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1) ABSTRACT (new projects only)
Assessing the effects of anthropogenic ocean change (warming, ocean acidification, deoxygenation) in natural marine communities is a high priority for marine ecology, and is aligned closely with the Ocean biogeochemistry Research Theme in MBARI’s Strategic Plan. This abstract outlines plans to revisit the development of a Nearshore FOCE System at Hopkins Marine Station. A FOCE development fits closely the Engineering Challenge of “Taking the Laboratory into the Ocean” posed in MBARI’s Tech Road Map. 

We propose to reorganize and refocus the SW FOCE development using a revised engineering team to produce a functional and reliable (i.e. operational for months-long experiments) pH control system using the existing FOCE infrastructure at HMS. Key development priorities include: 

· Robust power and communications systems 

· Essential system capabilities 

· CO2-enrichment facility for Seawater (existing)

· Enriched SW delivery system (i.e. thrusters and tubing)

· pH regulation in 2-4 mesocosm chambers

· Sensors for key environmental parameters (T, S, pH, O2) within chambers and ambient.

· Data logging of environmental and control parameters 

This project reduces the scope of the former SWFOCE project and focuses on key system developments required for reliable operation during milder months of the year. We plan to use the existing CO2 enrichment systems (HMS pumphouse), existing enriched SW delivery tubes, and will rely on the HMS Kelp Forest Array (KFA) for power and communications coupling with shore. We will first develop and install a single complete, functional FOCE chamber (i.e. with pH feedback, etc.).  If the single change is successful, in terms of function and cost, we will then expand to a maximum of 4 chambers.  We hope to complete the first chamber by mid-year, 2017. 

The proposed development team will include expertise from the past FOCE projects (Peter Walz, Ed Peltzer, Chad Kecy, George Matsumoto, Jim Barry. Dale Graves is a key participant who has experience with the deep water FOCE system, as well as the development of pH control systems in the MBARI Seawater Laboratory.  In addition, we will continue to collaborate and consult with the SW-FOCE development team, but have not requested their time here so as to minimize the request for this effort.
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
Rapidly rising atmospheric CO2 levels driven by fossil fuel emissions are causing warming of the atmosphere and oceans, as well as massive changes in the carbonate chemistry of the oceans (ocean acidification). OA is becoming an important stressor for a wide variety of marine organisms, particularly groups that form calcium carbonate skeletons or parts (NRC 2010). For example, shellfish husbandry in the Pacific NW is suffering poor hatching, rearing, and grow-out success due to OA (Miller et al. 2009; Feely et al. 2010). Although the direct physiological effects of OA on fishes are expected to be mild, fish populations may be impacted indirectly due to the much higher sensitivities of important prey taxa.  Most research on OA has used laboratory experiments examining the sensitivity of single species, though many recent studies have examined changes in faunal patterns near natural CO2 vents or along natural gradients in carbonate chemistry to assess the potential effects of OA in marine ecosystems. How OA and related stresses will ‘scale-up’ to shifts in the composition or function of whole ecosystems, fisheries production, and other societal benefits from the oceans remains obscure and is a high priority for study. 

How does it relate/contribute to MBARI’s mission and strategic plan?
The Nearshore FOCE project, like its predecessor, is aligned very closely within the the “Ecosystems Dynamics” theme outlined in MBARI’s 2011 Strategic Plan. The proposed technology development and experimental application will enable and initialize innovative methods to examine the effects of OA on shallow water marine organisms and communities.  
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents.htm#Packard for documents.)
The Nearshore FOCE development goals are aligned closely with the Packard Foundation’s Ocean Vision priorities. As stated in the Ocean Vision’s Summary, The Foundation’s long-term oceans goal is to restore the health and productivity of the world’s oceans and coasts, on which all life depends.  The Foundation’s strategy to accomplish this includes several focal issues. One area, Mitigate and Adapt to Climate Change, particularly warming and ocean acidification, is slated for more exploration ​​over the next decade.  Ocean Science Research and Monitoring is another focal area that is currently a key approach.  The development activities proposed for Nearshore FOCE address these focal areas directly. 

Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)
The Nearshore FOCE project addresses the engineering challenge of “Taking the laboratory into the ocean”, as outlined in MBARI’s Technology Roadmap.  This system shifts the emphasis from single species studies of marine animals in a laboratory settting to examining the response of assemblages of species in the real ocean to perturbations of carbonate chemistry within experimental chambers.

Approach to the problem
We propose to complete the development of a FOCE system at Hopkins Marine Station, using the reliable elements of the SW FOCE system developed earlier, and revising or adding other elements that were either unreliable or undeveloped. We will focus on the essential elements for the FOCE control system, beginning with the development of a single FOCE chamber. If the first chamber is successful, we will consult with management concerning its reliability and cost, to move to a second phase of the project to expand to 4 operational FOCE chambers.
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Publications (from other projects over the last 5 years)

Jim Barry – past 5 y
In review/press

1. O’Leary, J., Barry, J.P., Gabrielson, P., Rogers-Bennet, L., Micheli, F., Potts, D., Palumbi, S. Sensitive calcifying coralline algae from a variable pH system are highly resistant to ocean acidification (submitted, Biology Letters).
2. Kim, Taewon, Barry, James P. (in review). Boldness in a deep sea hermit crab to simulated tactile predator attacks is unaffected by ocean acidification.  Ocean Science Journal
3. Sunday, J.M., Fabricius, K.E., Kroeker, K.J., Anderson, K.M.,Brown, N.E., Barry, J.P., and others (in review) Ocean acidification can mediate biodiversity shifts by changing biogenic habitat.  Nature Climate Change.

4. McClain, C.R., Barry, J.P. (in review) Increased Energy Leads to Differential Increases in Richness and Abundance of Optimal Body Sizes in Experimental Wood-Fall Communities.  Ecology Letters

5. Webb, T.J., Barry, J.P., McClain, C.R.  (in review). Abundance-Occupancy Relationships in Deep Sea Wood Fall Communities.  Ecography

6. Buck, K.R., Whaling, P.J., Lovera, C., Ussler, W. III, Barry, J.P. (in review) Deep-sea Carbon Sequestration using Crop Residue: Preliminary Observations of Corn Stover in the Deep Sea over 5 Years. Env. Sci. & Tech.

7. Hamilton, S., Logan, C., Fennie, H., Sogard, S., Barry, J.P., Makukhov, A.D., Tobas, L.R., Lovera, C.F., Bernardi, G.  (in review). Species-specific responses of juvenile rockfish to ocean acidification: from behavior to genomics.  PLOS ONE.

8. Judge, J., Barry, J.P. Macroinvertebrate community assembly on deep-sea wood falls are strongly Influenced by wood type. Ecology (accepted with revision)
2016

9. Barry, J.P., Taylor, J.R., Kuhnz, L.A., DeVogelaere, A.P. (in press). Symbiosis between the holothurian, Scotoplanes sp. A and the lithodid crab Neolithodes diomedeae on a featureless bathyal sediment plain.  Marine Ecology 
10. McClain, C., Barry, J., Eernisse, D., Horton, T., Judge, J., Kakui, K., Mah, C., Saren, A.  (in press). Multiple processes generate productivity-diversity relationships in experimental wood-fall communities. Ecology
2015
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13. Gaylord, B., Kroeker, K.J., Sunday, J.M., Anderson, K.M., Barry, J.P., Brown, N.E., Connell, S.D., Dupont, S., Fabricius, K.E., Hall-Spencer, J.M., Klinger, T, Milazzo, M., Munday, P.L., Russell, B.D., Sanford, E., Schreiber, S.J., Thiyagarajan, V., Vaughan, M.L.H., Widdicombe, S., Harley, C.D.G. (2014).  Ocean acidification through the lens of ecological theory. Ecology, 96(1): 3-15.
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2014
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2013
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b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date
   [Click here to enter text]   
Significant changes from previous project proposal 

   [Click here to enter text]   
Publications based on the results of this project only
   [Click here to enter text]   
c) New and Continuing Projects: Plans for 2017
Research Activities
Research using the Nearshore FOCE system will be initiated once it is complete (i.e. assuming we expand to 2-4 chambers after success with one chamber). Initial experiments will focus on; 1) the growth and survival of coralline and non-coralline algae (with and without molluscan grazers), and 2) growth rates of gastropods, under natural and acidified conditions. Other experimental scenarios are described above.

