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1) ABSTRACT (new projects only)

We currently rely on in situ sampling to get taxonomic information on phytoplankton communities,
whether from ship rosette, Dorado gulper, LRAUYV sipper or ESP. The goal of this feasibility study is to
examine whether reliable proxies for phytoplankton taxonomic groups (i.e. diatoms, dinoflagellates,

etc.) can be derived from alternate measurements, namely (1) autonomous fluorescence/backscatter
sensors currently onboard most AUVSs, ships CTD/rosette and gliders, and (2) satellite ocean color in the
California Current. If this is proven feasible it opens up an incredible opportunity to investigate decades
of local historical data and would provide an unprecedented view of phytoplankton ecology in the region.
Moreover, in the future real-time processing of phytoplankton taxa proxies onboard AUVs would enable
more advanced targeted sampling.

2) PROPOSAL

a) New Projects

Statement of the problem, 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. Total phytoplankton biomass is relatively well
monitored from satellite and autonomous sensors, using chlorophyll concentration as a proxy for
biomass. However, ecosystems health and ecological status depend not only on the total amount of
phytoplankton available to the food web, 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.

We currently rely on in situ sampling to get taxonomic information on phytoplankton communities,
whether from ship rosette, Dorado gulpers, LRAUV sipper or ESP. Other specialized instruments
currently onboard Dorado (LISST 100x, LISST-HOLO, LOPC, bathyphotometer) can provide
taxonomic information but remain limited to one platform. By contrast, commonly used optical
fluorescence/backscatter sensors are available onboard most AUVs, gliders, ship CTDs and the
expanding fleet of biogeochemical Argo floats. Taxonomy-specific phytoplankton optical properties
provide a path for identifying high-level taxonomy (functional groups) using these autonomous sensors,
as well as satellite ocean color sensors. While specialized instruments may be able to better resolve
taxonomy (possibly to the species level), fluorescence/backscatter sensors and satellite data provide a
much higher coverage and functional groups already contain precious information on major
phytoplankton players. Moreover, while true measures of biodiversity require an extensive knowledge of
the community, information on spatial heterogeneity of functional groups has been shown to be highly
correlated to local diversity and can thus be considered as a good proxy for overall plankton biodiversity
(Soccodato et al., 2016).
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The goal of this feasibility study is to examine whether it is possible to derive reliable proxies for
phytoplankton taxonomic groups such as diatoms, dinoflagellates, picoplankton, or haptophytes, from
(1) autonomous fluorescence/backscatter sensors, and (2) satellite ocean color in the California Current.
If this is proven feasible, reprocessing the MBARI AUVs dataset alone would increase our information
on phytoplankton taxonomy by close to 2 orders of magnitude and provide full profiles. MODIS-based
proxies would provide a synoptic 4-km data set of dominant phytoplankton groups with >80% monthly
coverage. Combined, these products would provide an unprecedented view of phytoplankton ecology in
the region. A preliminary investigation of Dorado proxies for diatoms and dinoflagellates based on
fluorescence and bioluminescence sensors for the 2003-2008 time period by summer intern Alaina
Smith is encouraging (see project 901103), and suggests that interesting discoveries could be made by
deriving similar proxies from all AUVs. Moreover, in the future real-time processing of phytoplankton
taxa proxies onboard AUVs would enable more advanced targeted sampling by providing the capability
to differentiate between a diatom- and dinoflagellate-dominated patch, for example.

Reference cited:
Soccodato, A., d'Ovidio, F., Lévy, M., Jahn, O., Follows, M. J., & De Monte, S. (2016). Estimating planktonic diversity
through spatial dominance patterns in a model ocean. Marine genomics, in press, doi:10.1016/j.margen.2016.04.015.

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

Assuming the feasibility study is successful and phytoplankton taxonomic proxies can be derived from
fluorescence/backscatter sensors and/or satellite, this 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”.

