Meeting Report
NOAA Ocean Acidification Research Planning Meeting

Seattle, WA 15 January 2008

An ad hoc ocean acidification research planning meeting was held in Seattle, Washington on January 15, 2008. The meeting goals were:

· Review NOAA Ocean Acidification research goals and compare these goals with regional laboratory plans and identify any gaps

· Identify inter-laboratory requirements 

· Discuss strategies for integration of extramural and intramural research activities

· Organize an ad hoc Ocean Acidification Planning Team to continue the planning and integration of NOAA research

· Discuss approaches for integration of NOAA research goals with those of other federal agencies
Several NOAA components participated including OAR (Pacific Marine Environmental Laboratory, Atlantic Oceanographic and Meteorological Laboratory), NMFS (Alaska, Northwest, Southwest, Pacific Islands, Southeast and Northeast Fisheries Science Centers), NOAA Coral Reef Conservation Program, NESDIS Coral Reef Watch, NOS and the NOAA Program Coordination Office. The meeting was organized by Richard Feely (PMEL), Mike Sigler (AFSC) and John Stein (NWFSC).

This report is organized into four sections:

· Background

· Agenda

· Participants

· Meeting notes

Background: Since the beginning of the industrial revolution the release of carbon dioxide (CO2) from human activities has resulted in atmospheric CO2 concentrations that have increased from approximately 280 to 385 parts per million (ppm). The atmospheric concentration of CO2 is now higher than experienced on Earth for at least the last 800,000 years and probably over 20 million years, and is expected to continue to rise at an increasing rate, leading to significant temperature increases in the atmosphere and oceans in the coming decades. The oceans have absorbed approximately 525 billion tons of carbon dioxide from the atmosphere, or about one third of the anthropogenic carbon emissions released. This absorption has benefited humankind by significantly reducing the greenhouse gas levels in the atmosphere and minimizing some of the impacts of global warming. However, the ocean’s uptake of carbon dioxide is having negative impacts on the chemistry and biology of the oceans. Hydrographic surveys and modeling studies have revealed that the chemical changes in seawater resulting from the absorption of carbon dioxide are lowering seawater pH. The pH of ocean surface waters has already decreased by about 0.1 units from an average of about 8.21 to 8.10 since the beginning of the industrial revolution. Estimates of future atmospheric and oceanic carbon dioxide concentrations, based on the Intergovernmental Panel on Climate Change (IPCC) CO2 emission scenarios and coupled ocean-atmosphere models, suggest that by the middle of this century atmospheric carbon dioxide levels could reach more than 500 ppm, and near the end of the century they could be over 800 ppm. This would result in an additional surface water pH decrease of approximately 0.3 pH units by 2100. When CO2 reacts with seawater, the reduction in seawater pH also reduces the availability of carbonate ions, which play an important role in shell formation for a number of marine organisms such as corals, marine plankton, and shellfish. This phenomenon, which is commonly called “ocean acidification,” could have profound impacts on some of the most fundamental biological and geochemical processes of the sea in coming decades. Some of the smaller calcifying organisms are important food sources for higher marine organisms. Declining coral reefs due to increases in temperature and decreases in carbonate ion would have negative impacts on tourism and fisheries. Abundance of commercially important shellfish species may also decline and negative impacts on finfish may occur. This rapidly emerging scientific issue and possible ecological impacts have raised serious concerns across the scientific and fisheries resource management communities. The 2006 reauthorization of the Magnuson-Stevens Act calls for a National Research Council (NRC) Review of how ocean acidification may affect fisheries. This planning meeting supports NOAA planning for ocean acidification research and the Ocean Acidification Planning Team will provide documentation for the NRC review.
Ocean Acidification Planning Meeting Agenda

January 15, 2008, 8:00 am – 5:00 pm Pacific time

NOAA, 7600 Sand Point Way NE, Bld. 3, PMEL Conference Room


	Time
	Item
	Person(s)

	8:00
	Introduction and workshop goals

· Internal communication of planned research

· Identify program goals

· Plan research that provides substantial support for the Ocean Acidification alternative
	Feely, Sigler, Stein

	8:15
	Overview of NOAA ocean acidification research alternative
	Gledhill, Jewett

	Institutional overviews (communicate planned research)

	8:35
	Alaska Fisheries Science Center overview
	Short, Foy

	8:50
	Northwest Fisheries Science Center overview
	McElhany

	9:05
	Southwest Fisheries Science Center overview
	Stein

	9:20
	Pacific Islands Fisheries Science Center overview
	Brainard

	9:35
	Southeast Fisheries Science Center overview
	Miller

	9:50
	Break
	

	10:05
	NOAA Climate Program Overview
	Feely

	10:25
	Coral Program overview
	Eakin, Brainard

	Program Components discussion (identify program goals)

	10:45
	Monitoring Program discussion

· Ocean monitoring methods

· Experimental conditions monitoring
	Sabine, Short

	11:45
	Lunch
	

	1:00
	Species-specific Effects (shellfish, coral, calcareous plankton, fish) discussion

· Focal species

· Responses
	Sigler

	2:00
	Physical and ecosystem modeling

· Climate scenarios

· Predict ocean conditions

· Predict fisheries responses
	Feely, Dalton

	2:45
	Break
	

	Integration discussion

	3:00
	Strategy and Timeline (FY09-13)
	Gledhill

	3:15
	Program Goals
	Feely

	3:45 – 5:00
	Program Integration (How do we work together on the major goals? What do we need from each other? Role of extramural programs.)

