. The white columns represent data from ‘unconstrained’ models and assumes the habitat is not artificially limited.   As you can see there can be large differences between the  constrained and unconstrained numbers.  The user can select constrained or unconstrained values when running an analysis.



             SLR - RESULTS 

Alaskan & Arctic Ecoregions:  
 

• Few or no crabs are ‘primarily’ 
intertidal in Arctic ecoregions 
 

• High potential for habitats to 
migrate inland 
 

• Isostatic uplift high in several 
ecoregions 

Geographical 
Pattern of Sea 
Level Rise Risk  

 

Across Ecoregions – 
using 8 mm/yr 

eustatic SLR 

Presenter
Presentation Notes
These results were generated using 8 mm SLR per year and are for the year 2110.  The fist number in the box is the number of decapod species with moderate or high risk per ecoregion. The second number is the total number of crab species that live in that ecoregion.  There appears to be a clear geographic pattern of SLR = LOW risk in the Northern ecoregions and increasing as you go SOUTH.  Factors that contribute to a lower risk in the north include the fact that there are few or no crabs that live in the intertidal and therefore are not very sensitive to SLR. Also the northern ecoregions have a high potential to migrate inland, and lastly there is high isostatic uplift in in northern ecoregions. 
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34 Studies 
25 Species 
177 Sig. Tests 

Response 
variables: 

• Behavior 
• Calcification 
• Development 
• Genetics 
• Mortality 
• Physiological 

• Paralithodes 
camtschaticus,  

       Alaska King crab  
 

• Chionoecetes bairdi, 
Tanner crab 

 

 

OA METHODS – Developing Taxa Thresholds 

Cumulative Percent effects experimental results - Decapods   

Presenter
Presentation Notes
For ocean acidification, specific cutpoints were derived from pH or Aragonite data, which ever is more biologically relevant to the taxa.  This example for Decapods shows the cumulative percent effects results from over 34 studies and 25 species.  We used 10, 15 and 20% as cutpoints for significant responses.  Because some species within each taxon appear very sensitive or, conversely, insensitive, we generated separate thresholds for these taxa. Two crab that were found to be particularily sensitive to reduced pH were the Alaska King crab and the Tanner Crab. The yellow table are our premilinary cutpoints for sensitive and standard crab.  We in the process of compiling similar experimental data for fishes and bivalves.






 

                                          Ocean Acidification -  RESULTS 

Regional Patterns of Risk to pH  
Decapods –  RCP 8.5 

Mod. Risk 

Low Risk 

Decapods with ‘standard’ tolerances 

Trivial Risk 

pH data CMIP5 downloaded from NOAA’s Climate Web Portal  

Mod. Risk 

High Risk 

Decapods sensitive to pH 

Presenter
Presentation Notes
Again we see a pattern of REGIONAL RISK – with higher risk in the NORTH and LESS Risk in the SOUTH.  The map on the right uses the more protective SENSITIVE cutpoints and the map on the right uses STANDARD pH sensitivity.




                     

                    Temperature METHODS 

BERING SEA: Predicted SST 
3.75° + 3.56° = 7.31°C 

NORTHERN CALIFORNIA: 28 year mean in Warmest Occupied 
Ecoregion 

 Minor Risk: 13.55-14.16 °C   (<1 SD from mean) 
 Low Risk:     14.17-14.78° C         (>1 SD from mean) 
 Mod. Risk:   14.79-15.40° C         (>2 SD’s from mean) 
 High Risk:   >15.41° C                    (>3 SD’s from mean) 