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 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.
Because phytoplankton taxonomic proxies would provide invaluable information on phytoplankton
high-level biodiversity patterns as well as provide means to monitor its status and change, this project
contributes to the Packard Foundation goals.
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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: assuming it is possible to derive proxies from
fluorescence/backscatter sensors, these could be computed 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.

Approach to the problem

This project is divided into 2 parts: (1) proxies from fluorescence/backscatter sensors, and (2) proxies
from satellite. In both cases, the potential for proxies will be evaluated against in situ phytoplankton
counts (BOG time series). These parts are independent but can inform each other: matching satellite and
fluorescence/backscatter profiles should yield the same phytoplankton taxonomic group, which can be
used to validate the proxies. The figure below summarizes the approach to the problem, then the
approach for each part is detailed.

Evaluate taxonomic groups proxies (e.g. diatoms, dinoflagellates, picoplankton)
by comparison with BOG time series

Proxies from satellite (PHYSAT)

Fluorescence = proxy for chlorophyll, Water-leaving radiance (Ra) spectra varies with
Concept

Proxies from autonomous sensors

backscatter = proxy for carbon. Chl (first order) and taxa (second order).
C:Chl taxa-specific PHYSAT classifying Ra anomalies.

1- Relationship between fluo-bbp and taxa? 1- Do PHYSAT groups match in situ groups?

Approach 2- Evaluate machine learning techniques. 2- Custom calibration with in situ data.

Figure 1: Approach to the problem. There is currently no proxy developed from autonomous sensors; the first
step is to evaluate whether fluo-bpp is indeed related to phytoplankton taxa. Proxies are already available from
satellite (PHYSAT outputs) and would need to be validated.

(1) Deriving proxies from fluorescence/backscatter sensors

Background: The theory that fluorescence-backscatter (hereafter fluo-bbp) signatures may be indicative
of phytoplankton taxa is based on taxonomy-specific phytoplankton C:Chl: for example, diatoms have
lower C:Chl than dinoflagellates. Fluorescence is a proxy for chlorophyll (Chl) and backscatter for
carbon (C) so that scatter plots of the two properties may delineate communities in a manner similar to
flow cytometry. In support of this concept, Whitmire et al. (2010) found linear backscatter-chlorophyll
relationships with species-specific slopes from culture dilution series experiments. However, increasing
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light or nutrient stress can significantly reduce cellular Chl and increase C:Chl, complicating the
relationship. Photoacclimation in particular may explain >90% of the C:Chl variability at the global
scale (Behrenfeld et al., 2016). Daytime fluorescence quenching near the surface will also be an issue
and needs to be corrected (Sackmann et al., 2008), or surface daytime data discarded. The relationship
between fluo-bbp and taxonomy is thus not trivial.

Results to date: Previous MBARI effort focused primarily on the Fall 2013 CANON dataset. We
demonstrated that the fluo-bbp signatures are variable in time and space but coherent between multiple
AUVs and gliders (Mike McCann, using STOQS), and that it was possible to “tag” sediments and
populations based on their fluo-bbp signal (Monique Messié). Results from classification using
unsupervised learning methods (Danelle Cline) suggested the use of concurrent plankton data may be
required. A test using a type of neural network (Self-Organizing Maps, SOM) combined with population
tags appears promising. These efforts have relied solely on fluo-bbp, including those using population
tags that were artificially labelled A-F with no link to plankton taxa. There has been no attempt yet to
look at available phytoplankton counts to see whether there is indeed a relationship between plankton
taxa and fluo-bbp, except for work by MBARI collaborator Brad Penta (NRL) on the 2010 CANON
experiment. He was able to derive proxies for dominance by diatoms vs. dinoflagellates from
fluorescence/backscatter in agreement with concurrent HPLC samples; these proxies were however
specific to the CANON 2010 dataset.

