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1) ABSTRACT (if submitted during abstract phase)

(NOTE: copy of project description from abstract phase)
The MARS node provides substantial amounts of uninterrupted power as well as data connectivity at 900m water depth. In this Scoping/Feasibility project we propose to explore how this unique MBARI resource could be used to address fundamental questions around the effects of climate change on deep ocean microbiology and chemistry. We want to investigate what long duration experiment are feasible that will elucidate responses in the microbial community under experimentally controlled changes in physical or chemical conditions. Typically, manipulative field experiments in deep ocean settings are severely limited either in duration if ROV-based or in power consumption if deployed on the sea floor but MARS’ capabilities very much lift these limitations.

The project has to two interconnected parts. 
1) a dedicated effort to define experiments appropriate for a later full-scale proposal.
· What equipment is needed to mimic the following aspects of climate change in a benthic and a pelagic (yet still near bottom) setting: temperature, pH and low O2 (proxied by altered O2/NO3 ratio). 
· How much engineering effort is required for manipulating each variable in a controlled manner over a longer (days, weeks, months) time period? Can we change (and maintain in a changed state) more than one variable (as will occur in climate change conditions)?
· What parameters to measure and samples to take during the experiment to identify changes in ocean chemistry and microbiology
· Who at MBARI would be interested in participating on the science side beyond the initial core group behind this scoping effort (Jim Barry, Chris Scholin, Sebastian Sudek and MBARI adjunct Victoria Orphan)?
2) a limited pilot study. This is focused on one variable, temperature, as it seems the most straight-forward on an engineering level. Temperature has also rarely been manipulated, an example for a nearshore experiment is Small et al. 2014 PLOSone. To our knowledge there is no prior work in the deep sea even though extensive terrestrial soil long-term experiments exist (https://harvardforest.fas.harvard.edu/soil-warming-experiment). We would focus on developing a prototype apparatus to heat a small parcel of sediment near MARS by a few degrees above ambient for days to weeks in a controlled manner. ROV work could be opportunistic as we anticipate little bottom time needed to deploy and later recover the prototype apparatus along with standard push cores. Victoria Orphan has agreed to do some limited amplicon sequencing on these samples which will give preliminary data on the effect of increased temperatures on sediment microbial communities. Importantly, this effort will clear up the logistics in operations and engineering for interfacing with MARS and help us to define realistic goals for a full-scale project. 

This proposal fits under the Ecosystem Dynamics and Ocean Biogeochemistry research themes outlined in the Strategic Plan. Specifically, we are looking how the microbes responsible for alteration of organic matter on its way through the deep ocean and into deep sea floor respond to physical and chemical changes that they will soon face under climate change conditions. We see this proposal falling into the Technology Roadmap’s ‘Taking the laboratory into the ocean’ initiative. In fact, technology from prior MBARI efforts, Benthic and Midwater Respirometer Systems and FOCE, could be leveraged in this project. Lastly, contributing to a better understanding of climate change effects on the greater Monterey Bay area is an ongoing priority for the Packard Foundation.




2) PROPOSAL

a) All Projects

Statement of the challenge, why it is important

Climate change is the defining issue of our times. As scientists our efforts to understand this phenomenon and its consequences on ecosystems necessarily has to be multi-pronged including observations, modelling and experimentation. Manipulative experiments in this context aim to provide a window into the future by changing variables like temperature, O2 concentration and pH to values in-line with trends predicted for climate change scenarios. Current work typically focuses on shallow coastal settings for technical reasons with notable exceptions (e.g. deep FOCE).

Climate modeling predicts changes will reach deep ocean ecosystems by the end of the century (and regionally, e.g. Sea of Okhotsk temperature increases not thought to be related to natural variability are already measurable). In the deep sea, microbes plays a key role in the biogeochemical cycling of elements such as carbon and nitrogen by metabolizing photosynthesis-derived detritus from the upper ocean. The mechanisms of this ecosystem function are poorly characterized and even less is known about the effect of rising temperatures and falling pH on microbial communities and deep sea ocean chemistry in general. For example, with elevated temperature, will metabolic rates (and hence recycling of organic carbon) increase as might be suggested from a strictly (bio)chemical point of view on reaction rates? Or will overall metabolic rates decrease as microorganism experience an environment that they are not adapted to? Will microbial community composition shift with potential ripple effects to higher trophic levels? Or will existing members be able to thrive under new environmental conditions? This knowledge is key to understanding the effects of climate change on the ocean as a societal asset. MBARI is uniquely positioned to examine these questions due to its expertise in scientific deep sea operations and continuous deep sea presence in the form of the MARS node. 

