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This is the progress report for the period from March 1, 2021 to February 28, 2022. This research
project is a multi-institutional effort between UCLA, UCSC, SCCWRP, UCSD, and UW. The main
objective of the project is to develop an integrated modeling system validated against available
observations, to investigate the natural and anthropogenic drivers of Pseudo-nitzschia (PN) Harmful
Algal Blooms (HABs) in the southern California Current System (CCS). Our approach builds upon
the development of a similar modeling system (ROMS-BEC) used to investigate the physical
circulation and biogeochemical cycles (in particular, ocean acidification and hypoxia) along the US
West Coast.

The specific project goals can be summarized as follows: (1) develop an end-to-end predictive
capacity for the prediction of the PN-derived toxin domoic acid (DA), in the southern CCS,
evaluated against observations; (2) apply and use our integrated model to investigate the relative
importance of anthropogenic inputs and other potential drivers on the frequency and severity of PN
HAB events in the southern CCS; and (3) provide our findings to coastal zone managers to improve
marine resource management and pollution control.



The main activities conducted during the reporting period are listed in the following three main
sections, covering: (1) results from mechanistic model development, and a coast-wide observational
analysis of DA HAB drivers; (2) generation of new observational data, including laboratory culture
experiments on adaptability and evolution of Pseudo-nitszchia in a warming ocean; and (3) outreach
and education activities.

1.1 Modeling and observational synthesis activities (UCLA)

Overview: The goals of this project component are to: (1) Expand the ecosystem model component
of ROMS-BEC to include a previously developed mechanistic representation of PN and DA
cycling; (2) Use the three-dimensional (3-D) ROMS-BEC model to conduct and evaluate high-
resolution “hindcast” simulations of PN and DA production throughout the southern CCS,
consistent with the observational record; (3) Conduct simulations with and without anthropogenic
nutrient loadings to explicitly address their role in risk of HAB development. Progress has been
made at UCLA on all Tasks. The PN/DA model representing the role of nutrient ratios on DA
production has been developed and tested against laboratory observations, documented in a
submitted manuscript, and implemented in the 3-D ROMS-BEC, which we are currently evaluating.
In parallel, we have engaged in an extensive observational synthesis of field DA observations to (1)
provide a baseline for the evaluation of the 3-D model, and (2) investigate patterns and drivers of
correlations between in situ DA and environmental drivers. The following is a summary of specific
accomplishments for the reporting period.

(1) We completed the manuscript describing the implementation, parameterization and evaluation
of the mechanistic model of PN/DA production (BEC-HAB) based on phytoplankton physiology
and nutrient ratios, against Kudela’s laboratory culture experiments. We are in the process of
submitting the manuscript to the journal Harmful Algae.

(2) We implemented the PN/DA component in the realistic 3-D model (ROMS-BEC-HAB
hereafter), and have begun analyzing it.

(3) We nearly completed a manuscript detailing a new synthesis of particulate DA observations
along the US West Coast (focused primarily on three California PN HAB “hotspots”), which we
analyzed to determine PN/DA HAB environmental correlations and drivers, and provide a baseline
to evaluate the 3-D model.

(4) We began analysis of the data from (3) to investigate PN/DA HAB predictability along the
California coast utilizing advanced statistical analysis and machine learning.

(5) We continued analysis of high-resolution 3-D simulations with ROMS-BEC to investigate links
between nutrient pollution, phytoplankton blooms, and HABs in the Southern California Bight.
(6) We presented project results at conferences and stakeholder meetings.

We report that the project is on track to implement a regional model with an end-to-end predictive
capability for PN/DA HABs in the CCS, based on a mechanistic representation of HAB drivers,
including natural variability and local anthropogenic inputs.

Mechanistic Modeling of PN/DA HABs

Development of the mechanistic BEC-HAB model can be broken down into two components: the
0-D model environment for development and tuning purposes, and the 3-D ROMS-BEC framework
for realistic U.S. West Coast simulations.
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We finished analysis and documentation of the mechanistic 0-D BEC-HAB model (Figure 1).
Briefly, the model embeds DA production within the widely-adopted BEC model, using nutrient
ratios as a trigger. The model is optimized against a series of 36 chemostat PN cultures carried out
by Kudela’s lab. Comparison of the model with the culture experiments shows that the model
reproduces realistic PN growth and DA production dynamics and their sensitivity to N/Si nutrient
ratios under a variety of dilution rates and light regimes. This work has been finalized in manuscript
that we are in the process of submitting to the journal Harmful Algae (Moreno et al., in preparation,
see Attached Manuscript).

