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Plankton taxonomic groups from AUVs
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	Ocean 

biogeochemistry
	Ecosystem dynamics
	Ocean visualization
	Exploration & discovery


Please indicate percentage of effort on this project anticipated for 2019 toward these three highest institutional goals (percentage total should equal 100%). 

	Goal
	Developing/adapting innovative technologies
	Utilizing developments to explore and understand ocean systems
	Technology/knowledge transfer


	Percentage
	75
	15
	10


1) ABSTRACT (new projects only)
This project is a follow-up to the 2017 feasibility study 901707. The overarching goal is to characterize phytoplankton communities from AUV core payload sensors, beyond total biomass as inferred from fluorescence. More precisely, we aim to develop proxies for high-level phytoplankton taxonomy (functional groups such as diatoms, dinoflagellates and picoplankton) from biological variables routinely measured by AUVs and gliders (fluorescence and backscatter such as from the HS2 sensor onboard Dorado and LRAUVs). The 2017 feasibility study explored relationships between phytoplankton taxonomy (BOG in situ samples), in situ chlorophyll/carbon (POC) concentrations (rosette surface samples), CTD fluorescence/beam-c and mooring fluorescence/backscatter. We confirmed that functional groups can be discriminated in chlorophyll/POC space; however, transposing this relationship to fluorescence/backscatter or beam-c is not trivial. Contrary to open oceans, beam-c does not appear to be a good proxy for phytoplankton carbon in coastal Monterey Bay, particularly when dinoflagellates are present. We explored machine learning (ML) techniques that can characterize nonlinear relationships using a suite of predictors (fluorescence, beam-c and other variables such as temperature, salinity, time of year etc), but did not succeed in capturing taxonomy from CTD data notably for dinoflagellates. The mooring fluorescence/backscatter dataset was more promising but only a surface dataset, inter-deployment calibration was an issue and the number of samples too small for reliable ML analysis. Here we propose to investigate the much larger Dorado fluorescence/backscatter dataset. 

This project will primarily explore two paths to develop the proxies, focusing on the Dorado dataset:

1- Take advantage of the diatom/dinoflagellate proxies calculated from nighttime fluorescence and bioluminescence (developed as part of project 901103 with Steve Haddock). Dominance by diatoms or dinoflagellates will be computed from the proxies and used as labels to train supervised ML models on fluorescence/backscatter.

2- Explore the diamond dataset where diatom/dinoflagellate labels can be derived from gulper eDNA samples (in collaboration with Katie Pitz) and weekly Santa Cruz and Monterey wharf samples (data freely available). The number of labels (maximum 4 per diamond, 19 diamonds currently) may be too small for ML analysis, but can be augmented by considering that samples are representative of the nearby chlorophyll patch. We will also directly (i.e., without ML) investigate the relationship between fluorescence/backscatter and the labels.
2) PROPOSAL
a) All Projects
Statement of the challenge, why it is important
Phytoplankton is the base of the oceanic food web, and as such drives the structure and productivity of bottom-up ecosystems such as along the West Coast. Sensors routinely deployed onboard AUVs and gliders measure bulk phytoplankton properties (fluorescence, backscatter - hereafter fluo/bbp) which provide information on total phytoplankton biomass. However, ecosystem health and ecological status depend not only on the total amount of phytoplankton available to higher trophic levels, but also on the phytoplankton species. Communities dominated by diatoms vs dinoflagellates may support very different food webs, even if their total biomass is similar. Certain species are toxic and result in harmful algal blooms with devastating consequences for marine life. More generally, understanding biodiversity patterns is a central issue in ecology, and phytoplankton biodiversity patterns remain poorly known. This project attempts to derive additional information relative to phytoplankton community composition, by identifying the dominant type of phytoplankton (diatom, dinoflagellate or picoplankton). This would drastically increase phytoplankton taxonomic information, currently only obtained via in situ sampling or specialized instruments onboard Dorado. MBARI is perfectly placed to undertake such an effort because of the very large fluo/bbp dataset available from AUVs and gliders.
Relevance


How does it relate/contribute to MBARI’s mission and strategic plan?
Developing phytoplankton taxonomic proxies from fluo/bbp sensors would open several research paths tightly coupled with MBARI’s research themes: 

· ocean visualization: these proxies would provide information on the abundance and distribution of different phytoplankton groups, and support studies of biodiversity patterns in the California Current.

· ecosystem processes: phytoplankton taxonomy impacts higher trophic levels and the carbon cycle, thus expanded coverage of phytoplankton taxonomic information would provide valuable insight into ecosystems functioning.