Approach: We propose to investigate relationships between (a) BOG phytoplankton counts at C1, M1
and M2 and (b) concurrent fluo and beam-c (another carbon proxy) datasets from the CTD/rosette, as
well as fluo-bbp from the M1 mooring. Counts from gulper samples are also available for a few
campaigns and can be directly compared with Dorado fluo-bbp. We would investigate the
presence/absence and robustness of a relationship between phytoplankton taxa and fluo-bbp, as well as
examine the potential of different machine learning techniques in capturing this relationship, for
example SOM or mixed-membership models (eg. topic models).

(2) Evaluating proxies from satellite ocean color

Background: The main parameter derived from satellite ocean color is chlorophyll, a proxy for
phytoplankton biomass. While satellite-measured normalized water leaving radiances vary with Chl at
the first order, their second-order variations are characteristic of phytoplankton taxa. The reason is that
normalized water leaving radiance anomalies (Ra) depend on specific phytoplankton absorption, colored
dissolved organic matter absorption, and particles backscattering, which are taxa-specific for a given Chl
concentration (Alvain et al., 2012).

Current status: The PHYSAT algorithm, developed by Séverine Alvain (France), relates Ra to the
dominant phytoplankton group at each pixel based on a 2-step process (Ben Mustapha et al., 2013). First,
the Ra were classified into 100 “neuron” groups using an automatic unsupervised classification

approach (SOM). Then, these 100 neuron groups were labeled with phytoplankton taxa when possible
(about half of the groups), based on concurrent pigments samples. Phytoplankton taxa currently
identified by PHYSAT are diatoms, nanoeukaryotes, Synechococcus-like cyanobacteria,
Prochlorococcus and Phaeocystis-like.
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Approach: This second part of the project would evaluate the potential of PHYSAT in the California
Current by comparison with BOG phytoplankton counts at two levels. First, the 5 plankton taxa
identified by PHYSAT can be directly compared to in situ plankton counts (e.g., do PHYSAT “diatoms”
capture in situ diatom blooms). Second, the original 100 neuron groups themselves (corresponding to
anomalies in the satellite signal) can be mapped onto in situ phytoplankton taxa using a labeling
technique similar to the one used by Ben Mustapha et al. (2013). It is possible that spectral signatures
may be region-specific, and it might be possible to refine the labeling by identifying other / more
detailed phytoplankton taxa beyond the 5 original PHYSAT taxonomic groups. Evaluating the potential
of PHYSAT should be straightforward as the full MODIS dataset (100 groups and 5 taxa outputs) would
be available as part of a collaboration with Séverine Alvain. This effort would be very timely as
researchers from France (Hervé Demarcq) and Morocco (Aicha Berrada) are beginning to work with
PHYSAT in the Peru and Northwest Africa upwelling systems, which could enable some interesting
collaborations and intercomparisons.
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b) Continuing Projects

N/A

¢) New and Continuing Projects: Plans for 2017

Research Activities

The overall plan for research activities was described above (Figure 1). Here we detail the different steps
associated with each part, and evaluation metrics for answering the question “Can we derive reliable
proxies for phytoplankton taxonomic groups from autonomous sensors and/or satellite?”. In the
following we are using diatoms and autotrophic dinoflagellates (hereafter adinos) as examples for the
phytoplankton groups; the method will be expanded to include additional phytoplankton groups such as
monitored by the BOG group.

We did note the MT suggestion to collaborate with Ed Delong on this project and agree that expanding
this work to the tropical areas would be very interesting. However, this 2017 feasibility study is intended
to be a very small and focused effort, and we believe it will be more efficient to first assess the potential
of the method in Monterey Bay before expanding it to other regions. We will consider such
collaborations in a subsequent proposal if the feasibility study is successful.

We will collaborate with Brad Penta (NRL) on the fluorescence/backscatter question since he has
experience working on this topic and was able to derive proxies for dominance by diatoms vs.
dinoflagellates from fluorescence/backscatter for the 2010 CANON experiment in Monterey Bay. While
these proxies were specific to one campaign and thus cannot be readily applied to the AUVs dataset, his
experience on the subject will be very valuable.