We implemented the PN/DA production model in UCLA’s ROMS-BEC model. To this end, we
included a representation of the full DA cycle in the model, from production by PN to accumulation
in zooplankton, dissolved and particulate organic phases, physical transport by the 3-D circulation,
and deposition onto the sediment (see Figure 2 for a schematic of the model components). For
testing purposes, we implemented the model in a computationally inexpensive but realistic 1-km
resolution configuration for the Santa Barbara Channel (see Figure 3), forced by previous ROMS-
BEC output for year 2009. We addressed a high Si bias in the baseline ROMS-BEC simulations,
identified in the previous progress report, by applying a simple bias correction to the Si-dependent
DA production term. After this bias correction, and no tuning of the parameters from the 0-D
optimization (Moreno et al., In Preparation), the model is able to reproduce reasonable magnitude
and seasonal patterns of observed particulate DA concentrations, as compared to in situ
observations, both climatological and for year 2009 (Figure 4). Relative to observations, the model
shows higher average DA, although it fails to capture extremely large DA concentrations that are
sometimes sampled as rare, extreme events (Figure 4.b). On the other hand, the model tends to
produce low background DA concentrations more frequently than observed. We are currently in the
process of evaluating and tuning the DA production model to increase the accuracy and robustness
of the solutions. To this end, we plan to test the sensitivity of the model to the DA production
parameters (some of which were poorly constrained by the 0-D optimization), running additional
years and expanding the model domain to a broader region. We also began documentation of the 3-
D model in a manuscript for scientific publication.
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Figure 3. Results from the 3-D ROMS-BEC-HAB implementation in the Santa Barbara Channel.
Left panels: particulate DA distribution in March, July, and November for year 2009. Right top and
bottom panels: DA concentration for model components other than particulate, including dissolved,
sediment, living diatoms, and zooplankton. Right central panel: timeseries of particulate DA in the
water column as a function of time. In all panels, dots show field observations of particulate DA for
the same period.
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Figure 2. Results from the 3-D ROMS-BEC-HAB simulation in the Santa Barbara Channel, as
compared to observations. In all plots, model for 2009 is shown in black, observations from 2009
in yellow, and climatological observations in green (a) Annual timeseries of particulate DA. (b)
Scatterplot of model particulate DA versus observations. (c) Monthly probability of DA occurrence.
(d) Comparison of particulate DA concentrations, with annual mean, percentiles and outliers.

Observational Synthesis and analysis of DA HAB drivers

In parallel to the development of mechanistic models, we completed synthesis and analysis of a
new, large compilation of field DA observations along the U.S. West Coast from Raphael Kudela’s
lab (UCSC, coPI), David Caron’s lab (University of Southern California, in collaboration with
SCCWRP), SCCOOS, and other scientific and monitoring programs (Figure 5). The goals of this
observational synthesis are multifold: (1) enable evaluation of the realistic ROMS-BEC-HAB
simulations (e.g., Figures 3 and 4); (2) disentangle the role of different drivers on DA accumulation
in the environment; (3) evaluate and improve statistical predictability of DA events along the U.S.
West Coast. We focused analysis of this compilation on three regions with high data density and
recurring DA events: the Monterey Bay, the Santa Barbara Channel, and the San Pedro Channel.
First, we generated aggregated timeseries of DA concentration, weekly probability of DA events,
and co-located environmental variables, from local seawater conditions such as temperature,
chlorophyl and nutrients, to external factors such as winds, river runoff, and wastewater inputs from
publicly owned treatment works (POTW) (Figure 6). These long (>18 years) and densely populated
timeseries allow to determine the baseline characteristics of DA events for each region (Figure 7),
providing the necessary target to develop and evaluate ROMS-BEC-HAB model simulations.

We further conducted a statistical analysis of the correlations between environmental drivers, DA
concentrations, and DA event probabilities (Figure 8), and investigated the modulating role of large-
scale climate variability. Briefly, the analysis highlights similarities and differences for DA HABs
along the U.S. West Coast. In all three regions considered, DA events are enhanced during
upwelling, and tend to occur during periods of high chlorophyll concentrations.
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Figure 4. Timeseries of in situ particulate DA and selected environmental drivers (chlorophyll,
temperature, Si*=Si0>-NOys’), for (a) Monterey Bay, (b) Santa Barbara Channel, (c) San Pedro
Channel. In each panel, the probability of DA event occurrence is shown by the pink color. Regions
are shown in Figure 5.



