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1. Work Accomplishments: (as related to project objectives and schedule for completion) 
 
a. Provide a brief summary of progress, including results obtained to date, and their relationship 
to the general goals of the grant; 
 
This is the progress report for the period from March 1, 2022 to February 28, 2023. 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.  
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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. The manuscript has been 
published in Harmful Algae. (Moreno et al., 2022, ECOHAB publication #	1028) 
(2) We implemented the PN/DA component in the realistic 3-D model (ROMS-BEC-HAB 
hereafter), and have begun conducting simulations with and without terrestrial nutrient inputs, and 
analyzing the output.  
(3) We completed the 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. The manuscript has been resubmitted after minor revisions to Harmful 
Algae. (Sandoval et al., Resubmitted after revision, ECOHAB publication #	1039.) 
(4) We continued 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, over 
a period of 21 years (1997-2017) (Figure 1). 
(6) We implemented a similar high-resolution ROMS-BEC configuration in the San Francisco-
Monterey Bay region to study the effects of anthropogenic nutrient inputs on coastal eutrophication, 
acidification, hypoxia and HABs. We have now completed two sets of simulations (no terrestrial 
inputs; inputs from the Golden Gate strait) and are ready to conduct simulations with additional 
river and POTW inputs. (Figure 2). We also gathered relevant observations for model validation in 
the region (Figure 3). 

(7) We presented project results at conferences and stakeholder meetings. 
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Figure 1.	Preliminary results of ROMS-BEC-HAB simulation for the Southern California Bight. 
The model includes an explicit DA cycle (production from phytoplankton and accumulation in the 
food web and as particulate organic matter). Top panels: average surface DA for two model months 
(3/2008 and 4/2008) with observations from the same period shown as colored dots. Bottom panels: 
model-data comparison for the Santa Barbara Channel region. A model simulation (black line) is 
compared with climatological observations (red line) and monthly-varying observations (red line) 
averaged over the Santa Barbara Channel. Note that the model does not include anthropogenic 
nutrient inputs. 

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.  
We finished analysis and documentation of the mechanistic 0-D BEC-HAB model. This work has 
been finalized in manuscript that published in Harmful Algae (Moreno et al., 2022). We 
implemented the PN/DA production model in UCLA’s ROMS-BEC model, including a 
representation of the full DA cycle. We are now using a 1km configuration for the Southern 
California Bight that will allow us to run simulations with and without anthropogenic nutrient 
inputs, based on our previous work.  
A preliminary evaluation indicates that to improve the realism of simulations, a few steps of model 
“tuning” were needed, in particular changes to the uptake rate of Si by diatom, exclusion of Fe 
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limitation as a trigger for DA production, and increase in the DA:N production ratio by diatoms.	
Preliminary simulations without anthropogenic inputs show a reasonable skill of the model to 
capture climatological DA observations in the SCB, although interannual variability remains more 
difficult to capture (Figure 1). We also began documentation of the 3-D model in a manuscript for 
scientific publication (Sandoval-Belmar et al., in Preparation-a). 

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. The goals of this observational 
synthesis are multifold: (1) enable evaluation of the realistic ROMS-BEC-HAB simulations (e.g., 
Figure 1); (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. 
The results of this analysis were submitted as a manuscript that we are confident will be accepted 
soon in Harmful Algae. We have just finished addressing a series of minor comments from the 
editor and three reviewers (Sandoval et al., in Review after Revision). 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. 

Investigations of Anthropogenic Impacts on Coastal Productivity and HABs.  