We will also collaborate with Yanwu Zhang & LRAUV team (project 901513) as they will be
simultaneously working on implementing very simple proxies calculations in LRAUV. Even though we
do not anticipate developing reliable proxies by 2017, our work may identify variables of interest for
early LRAUV testing.

(1) Deriving proxies from fluorescence/backscatter sensors

The first step will be to generate datasets matching phytoplankton counts with corresponding
fluorescence/backscatter and fluorescence/beam-c profiles (“combined dataset™). These datasets will
consist of:
- C1, M1 and M2 counts and corresponding CTD profiles (fluorescence/beam-c). We will test the
Sackmann et al. (2008) quenching correction.
- M1 counts and corresponding mooring fluorescence/backscatter data (both closest in time and at
nighttime, to avoid quenching effects).
If time allows, we will add gulper counts (available for a few campaigns) and corresponding Dorado
profiles. We may also attempt a general comparison of Dorado fluorescence/backscatter with
diatoms/adinos proxies derived from bioluminescence as part of project 901103.
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These datasets will be provided to Ben Raanan for testing of topic modeling methods (see below).
Additional variables will be included, such as PAR and temperature, that may be valuable in correcting
for the photoacclimation and nutrient stress effects.

Then the relationship between phytoplankton taxonomy and fluo-bbp or fluo-beamc (hereafter fluo-bbp
for simplification) will be explored. Methods to test the existence of a relationship can include:

- Partition the fluo-bbp data from the combined dataset into “diatoms-dominated”, “adinos-
dominated” (etc) situations and test whether these are statistically different from each other.

- Look at the seasonal and interannual variations of the entire fluo-bbp dataset and test whether
there are significant differences between periods known to be dominated by adinos vs. diatoms,
as identified by the BOG time series (e.g. adinos: fall, 2004-2006; diatoms: spring, other years).

- Compute and remove the photoacclimation effect based on an adaptation of the Beherenfeld et al.
(2015) method and look at the residuals.

Last, machine learning techniques will be tested to evaluate their potential at capturing the relationship
between taxonomy and fluo-bbp, and at defining proxies. To assess the potential of machine learning on
taxa classification, the input data will be split into a training set, a validation set, and a test set, and the
classification performance will be measured using cross-validation. Two methods will be considered:

- Self Organizing Maps (SOM): SOM is an unsupervised learning method that trains a neuron
network on the predictors, here fluo-bbp, effectively clustering the predictors. Then matching
data, here BOG counts, are used to label the neurons. This “neurons labelled map” represents a
transfer function between the predictors and the taxonomic groups, and can be applied to new
datasets. A preliminary investigation of the method on artificial tags from CANON 2013 was
promising.

- Topic modeling: Topic modeling is a generative mixed-membership unsupervised learning
method that identifies patterns — aka topics — in the data and represents observations as
probability distributions over patterns. Once trained, each topic should map one-to-one with the
fluo-bbp pattern of the individual taxa, and each sample/observation will be assigned a
probability distribution that should correspond to the relative concentration of the taxonomic
groups.

The primary objective of the machine learning part is to evaluate the potential for these two techniques
(see *“(3) Evaluation metrics” below). Developing reliable proxies would require more time, testing and
calibration and is not the goal of the feasibility study. However, some preliminary proxies can be
quickly derived by the team who is already familiar with both methods, and evaluated — hence the
relatively short duration of this feasibility study. The development of reliable proxies would take place
in a subsequent proposal.

(2) Evaluating proxies from satellite ocean color

Similarly, a database matching in situ phytoplankton counts with the concurrent PHYSAT output (both
phytoplankton dominant group and neuron group) will be generated. Because PHYSAT only captures
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the dominant species, we will restrict the BOG samples to those clearly dominated by one functional
group.

As a first step, PHYSAT functional groups will be validated. While the data currently available to us are
very preliminary (the algorithm was developed for SeaWiFS and is currently being ported to MODIS), a
look at spatial and seasonal patterns suggests that but these may not readily work in the region, to be
confirmed with a subsequent release planned for later this year.