· Species-specific effects and ecosystem modeling

· Monitoring program
	Sigler, Feely, Stein

Stein 

Feely
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Summary of presentations
I. Introduction to PMEL (Eddie Bernard)

a. Welcome and PICO buoy description

II. Introduction and workshop goals

(Richard Feely)

a. Program Goals: Who’s doing what, what questions do we need to ask?

b. How NOAA’s program will fit into the US ocean acidification research program overall
i. NRC report

ii. Ocean Carbon and Biogeochemistry Program (U.S. interagency planning group, coordinates all US ocean carbon research)
iii. Six Federal agencies (NOAA, NASA, NSF, USGS, EPA, USFWS) working together to develop a US plan for OA research. 

iv. NRC Study on Ocean Acidification: Development of an Integrated Science Strategy for Ocean Acidification Monitoring, Research, and Impacts Assessment. The terms of reference for this study have been given to the Ocean Studies Board and planning for the study is underway. 
v. Working through the IOCCP, SOLAS, IMBER at the international level
c. Ocean acidification

i. Understanding the changing calcification rate 

ii. CO2 ocean chemistry (from aragonite and calcite saturation depths)

iii.
Biological impacts on corals, plankton, shellfish and fish

iv.  Standardization of methods for chemical and biological studies
Meeting goal: 
*Discuss how to find the tipping point, where organisms respond to calcification.

a.
Aragonite saturation state levels – calcification in tropics may decrease by 30% over next several decades

b. Critical species\ecosystem implications

· Survival rates across taxonomic groups

· Ex: pteropods make up 60% of pink salmon diet. What if pteropod abundances decrease?
· Net reef accretion rates may become negative

· Community structure may change significantly (e.g. reduced CCA recruitment)
· Legislation

· Senate and House bills: Federal Ocean Acidification Research and Monitoring Act = FOARAM Act of 2007 (NOAA takes the lead on interagency planning, coordination)
· The Senate bill has passed out of the Commerce committee.
Meeting objectives:

1. Review NOAA Ocean Acidification research goals, compare with regional lab plans, identify gaps
2. Inter-lab requirements

3. Recommended strategies for coordination outside the agency

4. Organize Planning Team

5. Discuss integration of NOAA research goals, and other Federal agencies

i. Climate Goal Team

ii. Ecosystems Research Program
III. Ocean acidification initiative (NOAA FY10-14)

(Dwight Gledhill, Libby Jewett)

· The NOAA-wide level outcomes that have been identified for the FY10 – 14 Integrated Ocean Acidification Initiative (multiple program alternatives advanced as part of the PPBES process) are as follows:

· To provide the NOAA user community with a comprehensive characterization of the threat ocean acidification poses to marine ecosystems;

· The monitoring capacity to quantify and track ocean acidification and its impacts in oceanic and coastal systems;

· An improved ocean acidification forecasting capability to provide stakeholders with the capacity to proactively and appropriately respond to ocean acidification.

· The original initiative that was proposed for FY10 sought $15M with a heavy emphasis on threat assessment and monitoring.  In the out years, more emphasis would be placed on forecasting and outreach as the requisite data was made available through the early research and monitoring efforts.

· What remains of the full initiative has been bundled into a larger Climate Services initiative and placed “above core” meaning that it would require new $’s directed to NOAA.

· We should watch the progress of the FOARAM Act closely as it would authorize NOAA to fund the activities proposed in the initiative.  However, authorization is not the same thing as appropriation. 

· The development of the initiative relied heavily on the guidance offered by the Impacts of Ocean Acidification on Coral Reefs and Other Marine Calcifiers (http://www.ucar.edu/communications/Final_acidification.pdf) and other reports. 

· The first attempt at an integrated initiative occurred during the FY09 PPBES process and reached across three NOAA Goals and four programs.  This initiative sought to provide extramural funding for basic research on the physiological impacts of OA, fund the development of advanced OA technologies and the deployment of these systems for OA monitoring in both coral reef and pelagic systems.  It also would have provided funds for geochemical modeling.  The initiative was unsuccessful a procurement of new funds due primarily to the very restrictive funding regime. 

· The FY10 initiative built off the efforts of the FY09 and represented a more comprehensive approach (although gaps still remain that should be addressed in the FY11 process).  This initiative was developed across the Climate and Ecosystem Goals with three participating programs within the Ecosystem Goal (EGT).  These programs are the: Ecosystem Research Program (ERP), Coral Reef Conservation Program (CRCP), and the Ecosystem Observations Program (EOP).

· Budget 15 m in FY 2010 (6.09-threat assessment, 6.69-monitoring, 1.7-forcasting, 0.57-outreach), rising to 23 mill in FY 2014
· Rather than advancing an alternative (i.e. seek new moneys), the Climate Goal has instead elected to reprogram existing funds in support of an OA observing network.  This network would in most cases augment existing carbon platforms to accommodate a second CO2 parameter which would allow for full characterization of the carbonic acid system.

· The EGT EOP (POC = Ned Cyr) alternative seeks funds in support of physiological research (primarily in house), understanding the impacts on NOAA protected resources (primarily pelagic), forecasting socioeconomic impacts, and ship surveys of impacted species.  Broad implications of OA on marine food web (focus on observations and modeling). The program will fund a wide variety of physiology work across taxa (i.e., most of the work described for the NMFS Centers).
· The EGT COR (POC = Dwight Gledhill) would provide for monitoring and threat assessment specific to coral reef ecosystems.  The monitoring approach would couple processes studies with observing platforms and remote sensing techniques to evaluate the susceptibility of these systems to OA and monitor changes in community structure in response to OA.

· Extramural vs. university: this is a problem to break these two apart (because they’re both extramural)
· Oceans and Human Health Act requires that 50% of the appropriated funds will be given to entities outside of NOAA: However, the language of the Act did not recognize funding of external collaborators by the NOAA Centers of Excellence in OHH as part of the 50%.  Only those funds distributed by an RFP counted against the 50% criterion.  Thus, in fact more then 50% of the funds is going to entities external to NOAA.  

· Partnerships between NOAA and universities (such as the OHH centers funded by NSF NIEHS) and actual independent grants to universities should be structured to count toward 50% extramural requirement of the FOARAM Act. 

· The COR alternative was advanced in a somewhat different fashion than that of the other programs.  It actually represented a broader climate alternative that encompassed not only OA but also coral bleaching.

· The EGT ERP (PCO = Libby Jewett, Dwight Gledhill, Felipe Arzayus, David Scheurer) serves as an important synthesizing and gap filling role.  It (EGT/ERP/OER) would oversee the development of the advanced technologies that would be used in the monitoring efforts advanced by COR and Climate.  It (EGT/ERP/NCCOS) would support competitive research on impacted ecosystems leveraging other program activities and provide for ecosystem modeling.  ERP/NCCOS would synthesize the cross-NOAA activities into regional assessments and ERP/SG would oversee the dissemination and outreach of these reports. 
Individual Laboratories – overviews of programs

IV. Alaska Fisheries Science Center (AFSC), Ted Stevens Research Institute (TSMRI, Jeff Short – Juneau)

1. Vulnerabilities and challenges

a. Alaska is at high risk for OA

b. King crab study, potential changes for crab survival



Mechanism: how do shellfish/crab create calciferous shells?

c. Cold water corals: aragonite structures. Basic biology/ecology of these organisms not known. Often provide important habitat.