· exploration and discovery: new analytical tools related to machine learning will be investigated and developed for this project.

Taken together, these advances would directly contribute to MBARI’s overarching goal to “develop or adapt innovative technologies that allow researchers to identify and resolve important questions and advance our understanding of the ocean”.
Does it relate to the Technology Roadmap? If so, please describe how. (See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)
This project directly supports several of MBARI’s technological priorities (TR) put forward in the Technology Roadmap: 

· taking the laboratory into the ocean: we are “developing new tools and techniques for identifying, quantifying and characterizing species” (TR quote). 

· enabling targeted sampling: later in the project, we will work with the Dorado and LRAUV teams to investigate the possibility to compute the proxies in real-time onboard the AUVs. The current targeted sampling algorithms developed by Yanwu, notably patch tracking and peak capture, could be modified to specifically target a given type of organism.
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.)

The Packard Foundation’s long-term goal as described in their U.S. West Coast strategic plan is to enhance the ability of U.S. West Coast marine ecosystem to sustain biodiversity and productivity. Phytoplankton taxonomic proxies would produce invaluable information on phytoplankton high-level biodiversity patterns, as well as provide means to monitor its status and change. Moreover, changes in phytoplankton taxonomy can impact higher trophic levels; monitoring phytoplankton taxonomy can thus provide early warnings on potential changes to marine ecosystems.c
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
Project overview

The goal of this project is to develop proxies for functional groups (diatoms, dinoflagellates and picoplankton) from variables routinely measured by AUVs and gliders (mostly fluo and bbp). This will be achieved using the Dorado dataset using two different paths (Figure 1 below). In both cases, a supervised ML analysis will explore relationships between a set of labels (taxonomic information) and predictors (variables measured by the AUV, notably fluo/bbp). More precisely:

(1) Nighttime Dorado dataset: labels will be obtained from fluorescence/bioluminescence (hereafter fluo/biolum) proxies for diatoms and dinoflagellates, already available (Messié et al., in revision)

(2) Dorado diamond dataset: labels will be obtained from eDNA samples at C1 and M1 (in collaboration with Katie Pitz), and wharf counts for the north and south corners (see http://oceandatacenter.ucsc.edu/PhytoBlog/). To augment the number of labels, we will consider that samples are representative of the nearby chlorophyll patch.

While dataset (1) is very well suited to machine learning because of the very large amount of data involved (all nighttime Dorado surveys with both bioluminescence and fluorescence data), dataset (2) will be much smaller with 19 diamond surveys so far. A “direct” analysis of this dataset, investigating taxonomy in fluo/bbp space (similar to what was done during the feasibility study) will also be conducted.
More precisely, over the course of the project, we plan to: 

· load all Dorado surveys into STOQS, 

· use the fluo/biolum proxies to generate nighttime labels, 

· work with Katie Pitz to generate labels from in situ eDNA diamond samples, 

· load these 2 sets of labels and labels from in situ wharf counts into STOQS, 

· explore supervised ML analysis for the nighttime Dorado dataset (fluo/biolum labels) and for the diamond dataset (eDNA and wharf labels), using fluo, bbp, and other variables as predictors,

· investigate the diamonds in depth,

· expand label visualization capabilities within STOQS,

· implement reproducible workflows through STOQS,

· explore cloud computation of predictor variables,

· explore ways to apply the method to LRAUVs and gliders,

· as time allows, use the proxies to investigate the spatio-temporal variability of phytoplankton community in Monterey Bay.
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Figure 1: Two paths explored for developing plankton taxonomic proxies (diatoms, dinoflagellates, picoplankton) for the Dorado dataset.
Specific research activities

Research will be needed in support of the proxies development, and will also be enabled by the proxies once they are available. Two areas of research will thus be explored: (1) data analysis aimed at identifying relationships between plankton taxonomy, optical properties and environmental conditions in support of the proxies development; (2) at a later stage of the project and as time allows, research utilizing the proxies to investigate plankton taxonomic composition in Monterey Bay, its variability, controls, and impact on higher trophic levels.

The first area of research will be primarily tackled by analyzing the Dorado diamond dataset that currently provides the best combined AUV / in situ dataset along regularly repeated transects (June 2016 to present, see http://www3.mbari.org/bog/Dorado_diamond.htm). Between Dorado gulper samples, Santa Cruz / Monterey wharf samples and BOG day cruises, we should have enough information to build a picture of plankton succession in the bay during the last couple years, even if only qualitative. We will analyze the spatio-temporal variability in the Dorado dataset during this time period and attempt to identify variables that can be used to predict plankton taxonomy, thus informing the ML efforts.