Our modest scoping proposal aims to explore for both benthic and pelagic deep sea settings what set of parameters to manipulate, what engineering efforts this requires and what type of data and samples to collect.

Relevance

How does it relate/contribute to MBARI’s mission and strategic plan?

This proposal fits under the Ecosystem Dynamics and Ocean Biogeochemistry research themes outlined in the Strategic Plan. Specifically, we are examine how the microbes responsible for alteration of organic matter on its way through the deep ocean and into deep sea floor respond to physical and chemical changes that they will eventually face under climate change conditions. Understanding the effects of these anthropogenic perturbations on microbes is a key piece of the puzzle to understanding ecosystem level responses.


Does it relate to the Technology Roadmap? If so, please describe how. (See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)

We see this proposal falling into the Technology Roadmap’s ‘Taking the laboratory into the ocean’ initiative. In fact, technology from prior MBARI efforts in this area, Benthic and Midwater Respirometer Systems and FOCE, could be leveraged in this project.

Essentially, we aim to figure out what manipulative experiments related to climate change we can perform in situ at or near the seafloor. ‘Manipulative’ refers to the fact that we aim to change a single parameter, predicted to be a consequence of climate change, incubate that experiment in situ and then measure the response of the microbial community. A more typical setup in an academic environment would be to take the sample to a lab for the experiment and try to mimic the oceanic setting there. MBARI’s unique capabilities allow us to develop innovative technology and work directly in the ocean instead. 


How does it relate/contribute to the Packard Foundation’s Ocean Grantmaking Program? (See https://www.packard.org/what-we-fund/ocean/ and documents therein.)

Enhancing our understanding of climate change effects on the ocean and the greater Monterey Bay area in particular is an ongoing priority for the Packard Foundation. Our proposal directly contributes to this priority. While we focus on microbes, these organisms form the basis of any food web important for fisheries. Moreover, microbes play a critical role in the attenuation of organic matter at the sea floor so their response to climate change could affect the sea floor’s critical role as a carbon sink. The data we generate will be useful for better constraining modelling studies of future climate which help inform society as a whole on what changes we need in our way of life.


Overall approach to the challenge: Over the complete term of the project, what is needed to address the challenge (e.g., sensors, platforms, marine operations, de novo R & D, etc.)

Research

1) Scoping exercise.
To look the microbial response to climate change, many experiments are possible. Here, we will examine what in situ experiments are most likely to yield useful data and what the risk/reward trade-off is. This includes location (benthic/pelagic), variable to manipulate (temperature, pH, oxygen, others?, multiple at the same time?), engineering effort of the manipulation, parameters to measure (chemical, biological, also see pilot experiment below). We will also reach out to other scientist at MBARI and elsewhere to explore potential synergistic efforts, e.g. Yui Takeshita is keen on contributing his expertise on pH measurements and carbonate chemistry.

Barry, Orphan and Sudek will have a kick-off zoom meeting in January to define efforts by narrowing down parameter space. After a second meeting 3-4 months later, Sudek will produce a report on what experiments are feasible at MBARI. This may form the basis for a full proposal.

2) Pilot experiment.
The MARS node is essentially a continuous power source at 900m water depth allowing controlled, long duration manipulative experiments. It offers unique possibility to perform a pilot experiment for the effect of increased temperature in a deep sea benthic setting. To our knowledge this has never been attempted, presumably because the necessary amount of power over a prolonged period is not available anywhere else in the deep sea but at MARS. 

The heating apparatus (details see engineering section below) will incubate a volume of sediment for three months. Microbial response to experimentally elevated temperature can then be measured in different ways (details see specific plans below). Each time we will compare sediment incubated in situ in our prototype heating apparatus to control sediments. 