2. Research capabilities

a. Kodiak lab: 2,300 ft sq wet lab

· shellfish culture expertise

· closest to ocean conditions

b. TSMRI lab: 2,100 ft sq wet lab

· Chem. Lab, 6 chemists, high precision salinometer, coulometric titrator, ion chromatograph, total alkalinity titrator, spectrophotometer 
c. Newport lab: 20,000 ft sq wet lab

· fish behavior expertise and dosing design

d. Sand Point: no wet lab, but ecology, economic modeling and molecular markers

3. Research agenda


a. Characterize calcium carbonate dependence of shellfish and corals

b. Develop static and flow, through dosing methods

i. Bio-assay systems, monitoring

c. Larval and juvenile king crab sensitivity to CO2 concentrations (repeat the 2006 study)

i. Already were repeated in 2007 with wider range of pH levels

ii. Want to model pre-industrial conditions

iii. Objectives: morphological changes assessed, composition, calcium content of larvae, CHN before and after.

iv. Artificial seawater: control for pH

v. Dosing chambers, design almost finished.

d. Extend crab study to other species of crab and shrimp (blue + golden king, tanner, snow crab)

e. Modeling efforts, integrate species-specific measurement with ecological and economic modeling to provide predictions and life history studies that get at economic impacts, and compare with e.g. King crab distributions in Bering Sea

f. Longer term: 
i. Link lab and field process

ii. Molecular markers

iii. Develop coastal monitoring of seawater – in the region
V. Northwest Fisheries Science Center (NWFSC, Paul McElhany)

1. Ocean acidification research at NWFSC - How will ocean acidification affect Pacific Northwest ecosystems that are at risk of OA?

a. Inform need for reductions in emissions

b. Assess risk to fisheries and endangered species

2. Addressing the question
a. Predict future ocean CO2 chemistry

b. Lab experiments on species response (dose response)

c. Model ecosystem response 
d. Mesocosm experiments to test ecosystem predictions
3. Predicting future ocean

1. Global ( local. Puget Sound: regional effort to understand the carbon budget, and other efforts that are related to OA
2. Monitoring at a local scale

4. Puget Sound pH variation

a. Large variation over 10 yr period at 2 different sites in Puget Sound

b. Sediment saturation states

i. Investigate undersaturation 

5. Testing organism response (John Colt)

a. Treatment system designs (pCO2 manipulation, temperature variation NOx and SO2 likely to affect pH?)

b. Need control, standardization of pCO2, pH, carbonate chemistry in experimental design, calcification methods, etc. 
c. Pilot research organism: geoduck 

i. Calcification rates – mussels and oysters (mussels decline more – made of aragonite shells)

d. Select organisms for study based on suspected vulnerability and ecological importance

i. Likely candidates: echinoderm larvae, planktonic crustaceans, juvenile fish

6. Facilities: Montlake (wet labs, physiology and biochemistry labs, ecosystem modeling, Manchester (seawater exposure, large tanks for mesocosm work), Mukilteo (seawater exposure systems) 

7. Ecosystem modeling:

a. Initial modeling in Puget Sound – case study of nearshore system
b. Build on Puget Sound Integrated Ecosystem Assessment effort (Ecopath with Ecosim (EwE), Atlantis, Versatile Ecosystem Model)

i. Versatile Ecosystem Model (VEM) – track functional groups over time and location

8. Testing ecosystem response (mesocosm tests)
9. Timelines and work plans: 

a. Early discussions on baseline and future conditions in Puget Sound – work with PMEL, UW-Applied Physics Laboratory

b. Conduct bivalve pCO2 treatment experiments spring 08, 
c. Ecosystem modeling effects of OA EwE 2008; VEM 2009

d. mesocosm to come later

Discussion: - fish possibilities: zebrafish as model system, rockfish as first PNW test species; need for standardization of CO2 treatment protocols
VI. Southwest Fisheries Science Center (SWFSC) (John Stein stood in for Jonathan Phinney)

· Focus: take advantage of field studies (e.g., cruises to Antarctica)

1. California Current – CalCOFI survey and historical samples

2. Existing and historical biological samples

a. Existing ETOH: bongo net since 1997

b. Historical ETOH samples: pteropod samples for 1955 – 1958

i. Water samples

ii. Want to reinstitute the measurements, will likely require supplemental funding

3. Economics of OA in California Current

· Will need some models to forecast ecological effects of OA (especially on fisheries)

4. Krill, pteropod, zooplankton samples for OA analysis

5. Next possible steps: 

c. Pteropod samples (High priority)
d. CalCOFI lines (Medium priority)
e. OA economics – develop ecological forecast (Low priority)
f. Directorship changing (may affect research priorities)
Discussion:

· CalCOFI – zooplankton cruises. Collaborative. Scripps, others. Alkalinity measured on and off.
· Eastern Tropical Pacific samples: this could be a priority dataset, since this area already has low pH levels. (Note ETP cruises are every 3-5 years and the existing hydrologic surveys are limited to water profiles of chlorophyll, temperature and salinity. Alkalinity sampling would need to be added and there is no trained personal to collect them at this time. Lisa Balance is the PRD Director). 