Climatological DA probability of events and concentration

%)
T8
[1/61] ueaw >L3PWOH S ~ g
B 0 ¥ ¢ 8 m N 8D a3 <23
S 6 g 66 66638 ¢ S
3 =728
° - NS
SE o S38F
a S m tr.uJ —
c & @ S S~ o
© O < - SN v <
(72 prr} < c
- S S W 8
JE B3¢ 53 |
= ) o ., ] w
< Q W 5 - S \6
Q 2 i o \
= 55 & g2 K
o . Szi 5 < - NN
Y
~ - m g = ms - - ..-w-AO
s = - &
s (e} %
=53 ST - %
B n 9 ¢« M m Q& ~n A2 - 8 MIS.M s %09
S 6 6 6 6 6 6 6 6 6 & MMS M N
L Y = A s S g AR S P - -
= &% 53 LN
> /M\ﬂ S O O r--par--pas--j@a-1 BT tabans EEEEEEEEEE %,
> S @ < Sl S DL W N S S P Y
o S S8 o s R ECRC N WK
- mm 0 w () o x - ° %y
- = ) R Bt | i Sk bt e BEREhRRREE o
s 554 mmr ........... 3 R
-0 = ~ by =T R S S AU U U I ok,
=2 551 25 N >
< = IS © | Ty TR o 0T o T o o %
: S 58 c B & . | B HON N N e o
O I = U ©
w AfC v 0 P Rl ettty ettt Rl o  EEEEEEEEES EEEEEEEEEE %,
- Dyo W) ||||||||||||||||||||||||||||||||||||||||||||||| uo
S X = a © ° o 4
ET .m( Ny
S S D N
S 0% =S SR VA R S S S o e oo 7,
® © ¢ N ® © ¢ T 8 = o Y
LI . B ~ 6 o o o© ESIRZERS [ (UCHONS QUGN iy MU WEpN . pEGUSE Eon SYURIEIIS Iyt ply— %,
T34 & . | | e
> o S < = o R e - - o - -~ - % G
) ped [T % % % * .o
— 2 u/l\ el Al  Ehhaabbhasehl ik Rl iiatu bbbl bbbt ey %
g W. o .wl R m - * % # 2
s n ST F O @ atul ] 2 . .
s < NS £ N | K . "
~s &8 S T L S S %
o - c = S P R Rk e SRR EE EE T Ly SO P -1 %,
2 s 33 - ° || | I
= LWLt e g
Am va N ﬁ ° ° ° ,oo
: Sife UG
= N Of Y NG oq
l@ - N s S 2 = ) o o o o o Q O] 0] 0] mo@
» ¥R 3 £ £ £ 3 35 s 3 35 3 3
- > > >
~ © n < " ~ - =) W ISy a.Wo s ) ) b frr ] E E E E
. . . . S ~ w w w
6 6 © © © o o S ° - ~ E H = g g g g
juaAa Ajjiqeqoad S0 7 ° - ~ = = s =
SESEEIS s 2 % i

, for MB, ¢)

b)

series; in uppercase with weekly or monthly time-series. The upper box

for each letter shows correlation for anomaly time-series during event; the lower box for full time-

series. Dashed lines separate different variables, grey lines separate different lags. Lack of POTW

Figure 8. Correlation matrix of pDA concentration against environmental variables. In lowercase

data in MB show as gray rectangles. All correlations are significant at p<0.01. a),

correlations with daily time
and d) for SBC, e), f), for SPC.



Predictability of DA events from environmental drivers

A Raw B Daily Averaged C Weekly Averaged
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Figure 9. Confusion matrix showing predictability of DA events and non-events from environmental
conditions, based on regression with a. (4) All raw data points with no gridding along the
California coast. Environmental predictors correctly predict DA events and non-events
approximately 70% of the time. (B). Daily averaged data. 25 km gridding applied to environmental
conditions, including wind as predictors. Daily gridded data correctly predicts DA events and non-
events approximately 77% of the time. (C) Weekly averaged data, with same 25 km gridding as the
daily dataset. Weekly averaged data correctly predicts DA events and non-events approximately
74% of the time. Note: True class is representative of observations. Predicted class is based on
environmental parameters prediction of event or non-event.

High nitrate appears to precondition the occurrence of DA events, with positive correlations
preceding the occurrence of DA, particularly in the southern part of the coast. However, DA events
are enhanced during periods of silicate and/or phosphate deficit relative to nitrate. Rivers and POTW
discharge generally show positive preconditioning effects in the Southern California Bight. Climate
modes such as El Nifio-Southern Oscillation, the Pacific Decadal Oscillation, and the North Pacific
Gyre Oscillation significantly modulate the occurrence and characteristics of DA events, although
with variable impacts along the coast. We are currently documenting the results of this observational
analysis in a manuscript in preparation (Sandoval et al., in preparation). We further began an
investigation of the predictability of DA events from environmental drivers, based on a hierarchy
of statistical models of increasing complexity, including advanced machine learning approaches.
Preliminary results (Figure 9) indicate a relatively high (>70% accurate) potential predictability of
the occurrence of DA along the coast. We are currently expanding this analysis to produce a
statistical counterpart to the mechanistic model, with the goal of enhancing HAB predictions along
the U.S. West Coast, and further support model evaluation.

Investigations of Anthropogenic Impacts on Coastal Productivity and HABs.

With the development of the mechanistic 3-D ROMS-BEC-HAB model (Figures 2-4), we are ready
to begin testing the potential effects of anthropogenic nutrient pollution on PN/DA HABs in two



sub-regions of the southern California Current that are heavily affected by terrestrial anthropogenic
nutrient inputs: the Southern California Bight (SCB) and the San Francisco/Monterey Coast
(SFMC). Last year, we reported on the leveraged work within each of these two regions to
investigate the impact of anthropogenic pollution effects on OAH proceeded through two stages (1)
evaluation of the effects of local pollution sources on shelf biogeochemistry, plus additional
validation focused on spatial gradients that result from this anthropogenic forcing; (2) scientific
investigations to support regulatory or management decisions, including source attribution studies
and development and agreement on the approach to interpret “significant impact” on acidification
and deoxygenation. Specifically, we published the model validation for the 1997-2000 period that
shows exceptional model performance in predicting key anthropogenically enhanced gradients in
phytoplankton, primary production, and biogeochemical properties in the SCB for the ANTH
simulation (Kessouri et al., 2021, Journal of Advances in Modeling Earth Systems). We also
completed and published a demonstration that enhanced coastal nutrient export from human
activities in the SCB led to significant increases in the photosynthesis and biomass of
phytoplankton, with cascading ecological effects, including potential enhancement of coastal HABs
(Kessouri et al., 2021, Proceedings of the National Academy of Sciences).