In addition, research conducted by Katie Pitz will be leveraged as part of this project. Katie is investigating how well eDNA captures the taxonomic patterns seen with microscope counts using paired QP (Quantitative Phytoplankton microscopic counts) and 18S-sequenced eDNA samples collected from the same CTD bottle. In general, the proportion of reads belonging to a group of organisms within an eDNA sample is related to their abundance or the percentage biomass of those organisms within a water sample. For example, if an organism makes up a large fraction of the biomass it will also likely make up a large fraction of the reads obtained from that sample. However, different groups of organisms have large-scale differences in the copy number of their genes: dinoflagellates typically have high 18S gene copy numbers and are overrepresented relative to other organisms in genetic datasets based on their biomass. Since MBARI has a large dataset of QP/eDNA paired samples, representing both dinoflagellate-dominated and diatom-dominated samples, this bias can be better constrained for the Monterey Bay region. Once this relationship is defined using QP counts, it can then be applied to gulper eDNA samples. These samples have yet to be sequenced and we will work with Katie to identify which samples should be analyzed in priority, based on their potential for good taxonomic discrimination. We will also explore whether genetic samples processed by Julio Harvey can be used for this project.
Engineering/Technology Development

This project will leverage technology already developed at MBARI: STOQS, a supervised machine learning workflow that we developed during the 2017 feasibility study 901707, and fluo/biolum proxies developed as part of project 901103. 

The STOQS data model includes association tables that allow for any number of labels to be assigned to any set of measured parameters. This engineering work was done a few years ago in anticipation of the need for doing the type of machine learning we are proposing. Visualization of labeled data into STOQS, while built into the software, will need to be tested and improved. New STOQS development will be conducted by Mike McCann:

· Implementation of reproducible workflows through STOQS databases

· Software dev/ops work to enable others to easily execute workflows (e.g., interaction with Matlab)

· 3D geospatial data visualization of our results, building upon existing capability.
The supervised ML workflow is a modular software pipeline designed to train and evaluate ML models and assess the presence (or absence) of a predictive signal within a labeled dataset. The workflow is readily available to allow the research team to rapidly explore a wide range of predictors (features), ML model parameters and labeling strategies, and de-risk a use case before significant engineering resources are dedicated to it (make “go/no-go” recommendation).  

The supervised ML pipeline (Figure 2) is implemented in Matlab and facilitates the following analysis tasks:

· Quantify suitability of data for ML: number of records and features, availability and quality of labels.

· Specify experimental protocol: define training/test data splits and cross-validation strategy, data ETL (extract, transform, and load) and vectorization to format experimental data sets. 

· Train ML models and compute evaluation metrics for model comparison: confusion matrix, visualization, and learning-curves.
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Figure 2: Diagram of the supervised ML workflow developed as part of the 2017 feasibility study for identifying predictors for plankton taxonomic groups.

The ML model implemented as part of the analysis pipeline is a Support vector machine (SVM). SVMs are powerful binary classifiers capable of fitting highly complex hyperplanes to partition the target classes. These models have a robust theoretical foundation and are commonly used in industrial applications for complex tasks such as text categorization (spam filtering) and image classification. SVMs are particularly suitable for exploring moderately sized datasets (up to ~100k observations) as they are quick to train and have inherent regularization terms, which prevent the model from over-fitting. The workflow also utilizes cross-validation to evaluate the classification performance of predictive models trained by the system, which helps the team flag problems like over-fitting, provides insight on how the model will generalize to an independent dataset, and sets a quantitative basis for model comparison and feature selection. Additional ML models are available through Matlab’s statistics and machine learning toolbox or alternative open-source software packages (e.g., Python’s scikit-learn) and can be explored as part of the analysis as needed.

Along with the proposed changes to STOQS, the supervised ML workflow should allow the research team to effectively mine the Dorado datasets for any existing relationships between variables of interest (predictors) and existing taxonomic information. This will be accomplished by constructing numerous predictive models and ranking them based on their classification performance to identify optimal predictors and model settings that maximize taxonomic identification.
Marine Operations/Field Programs
No marine operations / field programs are needed as the data has already been collected. Although not planned at this point, targeted AUV operations to validate the proxies could be considered in the last year of the project.  
Data


What data products will be generated?

Two sets of new data products will be generated:

· labels for the Dorado nighttime dataset and Dorado diamond corners,

· proxies for diatoms, dinoflagellates and small phytoplankton associated with the Dorado HS2 dataset.

In addition, similar data products may be generated for LRAUV and/or gliders depending on progress regarding the transfer of the method to other platforms.
How will the data products be managed?


We will use STOQS to manage all datasets as well as associated data products.