Engineering/technology development

Engineering and contruction of the FOCE system will be divided into 2 phases:

· Phase 1 – development of a single chamber FOCE system.  In this phase we will complete the elements required to develop a functional FOCE system, but will only install and operate a single chamber. If we are successful, we will move to Phase 2, to increase the number of chambers.

· Phase 2 – expansion of FOCE system from 1 to a total of 4 operational chambers.


Outline of Development Elements

There are several essential systems required for a functional FOCE system. These are;

1) Power & communications  (complete and functional)
The power 375v, Ethernet communications is provided by the KFA.  The FOCE system connects to the KFA at its outer termination very near the location of the FOCE chamber.


2) Enriched SW delivery hoses (installed, functional)

a. ESW Hoses.
The hoses carrying ESW from the pumphouse to the outer end of the ~20 m long inlect duct (where CO2 system equilibration occurs before the acidified enters the FOCE chamber). This hose is installed and has been used successfully.  Two hoses were initially installed, one for ESW and the second for hypoxic water (future plan). We have produced a -0.5 pH unit offset using a single hose.

b. Submersible motor / propeller (not functional – replacement identified)
A motor is require to ensure flow through the ducting and FOCE chamber.  This has been problematic and requires redesign. We plan to use miniROV thrusters, which will require no development time and will be suitable for this purpose. 

c. ESW Regulator Valve (designed, but not operable or installed)
A regulator valve under software control is required to regulate the rate of ESW flow entering the ducting of each chamber. This allows for dynamic control of pH at different levels in each chamber, or a larger volume of ESW flowing as required to maintain a desired pH offset. We will complete the existing design and install it.)


3) Environmental Sensors (functional, some modification required)

a. pH sensors are required.  We have existing sensor manifolds that include a sensor suite (CTD (T, S, depth), pH, pO2). This system is attached to the FOCE chamber or placed at a control location (out of the chamber) and a pump is used to force water past the sensors.  The sensor system is reliable, though we will probably swap the existing seabird sensors for Honeywell durafet pH sensors, known to be far more reliable and stable.

b. Light sensor (complete, functional)
The existing light sensor (PAR) will be mounted in the chamber to monitor ambient light levels. 

4) Control System (partially complete)

a. Hardware
A control system is required to record data, regulate valves, etc. to sense conditions in each chamber and regulate the flow of ESW to maintain prescribed pH levels in each chamber. In addition, the software system allows users to control the system. Much of the hardware has been operating, but problems with the power and control system were common with SW FOCE. We plan to connect to the KFA using existing housings. Power and communciations from the KFA will connect to Wago Stacks, identical to those used successfully for the miniROV and for the Upwelling Simulator and related pH control aquarium systems in the seawater lab. 

b. Software
The Wago Stack electronics for the miniROV and Upwellling Simluator are controlled using LabView software. LabView was used for Deep-FOCE and we plan to use Labview for Nearshore FOCE with a design very similar to these other systems.

Field programs (detail ship requirements/deployments/diver requirements)
This project requires support from MBARI and HMS divers. George Matsumoto and Chris Lovera are divers who will be involved heavily in this project.  They are certified divers and have been instrumental supporting the SW FOCE diver activities.  We also will have help from HMS from Mike Squib (manager of the KFA) and Steve Litvin (involved in our NSF project and the KFA ) will also be involved, as will a new research specialist (replacement for Kurt Buck).  We are requesting 6 Paragon days to support the project.
Isotope Usage

Project teams must provide details regarding any planned isotope use on shore, on ships, in the Sanctuary, etc. Please review the guidance on isotope usage at http://www.mbari.org/at-sea/cruise-planning/hazardous-materials/ and policy at  http://mww.mbari.org/safety/SafetyManual/Isotope_Use_Policy.pdf, and then provide details on plans below.