With the development of the mechanistic 3-D ROMS-BEC-HAB model (Figures 1), 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).  
Previously, we reported on the leveraged work within each of these two regions to investigate the 
impact of anthropogenic pollution effects on OAH, as detailed in two publications (Kessouri et al., 
2021, Journal of Advances in Modeling Earth Systems; Kessouri et al., 2021, Proceedings of the 
National Academy of Sciences). This year, leveraged additional fundings to continue with work in 
two regions: the Southern California Bight and the San Francisco-Monterey Bay region. 
Results for the Southern California Bight (SCB):  
(1) Advanced ROMS-BEC simulations to a more recent period (2013-2017) and completed a 
comparative analysis of anthropogenic effects assessments. This analysis indicates that 
anthropogenic nutrient inputs promote an increase in phytoplankton primary production and 
respiration not just along the coast, but also offshore, with recurrent biogeochemical effects 
(subsurface oxygen loss and pH decline) in a region located 30 – 90 km from the mainland southeast 
of Santa Catalina Island. The results of this analysis have been documented in a manuscript and 
submitted for publication (Kessouri et al., Scientific Reports, In Review). 
(2) Based on these extended ROMS-BEC simulations, we assessed the habitat capacity for pelagic 
calcifying and aerobic taxa with and without land-based nutrient inputs. We found that land-based 
inputs lead to compression of aerobic and calcifier habitat capacity during late summer, when 
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Figure 2. Preliminary results of the 300m resolution ROMS-BEC configuration for the San 
Francisco-Monterey Bay region. The model includes exchanges from the Golden Gate Strait but no 
other terrestrial onputs (rivers and POTW). Top panels show a comparison of model and satellite 
chlorophyll, for the Gulf of Farallones. Bottom panels show a comparison of modeled and observed 
nitrate, as scatterplot, timeseries, and profile, for the Gulf of Farallones. The model captures the 
main patterns of nutrients and chlorophyll. The nearshore underestimate of chlorophyll is likely 
attributable to the lack of riverine nutrient inputs (e.g. Salinas River in Monterey Bay). 

capacity is at its seasonal minimum. This compression is also observed in the offshore southeast of 
Santa Catalina Island. The results have been documented in a manuscript and submitted for 
publication (Frieder et al., Scientific Reports, In Review). 
(3) We conducted a source attribution study to characterize the biogeochemical effects of nutrient 
inputs from coastal rivers and ocean outfalls in the SCB, simulating alterations to wastewater 
effluent discharge in six idealized scenarios combining dissolved inorganic nitrogen reduction and 
recycling of outfall effluent volumes. We documented the effects of these scenarios on 
phytoplankton biomass and primary production, oxygen loss and acidification, and the habitat of 
aerobic and calcifying taxa. The results of have been documented in a manuscript and submitted for 
publication (Ho et al., Scientific Reports, In Review). A parallel manuscript details simplified 
mechanistic scenarios to characterize the specific roles of DIN form (ammonium vs. nitrate) and 
freshwater volume from major POTW outfalls (Hoel et al., In Preparation). 
(4) 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 to introduce 
to stakeholders the concept of how anthropogenic forcing may be impacting the risk of HAB events. 
Outreach occurred at a Stakeholder Advisory Group (SAG) meeting at SCCWRP in Spring 2022, 
with presentations from PI M. Sutula, D. Bianchi and CO-I J. Smith.   
Results for the San Francisco-Monterey Bay region (SFMB):  
(1) We continued implementation of a ROMS-BEC configuration at 300 m resolution for the SFMB 
region. The goal is to assess the biogeochemical effects of terrestrial nutrient inputs on coastal 
eutrophication, biogeochemistry, and HABs in the Central California coast. We completed two sets 
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Figure 3. Example of in situ observations compiled for the San Francisco Monterey Bay region, for 
model validation. Left: Map of number of nitrate (NO3-) observations in the SFMB region, 
averaged over 10x10 km horizontal bins. Right: histogram of the number of observations by 
program in the SFMB region, as a function of year (top) and month (bottom). 

of simulations (Figure 2): the first without nutrients inputs, but including freshwater flow through 
the Golden Gate Strait, and the second with freshwater and nutrient inputs through the Golden Gate. 
We are now preparing a last simulation that includes inputs through the Golden Gate plus inputs 
from rivers and POTW along the coast. We began documenting these simulations for publication 
(Sandoval-Belmar et al., in Preparation-b). 
(2) To conduct the simulations discussed above, we assembled a database of river flow, nutrient 
concentration and POTW inputs for the SFMB region, and implemented these inputs in ROMS-
BEC. 
(3) To validate the model, we continued assembling observations of nutrients, chlorophyll, oxygen 
and carbon system parameters for the SFMB region, from multiple published and unpublished 
sources. Results from this data compilation work are shown in Figure 3. 