Engineering/Technology Development

We propose to develop a prototype device that draws electrical power from the MARS node to heat sediment roughly the volume of a standard push core while minimizing separation of heated sediment from the environment. Temperature will be monitored continuously and controlled from shore through the MARS interface. We aim to warm the sediment parcel up to 5C above ambient over weeks to month and be able to sample with a standard push core. Draft sketches of the proposed instrument are in the Appendix.

Marine Operations/Field Programs

We would like ROV pilots and MARS manager Craig Dawe to review our prototype design to make sure the instrument will perform in the field and integrate well with MARS.

We need a test deployment of our prototype device at the MARS node via ROV. At a minimum this involves two separate trips for deployment and recovery due to the lengthy incubation time. See ‘Specific Plan 2021’ section for details.  


Data

What data products will be generated?

Enzyme activity data (spreadsheets). Limited amounts of DNA sequence data.

How will the data products be managed?

amount of data is so limited that it can be stored and manipulated on regular laptop computers

Describe data availability outside of the project team.

None. Except possible presentation of results at a scientific conference

Describe data storage requirements.

None.

Anticipated Impact

Who are the consumers of the instruments, methods, systems, and data that will be generated?

Potentially other academic scientists

Anticipated Outreach

What outreach assets might you need to better reach the audience/consumers you are targeting? Specify how you might like to reach your audience (published paper, seminar, conference, social media, etc.) and what type of assets (graphic, animation, video, etc.) you might need ITD to help generate.

We propose to present findings from pilot temperature experiment at AGU2021. No ITD assets requested.

Intellectual Property (IP) Considerations 

Do you anticipate a need for a cooperative research and development agreement or licensing arrangement with an external entity?

no

Will novel IP be created, and how might it be disseminated (e.g., open-source, royalty-free license, commercial license agreement)?

no

Will the work potentially result in a patentable product or service?

no

For additional guidance please review MBARI’s intellectual property internal web page: https://mww.mbari.org/itd/ip/.

   [Click here to provide any additional details]   


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]   

What percentage of labor and budget have been used through the 1st half of year?

   [Click here to enter text]   

Will you complete the current year’s scheduled work?

   [Click here to enter text]   

If you are at less than 50% resource usage, what is the plan to complete, or what work won’t be done this year?

   [Click here to enter text]   

Significant changes from previous project proposal 

   [Click here to enter text]   

Over the past two years, what peer-reviewed publications, education and/or outreach activities have resulted directly from this project? Please be brief.

   [Click here to enter text]   

To date has any novel intellectual property been developed and/or disseminated?

   [Click here to enter text]   


c) All Projects: Specific Plans for 2021

Research Activities

Our pilot experiment will heat a section of sediment at MARS for three months. Sediments will then be sampled with standard push cores (we will also take a control core away from the heat source) and sliced into 3 cm depth horizons as microbial diversity, activity and potentially response to treatment varies by sediment depth. The techniques listed below are well-established for this type of samples.

- Microscopy. Total microbial abundance will be estimated by direct count after staining with acridine orange of fixed slurries (AODC).
- Enzyme activity. Activities of extracellular enzymes beta-glucosidase, chitobiase, aminopeptidase, and esterase will be measured with the appropriate fluorescent substrates.
- Amplicon sequencing. To assess the microbial community we will extract DNA, amplify the 16S rRNA marker gene by PCR and sequence in the Orphan lab.
- Benthic respirometer. Oxygen consumption will be measured in-situ with the MBARI benthic respirometer right before push core sampling.

The techniques listed above represent a scatter-shot to identify if temperature had a measurable effect. AODC will tell us if the total number of microbial cells changed. Degradative enzyme activity and respirometer give a quantifiable measure of metabolic activity. Lastly, amplicon sequencing will show if the types of microbes in the heated sediments changed over the course of the incubation. For each of the assays it is key that the same measurement can be performed on the untreated sediment to have a point of reference.
	

WILL LIKELY CUT THIS OUT: RNAseq: look at heat stress-related genes, and changes in expression for degradative enzymes as a measure of heterotrophic metabolism. Would be neat to include as it is perhaps the more ‘sensitive’, i.e. we may see a response in our experiment here even if overall cell numbers/community didn’t change (much). BUT, this is a ~$3000 expense. Too much for scoping proposal?