This year, we received funding and have proceeded with work in two regions. First, in the Southern
California Bight we have: (1) advanced model simulations through to a more recent period (2013-
2017) to do a comparative analysis of anthropogenic effects assessments, (2) conducted source
attribution studies to identify the relative effect of point source, non-point source, and natural inputs
of US and Mexican pollution sources on eutrophication outcomes, and (3) conducted a detailed set
of wastewater recycling and nutrient management scenarios. We completed extension of the 300 m
ROMS-BEC simulations (both CTRL and ANTH cases) to more recent years (2000 to 2016). To
carry out these new ANTH simulations, we assembled reconstructions of freshwater flow, N, P, Si,
and organic C representing natural and anthropogenic sources to drive model simulations for the
period from 2000 to 2016, for both the SCB and SFMC regions. These data have been compiled
for: (1) WWTP ocean outfalls, (2) riverine discharges, (3) atmospheric dry and wet deposition and
(4) atmospheric CO2 air-sea exchange (Sutula et al., 2021, Marine Pollution Bulletin). We
compiled spatially and temporally explicit time series data of flow and constituent concentrations
for a period of over 20 years for 75 rivers, 23 coastal wastewater treatment plants, and 18 wastewater
inland treatment plants discharging into the Southern California Bight. We further completed a
detailed breakdown of the impacts of different nutrient sources (deep and shallow POTW, rivers,
trans-border inputs from Mexican waters) on the coastal ecosystem — i.e., a “source attribution”
exercise. Preliminary results highlight the relative importance of ammonium relative to nitrate in
enhancing coastal phytoplankton blooms, a surprising small and negative effect of freshwater
sources in POTW wastewater, and the locally enhanced importance of river inputs in protected
coastal waters such as the San Pedro Bay (Hoel et al., in preparation). As the ROMS-BEC-PN
modeling is still being tested, we are employing a statistical analysis of conditional probability of
the risk of increasing DA with increasing primary production (see discussion in Section 1.2 and
Figure 10) to introduce to stakeholders the concept of how anthropogenic forcing may be impacting
the risk of HAB events. That outreach is occurring this spring.

Second, we continued development of the SFMC 300m ROMS-BEC configuration. We completed
a physics-only solution that includes freshwater inputs from the Golden Gate Strait and rivers. We
are now using this configuration to conduct physical-biogeochemical simulations with the goals of
assessing the impacts of terrestrial and anthropogenic nutrient inputs on the ecosystem,
biogeochemistry, and HABs of the SFMC region, similar to the work completed in the SCB.
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1.2 Observational Data Collection and Analysis

Investigating risk relationships between domoic acid and adverse ecosystem impacts

As a complement to the synthesis and analysis of field DA observations (Sandoval et al., in
preparation) and the anthropogenic pollution impact described above, we conducted statistical
analyses to better link field observations of DA to ecosystem impacts. Specifically, we sought to
identify the spatial and temporal linkages between routine pier-based monitoring of DA to the
stranding rates of adult and subadult California Sea Lions (Zalophus californiaus). This was a
leveraged effort with an additional $30K match of SCCWRP internal funding aimed at better
identifying biologically relevant DA concentrations in the southern California region. To conduct
this work, we paired 5 years of weekly pier monitoring data from four stations within the Southern
California Bight (piers in Santa Barbara Channel, Santa Monica Bay, San Pedro Bay and San Diego)
with the case records of animals rescued and treated by the Pacific Marine Mammal Center (PMMC)
along the Orange County coastline. Basic patient characteristics including sex, seizure activity and
other DA exposure symptomology was collated. From this, we conducted analyses to quantify the
significance of observations from each of the monitoring sites across a region, determined if specific
time-lags between DA observations and strandings occurred and identified which DA
concentrations are associated with an elevated risk of stranding events. We are currently
documenting the results of these analyses in a manuscript in preparation (Smith et al., in
preparation).

Further testing of the temperature habitat-envelope

In our last report we identified temperature as a key variable that predicts the likelihood of
detectable DA in field measurements. During this period, we tested relationships using the curated
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data provided by Sandoval et al. (in preparation). Preliminary results show consistent responses,
with the probability of DA increasing as chlorophyll increases, with an inflection point at about 5
pg/L (Figure 10).

