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Abstract
In 1987, scientists began to investigate blue mussels (M. edulis L.) sold by restaurants
and stores in Prince Edward Islands after many reports of sickness among consumers and the
death of three elderly consumers. Samples of these mussels presented traces of a biotoxin
diatom called domoic acid. Researchers soon discovered that it was produced by an algae,
Pseudo nitzschia, in nearby waters and when consumed is responsible for amnesic shellfish
poisoning. Since then, outbreaks of domoic acid have appeared all over the world including off
the coast of California, Argentina, Uruguay, and in the Gulf of Mexico. Using data from NOAA,
this study is a comparison of domoic acid concentrations with ocean temperature, salinity, pH,
oxygen, phosphate, and silicate concentrations. Results show ocean conditions have little to no
effect on the production of domoic acid from Pseudo nitzschia; however these results indicate
further research be conducted.
Key terms: domoic acid, Pseudo nitzschia, biotoxin, diatom, amnesic shellfish poisoning
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Introduction
Oceans cover 71 percent of our earth and
are believed to be home to 50-80 percent of all
life, most of which is yet to be discovered
(Marinebio.org). The oceans and marine
biodiversity face a multitude of threats, most
notably climate change. According to the U.S.
Global Change Research program, climate change
has had varying effects on oceans including
temperature rise, sea level rise, acidification and
changes in the chemical composition. With the
changing climate, ocean habitats become less
suitable for some species and more suitable for others; thus changing the way these ecosystems
work.
Domoic acid (see Figure 1) is a naturally occurring neurotoxin produced in cell culture by
Pseudo nitzschia (see Figure 2), a type of a pennate phytoplanktonic diatom or algae (Mos,
2001). This heat-stable neuroexcitatory amino acid biomagnifies, meaning it is transferred along
the food chain via feeding and increases in concentration as it moves up the chain causing it to
have little to no effect on the primary consumers (fish, mussels, and anchovies) and a much more
serious effect on secondary consumers (marine mammals, birds, and humans). In 1998, it was
believed over four hundred California sea lions
(Zalophus californianus) were exposed to the
toxin and the number of sea lion exposures
continued to increase each year up until 2006
(Lefebvre, et al., 1999). Domoic acid has also
been proven to decrease sea lion mobility,
fertility rates, and is fatal in high concentrations
(Goldstein, et al., 2008), which can be
detrimental to the ecology of the ecosystem. In
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addition, domoic acid has had a number of devastating effects on humans including: confusion,
loss of memory, disorientation, seizures, and comas (Perl, et al., 1990). A large outbreak of
neurologic abnormalities among people who had eaten cultured blue mussels (Mytilus edulis L.)
in eastern Prince Edward Island in Canada brought attention to this toxin (Perl, et al., 1990).
Between November and December of 1987, 153 human cases of acute intoxication from the
consumption of blue mussels were reported, resulting in three human casualties as well as
numerous symptoms of severe sickness (Wright, et al.,1989). Recent issues such as the elevated
level of domoic acid found in Washington in 2015 and along the California coast in 2016 and
2017 have resurfaced scientific concern, according to the Washington Department of Fish and
Wildlife.
Through consumption, domoic acid is passed from bivalves (mussels, clams, ect.),
anchovies and other DA hosts to consumers. The first-level organisms in the food web are
affected mildly or not at all by domoic acid which accumulates in their digestive glands and
tissues (Mos, 2001), while the mammals and birds who consume them may experience severe or
fatal effects due to the bioaccumulation of domoic acid. The effects of domoic acid consumption
in humans include acute gastrointestinal symptoms, such as: nausea, vomiting, and diarrhea; and
neurological symptoms, such as: confusion, disorientation, long-term amnesia, and seizures
(Teitelbaum, et al., 1990).