VII. Pacific Islands Fisheries Science Center (PIFSC) (Rusty Brainard)

· PIFSC Responsibilities – 

a. 1.4 million sq nautical mile Exclusive Economic Zone

b. Large area of highly migratory and protected/endangered species in international waters

c. Freely associated states, including Republic of Palau, Federated States of Micronesia, and Republic of Marshall Islands

1. OA Plan

a. Primary near-term focus on coral reef ecosystems; longer term expansion to pelagic ecosystems of central and western Pacific
b. Conducting baseline assessments of seawater chemistry, planning stages of methods to determine ecological impacts, future ecosystem modeling

c. Carbonate chemistry for seawater and across gradients (biogeographic, environmental, oceanographic, and anthropogenic)

d. Experimental studies – ecological responses to controlled acidification conditions
e. Ecological impacts of acidification – broad spatial and temporal trends

f. Modeling – to predict ecosystem responses

2. Pacific Reef Assessment and Monitornig Program (RAMP)

a. Biennial integrated ecosystem observations at ~50 U.S.-affiliated Pacific islands and atolls (many remote, uninhabitated and protected areas)
b. Monitor seawater/acidification as part of this already ongoing ecosystem monitoring

c. Deepwater and closely-spaced nearshore CTDs and water sampling around each of these island/atoll ecosystems- to determine where metabolic monitoring stations should be deployed.

d. Permanent oceanographic moorings: 229 instrumented moorings across diverse gradients (oceanographic, environmental, biogeographic, and anthropogenic)  

a. Carbonic chemistry measurements around American Samoa from 2006 (Mean Alkalinity and DIC) found high variability between surface and 30 m depth and offshore/onshore gradients. Nearshore appeared to be caused by precipitation runoff.  Snapshot observations, need time series to be able to isolate what was happening. 
3. Plans for Pacific RAMP in 2008

a. Latitudinal/habitat gradients

a. Offshore (pelagic) to nearshore gradients – need more data, info. Nearshore is highly variable.

b. Seawater carbonate chemistry. Across habitat gradients: coral, crustose coral/algal habitats, sandy habitats

c. Rapid ecological assessment surveys

i. How are ecological conditions changing over time?

ii. Community structure of corals, inverts, algae, and fish, including abundance, density, size class, species richness, diversity, etc.

d. Sclerochronology – changing calcification rates in different taxonomic groups (corals, coralline algae, calcareous inverts? 
i. Coral cores, in situ ultrasound or x-ray(?), isotopic analysis (dating), dye markers, and autonomous reef monitoring structures (ARMS) to determine diversity and calcification rate changes. 

4. Naturally occurring shallow water hydrothermal vents in Marianas Archipelago

a. Observing network to look at vents at Maug caldera

b. Water samples at venting sites found very low pH (~6.1 pH units). Biological sampling simultaneous – use this as a proxy to test what reefs may be like in acidifying ocean

5. Options for coral reefs: HIMB experiments. Doubled CO2 resulted in:

a. 16 % reduced calcification in Montipora capitata
b. 78% reduction in recruitment of crustose coralline algae

VIII. Southeast Fisheries Science Center (SEFSC – Margaret Miller)

· All potential, hypothetical

· Local collaborators: potential to fill gaps

· Organismal responses

· Atlantic/Caribbean tropical species

· Early life stages: fishes, corals – broadcasting species, ESA listed spp of corals

· Initial collaboration with Langdon lab RSMAS

1. Brooding species, Porites astreoides

a. Significant impact on settled spat. 
b. Want to extend these experiments: Langdon’s flow-through mecocosms

2. Fishes (grouper/snapper) – possible species studies 
3. Fish larval exposure – also would offer opportunity to validate otolith deposition rates
4. Direct and indirect effects to fish – need to examine effects on important prey to get reasonable expectation of actual indirect trophic impacts on fisheries
5. Species interactions: e.g., hogfish eat urchins and mollusks

6. Misc organisms: could do studies with: 

a. Halimeda tuna – could be examined in lab studies but also as tractable functional measurement in reef field studies (e.g. La Parguera or Molasses reef test sites)
b. Benthic Forams (symbiotic vs. aposymbiotic spp could be compared)
c. Small crustaceans (urchins, amphipods)

7. Local deep corals – need to review material available, could be good targets

8. Concerns

a. Coral health and disease – CO2 can induce a disease response in some corals? 
b. Toxicity and changes of metals, mobilizing metals in the systems (especially fish, mammals, higher trophic levels)

c. Good physiology needs to be incorporated

Discussion:

· Foramniferan decreases are happening already

Northeast Fisheries Science Center (NEFSC – Andy Draxler)
1.  Continuing multidecadal monitoring of parameters that define the fundamental niche of marine fish species

a. Maintaining a habitat database paralleling the longest series of fish distribution data in NMFS (>40 years),

b. Currently generating 2000 CTD casts per year on six surveys,  

c. Eight years during 1970s of pH and alkalinity in the euphotic zone,
d. Seeking to reestablish pH and alkalinity measurement program

2.  Global Climate Change is predicted to increase stratification on the continental shelf 

a. 
Stratification will increase seabed respiration products in bottom water layer, where many resource species reside, 

b.
Expect CO2 to increase and dissolved oxygen to decrease as a result,

c.
OA in demersal zone expected to interact with more frequent and severe hypoxia, with both lethal and sublethal consequences,

d.
Studies planned for 2008 in the MABight (Ecosystems Processes Division)



i. Detailed definition of species distribution as related to habitat 


    
    factors including bottom and hydrographic features to better 



    characterize fundamental niches,



ii. Development of techniques for differential pH and DO measurements 


    near the seabed

3.  Projecting responses of phytoplankton communities (Gary Wikfors, Milford)

a.
Determine pH optimum for selected microalgal strains representing major Classes,

b. 
Pair-wise competition experiments between strains in varied pH conditions,

c. 
Conduct experiments to assess competition in multi-species phytoplankton communities constructed from cultures at experimentally-varied pH,

d. 
Determine competition outcomes for natural phytoplankton communities under experimentally-manipulated pH conditions

4.  Multi-species habitat-climate-fisheries resource forecasts (Jon Hare, Narragansett) 
a.
Regional approach resource forecasting based on multidecadal fish and environment data sets, 
b.
Providing forecasts (verified with hindcasts) for “indicator species”,

c.
Forecasting is linked to fully integrated regional climate model, 

d.
Developed for cod, lobster, Atlantic croaker as guild representatives,

e.
Designed to provide managers with periodically updated predictions.

5.  Facilities and resources:  Narragansett (seawater exposure systems 6 shelf-wide surveys per year) Milford (algal culture facility with over 200 strains; flow-cytometry lab), Sandy Hook (seawater exposure systems, chemistry labs, homeport for R/V NAUVOO), Woods Hole (homeport for R/Vs HENRY C. BIGELOW and DELAWARE II).    