Forced evolution of Pseudo-nitzschia

We have continued a long-term evolution experiment wherein three strains of P. multiseries isolated
in the Pacific Northwest have been maintained at two different temperatures; ~14°C, or “normal”
conditions, and 24°C. These isolates have been maintained at this point for greater than 500
generations, sufficient to identify changes in plasticity (short-term adaptation) versus evolution.
Preliminary results suggest that growth at warmer temperatures, while possible, comes at a cost
(Figure 11). For nearly all temperatures tested, the warm-evolved cultures exhibit reduced growth
rates. We are currently compiling the corresponding toxicity data, but preliminary results suggest
that growth at consistently warm temperatures also generally (2 of 3 strains) suppresses toxicity
while also shifting total toxin toward dissolved DA rather than cellular (particulate) DA, which has
considerable implications for ecosystem dynamics (Figure 12). While the data are still being
compiled, initial analysis suggests that Pseudo-nitzschia forced to evolve in warm temperatures
results in less robust growth, lower maximum biomass (not shown), and more dissolved toxin.
Combined this suggests that under much warmer ocean conditions Pseudo-nitzschia is likely less
competitive and less likely to produce sufficient DA to have ecosystem-level impacts compared to
current (~15°C) coastal temperatures.

Figure 12. Preliminary data showing biomass-
normalized DA production for 3 P. multiiseries isolates
dissolved DA maintained at 14°C (C713, C14, C715) or 24°C (W713,
w714, W715) and then grown at 30°C. Blue is
particulate DA, orange is dissolved DA. Additional
replicates as well as toxicity at the full range of
temperatures from the previous plot are currently being
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1.3 Outreach and Science Translation Activities

SCCOOS activities surrounding outreach and translation to the broader community include a
number of high-level presentations where the project was discussed in terms of synergy with
national goals surrounding HAB Observing and Modeling: NOAA Science Advisory Board
meeting, Regional Ecosystem Service Observing Network Workshop (NSF CoPe RCN), MRA
Conference Panel on Marinas and Climate Change, Tribal Co-Management and Co-Monitoring
Roudtable, Zeke Grader Fisheries Forum (Testimony to Sen. Mike McGuire, CA Senate), Ports and
Climate Resilience Panel at Association of Pacific Ports Conference, CalCOFI Stakeholder Forum,
SIO Birch Aquarium Perspectives on Science lecture to the public, AltaSea Public Lecture,
CeNCOOS Governing Council Meeting, and graduate student lectures at SIO.

b. Provide a brief summary of work to be performed during the next year of support, if changed
from the original proposal; and indication of any current problems or unusual developments that
may lead to deviation of research directions or delay of progress toward achieving project
objectives.

The work for next year will follow the timeline detailed in the project description. For the
mechanistic modeling component, the UCLA team will conclude testing of the new ROMS-BEC-
HAB implementation discussed in Section 1.1 (Figures 2-4), expand the domain of the model to our
standard 1-km Southern California domain, which extends from the San Francisco Bay to the
Mexican border, and conduct simulations for selected years within the 1997-2017 time interval.
After validation of this model configuration, we plan to conduct a series of experiments that include
terrestrial nutrient inputs from wastewater outfalls and rivers, to quantify the response of DA
production to anthropogenic pollution in the model. We also plan to conclude documentation of the
3-D model simulations for scientific publication, and dissemination at meetings.

For the observational data collection and analysis component, we plan to submit the manuscript
detailing the observational synthesis of DA HAB drivers (Figures 5-9), and conclude development
of statistical models of DA events (Figure 10). The UCSC/SCCWRP will further conclude activities
discussed in Section 1.2, and finish documentation of the results for scientific publication.

For the outreach and science translation activities component, over the last year, SCCWRP hosted
3 meetings of the Southern California Bight and hosted a virtual workshop on model uncertainty,
attended by over 200 people. SCCWRP is briefing managers this spring 2022 through the summer
2022 on the following project outcomes: (1) results of wastewater recycling and source attribution
scenarios, (2) progress on ECOHAB funded ROMS-BEC-PN modeling, and (3) linkage of
anthropogenically enhanced primary productivity to the risk of HABs. Water quality managers are
expected to make preliminary decisions on whether to mandate nitrogen limits in NDPES permits
of coastal dischargers sometime this year, informed by this science. SCCOOS will continue
outreach activities discussed in Section 1.3, and finalize the project webpage with relevant results
(Section 2).

2. Applications:

As we generate output from the ROMS-BEC model runs for HABs, we are posting these results on
a project-specific page hosted by SCCOOS (https://sccoos.org/ecohab/). In the short-term, this site
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is for the PIs to consult and share information. It will eventually serve as a pipeline to feed relevant
and vetted information to the SCCOOS-supported, monthly CA HAB Bulletin that interprets model
results (e.g., C-HARM) for stakeholders based on relationships with monitoring data and relevant
food web impacts. Results from a complementary project (Co-PI Anderson) - ECOHABI19:
Oceanographic and Cellular Controls on Domoic Acid Production in the Central and Southern
California Current — will directly impact this study in terms of helping to better parameterize the 0-
D domoic acid model relative to observed environmental triggers of domoic-acid-producing genes
(daba and dabc). A second complementary project is underway (PI Anderson) — Ocean Protection
Council-funded Implementation of an early HAB Warning System for California — is establishing
a real-time network of Imaging FlowCytobots at 10 pier and mooring sites in California,
supplemented by offshore cruise sampling throughout the year. Plankton community data at high
temporal resolution will capture bloom initiation and help us link conditions favorable for Pseudo-
nitzschia growth to the ROMS-BEC state variable parameterizations, as well as validation
(https://habdac.portal.axds.co/).