Historical Domoic Acid Occurrences
Since the first case of detected domoic acid in Prince Edward island, many other domoic
acid outbreaks from different parts of the world have occured. Data on the ocean conditions
during various P. nitzschia and domoic acid outbreaks have been collected, but the data from
each outbreak has not been combined and examined for patterns. These patterns are essential to
predicting future growth and production rates and finding the best ways to limit domoic acid
production in the future, protecting both marine species and humans alike.
Research on domoic acid began in 1987 when researchers from the Atlantic Research
Laboratory, Department of Fisheries and Oceans, and the Canada Institute for Scientific and
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Technical Information began to test and track M. edulis L., believing the mussels had caused
acute intoxication and the death of 3 elderly patients. Mussels were collected from homes,
restaurants and stores. Patients suffering from acute intoxication were questioned to determine
consumption patterns, clinical symptoms and care provided (Perl, et al., 1990). Test were run on
mussel samples using high-performance liquid chromatography (a Hewlett-Packard model) and a
diode-array detector. An amino acid analyser revealed a peak present in only toxic samples of
the blue mussels leading the authors to conclude the mussels acted as a food vector for domoic
acid (Wright, et al., 1989). Little to no domoic acid was detected from nearby provinces which
leads to the conclusion that the gastrointestinal and neurological effects seen in Prince Edward
Island was caused by domoic acid poisoning from consuming mussels containing the toxin (Perl,
et al., 1990). In the years following, patients were continually tested for the lasting effects of
domoic acid poisoning. In 1990, neuropathologist looked to examine the effects of the 1987
outbreak by tracking gastrointestinal and neurological symptoms following the consumption of
mussels contaminated with domoic acid. A series of methods were used: a clinical protocol,
neuropsychological testing, positron-emission tomography, and pathological specimens to
complete this task. Gastrointestinal symptoms were present in the majority of patients, and some
experienced seizures while in the hospital. In some rare cases amnesia extended several years
after consumption (Teitelbaum, et al., 1990). These affects raise concerns for any area at risk of
domoic acid contamination, leading to further investigations on the causes and effects of domoic
acid production and poisoning.
The first major incidence along the coast of California was recorded in September 1991
when a group of scientists collaborated to investigate the high mortality rates of brown pelicans
and Brandt's cormorants in Monterey Bay. Samples from pelican and cormorant carcasses were
collected and assayed for domoic acid using HPLC and diode array detection. Results showed
that the highest domoic acid levels were found in the stomachs of sick birds who had eaten
whole anchovies where remnants of P. australis were evident. This revealed that commercial fish
stocks in the area were contaminated with domoic acid affecting the health of marine life and
humans (Fritz, et al., 1992). Further studies were conducted to examine the effects of domoic
acid on the birds in Monterey Bay. Following the discovery of domoic acid, qualitative data of
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central nervous system (CNS) signs were collected through observations of the birds behaviors
and samples of the their blood, brains, and swabs from their liver and lungs were collected from
caracasses and living birds in the area. The birds displayed many of the same CNS symptoms as
mice who had been used in previous studies of the impact of domoic acid (Work, et al., 1993).
This proved that poisoning from domoic acid was the cause of the unusual death rate seen among
the birds in Monterey Bay.
Less than a decade later, California witnessed another outbreak as scientist from the
University of California, Santa Cruz and University of California, Davis looked at domoic acid
produced from Pseudo nitzschia australis as a potential cause of the high mortality rates of sea
lions along the central California coast in May of 1998. Clinical signs observed in sea lions
included seizures, vomiting, head weaving, abnormal behavior, and coma (Goldstein, et al.,
2008). Extractions of anchovies, sea lion urine and fecal matter were tested for domoic acid
through insertion into a HPLC. Anchovies contained high levels of domoic acid and traces of the
toxin were detected in sea lion fecal matter samples, leading to the conclusion of a three-tiered
trophic transfer of domoic acid from diatoms to anchovies to sea lions (Lefebvre, et al., 1999).
The idea of a three-tiered trophic transfer is a concern as humans are often the third level
consumers in a marine food chain. By consumption of mussels, fish, or other species containing
domoic acid the toxin bioaccumulates in the stomachs of tertiary consumers.
In 2003 researchers from marine institutions in Argentina studied the factors and
distribution patterns of Pseudo nitzschia species in the shelf waters of the Argentine Sea during
the summer and fall. Samples from 49 stations along the continental shelf waters of Argentina
were collected and tested for salinity, water temperature, chemical concentrations and the
presence of Pseudo nitzschia. Eight types of these algae blooms were present in 90 percent of
the examined stations. P. pungens and P. australis were determined to have the most widespread
distribution and to favor elevated temperatures and salinities (Almandoz, et al., 2007). Since
these occurrences scientist have looked to see how Pseudo nitzschia seriata cultures from the