Describe data availability outside of the project team.

The labels will be loaded into STOQS, which will make the data readily available for others to process. Data will be visualized using the STOQS web interface and in reproducible Jupyter Notebooks. The supervised machine learning workflow is already available on MBARI’s bitbucket account (https://bitbucket.org/mbari/planktonproxies-machine-learning-analysis) and the final proxy method will also be made available to others.
Describe data storage requirements.

The entire Dorado archive will be loaded into a STOQS database, which will represent over 400 surveys consuming about 10 GB of disk space. This dataset will be augmented by the phytoplankton labels obtained for nighttime data using bioluminescence/fluorescence proxies and by labels from in situ information (eDNA/wharf counts). Some experimentation will need to be done to assess the temporal resolution needed to produce useful results. The standard 2-second averaged instrument data loaded into STOQS may be too coarse for this analysis – a more raw form of the data may need to be loaded, increasing the disk space needed. At the end of the project, labels from fluorescence/backscatter may be generated for Dorado, LRAUVs and gliders, with a size TBD but likely representing one additional field at the HS2 resolution.
Anticipated Impact
Who are the consumers of the instruments, methods, systems, and data that will be generated?

Deriving phytoplankton taxonomy proxies for the Dorado dataset, and potentially LRAUV and gliders as well, would open up an incredible opportunity to investigate decades of local historical data and would provide an unprecedented view of phytoplankton ecology in the region. This could increase our understanding of links between phytoplankton functional types and higher trophic levels, and of ecosystem functioning in general. Moreover, the proxies could be processed in real-time onboard AUVs, enabling more advanced targeted sampling. As such, the primary teams and projects expected to benefit from this work are:

· the targeted sampling project (901513): in his 5-year proposal last year, Yanwu highlighted “Targeted sampling assisted by real-time plankton taxa classification” as one area of research. He specifically plans to design AUV algorithms to implement plankton taxa classification in real-time and sample the targeted type. As such, strong collaborations between our two projects can be expected, as proxies developed here can then be implemented by Yanwu onboard the vehicles. These can then (1) be used to provide real-time information on species composition in the water (if implemented onboard LRAUV), (2) be implemented in existing algorithms such as patch tracking or peak capture to target specific organisms, and (3) in turn, provide additional in situ validation of the proxies.

· CANON (901009) and MBTS (901112): there are natural synergies between these 2 projects and the proxies work. First, we use CANON/MBTS datasets, notably Dorado diamonds. In future years, we plan to also use the LRAUV and glider datasets. Future datasets collected as part of CANON/MBTS will also be used for validation and refinement of the proxies as time goes on. Second, proxies computed from fluo/bbp will provide taxonomic information that would be very informative to CANON experiments, particularly once implemented onboard the vehicles so that they can be used in real time.  

· the bioluminescence project (901103): intercomparison between the fluo/biolum and fluo/bbp proxies can validate and help improve the fluo/biolum proxies.

· the data TAG project (901602): our project will be using diverse datasets (Dorado, LRAUV, glider, eDNA, outside wharf samples, potentially others), handle large volumes of data, and generate additional information (proxies). There is thus a natural collaboration with the data TAG, as this project can be considered as a “test case” of future big data studies using AUV data at MBARI. Kevin Gomes has been a part of discussions regarding how to handle the data (access, store and share); we are planning to use STOQS to handle the datasets, but will keep communicating with the data TAG group regarding the best approach.

· MBON (708122) and more generally work with the MBNMS: these teams are interested in all information regarding biodiversity including planktonic diversity. Proxies developed as part of this project could significantly increase historical data in the region. Moreover, we will be working with Katie Pitz on eDNA samples collected as part of MBON.
b) Continuing Projects

N/A
c) All Projects: Specific Plans for 2019
Research Activities
Activities in 2019 will be divided in 2 sections.

During the first half of the year (Jan-Jun, without Monique): 

· the entire Dorado dataset will be loaded into Matlab by Mike at the “normal” STOQS resolution (2-second averaged data).

· Ben will investigate the usefulness of LISST-100x data to generate an additional set of labels, focusing on surveys that were quality-controlled and processed by John Ryan.

· Ben will also investigate the size of LRAUV labelled data (ie eDNA/QP samples collected from Tethys’ sipper and from nearby CTD-rosette), to assess whether supervised machine learning from in situ labels can be directly applied to the LRAUV dataset. 

During the second half of the year (Jul-Dec, Monique back):

· proxies for the full nighttime Dorado bioluminescence/fluorescence archive will be reprocessed by Monique based on the latest algorithms; labels for “diatoms”, “dinoflagellates” and “picoplankton” will be derived based on the fluo/biolum proxies.