a. Outputs
i. New fundamental or applied knowledge
ii. Scientific publications to date

e Kessouri, F., Bianchi, D., Renault, L., McWilliams, J. C., Frenzel, H., & Deutsch, C.
A. (2020). Submesoscale currents modulate the seasonal cycle of nutrients and productivity in
the California Current System. Global Biogeochemical Cycles, 34,¢2020GB006578. https://
doi.org/10.1029/2020GB006578.

e Kessouri, F., McLaughlin, K., Sutula, M., Bianchi, D., Ho, M., McWilliams, J.C., Renault, L.,
Molemaker, J., Deutsch, C. and Leinweber, A., (2021). Configuration and validation of an
oceanic physical and biogeochemical model to investigate coastal eutrophication in the
Southern California Bight. Journal of Advances in Modeling Earth Systems, 13(12),
p.€2020MS002296.

e Kessouri, F., McWilliams, J.C., Bianchi, D., Sutula, M., Renault, L., Deutsch, C., Feely, R.A.,
McLaughlin, K., Ho, M., Howard, E.M. and Bednarsek, N., 2021. Coastal eutrophication drives
acidification, oxygen loss, and ecosystem change in a major oceanic upwelling
system. Proceedings of the National Academy of Sciences, 118(21).

e Sutula, M., Ho, M., Sengupta, A., Kessouri, F., McLaughlin, K., McCune, K., & Bianchi, D.
(2021). Dataset of terrestrial fluxes of freshwater, nutrients, carbon, and iron to the Southern
California Bight, U.S.A. Data in Brief, 106802. doi: https://doi.org/10.1016/j.dib.2021.106802.

e Sutula, M., Ho, M., Sengupta, A., Kessouri, F., McLaughlin, K., McCune, K. and Bianchi, D.,
2021. A baseline of terrestrial freshwater and nitrogen fluxes to the Southern California Bight,
USA. Marine Pollution Bulletin, 170, p.112669.

e Deutsch, C., Frenzel, H., McWilliams, J.C., Renault, L., Kessouri, F., Howard, E., Liang, J.H.,
Bianchi, D. and Yang, S., 2021. Biogeochemical variability in the California Current
system. Progress in Oceanography, 196, p.102565.

e Renault, L., McWilliams, J.C., Kessouri, F., Jousse, A., Frenzel, H., Chen, R. and Deutsch, C.,
2021. Evaluation of high-resolution atmospheric and oceanic simulations of the California
Current System. Progress in Oceanography, 195, p.102564.
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Trainer, V.L., Kudela, R.M., Hunter, M.V., Adams, N.G. and McCabe, R.M., 2020. Climate
extreme seeds a new domoic acid hotspot on the US west coast. Frontiers in Climate, 2, p.23.

Trainer, V.L., Moore, S.K., Hallegraeff, G., Kudela, R.M., Clement, A., Mardones, J.I. and
Cochlan, W.P., 2020. Pelagic harmful algal blooms and climate change: Lessons from nature’s
experiments with extremes. Harmful Algae, 91, p.101591.

Weber, E.D., Auth, T.D., Baumann-Pickering, S., Baumgartner, T.R., Bjorkstedt, E.P., Bograd,
S.J., Burke, B.J., Cadena-Ramirez, J.L., Daly, E.A., De La Cruz, M., Dewar, H., Field, J.C.,
Fisher, J.L., Giddings, A., Goericke, R., Gomez-Ocampo, E., Gomez-Valdes, J., Hazen,
E., Hildebrand, J., Horton, C.A., Jacobson, K.C., Jacox, M., Jahncke, J., Kahru, M., Kudela,
R.M., Lavaniegos, B.E., Leising, A., Melin, S.R., Miranda-Bojorquez, L.E., Morgan, C.A.,
Nickels, C.F., Orben, R.A., Porquez, .M., Portner, E.J., Robertson, R.R., Rudnick, D.L.,
Sakuma, K.M., Santora, J.A., Schroeder, I.D., Snodgrass, O.E., Sydeman, W.J., Thompson,
A.R., Thompson, S.A., Trickey, J.S., Villegas-Mendoza, J., Warzybok, P., Watson, W.,
Zeman, S.M. 2022. State of the California Current 2019-2020: Back to the future with marine
heatwaves? Frontiers in Marine Science p. 1081.