Scottish west coast were affected by phosphate and silicate limitations. Seawater was modified
to have two different initial phosphate and silicate concentrations and cells were counted in at
least triplicate. Results showed that more cells were present in water containing smaller
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concentrations of both phosphate and silicate. It was concluded the cultures with the lowest
concentrations of these nutrients, growth was enhanced and domoic acid concentrations were
increased, especially in Si-limited samples (Fehling, et al., 2004). These tests show that the
chemical composition of the ocean has a major impact on the growth of Pseudo nitzschia and
production of domoic acid and the need for further research examining other ocean factors.
Once again California experienced a elevated levels of domoic acid in 2008 along the
Santa Barbara coast (SBC). Monthly cruises were conducted in the SBC and water samples were
collected from different stations to be tested for inorganic nutrients, absorption, phytoplankton
abundance, and domoic acid analysis. Pseudo nitzschia was present year-round but peaked in
the spring and fall. Results showed the frequency of toxic events directly correlated with an
increase in Pseudo nitzschia abundance (Anderson, et al., 2009). Factors including salinity and
temperature were also examined during 2008 in another outbreak occurring in the U.S. off the
coast of Alabama. Researchers from a group of Institutions and Universities in Alabama
collaborated on the more frequently observed Pseudo nitzschia blooms in the Northern Gulf of
Mexico along the coast of Alabama and the accumulation a domoic acid in fish in the region.
From March to July of 2009, 117 samples were collected at sites along the coast and salinity and
water temperature was recorded for each. Domoic acid samples were analyzed using 50%
methanol and sonicated on ice in order to extract the toxin. During the bloom period
temperatures averaged 28.1 degrees Celsius, which is much higher than than the range associated
with the maximum of Pseudo nitzschia, while Pseudo nitzschia densities were strongly
correlated with salinity. The researchers concluded high salinity and relatively poor nutrient
waters provided the ideal conditions for Pseudo nitzschia growth (Liefer, et al., 2013).
In 2011, researchers from Baja California and Mexico investigated the effects of
temperature and SiNO3 ratios on the growth and domoic acid content of Pseudo nitzschia
australis in Baja California. Batch cultures of P. australis were maintained at 10, 12, 14, 15, 18,
and 20 degrees Celsius with Si:NO3 ratios between 0.5 and 2.5. Domoic acid concentrations
were quantified using a HPLC. Growth rates of the cultures in both ratios of Si:NO3 were
highest between 12 and 14 degrees Celsius and no growth was detected in those maintained at 18
or 20 degrees. The researchers concluded there is a narrow temperature range for optimal
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growth under culture condition and the temperature range of central and southern California,
which is usually between 12.5 and 16 degrees, fall within the tested range (Santiago-Morales, et
al., 2011). This once again raises scientific concerns that California is a high-risk area, where
blooms may occur suddenly.
In 2014, scientists from France became concerned with the increased frequency and
intensity of harmful algal blooms that posed a threat to marine ecosystems. They began to look
specifically at the effects of irradiance and temperature on the growth of Pseudo nitzschia
australis. A clonal culture of P. australis was isolated in August of 2011 in the Bay of Seine
where it was grown in a temperature gradient between 3.5-25.5 degrees Celsius. The
concentration of domoic acid in the water was tested using a HPLC. The highest irradiance
correlated with the highest temperature, 18.6 degrees, and the maximum DA concentrations were
found at 15.5 degrees Celsius. The overall temperature range for Pseudo nitzschia australis
growth in the English Channel was between 5-21 degrees while domoic acid appears to be
produced most efficiently under optimum growth conditions without nutrient stress (Thorel, et
al., 2014). The wide range of temperatures found in this study conclude that Pseudo nitzschia
can be found anywhere in the range, but it does not show at what temperature within the range
domoic acid is best suited for. The theory that lack of nutrient stress is optimal for domoic acid
production, indicates that lower concentrations of silicate, oxygen, and phosphate are ideal.
Although Uruguay had been a common region for Pseudo nitzschia growth for years,
researchers did not test water along this coast of until 2012. Seven hundred sixty-eight
phytoplankton samples taken from four stations along the Uruguay coast, were tested for surface
salinity and water temperature. Temperatures, salinity, and the type of Pseudo nitzschia present
varied in each station, ranging from 14 to 22 degrees Celsius and salinity falling between 10.8
and 32.5; Pseudo nitzschia fraudulenta being on the lower end of that scale and Pseudo nitzschia
pungens on the higher end of both salinity and temperature (Méndez, et al., 2012).
In 2001, Lizzy Mos from the Department of Agrotechnology and Food Science at
Wageningen University in the Netherlands wrote a review titled “Domoic acid: a fascinating
marine toxin” in which Mos discussed the history of domoic acid along with the biology and
structure of Pseudo nitzschia, the ideal environment for growth, and the process of toxin
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production. Mos concluded her report with “Concerns for the future” in which Mos claimed
intense blooms can re-occur at any time and could cause drastic consequences due to the
increased demand for seafood (Mos, 2001).

