USC Studies Toxic Algal Blooms in the Southern California Bight

The Los Angeles area of the Southern California Bight is the focal paiwbof
federally-funded, field-oriented research programs (ECOHAB: Ecadd¢armful
Algae Blooms and MERHAB: Monitoring and Event Response for Harmful Algal
Blooms) designed to investigate the relationship between the coastal oeghiyarf a
highly urbanized coastal region and blooms caused by toxic species of the diatem ge
Pseudo-nitzschial' he projects, which are funded by the Environmental Protection
Agency (ECOHAB) and by the National Oceanic and Atmospheric Administration
(MERHAB), are headed by Dr. David Caron from the University of Southerfo@ai
(USC) and include collaborators from the University of California Los Asg@IE€LA),
the University of California Santa Cruz (UCSC), the California InstibfifBechnology
(Caltech) and the Southern California Coastal Water Research Pr&j&iSP).

Background

Species oPseudo-nitzschiéFig. 1) are known producers of the neurotoxin domoic
acid which can cause illness and mortality in marine mammal and seabird populations
Small planktivorous fish (eg, anchovies) and shellfish that feed on the algagartaim
trophic links between the toxic algae and sea lions or other predators. Humans consuming
contaminated seafood (typically shellfish) experience Amnesic Shdibssoning (ASP)
whose symptoms may include vomiting, confusion, memory loss, coma or even death.
ASP has garnered much public and scientific attention along the northern USagtst ¢
between central California and Washington, where shellfish testing for dacidibas
resulted in repeated shellfish closures. Plankton assemblages in coastabidier
Southern California Bight commonly incluéeseudo-nitzschiapecies as a minor
component of the phytoplankton community. Until recently, however, only limited
information was available on toxic events along this densely populated coasthl stre
where approximately 25% of the nation’s beach-going population live.

ECOHAB and MERHAB Objectives

The main objective of the ECOHAB and MERHAB projects is to examine how
environmental factors influence the growthRsieudo-nitzschiand the production of the
neurotoxin domoic acid in coastal waters near Los Angeles. Changes in environmental
conditions due to river discharge and coastal upwelling have been implicated bkepossi
causes for the developmentRgeudo-nitzschillooms in other geographical regions.
Freshwater discharge into the San Pedro Bay area comes from highly urbasized ri
such as the Los Angeles River, San Gabriel River and Santa Ana River whithutent
substantial amounts of inorganic nutrients and trace metals to the coastal reggomabe
upwelling events within the study region also contribute significantly to tleewas of
nutrients that support coastal phytoplankton blooms. The Caron research group collects
information on physical and chemical parameters concurrenBs#hdo-nitzschia
abundances and domoic acid concentrations in an effort to link the temporal and spatial
relationships between these coastal processes and toxic events.

Field data obtained over the past four years corroborate toxic blodPsewdio-
nitzschiatypically occur around spring and early summer and can affect a laegefare



the Southern California Bight near Los Angeles (at least 1560rk8003). Multiple

species oPseudo-nitzschihave been identified from the study region within this same
time period includind?. delicatissimaP. fraudulentaP. pungen$. australisandP. cf.
cuspidata Concentrations of domoic acid in the plankton repeatedly exceeded maximal
toxin levels measured elsewhere along the Californian coast. Paryidutgrltoxin

levels were found inside the outer breakwater of the Los Angeles harbor in 2003rand the
again in 2006, indicating that the harbor may constitute a “hot spd®stewdo-nitzschia
growth and toxin production.

In 2006 the group was able to document the most toxic bloom to date in the study
area. Toxin concentrations in surface waters steadily increased fcbfrefruary to a
peak in mid-March and then again in mid-April (Fig. 2). Field measurements cedfirm
that concentrations of domoic acid remained high for several weeks throughout the entir
study area from the southern tip of Palos Verdes to the Newport Bay area (shown f
mid-March in Fig 3)P. australisdominated th&seudo-nitzschiassemblage.

Commensurate with the bloom, a large number of stranded sea lions were admitted to
the Mammal Care Centers in San Pedro and Laguna Beach. The animals showkd typic
signs of domoic acid poisoning and were disoriented, had seizures or were comatose.
Several females gave birth prematurely and their pups were stillbormaSeéezen
samples of urine, blood serum and feces were collected from adult sea lions anedanalyz
for domoic acid. The majority tested positive. The neurotoxin was also confirmed in
amniotic fluid and blood samples taken from aborted sea lion fetuses. Throughout the
bloom period, cetaceans were found stranded along Los Angeles and Orange County
beaches. A positive fecal sample collected from one of these animalseddicat
domoic acid poisoning was the cause for these strandings. Sardines and anchovies,
commonly an important part of the diet of marine mammals, were colleotedriside
the breakwater of the Los Angeles harbor and repeatedly tested positive for doimoic
in March and April of 2006. Estimates of total numbers of marine mammals impgcted b
the 2006 bloom are not available yet but in 2003 and 2004 domoic acid poisoning was
implicated in >1,400 mammal stranding incidents within the Southern California Bight
(San Luis Obispo area through Orange County; California Marine MammatBiga
Network, J. Cordaro, personnel communication).

Seabirds, mainly brown pelicans, were received in Bird Rescue Centerg thari
latter part of the bloom during April. Many of the birds appeared confused and had
tremors, several were recovered dead. Analysis of blood, stomach content and feceal
samples confirmed that domoic acid played a role in these events. The nudjbnitls
were brown pelicans but domoic acid poisoning was also confirmed in two previously-
undocumented species (ruddy ducks and western grebes).

To date, the results of the study reveal that toxic bloorRsefido-nitzschiare a
recurring phenomenon in coastal waters near Los Angeles and that these eweats pos
threat to the coastal ecosystem and the marine community. Extensivesdasasebeen
collected within the ECOHAB and MERHAB programs. This information will be
instrumental for characterizing the cause-effect relationships betmderblooms of
Pseudo-nitzschiand the changes in chemical and physical conditions in the coastal
waters of the Southern California Bight near the Los Angeles metropolitan area



Ecohab Websitehttp://www.usc.edu/dept/LAS/biosci/Caron lab/ECOHAB.html
Merhab Websitehttp://www.usc.edu/dept/LAS/biosci/Caron lab/merhab.html




Fig 1: Micrographs oPseudo-nitzschigRight: P. australisin a natural sample collected
in February 2004. Scale bar = 20 micrometer; Left: Detdd. @gfustralisshowing one of
its silicate frustules. Scale bar = th. Courtesy of Peter E. Miller, UCSC.
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Fig 2: Time-series showing domoic acid concentrations in plankton throughout the bloom
period in early 2006. Each value is an average derived from all 20 sampling stations.



Fig 3: Spatial distribution of domoic acid concentrations in plankton during a sampling
grid on March 17, 2006. High levels were found throughout the study region (~ 4R0 km