Engineering/technology development

We plan to utilize one of the existing SIM can modules in the MARS inventory for the interface to our experiment. The SIM can will provide power (+375Vdc) and Ethernet. 

The heating of the sediment will be accomplished using DC powered immersion heaters. Due to the depth of the MARS node, however, the heaters will most likely need to be modified to withstand the pressure. The temperature will be measured using either a thermocouple or RTD type sensor. Local control of the experiment will be through the use of an Ethernet based Wago stack housed in a deployed housing. LabView will be used as the software interface from shore, allowing realtime control and data. We will also have integrated ground fault detection in our core electronics.

Based on potential upgrades to the MARS node in 2021, we are limiting the power used by this experiment to 2500 watts maximum.


Will novel intellectual property be developed and/or disseminated?
Dissemination includes patenting, licensing, and collaboration agreements.

no


Field programs (detail ship requirements/deployments/diver requirements)
In addition to describing anticipated field programs, please be sure to include requirements for specific platforms and equipment (Dorado AUVs, LRAUVs, Wave Glider, mini ROV, etc.) for each proposed field program so that expectations are clear. Requests must also be entered in the budget entry system.  

Ideally, we would have three Rachel Carson/Ventana days. 1) Initial deployment at MARS in ~May2021. 2) First sampling about two weeks later. 3) Second Sampling + instrument recovery about three months after deployment.

For this pilot study we could skip the first sampling if ship time is extremely tight. Both deployment and sampling/recovery should require less than 90 min of ROV bottom time at MARS so potentially our shiptime/ROV days could be shared with other groups.

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.

n/a

Safety Disposal Needs
So the Safety office can plan and budget accordingly, please respond to the questions below regarding  any anticipated safety disposal needs for the coming year. Budget for cost of such removal will be captured by the safety office based on responses received.

Will this project generate more than 1 gallon (4 liters) of battery waste per year?

no

If yes, please indicate the type of batteries (alkaline, NiCad, NiMH, lithium ion or lithium metal) and the approximate amount of each to be generated.

   [Click here to enter text]   

Will this project generate more than 15 gallons (60 liters) of hazardous liquid waste per year?

no

If yes, please indicate the composition of the waste(s) and the quantity of each to be generated.

   [Click here to enter text]   

Specific deliverables

· Written report on feasibility of climate change-related experiments at MARS
· Prototype for heating apparatus
· Data derived from heating apparatus deployment

Milestones and required personnel (see personnel classification list for staff classifications)

   [Click here to enter text]   

	2021 Project Start Date: 
[bookmark: Text9]MM/DD/2021
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources[footnoteRef:5] (in hours) for each resource category for all milestones listed here [5:  This number should be the same number you entered on the resource requests for this particular resource.] 


	Milestone Date
	1Jul2021
	1Apr2021
	1Aug2021
	1Dec2021
	
	

	Milestone Description
	Scoping Report
	Heating Apparatus
	Field Work
	Experiment Analysis
	
	

	Electrical Engineer
	
	180
	20
	
	
	200

	Software Eng-Embedded
	
	
	
	
	
	

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	
	40
	
	
	
	40

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	
	
	
	
	
	

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist 
	
	
	
	
	
	

	Divers
	
	
	
	
	
	



Budget justification

	Item
	Quan
	Cost

	MINK-10L-FCR Connector
	3
	$1,800

	MINK-10L-CCP Connector
	4
	$2,400

	GF Module
	1
	$2,000

	Falmat Cable
	100 meters
	$1,800

	Heaters and Temp Probes
	3 each
	$1,500

	Wago Stack
	3 Modules
	$1,000

	HV Relays
	4
	$400

	Vicor DC/DC + Board
	1
	$500

	Stainless Steel Housing Material
	1
	 

	 
	 
	 

	
	
	$11,400





[bookmark: _GoBack]Materials and tools for manufacturing the heating apparatus prototype are estimated at $3,500.

Analyzing the recovered push core samples will require fluorescent chemicals for microscopy and enzymatic assays for a total of $730. We assume that we will be able to use an epifluorescent microscope and plate reader in Worden/Scholin/Haddock labs.