Purpose
Domoic Acid intoxication, more commonly known as amnesic shellfish poisoning, can
be deadly to marine mammals, birds, and in rare occasions humans. Although humans have
become aware of the toxin and are now capable of avoiding areas known to be infected, Pseudo
nitzschia blooms may arise unexpectedly causing sickness in marine species. This was seen in
Monterey Bay in 1991 and along the California Coast in 1998. These marine species do not have
the same awareness as humans and therefore, may not know to avoid eating mussels, anchovies,
and fish containing domoic acid so they continue to do so. If large numbers of a particular
species within a population are wiped out this can be detrimental to their ecosystem by leaving
gaps in the food web and food chains. By determining the ocean conditions in which Pseudo
nitzschia blooms thrive and produce domoic acid, we can best predict future concentrations in
various locations. Using this data future investigators will know where to base their research and
efforts in protecting species of secondary consumers from experiencing potentially deadly effects
from the toxin. In addition, knowing the factors which help the algae grow and produce domoic
acid, will help determine what action can be taken to end or restrict future growth and production
of domoic acid.

Research Question
Research Question: Do ocean conditions affect the growth of Pseudo nitzschia and production of
domoic acid?

Alternate Hypothesis: Domoic acid concentrations will be higher in areas with increased
temperature, salinity, dissolved oxygen, phosphate, silicate, and nitrate because these conditions
provided nutrients that aid to the growth of plants and algae.

OCEAN CONDITIONS ON PRODUCTION OF DOMOIC ACID

9

Null Hypothesis: Domoic acid concentrations will not be higher in areas with increased
temperature, salinity, dissolved oxygen, phosphate, silicate, and nitrate.

Methods
For this study a combination of secondary data and systematic literature review was used.
Quantitative data of ocean temperature, salinity (salt concentration), pH, oxygen, silicate, and
phosphate concentration data in the selected locations during the time period of each of the major
outbreaks of domoic acid were collected from the National Oceanic and Atmospheric
Administration’s (NOAA) Ocean Database. Within this database, is the World Ocean Atlas 2013
(WOA13 V2), where CSV files of each of the available factors can be downloaded. A 1 degree
grid of the Earth’s latitude and longitude was used to order the data. For each factor, separate
data was collected for each month of the year. Salinity and temperature averages were split into
separate decades: 1985-1994, 1995-2004, and 2005-2012. Each of the other factors found the
average by month from 1955-2012.
P. nitzschia concentration in 104 cells L-1, cellular domoic acid concentrations in water
measured in pg cell-1, and domoic acid concentrations in bivalves from various sites from 1987 to
2012 were obtained through peer reviewed papers. When all of the data was collected,
interpreted, and implemented into a table, each of the ocean conditions was analyzed using T
test to see if it was significant. Multiple linear regression analysis was used to determine the
correlation between P. nitzschia Concentration and ocean variables, Cellular domoic acid
concentrations in water and ocean variables, and domoic acid concentrations in bivalves and two
simple linear regression analysis were completed to find the correlation between P. nitzschia
Concentration and Cellular domoic acid in water and P. nitzschia Concentration and domoic acid
in bivalves. Next, the Pearson correlation coefficient, which measures the correlation between
two variables was determined for each relationship to determine whether or not it was a strong
relationship. A value of 1 shows a total positive linear correlation and 0 is no linear correlation,
while −1 is total negative linear correlation. Values furthest from 0 show the strongest
correlation between two variables.
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Results
Table 1. P. nitzschia concentration in 104 cells L-1 compared to ocean conditions.