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 targeting marine 
mammal strandings as key indicator of regional HAB impacts. In this analysis, we 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 
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Figure 4. Observations and Poisson regression models of the relationship between domoic acid 
concentration and stranding scenarios, (A) total strandings and (B) sea lions exhibiting behavioral 
symptoms of domoic acid intoxication. Points indicate weekly observations. The x-axis corresponds 
to DA concentrations and the Y axis and point color reflect numbers of strandings. Points at or near 
the y-value of 0 correspond to weeks in which there were no strandings. Black points with y value 
at or near 1 correspond to weeks with one stranding. Blue points indicate weeks with two or more 
strandings. Black and blue bands indicate the probability, predicted by a Poisson regression model, 
of one or more (black) and to or more strandings (blue) at different domoic acid concentrations. 
Lines indicate the maximum likelihood probability and bands indicate two standard errors of that 
mean value (Smith et al., In Preparation). 

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 (Figure 4). We found that DA concentrations at 
Stearns Wharf, nearly 200 km from stranding locations, best predicted increased total strandings, 
and strandings of sea lions with domoic acid intoxication symptoms. Particulate DA concentrations 
greater than 0.05 μg/L at Stearns Wharf led to a detectable increase in stranding probability in 
Orange County, and concentrations over 0.2 μg/L resulted in a nearly 1.6-fold increase in stranding 
probabilities for a given week. We are currently documenting the results of these analyses in a 
manuscript in preparation (Smith et al., In Preparation). 
1.3 Outreach and Science Translation Activities 
  
SCCOOS activities surrounding outreach and translation to the broader community have continued, 
with 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 
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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.   
As Co-Chair of the NHABON Community of Practice and a member of the National HAB 
Committee (NHC), PI Anderson has been heavily engaged with bringing HAB observing and 
modeling requirements to the science team and translating project results back to the community. 
Regionally, this work has been in collaboration with SCCWRP via Bight Program planning with 
dischargers and engagement with the State of California resource managers. 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: The U.S. CLIVAR Ecological Forecasting meeting at WHOI, the 
OCB Summer Workshop meeting at WHOI, Zeke Grader Fisheries Forum (Testimony to Sen. Mike 
McGuire, CA Senate), NHABON Town Hall at the U.S. HAB Symposium, the IOOS (Federal) 
Advisory Committee meeting in D.C. in December 2022, CalCOFI Annual Meeting, the NHABON 
Community of Practice Webinar Series, the IOOS Spring Meeting in D.C., and graduate student 
lectures at SIO and UC Irvine.  
 
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. 

We received a no-cost extension to continue the project through May 2023. The work the remaining 
period will follow the remaining project timeline. For the mechanistic modeling component, the 
UCLA team will conclude simulations with the new ROMS-BEC-HAB implementation discussed 
above (Figure 1). We are now ready 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 outreach and science translation activities component, over the last years, SCCWRP hosted 
multiple meetings of the Southern California Bight, and a virtual workshop on model uncertainty, 
attended by over 200 people. SCCWRP briefed managers between spring 2022 and 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 finalize the project webpage with relevant results. 
 
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 
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 
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food web impacts. Results from a complementary project (Co-PI Anderson) - ECOHAB19: 
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: 

• 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, e2020GB006578. https:// 
doi.org/10.1029/2020GB006578. 

• 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.e2020MS002296. 

• Kessouri, F., McWilliams, J.C., Bianchi, D., Sutula, M., Renault, L., Deutsch, C., Feely, R.A., 
McLaughlin, K., Ho, M., Howard, E.M. and Bednaršek, 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). 

• 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. 

• 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. 

• 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. 

• 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. 

• 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. 
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• 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, J.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, I., & 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. I., 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. Möller, 
F. M. Monteiro, A. R. Neeley, T. D. O'Brien, A. P. Palacz, A. J. Poulton, A. E. F. Prowe, Áurea 
E. Rodríguez-Santiago, C. S. Rousseaux, J. Runge, J. F. Saad, I. Santi, R. Stern, A. Soccodato, 
Selina Våge, 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/lob.10479. 