IX. NOAA Climate program overview (Richard Feely)

1.   CLIVAR/CO2 Repeat Hydrography Program

2.   NOAA Underway pCO2 Measurements Program

· Seasonal maps of pCO2 distributions – autonomous surface measurements using NOAA and volunteer ships

· pCO2 moorings - vision: 20 moorings globally to monitor uptake of CO2
· outfit with 2 or 3 carbon parameters

-     PAPA – in WA, is already in place with researchers from UW (pCO2 air, pCO2 

      seawater, pH; first OA mooring)
-    Coastal systems: moorings, one in Kaneohe Bay now; these moorings are different 

     from coral reef monitoring sites
· Monitor in place coral calcification process

· Available: Guide to Best Practices for Ocean CO2 Measurements. Addresses the critical issue of the development of standardized protocols for acidification experiments, which is extremely important for scientifically defensible OA research.
· Also need biophysical indicators of health and ecosystem models. Showed list of carbon system feedbacks that need to be better understood.
3.   Program goals:

a. Climate and Ecosystems programs (CL/CLE)

i. Monitor OA changes in open ocean and US territorial marine systems

ii. Model OA and its feedbacks to the climate system
Discussion:

1. Are moorings adequate for places like the Bering Sea?

a. Yes, this is critical to evaluate: site specific systems, modified for local conditions or fisheries.

2. The Caribbean Sea is not covered?

a. Nothing is set yet, and the system is intended to be entire. We will need nested models, local adjustments.

X. Coral program overview (Mark Eakin)

· Wide range of coral reef threats (Kleypas and Eakin, 2007)

· Two global threats:

a. Climate change/bleaching

b. Ocean acidification

· Among 10+ other threats are primarily local, but widespread problems

· GEF/World Bank coral reef study
1. Coral bleaching: effect from rising temp

a. Most of coral food comes from photosynthesis. Raise temp and stress sets in, corals expel algae that are the food source, and corals can die

b. Temp and CO2 may have synergistic effects

a. Extreme thermal effect + bleaching in Caribbean

b. Temperature fluctuations are large (from Antarctic ice cores) but CO2 range is pretty small

c. Rates of change in atmospheric CO2 – this has now become so drastically changed

· Thresholds in two directions

a. Ion concentrations (carbonate) – where reefs can maintain themselves against erosion and dissolution

b. Temperature threshold

2. Report on OA priorities 

a. Coral reef program 
i. Characterize coastal carbon environment

ii. Approach: time series stations. Test beds ( permanent
iii. One testbed in La Paguera, Puerto Rico. Second test bed in Hawaii, currently operating in Kaneohe Bay. 

iv. Identify key processes and ecosystem impacts: Recent work from HIMB showed a 10X decrease in crustose coralline algae recruitment at 2X CO2.

v. Spatial, satellite tools, ecosystem observations
b. Need more localized tool development, the global maps of calcification don’t show some critical coral habitats (Caribbean, Coral Triangle, Southeast Asia)

· Caribbean: using satellite data, in situ data, and models to project past, monitor ongoing chance, and predict future

3. Research needs: ecosystem effects, food webs, competition

a. Decreased calcification with increasing ocean CO2
b. Three options: grow more slowly, build more brittle skeleton, divert energy from other processes

· Looks like grow more slowly…no sign of organismal response to reallocation of energy/resources

c. Bioerosion may increase with rising CO2
· Will influence the biological community in many ways

4. Identify Management responses

5. Reef managers guide to coral bleaching guide

· What would a similar guide be for “reef manager’s guide to ocean acidification”?

a. CO2 sequestration and release of bicarbonate rich waste water as a local mitigation (advanced weathering of limestone or AWL)
Discussion:

1. Are people looking at river chemistry and CO2 compositions?

a. Yes, but not well known. Most estimates suggest more local pollutants (acid precipitation) are far more important.  Should look into this.
Discussion sections

XI. Monitoring program discussion (Sabine, Short discussion leads)
· Challenge: complicated chemistry. 
· Guide to best practices for ocean CO2 measurements
1. Four measureable parameters:

a. DIC – high difficulty, high cost, storage <3 mo

b. ALK – medium difficulty, low cost, storage <6 mo

c. pH – low difficulty, medium cost, storage <2 hours

· sensors finicky

d. pCO2 – very high difficulty, medium/very high cost, <24 hour storage

2. Four systems available. Pros and cons of each.

a. Sami pH sensor

· pH strongly covaries

· some systems coming to be able to measure all for 

3. Questions for discussion:

a. Should we be thinking about one or two “central facilities” where people can pay per sample to have carbon samples analyzed?
b. What do we need to monitor (where)

c. What tools do we have/need?

d. What can we do now/long term?

Discussion:

1. When MAPCO2 system is deployed, who handles it?

a. 14 systems in the water

b. All data are transmitted to PMEL. Data available next day, online. PMEL processes data.

c. Physical maintenance done by local people

d. PMEL sends new/repairs equipment at PMEL

e. Communication via satellite, controls via satellite

f. $25K to build one deployment, mooring (mooring + CO2 system = $50K), plus time to deploy and people to process the data and buoy

2. What is the recommendation for the second carbon measurement?

a. CTD = $10K

b. Sami pH (only other instrument available)

c. $20K for addition to Mike’s system

d. pH is the worst choice because it co-varies with CO2 so strongly (largest uncertainty)

e. Ideally: pCO2 and Alkalinity. But few people work on this, and easier to use DIC, could come online within 1 year (but this is expensive)

· Can already be done onboard a ship

f. Moorings are the goal

· 60 lbs of D-cell batteries will run the mooring for 400 days

· Solar panels could be used

g. Calibration gas for moored pCO2 sensors - same procedures as for global atmospheric measurement program (e.g. Mauna Loa record) – almost 2 yr lifespan on buoy gas.

h. Coastal vs. open ocean moorings are VERY different. We really need to measure the different responses. Varies by orders of magnitude.