Table 2. Cellular domoic acid concentration in H20 in pg cells-1 compared to ocean conditions.
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Table 3. Domoic acid concentration in bivalves in µg g⁻1 compared to ocean conditions.

11

OCEAN CONDITIONS ON PRODUCTION OF DOMOIC ACID

12

OCEAN CONDITIONS ON PRODUCTION OF DOMOIC ACID

13

Figure 3a-i. Histograms show the frequency each concentration of P. nitzschia (a), Cellular
domoic acid in H20 (b), and domoic acid in bivalves(c) and the various ocean conditions during
each DA outbreak in study: temperature(d), salinity(e), oxygen(f), phosphate(g), silicate(h), and
nitrate(i).
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Figure 4a-f. Graphical comparison of P. nitzschia to various ocean conditions during each
domoic outbreak in study: temperature(a), salinity(b), oxygen(c), phosphate(d), silicate(e), and
nitrate(f).
To determine if there is a connection between P. nitzschia concentrations and ocean
conditions, a multiple linear regression analysis was conducted. The results of the multiple linear
regression analysis revealed none of the variables were statistically significant predictors to the
model (p > .05).
Figure 4a has a shallow positive slope showing that as temperature increases P. nitzschia
concentrations will have a slight increase and the Pearson correlation coefficient (r) between
these variables is .309 (see Figure 4a). P. nitzschia concentration is shown to decrease slowly
with increases in salinity [r=.234] (see Figure 4b), oxygen [r=-.307] (see Figure 4c), silicate
[r=-.225] (see Figure 4e), and nitrate [r=-2.63] (see Figure 4f). Phosphate [r=-.278] (see Figure
4d) shows the most significant decline in the P. nitzschia concentration as the amount of
phosphate per liter increases, with a slope of -2.48E2.
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Figure 5a-f. Graphical comparison of Cellular domoic acid concentrations in water to various
ocean conditions during examined domoic acid outbreaks: temperature(a), salinity(b),
oxygen(c), phosphate(d), silicate(e), and nitrate(f).
To determine if there is a connection between the concentrations of cellular domoic acid present
in the water and the ocean conditions a multiple linear regression analysis was conducted . The
results of the multiple linear regression once again showed not to be statistically significant
predictors to the model (p > .05) for any of the ocean conditions.
Temperature [r=-.162] (see Figure 5a), salinity [r=-.057] (see Figure 5b), oxygen
[r=.395] (see Figure 5d), and nitrate [r=.110] (see Figure 5f) all have a positive correlation while
phosphate [r=-0.030] (see Figure 5c), and silicate [r=-.024] (see Figure 5e)have a negative
correlation with cellular domoic acid concentrations in water. However, low Pearson correlation
coefficients (r) among the relationships show that these graphs have low significance.
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Figure 6a-f. Graphical comparison of domoic acid concentrations in bivalve tissues to various

