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Project Description:  
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. 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 surface, inter-deployment calibration was an issue and the number of samples too small for reliable ML analysis.

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, 16 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.

In 2019, we plan to load all Dorado surveys into STOQS, generate the labels from the fluorescence/bioluminescence proxies and in situ diamond samples and load them into STOQS, start exploring supervised ML analysis for both, and start investigating the diamonds in depth. We will expand label visualization capabilities within STOQS and explore cloud computation of predictor variables. We will also assess whether LISST-100x can be used to generate an additional set of labels, focusing on surveys that were quality-controlled and processed by John Ryan. Subsequent years will refine the method, explore ways to apply it to LRAUVs and gliders, and implement reproducible workflows through STOQS. Team and collaborators include Monique Messié, Ben Yair Ranaan, Francisco Chavez, Mike McCann, Kevin Gomes, Steve Haddock, Katie Pitz, John Ryan and Yanwu Zhang (with time requested for Monique, Ben and Mike).

In addition to the project description above, please provide one (1) paragraph addressing each of the following topics:
Fundamental Problem
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) 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 fluorescence/backscatter dataset available from AUVs and gliders.

Technology
The technology needed for this project is already available at MBARI. We will rely on STOQS and a supervised machine learning workflow that we developed during the 2017 feasibility study. 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. 

Data
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 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. 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.

Impact
Assuming the project is successful and phytoplankton taxonomy proxies are derived for the Dorado, LRAUV and glider datasets, this opens 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.

Please provide an overall, high-level estimate of resources envisioned for this project in 2019 to help give a sense of the size of the proposed effort. Detailed scoping is not needed at this stage. Simply mark the appropriate box below. 
	Budget Category
	Minimal
	Medium
	Significant

	Labor
	280
	450
	600

	Expense
	0
	0
	0

	Ship/Assets
	0
	0
	0


If you anticipate a large ramp-up or increase in resource requests in future years of the project, please include that information below.
Requested time will increase for Monique (only present ½ year in 2019) and Mike (most of the work to implement reproducible workflows will occur after identifying the best ML algorithm).
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