3. Managers need information to be able to manage coastal areas, so should we monitor in the open ocean, but so as to inform coastal management?

a. Coastal moorings and vessels, so we can tie temporal (moorings) to spatial (ships)

b. Bering Sea: no dedicated CO2 measurement program

i. Only practical way to do this is with moorings

4. These measurements are all point measurements. Variability? How can we measure spatial/temporal components as well? Drifters that cover a basin?

a. The types of changes we’re looking for are still very small, so precision (fixed sensors) is important now. 
5. How can we distinguish between anthropogenic vs. natural inputs?

a. Accuracy is critical for validity

b. Augment the super – high precision measurements, with sensors that cover a larger spatial scale? This would help characterize the trends?

i. This is a problem for local variation: example from Puget Sound. 
6. There are many pH sensors available, so what are we measuring?

a. Accepting lower precision: bring in satellite information. Temperature, wind driven changes. Synoptic view from satellites.

7. What else do we need to measure on the reefs?

a. Species/diversity changes (community structure);  

b. Reef level – net reef accretion. Carbonate budgets. We need enough information to make carbon budgets for the entire reef.

c. Metabolic processes (relative rates of photosynthesis vs. respiration vs. calcification)

d. PAM fluorometry – individual organismal level responses by photosynthesizers
e. Time series to look at calcification over time

8. What ancillary products could we produce that would also help the managers?

9. Vertical structure? How much does it matter where in the column we make our measurements? Real time? Subsurface (easier for shallow water wave environments). Where would these be deployed?


a. Bering, Caribbean, Pacific have been suggested

b. Aleutians: cold water corals – very important for fish habitat and to local cultures

i. Not as much research complete, and interest

c. But the Coral Program is interested, just at a smaller scale than tropics

10. With the reauthorization of Magnuson-Stevens Act, look at it from a fisheries perspective. 
a. This implies: need is still there for a subsurface moorings and process studies. 
b. So need to know what kind of calcification rate you can measure with each type of system. Until we have a better idea of what we can measure, we shouldn’t deploy everything.

c. But we also need spatial information. And if cruises are already going out for fisheries…this could be a useful way to get a better picture. 
d. But we still don’t know whether the deep corals are aragonitic or calcitic. So Arctic and Bering seas are totally unknown and we need to look there.

11. If we invest in buoys, plus grab samples – does this approach help the accuracy and the problem of covariance between pH and CO2? 
a. Might, but more likely help to get the vertical column information

12. What frequency do you need?
a. Depends on the system and the local system. 

b. Here in WA, mooring at an upwelling locale and it wildly fluctuates so need high frequency.

13. Is it useful for coastal labs to establish daily monitoring (one point)?

a. Yes, but needs to tie into larger area and larger spatial extent.

14. Center for Biological Diversity asked States to declare that coastal waters are harmed because of ocean acidification and to re-issue a new criterion for pH. But few States have a historical database for pH in their coastal waters!

a. So what level of effort would be useful for this?

15. Seward, Juneau, Kodiak? Is that enough/worth doing for the investment involved?

a. Yes, need to start somewhere – but would be better to have an idea of NOAA’s long range plans are so we could know where to put some sensors for a time series. Out in the Bering Sea, for example, the moorings are already there.

b. But would it be useful to have these coastal moorings?

· Seems more useful to have offshore, strategically located (if you have to choose), otherwise have both.

16. What frequency should we be sampling at to understand the trend?

a. Every mooring has different variability over different scales (can vary up to the period of a season!). So what IS the temporal resolution necessary?

b. CO2 gas exchange slow (~1 yr)

c. Depends on primary controls of the system

d. Bi-varying modes of the biological system

e. Having both types of buoys/monitoring (precise and drifters) would be good

XII. Experimental

1. When should we use synthetic vs. natural seawater?

a. Why use artificial seawater? Comparability. And some necessary instruments for measuring seawater chemistry are not available at all facilities. So more than that, it is easier to just measure pH.

b. For a large scale mesocosm, can use a pH sensor

2. Should we be measuring pH, CO2, or…?

a. Does CO2 take care of all of the changes in the exchanges/organisms? Flow through system might just give you a piece of the puzzle that is not captured?

3. Bubbling process strips TOC, so CO2 bubblers must be isolated from the experimental system.
4. How accurately do we need to characterize ocean conditions in order to get at the real trend?

5. No matter which system you characterize, you can report the results carefully. So how to characterize the initial system? How precisely to measure pH?

a. Monitoring: high precision, high accuracy

b. Four significant figures? Not needed for small scale experiments.

c. But if it’s more precise measurement, you could look at a smaller time scale.

d. Experimental design is still flexible, but now we have the best practices guide and we can help each other.

e. Most important: identify needs and ways to figure out how to be efficient.

6. Use the guide for best practices as a NOAA standard for doing carbon system measurements and can we have some people that are identified for helping to design the most appropriate measurements (http://cdiac.ornl.gov/oceans/pubs.html). 

7. Do we need to develop a few central facilities for making carbon measurements?

8. Develop a long term plan. Think broad, and end products. Managers need this as justification for the research plans.

9. What are the products to deliver, down the line? And then work backward.

10. What are the things we can measure?

XIII. Carbon chemistry monitoring and measurement goals

1. Develop second carbon parameter measurement

2. Deploy coastal monitoring in support of understanding coral (ecosystem) and commercial fisheries impacts

3. Standardize experimental methods for measuring carbon parameters and range of test CO2 conditions
4. Measure other carbon relevant parameters on moorings (e.g. O2, nutrients) to help determine mechanisms controlling CO2 variability.
XIV. Species groups specific effects (Sigler, discussion lead)
a. Identify focal species (taxa) for OA research
i. Shellfish

ii. Coral

iii. Calcareous plankton, phytoplankton

iv. Fish

v. Calcareous benthic algae

vi. HAB species (Pathogenic species changes)

vii. Ecologically significant species (susceptibility or enhancement)

viii. Echinoderms

b. Identify responses for monitoring species-specific OA effects
i. Growth/development 

1. ultrasound, x-ray for corals
2. scale development in early life of fish
3. olfaction in fish
ii. Survival 

iii. Calcification rate
iv. Reproduction

1. Reproductive success

v. Bioerosion of corals
vi. Biomarkers 
vii. Species diversity and abundance (community structure)

viii. Energy density of organism (presumes higher energy costs in a lower pH environment)

Discussion:

1. Prioritize what’s ecologically important vs. what’s ecologically susceptible

1. will jellies and tunicates be favored in lower pH environments (ecosystem shifts?)
2. Biomarkers 
1. can a specific marker for biological response to OA be found

3. Are lab studies consistent with field observations?
4. How do we quantify health? 

a. We often study: alive or dead (survival). Nutrition requirements (Bering Sea)? Changes in growth and reproduction (sublethal effects)?
b. Unit of classification 

c. Secondary cementation of corals – abiotic feedbacks?

d. Standardizing what you’re measuring for the physiological responses

e. Scale formation in fish (more important than otoliths, which are internal?)

f. Drivers of the system

5. What additional information do we need, in addition to existing oceanography programs?
a. Ecosystem level understanding? Aren’t we trying to get away from species-specific management?