Ecoregional Thermal Window Approach  

Tanner Crab, Yearly SST, 
IPCC RCP 8.5, 2099 

 
• Compare Predicted SST to 

Ranges in Warmest Occupied 
Ecoregion 
 

• Assessment can be run for 
yearly, just summer, or 

     just winter temperature            
     increases – user defined 
 

Presenter
Presentation Notes
We’ve named our methods for estimating temperature cutpoints the ‘Ecoregional Thermal Window Approach’ because it compares predicted sea surface temperatures to ranges in the warmest occupied ecoregion.  The historical data used is based on based on a 28 year average of remote sensing data.  In this example for Tanner Crab: The yearly temperature mean SST for the Eastern Bering Sea is 3.75 degC, the projected yearly increase for the Bearing is 3.56 C ; the sum, 7.31, is then compared to the mean SST of the species warmest occupied ecoregion. The risk is then determined by the number of standard deviations the target ecoregion differs from the most southern SST temperature range.  
-The inference is that if the species can live in 13.55 degC water at its southern limit than it will have no or minor risk in the northern limit of it’s range even with increased STTs. 
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Thus, the temperature ranges in the WOE provide an ecological thermal “window” on the upper temperature limits. Using the temperatures in the historically warmest ecoregion to predict thermal ranges is analogous to the use of “environmental matching” between a species’ native range (donor region) and nonnative range (recipient region) as a component in invasive species risk assessments 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Remote sensing SST data from an analysis of the Advanced Very High Resolution Radiometer (AVHRR) data

Alternate Approach – includes depths - Biogeographical Thermal Limit Approach (BTLA)
Comparison of predicted temperatures to historical mean in the “warmest occupied ecoregion” and “next warmest unoccupied ecoregion”
		Air Temperature		
		Sea Surface Temperature
		30 m depth
		100 m depth

(Payne et al., 2011; http://pubs.usgs.gov/of/2010/1251/) while the data for the Arctic ecoregions are available in another report (Payne et al., 2012b; http://pubs.usgs.gov/of/2011/1246/). 
Predicted yearly, summer and winter SST increases for the 8.5 RCP by ecoregion were derived from CMIP5 downloaded from NOAA’s Climate Web Portal (http://www.esrl.noaa.gov/psd/ipcc/ocn/) 




 

                              Temperature RESULTS 

High Risk 
N. California 

Low Risk 
Pacific Fjords & Puget 

Moderate Risk 
Oregonian 

 
 
 
         

                

        

= No/Trivial Risk 

= Moderate Risk 

= Low Risk 

= High Risk 

    

Chionoecetes bairdi  (Tanner Crab) 

Summer SST,  
RCP 8.5 
Risk in 2099 

Presenter
Presentation Notes
These temperature results are for the Tanner Crab in the year 2099.  As the map suggests there is a geographic pattern of risk with LOWER risk in the NORTH and HIGHER risk in the SOUTH.



                  Temperature - RESULTS 

0 / 3  

36 / 133  

0 / 7  

0 /14   
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0 /35   0 /29   

7 / 139 
65 / 296 

Temperature Risk 
Analysis Yearly  
SST  - RCP 8.5  

• Risk largely limited to 
southern most occupied 
ecoregions 
 

• Best case scenario for 
northern ecoregions 
 

• In U.S., 47 of 152 crabs (31%) 
are classified at risk in at least 
one ecoregion. 

 
  # of Crabs with High or Mod. SLR Risk / 
                                                         Total Crabs   

5 / 43  

6 / 63 

Presenter
Presentation Notes
In the results, we show all the crab species with a HIGH or MODERATE risk in the North East Pacific region. The first number is compared to all the species that live in that ecoregion.  Over the span of the North East Pacific, RISK is very LOW in the northern ecoregions and increase as you progress SOUTH. We estimate the 31% of NEP crabs would be classified at RISK in at least one ecoregion.



Overarching Conclusions:  

• Climate change associated with an RCP 8.5 emission scenario will 
result in moderate to high risk in over half the crabs in U.S. Pacific 
waters in at least one ecoregion. 

  

• Algorithm risk assessments are a practical and rigorous approach to 
assessing relative risk for large number of species at a regional scale. 

  

• Strong geographical and taxonomic patterns to risk evident. 
  

• Distribution and migration rates of warm genotypes may be key for the 
potential of species to adapt to increased temperatures in the northern 
limit of their range. 



Climate Change is Likely to Have Multiple Impacts  

on Near-Coastal Species & Ecosystem Services….. 
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