· labels for the corners of the Dorado diamond (from gulpers and wharf data) will be generated by Monique (and Katie for the eDNA part); these 2 sets of labels will be loaded into STOQS with help from Mike.

· Ben will run supervised machine learning on the 2 datasets (cf. Figure 1: Dorado nighttime surveys and Dorado diamond). Labels will be the fluo/biolum labels for dataset 1, diamond corners labels from wharf counts and gulpers for dataset 2. Predictors will be fluorescence, backscatter, and other variables as previously investigated during the feasibility study including both measured variables (e.g., temperature) and context variables (e.g., time of year).

· Monique will investigate the diamond surveys, for instance looking at the labels in fluo/bbp space similar to what was done during the feasibility study.
Engineering/technology development

Most of the technology is already in place. The biggest effort will be to (1) create the STOQS architecture for loading labels and interact with Matlab, (2) expand label visualization capabilities within STOQS, (3) explore cloud computation of predictor variables, and (4) start implementing reproducible workflows. During the machine learning exploratory phase (proxy development), STOQS will mostly be used as a database and visualization tool. However, the ultimate goal is to implement reproducible workflows, such that the computation of predictor variables and the machine learning model can be run directly within STOQS or interacting with STOQS. For instance, predictor/labels matching can happen at the sample scale (i.e. AUV measurements closest to a label) or at the profile scale (i.e. each label is matched to a vertical AUV profile), in which case predictors are computed from the full profile (e.g., thermocline depth). Cloud computing of such predictors could significantly lower the amount of data being downloaded for analysis, and speed up processing. Significant work will go towards implementing such workflows.
Field programs (detail ship requirements/deployments/diver requirements)
None.
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
By the end of year 1:

1- Dorado archive loaded into STOQS

2- Labels generated for the 2 datasets, and loaded into STOQS

3- First set of machine learning tests run on both datasets.
Milestones and required personnel (see personnel classification list for staff classifications)
	2019 Project Start Date: 

01/01/2019
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Milestone 6
	Total Resources
 (in hours) for each resource category for all milestones listed here

	Milestone Date
	Jun 2019
	Jun 2019
	Sep 2019
	Dec 2019
	Dec 2019
	Dec 2019
	

	Milestone Description
	Dorado archive loaded into STOQS
	Investigate additional datasets
	Fluo/biolum labels loaded into STOQS
	Dorado diamond analysis
	ML analysis
	STOQS development
	

	Electrical Engineer
	
	
	
	
	
	
	

	Software Eng-Embedded
	
	
	
	
	
	
	

	Software Eng-Info Eng (MMC)
	50
	
	50
	
	
	200
	300

	Mechanical Engineer
	
	
	
	
	
	
	

	Mechanical Eng-Division
	
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	
	

	Associate Engineer (BYR)
	
	60
	
	
	120
	
	180

	Electrical Tech
	
	
	
	
	
	
	

	Software Tech
	
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	
	

	Machinist 
	
	
	
	
	
	
	

	Divers (Res Spec MM)
	
	
	60
	90
	
	
	150


Budget justification
No request besides time for Mike McCann, Ben Raanan and Monique Messié.

Mike McCann’s labor request is significant; here is a breakdown of expected deliverables:

· Implementation of reproducible workflows through STOQS databases

· Software dev/ops work to enable others to easily execute workflows

· 3D geospatial data visualization of our results, building upon existing capability.
Project team
Monique Messié, Ben Yair Raanan, Francisco Chavez, Mike McCann

Collaborators: Kevin Gomes, Steve Haddock, Katie Pitz, John Ryan and Yanwu Zhang.
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.
None.
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.

None.
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.

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. Monique Messié will be in France during the first part of the project but no data will be transferred abroad.
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? 

 No.
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 https://sanctuarysimon.org/regional_sections/maps/mpaviewer/. If your work will be conducted in one of these areas, please indicate which area by number or name (zoom in to see names of MPAs).
None.
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. Please see Mandy Allen for questions.
Will you be collecting samples that require a permit?

No.
Will you be working in a State Marine Protected Area?
No.
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.

None.
Active Acoustics

We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2019_Proposal_Process/documents/mbari_acoustic_instruments_2018-05-29_ver_11.pdf. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

None.
� This date and number should remain the same for the duration of the project. If your project start date for 2019 is not January 1, please indicate the start date in the first cell of the milestone chart. Format for duration example: “Year 2 of 5”.


� Development and infrastructure projects must complete the risk matrix (see 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 category includes transfer of hardware, know-how, publications, presentations, etc. 


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