None
Specific deliverables
Completed FOCE system
Milestones (see personnel classification list)
The major milestones are to complete Phase 1 (install 1 functional chamber) by June 2017, and make progress on Phase 2 by the end of 2017, planning to complete the project by early 2018.
	2017 Project Start Date: 
MM/DD/2017
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here
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	June, 2017
	Dec 2017+
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	Functional Single FOCE chamber
	4 Functional FOCE Chambers
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Budget justification
We expect the following resources to be required for the project:
Labor:

· Science:  These are expected levels of effort.

· Jim Barry – 300 h

· Chris Lovera – 368 h

· Res. Specialist TBD (barry lab) – 368 h

· Ed Pelzter - 184 h

· Peter Walz – 368 h

· Engineering – requests are estimated based on discussions with Dale, Chad

· Dale Graves – 400 h
Development of mechanical systems (valve pack, housings, etc.) and LabView Control software
· Chad Kecy – 300 h
Power system (Wago stacks, valve pack control)

· Techs, Machine shop (housing, j-box), estimated by Dale.

Ship Time:  

· 8 Days of Paragon time is estimated to complete the development of the FOCE system.

Funds:

· The total request for the project is $22.6K.  Nearly all of the funds are supplies, with the major expense request of $12K for 4 miniROV thrusters.  We will use 2 thrusters for a single chamber to have a backup thruster in case one is fouled or fails. The request for funds to support 4 thrusters total will allow buildout to 4 chambers, but will require we reduce the number of thrusters to 1 per chamber. We will request additional funds later depending on the performance of the system.  The other supplies are to support the WAGO stack, connectors, and housings.
Project team
Jim Barry (PI, Lead Sci), Peter Walz (Proj. Man.), Dale Graves (Lead Eng.), Chad Kecy (EE), George Matsumoto, Chris Lovera, Ed Pelzter.  We will also continue to collaborate and consult with the SW-FOCE team as required, but have not requested their time here so as to minimize the labor request.
Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.
The EE lab or other assembly space will be needed for the project.
Data storage requirements (see Todd Ruston for assistance)
None yet
Data availability outside project team, uniqueness

Once operational, the data streams from the FOCE sensors can be made available.
R/V Paragon Requests

If the project team will be requesting time for the R/V Paragon, please specify the operators in the group and provide estimates of their availability to operate the vessel.

We will request 6 days of Paragon time – operators:  Not sure
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

no
Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

no
Monterey Bay National Marine Sanctuary (MBNMS)
General Permit

Projects teams need to indicate if any work will be performed that is either: (1) currently authorized under our general permit; or (2) will require that we obtain authorization. The current permit can be viewed at http://mww.mbari.org/pco/permits/mbnms-2015-002_feb2015.pdf. Please see Mandy Allen for questions.
Is a permit with MBNMS required for your work? 

 Yes, we will continue with the permit to HMS for the KFA / FOCE
SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient. Also, if prompted for a login, hit “Cancel” and then you will be able to access page.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

None
Authorizations/Permits from other Agencies or Organizations

Is the project team aware of any other permits or authorizations that will be necessary to perform the proposed work? If so, please list below along with status of authorizations (obtained, pending, need to apply, etc.). Please see Mandy Allen if you have questions.

California Fish and Wildlife – we will continue to use the permit for the KFA / FOCE under HMS
Active Acoustics

We are compiling information on active acoustic use at MBARI. If the project involves using active acoustic instrumentation, please describe plans.

We have an ADCP (RDI Sentinel) to use with the FOCE system, but may eliminate its use until we have a functional system 
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	x
	x
	
	x

	Low
	
	
	x
	


�


FOCE Design  The CO2 equilibration system is housed in the HMS pumphouse. The enriched SW line runs from the pumphouse to 150 m depth ~100-50 m offshore. Enriched SW (ESW) is injected into inlet ducting, then is forced through the FOCE chamber by a motor/propeller. A sensor manifold pump draws water from the chamber past pH, pO2, T, and S sensors and is connected through the KFA to the shore control station (HMS pumphouse). Sensor feedback will be used to control valves regulating the flow of ESW into the inlet tube, thereby maintaining a pH offset around a variable ambient pH level.








� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. 


� This number should be the same number you entered on the resource requests for this particular resource.
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