· Need integrated ecosystem assessments and species-specific studies to parameterize ecosystem models and forecast ecosystem level effects 
6. Assume steady state background? 

a. No, the models can represent changes in the physical and chemical system.

7. Extramural Research: Who funds what?
b. Phytoplankton, zooplankton (limited), basic chemistry

c. NSF will probably push research related to lower trophic levels (although NOAA is already heavily invested in coastal phytoplankton/HAB research and management)
d. NASA: see what impacts are in particular environments, how to use satellite observations to make predictions

e. Niches are arising, but basically we want to establish  NOAA’s focus , so this can help inform and drive the other agencies’ planning and niches

f. How we fit our internal interagency and extramural programs together.

Physical and ecosystem modeling effects (Mike Dalton AFSC, Feely, discussion leads) 
1. Overall strategy to first develop ocean acidification/climate change scenarios and then use these to evaluate range of potential economic-ecological impacts in the Bering Sea and Gulf of Alaska
a. Scenarios tailored to fit conditions on the North Pacific rim

i. Incorporate energy, fuels, food production, globalization and demographic patterns

ii. Consider business as usual and climate policy intervention (e.g. effects on fuels prices)

b. Coupled global energy-economic-growth & biogeochemical-cycles model that will be used to generate scenarios is coarse but spatially explicit and designed to run over long time horizons

2. Key component of the strategy is a model that can be used to modify scenarios

a. Start with IPCC and SRES scenarios but assumptions about key drivers become outdated, such as global demographic trends 

i. Aging in developed countries; 

ii. Urbanization in developing countries; 

iii. Changes in household size in both

b. Future CO2 emissions are a key output from the economic model for specifying future rates of climate change and ocean acidification
c. CO2 emissions from the economic model are used as input to the biogeochemical cycles model to create ocean acidification/climate scenarios
d. Strategy is to use these scenarios in a predictive modeling process to estimate impacts
3. Population-Environment-Technology model (PET)

a. Recent ref: Dalton et al. (2008). Population aging and future carbon emissions in the United States, Energy Economics, 30, 642-675.

b. Global dynamic computable general equilibrium energy economic growth model

c. Novel feature relative to other models of this type is that age/size structured  household/population (people) projections can be used in the model to evaluate effects of demography on energy use and CO2 emissions

d. Multisector model with detail in energy and food production

e. Multinational/multiregion with fully developed trade component based on national level data sources for the U.S., China, India and data from Global Trade Analysis Project (GTAP) for these countries and others

f. Households supply labor, capital

i. State-of-the-art household projections for the U.S., China, India determine age/size/urban-rural status of households over next 50-100 years in the model

ii. Unlike technology, fair amount of inertia in demography so that long-term projections are meaningful and can be used to reduce model uncertainty

g. ISAM and EwE: biogeochemical and marine/terrestrial ecosystem models can provide feedbacks and inputs for agriculture, food supplies etc.
4. Integrated Science Assessment Model (ISAM)

a. Recent ref: Cao, L., K. Caldeira, and A. Jain (2007). Effects of carbon dioxide and climate change on ocean acidification and carbonate mineral saturation, Geophysical Research Letters, 34, L05607.

b. ISAM-2.5D couples atmosphere, ocean, sea ice, land surface, and marine biogeochemical cycles

i. Zonally averaged multi-basin ocean model

ii. Tested using abiotic carbon cycle module simulating dissolved inorganic carbon (DIC) and radiocarbon (in terms of 14C) based on the OCMIP protocol (http://www.ipsl.jussieu.fr/OCMIP)

iii. Marine ecosystem component represents multiple nutrients and different types of phytoplankton and zooplankton
c. Economic growth model and carbon cycle (PET + ISAM) are “hard-coupled” – both Fortran, compiled together, used for baseline runs and stabilization scenarios

5. Evaluate impacts with bioeconomic and ecosystem models
a. Structural econometric model provides explicit links from resource abundance and prices to harvester decision rules

i. Conditional on time series data (CFEC fish tickets, COAR reports, observer data for large vessels)

ii. Full information maximum likelihood estimation and testing

iii. Enhanced economic data on harvester and processor costs and revenues will be available through AFSC for Alaska crab fishery

b. Proposal to incorporate experimentally calibrated King crab biological growth/survival function into a spatially explicit bioeconomic model of the fishery

i. Evaluate fishery performance by comparing historical, baseline, and policy scenarios

c. 2-factor design

i. Climate/temp effects with pH constant

ii. Ocean acidification effects with stationary climate

iii. Null hypothesis that combined effects will be additive

iv. Test this null: How are acidification and climate change going to interact with respect to crab biology?
d. Economic decision-rules also give structural links to ecosystem model.

i. Overall goal is to evaluate ecosystem sensitivity

ii.  BIG question: How are acidification and climate change going to interact through direct and indirect ecosystem channels?
iii. For this to work, need information on biological impacts of ocean acidification on fisheries. 

iv. Need to think about not only what information do the managers need but also what information do the modelers need

Discussion:

1. What does Mike Dalton need to do an impacts analysis?

a. Fishery production, or the sensitivity to levels of pH for fisheries

2. What tools do the modelers, and do we want?

a. Impact of the system on socioeconomics – we have a long way to go to document the physiological processes 

3. Data for the socioeconomic information?

a. Commodity information, lots of new research happening

4. Validation? 

a. Compare historical model to historical data. Huge ranges of uncertainty, esp on urbanization

b. Global Trade Analysis Project (GTAP) data: comprehensive economic production and land use data for all countries

c. General equilibrium models in economics based on important assumptions but the food web models are also based on in many cases similar assumptions (e.g. format of input-output data and uncertainty about actual IO flows is similar in both)
i. What eats what is still very shaky, especially for hyper-diverse systems like tropics

5. How far should the horizon be? (lets say the model is parameterized, but not validated for a long time scale)

a. What detail would we need for a 5 year horizon? A 50 year horizon?

b. What do the modelers need from the observations?

i. Dose response data for focal species

ii. Growth, survival rates

c. Making sure we’re looking at the right organisms

i. Likely susceptibility

ii. Ecologically important species
6. What do we have for sediment cores, for reconstructing historical?
a. We’re not sure that ocean acidification is the responsible driver for any detected change

b. Find out what archive samples are available? And what surveys, for various types of sampling.

d. Key cruises with the correct data (don’t have to have continuous data sets, e.g.)