Hamilton, D., Anderson, C., Hense, 1., & Chapra, S. (2021). Future Perspectives in Modeling
Harmful Algal Bloom (HAB) Responses to Climate Change: Guidelines for HABs modeling.
Guidelines for the Study of Climate Change Effects on HABs, 120pp. doi: 10.25607/OBP-1692

Bernstein, S., Ruiz-Cooley, R. 1., Kudela, R., Anderson, C. R., Dunkin, R., & Field, J. C. (2021).
Stable isotope analysis reveals differences in domoic acid accumulation and feeding strategies
of key vectors in a California hotspot for outbreaks. Harmful Algae, 110, 102117. doi:
10.1016/j.hal.2021.102117

Kudela, R., Anderson, C., & Ruhl, H. (2021). The California Harmful Algal Bloom Monitoring
and Alert Program: A Success Story for Coordinated Ocean Observing. Frontiers in Ocean
Observing: Documenting Ecosystems, Understanding Environmental Changes, Forecasting
Hazards, A Supplement to Oceanography, 34(4), 84-85. doi:
10.5670/oceanog.2021.supplement.02-30

Grigoratou, Grigoratou, E. Montes, A. J. Richardson, J. D. Everett, E. Acevedo-Trejos, C.
Anderson, B. Chen, T. Guy-Haim, J. Hinners, C. Lindemann, T. Martins Garcia, K. O. Méller,
F. M. Monteiro, A. R. Neeley, T. D. O'Brien, A. P. Palacz, A. J. Poulton, A. E. F. Prowe, Aurea
E. Rodriguez-Santiago, C. S. Rousseaux, J. Runge, J. F. Saad, 1. Santi, R. Stern, A. Soccodato,
Selina Véige, M. Vogt, S. Zervoudaki, F. E. Muller-Karger 2022. The marine biodiversity
observation network plankton workshops: plankton ecosystem function, biodiversity, and
forecasting—research requirements and applications. Bulletin Limnology and Oceanography.
https://doi.org/10.1002/1ob.10479

Moreno A.R., C. Anderson, R.M. Kudela, M. Sutula, C. Edwards, D. Bianchi. Development,
calibration, and evaluation of a model of Pseudo-nitzschia and Domoic Acid Production for
regional ocean modeling, In Preparation for Harmful Algae.

Sandoval Belmar M., J. Smith, A. Moreno, C. Anderson, D. Caron, F. Kessouri, R.M. Kudela,
M. Sutula, D. Bianchi. Cross regional drivers of domoic acid producing harmful algal blooms
in the California Current, In Preparation for Harmful Algae.

Hoel, P., Ho, M., Kessouri, F., Sutula, M., McWilliams, J., Bianchi, D. Nutrients, buoyancy and
biomass: exploring the relationships of biogeochemistry plume dynamics from subsurface ocean
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outfalls the Southern California Bight. In Preparation.

1i1. Patents

iv. New methods and technology

v. New or advanced tools (e.g. models, biomarkers)

Kessouri, F., McLaughlin, K., Sutula, M., Ho, M., McWilliams, J. C., & Bianchi, D. (2020).
Collection of situ monitoring data in the Southern California Bight 1950-2017 for model
validation. Zenodo. doi: https://doi.org/10.5281/zenodo.3988574 (dataset)

vi. Workshops

Vii.

Session for the Coastal and Estuarine Research Federation (CERF) 2021 biennial meeting. Title:
Ocean models at the service of sustainable solutions. Lead Convener: Faycal Kessouri; Co-
conveners: Daniele Bianchi and Samantha Siedlecki.

Presentations

Kudela, RM. Seymour Center Public Lecture Series: Small things considered: how
phytoplankton make life possible. https://youtu.be/9zLZc21ROUS (Public lecture)

Paerl, HW, T Otten, R Kudela. Mitigating the expansion of harmful algal blooms across the
freshwater-to-marine continuum. American Chemical Society, 12 April 2021. (Presentation)
Kudela, R, K Hayashi, A McGaraghan, C Martin, P Daniel, J] Walton. 2022. Development and
comparison of IFCB classifiers for the California Harmful Algal Bloom Monitoring and Alert
Program. Ocean Science Meeting February 2022. (Presentation).

A.R. Moreno, C Anderson, RM Kudela, F Kessouri, M Sutula, ] Smith, and D Bianchi.
Estimating Pseudo-nitzschia Domoic Acid Production in a Changing World. 2021. 10.5 US
Harmful Algal Bloom Symposium. (ePoster)

A.R. Moreno, C Anderson, RM Kudela, F Kessouri, M Sutula, ] Smith, and D Bianchi.
Predicting Pseudo-nitzschia Harmful Algal Blooms Along the California Coast in a Changing
World. 2021. ICHA (International Conference on Harmful Algae) 2021. (Presentation)

M. Sandoval Belmar, J. Smith, A. Moreno, D. Bianchi, M. Sutula, F. Kessouri, C. Anderson, R.
Kudela, Contrasting climate regimes of Pseudo-nitzschia HABs along the U.S. West Coast.
2022. Ocean Sciences Meeting 2022. (Presentation)

F. Kessouri, J.C. McWilliams, D. Bianchi M. Sutula, L. Renault, M. Ho, C. Frieder, N.
Bednarsek, E. Howard, K. McLaughlin, P. Damien, C. Deutsch. Climate drivers and their
modulation of human-driven eutrophication, coastal acidification, and oxygen loss in the US
eastern boundary upwelling system. 2022. Ocean Sciences Meeting 2022. (Presentation)