The most important part of this work will use the neurons outputs (MODIS radiance anomalies
classified into 100 groups using the SOM technique). We will apply a neuron-labelling method similar
to the one used in PHYSAT, where neurons were labelled with functional groups based on concurrent
HPLC samples, using a random subset of BOG samples. The rationale is that plankton optical properties
may be region-specific, and that plankton groups not yet captured by PHYSAT (such as dinoflagellates)
may be related to certain neurons. The resulting labelled neurons map will be used to produce a new,
custom product of satellite-based phytoplankton taxonomic groups that will be validated against the
remaining BOG counts.

(3) Evaluation metrics

Several relationships will be tested and quantified, that will together define the success of the feasibility
study:

a- There are significant differences in fluo-bbp between diatoms-dominated and dinoflagellates-
dominated situations (possibly after removal of photoacclimation, quenching and nutrient
effects).

b- Preliminary proxies defined on a random subset of in situ counts accurately predict the remaining
in situ counts. The same metrics will be applied to proxies defined from SOM and topic
modeling on fluo-bpp, PHYSAT “official” dominant phytoplankton groups and PHYSAT
“customized” dominant phytoplankton groups.

c- If time allows: proxies reproduce known seasonal and interannual patterns. This will likely only
be tackled after reliable proxies are derived (i.e. b- is successful) which may not happen in 2017.

Engineering/technology development

None.

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
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below.

None.

Specific deliverables

The main deliverable of this project is the result of the “evaluation metrics” described above.

Milestones (see personnel classification list)

N/A

2017 Project

Start Date:
01/01/2017

Milestone 1

Milestone 2

Milestone 3

Milestone 4

Milestone 5

Milestone
Date

Milestone
Description

Total
Resources*
for each
resource
category for
all
milestones
listed here

EE

SE

ME

EE Tech

SE Tech

ME Tech

Machine
Shop

Divers

Budget justification

N/A (no request besides Ben’s and Monique’s time).

* This number should be the same number you entered on the resource requests for this particular resource.
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Project team

Monique Messié (PI) — datasets preparation, SOM, PHYSAT evaluation (300h)
Ben Raanan — topic modeling (160h)

Mathieu Kemp

Francisco Chavez

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.

Data storage requirements (see Todd Ruston for assistance)
None.

Data availability outside project team, unigueness

Regarding proxies from autonomous sensors, the goal of this feasibility study is to evaluate whether it is
possible to generate phytoplankton proxies from fluo-bbp. We do not anticipate reaching a point where
reliable proxies are derived and can be made available to other teams by the end of 2017. Developing
and refining proxies, as well as making them available to other teams (notably for targeted sampling)
would be the main goal of a possible subsequent proposal.

Regarding PHYSAT, the outputs are not publicly available and will be shared with us as part of a
collaboration with S. Alvain, so that there is no plan to make them available outside the project team in
2017.

This work is related to a study of Dorado proxies conducted under 901103 by M. Messié based on
fluorescence and bioluminescence sensors. This feasibility study remains however unique because of the
much larger number of fluo-bbp profiles (all LRAUVS, ship CTD/rosette, gliders). It is possible that
methods developed here may be of use to the fluorescence/bioluminescence project and vice versa.
MBARI is uniquely positioned to tackle such a study because we possibly hold the largest database of
concurrent plankton counts and fluorescence/backscatter profiles in the world.

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.
Export Regulation

Does the project team anticipate any foreign collaborations or international travel? If so, please identify
collaborators by name, institution, and country.
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Foreign collaborator: Séverine Alvain, LOG/CNRS, France.

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.

None.

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 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.

None.
Active Acoustics

We are compiling information on active acoustic use at MBARI. If the project involves using active
acoustic instrumentation, please describe plans.
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None.

Risk matrix (development and infrastructure projects only)

Technical Organizational — Tech Transfer Labor
Risk Risk Risk Estimate Risk
High
Medium
Low
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