For molecular biology (DNA extraction + PCR) we estimate $1,030. This includes funding to ship samples to Victoria Orphan’s lab. Victoria has kindly agreed to perform (and cover the cost!) of amplicon sequencing in her lab. Again we assume that we will be able to use the necessary instrumentation (clean hood, PCR machine, centrifuge etc) in Worden/Scholin/common lab.

Project team

Sebastian Sudek – concepts, experimental design, scientist on cruise, wet lab work, data analysis and synthesis/interpretation

Jim Barry – concepts, experimental design, expertise on benthic biology, climate change effects and respirometers, data synthesis/interpretation

Victoria Orphan – concepts, experimental design, expertise on microbiology and geochemistry, data synthesis/interpretation

Chad Kecy – heating apparatus prototype design, power controls, MARS interface,

Larry Bird - heating apparatus prototype design and manufacturing 

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.

Existing office space is sufficient. 
Temporary bench space (~three weeks in fall 2021) for DNA extractions etc (in common or Barry lab)
Some space in B-102 for assembling the prototype

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. DMO staff have extremely limited  availability to be operators and only with advanced budgeting and planning.

   [Click here to enter text]   

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	




d) Compliance Considerations

Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

   [Click here to enter text]   

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.

   [Click here to enter text]   

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 https://mww.mbari.org/pco/permits/mbnms-2020-006_exp28feb2025.pdf. Please see Mandy Allen for questions.

Is a permit with MBNMS required for your work? 

 Proposed work is covered by existing permit.

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). If your work will be conducted in one of these areas, please indicate which area by number or name.

no

Anchors
For activities conducted under MBARI's permit for the Monterey Bay National Marine Sanctuary, Paragraph 16, we are required to recover anchors weighing less than 500 pounds. Project proposals, which involve anchors weighing less than 500 pounds, shall specifically indicate cruise time allocated to anchor recovery. Lack of cruise time is not an acceptable reason for deeming an anchor less than 500 pounds “unrecoverable” under Paragraph 17 of MBNMS permit. Also under Paragraph 17, ALL anchors not recovered during the year must be reported detailing location, description of anchor, and reason not recovered. (Mandy Allen will collect this information from project teams to submit as part of the annual report to the Sanctuary.) Each ship will be tracking anchors deployed, duration of attempted anchor recovery, and anchors abandoned on the seafloor with the intent that they be recovered in the future as per MBNMS permit requirements.

Will you be deploying equipment that will require anchoring? If so, please indicate approximate weight of anchors to be used and recovery plans.

no


California Department of Fish & Wildlife
A Scientific Collecting Permit will be required for biological and geological sample collections offshore California (even in Federal waters and beyond), and for many activities in State Marine Protected Areas (MPAs). Please see Mandy Allen for questions.

Will you be collecting samples that require a permit?

yes

Will you be working in a State Marine Protected Area?(See link above for Statewide MPAs or this link for Central California MPAs.)

no


United States Coast Guard
If your project will deploy or maintain moorings, the project team must ensure proper compliance and notification of these activities to the US Coast Guard. DMO does not automatically do these notifications on behalf of projects. Two common types of permits and notifications that may apply to your project are Private Aid to Navigation (PATON) authorizations (required for buoys deployed for six (6) months or longer) and Notice to Mariners, which must be submitted for temporary PATONs (less than 6-month deployments). Other science operations may submit a request for a Local Notice to Mariners and are useful for missions or deployments with risk of 3rd Party Liability such as the Wave Glider.

Will your project require a PATON? 

no

If yes, have you obtained a PATON? (Please provide a copy to Mandy Allen.)

   [Click here to enter "Yes" or "No."]

Will your project require submission of a Local Notice to Mariners?

no

If yes, please indicate who will be submitting request and provide a copy of the submission to Mandy Allen.

   [Click here to enter text]   

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.

no

Active Acoustics
We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2021_Proposal_Process/mbari_acoustic_instruments_updated_may_13_2020_ver_13.xlsx. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

   [Click here to enter text]   


Appendix

1) Deployment concept
2) Heating Apparatus
3) [image: ]Electronic Housing Block Diagram
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