• Moreno, A.R., Anderson, C., Kudela, R.M., Sutula, M., Edwards, C. and Bianchi, D., 2022. 
Development, calibration, and evaluation of a model of Pseudo-nitzschia and domoic acid 
production for regional ocean modeling studies. Harmful Algae, 118, p.102296. 
https://doi.org/10.1016/j.hal.2022.102296. 

• 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, Harmful Algae, Resubmitted after Revision. 

• 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 
outfalls the Southern California Bight. In Preparation. 
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• F. Kessouri , M. Ho , P. Damien , J.C. McWiliams, M. Sutula , D. Bianchi , C. Frieder , L. 
Renault, K. McLaughlin , H. Frenzel , C. Deutsch, Importance of cross-shore transport and 
eddies in promoting large scale response to coastal eutrophication, Submitted, Scientific Reports. 

• M. Ho, F. Kessouri, C. A. Frieder, M. Sutula, D. Bianchi, J.C. McWilliams, Effect of 
management of ocean outfall discharge volume and dissolved inorganic nitrogen load on coastal 
eutrophication outcomes in the Southern California Bight, Submitted, Scientific Reports. 

• C. A. Frieder, F. Kessouri, M. Ho, M. Sutula, D. Bianchi, J. C. McWilliams, C. Deutsch, E. 
Howard, Effects of eutrophication on pelagic habitat capacity in the Southern California Bight, 
Submitted, Scientific Reports. 

• M. Sandoval-Belmar, P. Damien, F. Kessouri, M. Ho, M. Sutula, C. Edwards, J. McWilliams, 
D. Bianchi, Simulations of coastal domoic acid accumulation with and without anthropogenic 
nutrient inputs in the Southern California Bight, In Preparation-b. 

• M. Sandoval-Belmar, P. Damien, F. Kessouri, M. Ho, M. Sutula, C. Edwards, J. McWilliams, 
D. Bianchi, Effects of terrestrial nutrient inputs on coastal eutrophication and ecosystem in 
Central California, In Preparation-b. 

• J. Smith, J.Cram , M. Berndt,  V. Hoard,  D. Shultz, A. Deming, Out of sight, not out of mind: 
region wide observations of domoic acid improve models of California sea lion (Zalophus 
californiaus) strandings, In Preparation 

•  

iii. 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 

• 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. 

vii. Presentations  

• Kudela, RM. Seymour Center Public Lecture Series: Small things considered: how 
phytoplankton make life possible. https://youtu.be/9zLZc21R0U8 (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, J 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, J Smith, and D Bianchi. 
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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) 

• Smith, J., Deming, A., Hoard, V., Berndt, M., Shultz, D., Cram. J. Linking Regional 
Monitoring Observations to Domoic Acid Related Marine Mammal Stranding Events in 
Southern California. 11th	U.S.	Symposium	on	Harmful	Algae.	October	23-28,	2022.	Albany,	
NY.	(Presentation) 

• AR Moreno, J Guiet, D Clements, and D Bianchi. Predicting domoic acid events along the US 
West Coast. 2022. Eastern Pacific Ocean Conference 2022. (Poster). 

• Smith, J., Deming, A., Hoard, V., Berndt, M., Shultz, D., Cram. J. Linking Regional 
Monitoring Observations to Domoic Acid Related Marine Mammal Stranding Events in 
Southern California. CDC’s One Health Harmful Algal Bloom Community of Practice 
Meeting. February 21, 2023. Presentation via webinar. 

• M. Sandoval-Belmar et al. 
 

viii. Outreach activities/products (e.g., website, newsletter articles) 

b. Management outcomes – I. Management application or adoption of: 
i. 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). 
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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. 

No expenditures were scheduled for this period. 

b. Describe actual expenditures for this period. 

UCLA: Funds have been spent on Salary & Fringe $44,718.8; Travel $3,812.71; Other Cost 
(supply and Misc.) $5,417.77; Subawards $14,603.97, 56% Indirect cost $30,211.59, for a total 
of $98,764.84. 

c. Explain special problems that led to differences between scheduled and actual expenditures, etc. 

No special problems to report for the reporting period. 

   
Prepared by: 
 

 
         
 
Daniele Bianchi     March 30, 2023 
Signature of Principal Investigator   Date 