XV. Oceanography model/physical models 

1. Present day models do not capture minerals correctly (GFDL model summary by Richard Feely)
a. dissolution mechanisms

b. Particles ballasting models

2. How does calcium carbonate abundances change over time? Change in calcification rates, ballasting of carbonate particles
3. Biogeochemical outputs will feed into the ecosystem model

a. GFDL – do they want to go up to the level of fish? They assume that ecosystem models will take over after zooplankton
- Climate models connecting with ecosystem models (Bering Sea, etc)

- 3 km resolution: for Bering Sea this is necessary to detect anything

4. For species groups specifics: can you detect a change in say 10% of pteropods, now? So how good are our surveys now of each focal taxa?

Meeting outcome: 

I. Modeling goals
1. Develop dose response curves for key species
2. Temporal and spatial distribution of carbonate species

3. Economic choice and cost data

4. Integrate global biogeochemical models and regional physical and ecosystem models

5. Measurement resolution of abundance surveys sufficient to detect abundance change expected from decadal scale changes in CO2
6. Model (forecast) of both single-species and ecosystem responses to ocean acidification

II. Strategy and Timeline (FY09-13) (Gledhill, discussion lead)
1. Coral reef program

a. A Coral Reef Ecosystem OA Test-bed is being advanced at La Parguera, PR.  The test-bed will focus a variety of multi-agency activities in an effort to develop the technologies and techniques necessary for achieving a comprehensive characterization of the impacts of OA on coral reef ecosystems.  Once the technologies and techniques have been demonstrated, the approach will be replicated at a more remote location for a sustained period where climate effects are the dominant agents of ecosystem change.  COR will be funding the deployment of a MAPCO2 system and validation sampling program at La Parguera.  This effort will compliment USGS activities to conduct hydrodynamic modeling and SHARQ (submersible habitat for analyzing reef quality) deployments for quantifying metabolic performance.  It will also leverage existing infrastructure and activities (ICON station, SAMI pCO2 & pH systems, modeled fields of offshore carbonate chemistry).
b. Significant interest, NAS study being funded now that will provide justification for this
c. NOS/NCCOS/CSCOR Coastal Ecosystems Effects of Climate Change program is considering an FY09 initiative to fund research on impacts of OA on ecosystems with an initial focus on US coral reefs.  This research would be directed at generating research products useful for managers. The focus may dovetail with research needs identified for the NOAA test bed initiative described above.

2. We all have strong ideas about academic colleagues and building research programs. Are we comfortable building this through the extramural partnerships? Yes, but how do we implement this process?

a. Competitive process. 

b. How directed is the process or research agenda – this changes the answer

c. There is a new cooperative institute which will encompass Ocean Acidification. 

3. Points of contact and their levels of expertise: (give to Dwight)

a. Team of people, contacts within NOAA to be able to build on 

4. Growing NOAA enthusiasm for connections between climate and ecosystems (and OA is part of this)

a. Could expand the expertise, scope, but could eat up the OA programs as well

b. Climate services model (coming from the Climate group)
III. Review NOAA Ocean Acidification research goals, compare with regional lab plans, identify gaps (Feely, discussion lead)
1. How many samples per year on surveys?


( 2000-4000 samples for cruises (in a funded world)


( Other surveys in coastal regimes: up to 1000


( Several hundred thousand dollars per year

2. How many samples per year on lab experiments?


( 1000 samples (NWFSC)


( 200-500 samples in a year (NOAA Regional)

- Can do this if it supports one person (1 FTE per year) for each 1000 samples.

Recommendation: we will have one or more analytical facilities with staff.
IV. Recommended strategies for coordination outside the agency

( Extramural program can be linked, but be careful about how we write this up

( How much do we do vs others?

a. Its highly recommended that we link this with NOAA programs

b. In cost RFP’s; there are other opportunities

c. We need a list of the NOAA programs (inventory of programs) that are possible partners

d. Climate program: FY09 there will be opportunities for NOAA and non-NOAA for Global Carbon Cycle (GCC) program 
V. Organize Planning Team

a. This group will constitute the Planning Team (all participants at the meeting plus new members). Meet once a year

b. Steering team: current Dwight Gledhill, John Stein, Dick Feely, Mike Sigler and Rik Wanninkhof

i. New and other members? NOS should be involved. New people for the steering team: Libby Jewett (NOS), Mete Uz (CPO), Felipe Arzayus

ii. Recruit from GFDL 
VI. Discuss integration of NOAA research goals, and other federal agencies

a. Coordinate with other federal agencies as they develop their programs

b. All the work Mike Dalton was doing was funded by Dept of Energy
- NGOs have expressed interest in combining efforts between NOAA, NGOs, ICES and

 PICES. John Stein is the new science chair for PICES. 

- 2010 = joint PICES/ICES meeting an opportunity for a major session on OA.

- FY08 is Year of the Reef

· NGOs will be positioning for this

· WWF, Heinz Foundation, TNC are all interested in this

· However, up to now conservation NGOs have not really taken this on 

( NOAA  will work to develop and Interagency Plan

( Set up a website for this group (Mete and Felipe). Put the presentations and the report as well as notes on the website. Meeting summary will be posted and public, presentations should be posted (either locked or eliminating budget tables). 

( Next meeting for one year from now: Hawaii or Florida

( Put together email list for OA Planning meeting – emails and expertise (Naomi)
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