C. Frieder, F. Kessouri, M. Ho, N. Bednarsek, M. Sutula, K. McLaughlin, D. Bianchi, J.C.
McWilliams, P. Damien, E. Howard, C. Deutsch. Biological exposure to ocean acidification,
hypoxia, and warming emerges from a confluence of ocean climate state and local stressors in
the southern California Current System. 2022. Ocean Sciences Meeting 2022. (Presentation)
M. Ho, F. Kessouri, M. Sutula, K. McLaughlin, C. Frieder, D. Bianchi, J. McWilliams. Using
coastal modeling to predict how wastewater recycling and nitrogen management actions impact
coastal acidification and hypoxia. 2022. Ocean Sciences Meeting 2022. (Presentation)

P. Damien, J. McWilliams, D. Bianchi, F. Kessouri. Disentangling eddy fluid and ecosystem
dynamic in the California Current System. 2022. Ocean Sciences Meeting 2022. (Presentation)

viii. Outreach activities/products (e.g., website, newsletter articles)
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b. Management outcomes — [. Management application or adoption of:

1. New fundamental or applied knowledge

ii. New or improved skills

iii. Information from publications, workshops, presentations, outreach products
iv. New or improved methods or technology.

v. New or advanced tools

c. Management outcomes - II. Societal condition improved due to management action resulting
from output (examples: improved water quality, lower frequency of harmful algal blooms, reduced
hypoxic zone area, and improved sustainability of fisheries).

d. Partnerships established with other federal, state, or agencies, or other research institutions (other
than those already described in the original proposal).

PI Kudela has been collaborating with the “Future Seas” NOAA project to access the downscaled
climate models for the California Current.

3. Expenditures:
a. Describe expenditures scheduled for this period.

UCLA: Funds for UCLA were allocated in Year 3 for Salary & Fringe $70,105; Travel $1.500;
Other Cost (supply and Misc) $4,573; 56% In direct cost $41,136.

UCSC: Funds were allocated in Year 3 for salary and fringe ($23,664), supplies ($8,500), domestic
travel ($1,000), international travel ($2500), with graduate student tuition/fees ($23,543) and
indirect costs ($19,259), for a total of $78,466. This was an NCTE (year 4) so no additional funds
were allocated. Total funds for the project are salary and fringe ($73,924), supplies ($21,500),
domestic travel ($3000), foreign travel ($6500), tuition/fees ($65,037), and indirect costs ($56,660).

SCCOOS/UCSD: Funds were allocated in Year 3 for Salary and Fringe Benefits ($5,703), Travel
($3,093), Other Expenses ($4,173), Indirect Costs ($2,334) for a total of $15,303

SCCWRP: Funds have been spent on Salary & Fringe and nothing in other categories, for a total
of $19,982.

b. Describe actual expenditures for this period.

UCLA: Funds have been spent on Salary & Fringe $66,699; Travel $0; Other Cost (supply and
Misc.) $768; 56% In direct cost $42,259 for a total of $121,922.

UCSC: Funds expended in this period were $24,941 on salary/fringe, $1370 on supplies, and
$12,348 on tuition/fees. Total funds expended have been spent on salaries and fringe ($91,581),
supplies ($1910) travel ($1621), and student tuition/fees ($41,392). Our current balance is $36,691
in direct costs and $5300 in indirect costs.

16



SCCOOS/UCSD: Funds have been spent on salaries, fringe benefits, operating expenses (NGN
Communication charges), and indirect costs for a total of $13,200.

SCCWRP: Funds have been spent on personnel and nothing in other categories, for a total of $19,982.
UW: No expenditures to report during the reporting period.
c. Explain special problems that led to differences between scheduled and actual expenditures, etc.

UCLA: A postdoc for the project (A. Moreno) was recruited and hired in September 2019, causing
a delay in spending. We are now on track to spend the funds in each category. We plan to request a
second NCTE for an additional year to support the postdoc and complete the project, finish
preparation of scientific publications and disseminate the results at meetings.

UCSC: UCSC received funds from UCLA late, and we have been out of sync with the scheduled
expenditures since the beginning of the project. Shutdowns due to COVID and wildfires have
slowed down our spending since students were not available and field activities were curtailed.
UCSC spending was frozen (again) while waiting for confirmation of the first NCTE. If a second
NCTE is approved we expect to spend out the balance; Kudela and a graduate student (Aubrey
Trapp) will participate in the GlobalHAB modeling workshop in May 2022, and salary will be spent
down in summer 2022.

UW: The funding for this grant always arrived after the period of performance for the year, so it
was never authorized by UW’s accounting department to use it. Despite several emails between
UW and UCLA, UW never got a carryforward approval to use the funds after the award period.
UW records show that in July of 2020, the money was returned to UCLA and the award was closed.
UW Co-PI Deutsch has accepted another position at Princeton University starting on July 1, 2021.

Prepared by:
Daniele Bianchi March 30, 2022
Signature of Principal Investigator Date
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