ocean conditions during examined domoic acid outbreaks: temperature(a), salinity(b),
oxygen(c), phosphate(d), silicate(e), and nitrate(f).
To determine if there is a connection between the concentrations of domoic acid present
bivalves and the ocean conditions a multiple linear regression analysis was conducted. The
results of the multiple linear regression once again showed not to be statistically significant
predictors to the model (p > .05) for any of the ocean conditions. However temperature (p=.092)
showed marginal significance(.05<p<.1).
Phosphate [r=.087] (see Figure 6d) was the only ocean condition to share a positive
correlation with the DA levels found in bivalve tissues. The other factors all showed that a
decrease in value resulted in an increase of DA in bivalves: temperature [r=-.209] (see Figure
6a), salinity [r=-.768] (see Figure 6b), oxygen [r=-.281] (see Figure 6c), silicate [r= -.314] (see
Figure 6e), and nitrate [r=-.292] (see Figure 6f). In this case, low PCC values can partly be
attributed to the outlying data point where 74 µg g⁻1 of domoic acid where present in the tissues
of measure bivalve samples.
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Figure 7a-b. Graphical comparisons between P. nitzschia Concentration and the concentration of
cellular domoic acid in water(a) and domoic acid concentration in bivalve tissues(b).
To investigate the correlation between P. nitzschia concentrations and domoic acid levels
in bivalve tissues, a simple linear regression was conducted and investigate the correlation
between P. nitzschia concentrations and cellular domoic acid levels in water; a second simple
linear regression was conducted. Both test revealed that the predictor variable was not
statistically significant (p>.05).
Increases in P. nitzschia shows to result in a small decrease in the amount of domoic acid
present in both water samples and bivalve samples. However the Pearson correlation for both
data sets is [r<0.1]: cellular domoic acid in water [r=.073] (see Figure 7a) , and for bivalve
tissues [r=-.026] (see Figure 7b).
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Discussion
The discovery of domoic acid in 1987 has been followed by a number of outbreaks
around the world. These outbreaks are concerning to the health of the marine ecosystem, the
health of local consumers who may depend on these fishing areas for food, and for local fisheries
who can go out of business due to sudden outbreaks of domoic acid. Domoic acid poisoning, or
amnesic shellfish poisoning, is known to have a number of gastrointestinal and neurological
symptoms that in extreme cases may be long term (Teitelbaum, et al., 1990). Due to the
ecological, economic, and health risk associated with domoic acid poisoning, it has become
important to understand and be able to predict when and where Pseudo nitzschia blooms may
occur.
Since domoic acid is a biotoxin produced in nature by a phytoplankton, Pseudo nitzschia
(Mos, 2001) it can be very difficult to predict when and where it may occur, as blooms may grow
quickly and unexpectedly. Past research has looked at varying factors from a number of
outbreaks including temperature and salinity off the coast of Argentina (Almandoz, et al., 2007)
and near Baja California and Mexico (Santiago-Morales, et al., 2011), and phosphate and silicate
off the Scottish west coast (Fehling, et al., 2004). This study addresses these ocean conditions
along with dissolved oxygen and nitrate concentrations in order to show if there is a relationship
between changing ocean conditions and P. nitzschia and domoic acid concentrations.
In the process of collecting data for the multiple and simple linear regressions of domoic
acid in water and bivalve samples compared to ocean conditions, less data points were attained
than originally intended. This is due to limitations in the amount of research previously
conducted that measured domoic acid concentrations in either type samples. One potential
source error occurred when receiving data from the WOA 13, as each of the latitude and
longitude values had to be rounded to the nearest degree.
The goal of the study was to determine if there was a correlation between ocean
conditions and the concentrations of P. nitzschia or domoic acid. The steeper slope (-2.48E2) of
Figure 4d shows that as the amount of phosphate in the water increases, the amount of P.
nitzschia decreases and because of this low phosphate levels can be used as a predictor for a
growth in P. nitzschia blooms. Cellular domoic acid in H20 (Figure 5), was not strongly
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impacted by any of the ocean conditions as the slopes ranged from -4.03E-3 to .42. The Pearson
correlation coefficient ranged from -.057 to .395, showing that there is almost no linear
correlation. In Figure 5, data points seemed to have a stronger correlation and higher Pearson
correlation coefficients despite one outlying value for domoic acid in bivalves (74 µg g-1). The
simple linear regression analysis models shows that P. nitzschia concentration had very minimal
effects on the domoic acid content in water (Figure 7a) (slope -2.92E-4) and the domoic acid
concentration in bivalve tissues (Figure 7b) (slope -1.41E-3). However there was a lack of
significance noted in the T test, so the null hypothesis- ocean conditions have little to no effect
on the P. nitzschia growth and domoic acid concentrations- can be retained. Based on patterns
and outlying values seen in the graphs, further investigation should be completed before the
alternative hypothesis is rejected.

Further Work/Conclusion
Since domoic acid producing P. nitzschia blooms still occurring across the world, action
must be taken to prevent poisoning. The first action is the temporary shutdown of local fisheries
to prevent the catch and sale of domoic acid contaminated fish and shellfish. The second action
to achieve this is by stopping P. nitzschia growth and domoic acid production from occuring.
Results of this study were inconclusive as ocean conditions proved to not be statistically
significant factors in P. nitzschia or domoic acid content however certain patterns cannot be
ignored. These patterns need further investigation. Future studies need to aim to collect various
data points from the same location over a series of several months to see if there is a change in
toxin or algae concentration within the same region. In addition, fisheries concerned with bloom
potential need to collaborate with NOAA to assure that further studies on the issue can be
conducted.
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