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RESUMEN 

 

“Marea roja” es el término comúnmente utilizado para referirse a las floraciones de algas 

nocivas (HAB). Este fenómeno se da principalmente en las regiones costeras del Océano 

Pacífico, provocando grandes cambios en el color del agua debido a que tienen pigmentos con 

los que captan la luz solar. Las FAN son floraciones de microalgas que generan en su 

metabolismo sustancias altamente tóxicas conocidas como toxinas marinas, que afectan a 

humanos y animales. Los principales mariscos afectados por la marea roja son los filtradores, 

especialmente moluscos como los mejillones (Mytilus galloprovincialis o Mytilus edulis), las 

almejas (Venerupi ssp.), las ostras (Ostrea edulis) o las vieiras (Pecten maximus). Todos ellos 

consumen microalgas que concentran estas toxinas en sus tejidos, convirtiéndolos en alimentos 

altamente tóxicos. Así, las consecuencias de comer mariscos contaminados con Marea Roja 

son graves, ya que las toxinas actúan de inmediato y pueden causar la muerte. Además, hay 

carnívoros, que se alimentan de filtradores, como los locos y los caracoles de mar. Los 

organismos del fitoplancton y las toxinas que se encuentran en el Océano Pacífico están 

presentes en las especies de Dinoflagelados (Pyrrhophyta) como componentes de la Marea 

Roja. Entre los tipos de toxinas se encuentran: Saxitoxina y Gonyatoxinas (PSP, Paralytic 

Shcellfish Poisoning), Ácido okadoico (DSP, Diarrhetic Shellfish Poisoning), Brevetoxinas 

(NSP, Neurotoxic Shellfish Poisoning) y Ciguatoxin (CFP, Ciguatera Fish Poisoning). 

Además, las toxinas presentes en las especies de diatomeas son el ácido domoico (ASP, 

Amnesic Shellfish Poisoning). 

Palabras clave: Floraciones de algas, toxinas, marea roja, enfermedades. 

 

 

 

 

  



 

vii 

 

ABSTRACT 

 

“Red Tide” is the term commonly used to refer to Harmful Algal Blooms (HABs). This 

phenomenon occurs mainly in the coastal regions of the Pacific Ocean, causing large changes 

in the color of the water because they have pigments with which they capture sunlight. HABs 

are microalgae blooms that generate highly toxic substances known as marine toxins in their 

metabolism, which affect humans and animals. The main shellfish affected by Red Tide are 

filter feeders, especially mollusks such as mussels (Mytilus galloprovincialis or Mytilus edulis), 

Clams (Venerupissp.), Oysters (Ostrea edulis) or Scallops (Pecten maximus). All of them 

consume microalgae that concentrate these toxins in their tissues, converting them into highly 

toxic foods. Thus, the consequences of eating shellfish contaminated with Red Tide are serious, 

since the toxins act immediately and can cause death. Furthermore, there are carnivores, which 

that feed on filter feeders, such as loco and sea snails. The phytoplankton organisms and toxins 

found in the Pacific Ocean are present in Dinoflagellate species (Pyrrhophyta) as components 

of the Red Tide. Among the types of toxins are: Saxitoxin and Gonyatoxins (PSP, Paralytic 

Shcellfish Poisoning), Okadoic acid (DSP, Diarrhetic Shellfish Poisoning), Brevetoxins (NSP, 

Neurotoxic Shellfish Poisoning) and Ciguatoxin (CFP, Ciguatera Fish Poisoning). Also, the 

toxins present in diatom species are Domoic acid (ASP, Amnesic Shellfish Poisoning). 

Keywords: Algal blooms, toxins, red tide, sickness. 
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Chapter 1: Introduction 

1.1 Introduction 

Climate change is one of the world’s biggest challenges due to natural causes, mainly 

human activity. Climate change and sewage discharges into the ocean make harmful algal 

blooms more common, generally known as red tides (Nicholls et al., 1982; Watson et al., 

1999; Søndergaard et al., 2007; Noges et al., 2010; Carey et al., 2012; Francis et al., 2014; 

Watson et al., 2015). Among the environmental drawbacks attributed to climate change, there 

is evidence of a disproportionate increase in the number of certain organisms that unbalance 

the environment. These can be considered a danger to human, animal, or plant health, and we 

can cite examples of microalgae that cause red tides. This natural phenomenon, and the risks 

associated with it, maybe misperceived by the public (Centers for Disease Control and 

Prevention, 2022). 

An algal bloom occurs when there are excessive algae cells in the water. Most algae 

are harmless to humans, animals, and ecosystems, but some pose serious health risks 

(Lewitus et al., 2012; Manivasagan & Kim, 2015). The main reason for this to develop is 

when environmental circumstances are just right for a bloom of algae. Typical red tides can 

be seen along the coast of Ecuador. Despite appearances, these organisms are not algae 

(Wells et al., 2015). They are a type of bacteria that can take several shapes. The 

cyanobacterium Microcystis produces at least 80 distinct toxin types that can seriously harm 

or kill humans, pets, wildlife, and livestock. Paralysis and death can occur in both people and 

animals when exposed to high enough doses of the poison (NJ Department of Environmental 

Protection, 2021). 

HABs have distinct life stages, each with different morphologies, environmental 

interactions, behaviors and responsibilities at each stage of the life cycle in which 

Dinoflagellates, Pseudo-Nitzchia and Cyanobacteria (nostocales) are found. Asexual 

reproduction, or a dormant cyst stage, is a successful method of survival and dissemination, 

allowing species to be carried by ocean currents, fish, or even people (via ballast water 

discharge) (Azanza et al., 2018). 

Among the main toxins present in harmful algal blooms are Saxitoxin known as PSP 

(Paralytic Shellfish Poisoning), Okadaic acid known as DSP (Diarrheal Shellfish Poisoning), 
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Brevetoxin NSP (Neurotoxic Shellfish Poisoning), Ciguatoxin CFP (Ciguatera Fish 

Poisoning) and Domoic acid known as ASP (Amnesic Shellfish Poisoning). The ingestion of 

shellfish containing these toxins affects the health of the population; however, it should be 

noted that Ciguatoxin mainly affects fish, which is reflected in a massive mortality. It should 

be emphasized that biological and biochemical methods are used to detect these toxins, such 

as mouse bioassay, cell culture assays, liquid chromatography, phosphatase inhibition assay 

another (Prego-Faraldo et al., 2013). 

Thus, several HABs events involving poisoning and death have been recorded. From 

that point on, the creation of control bodies has been urged, as is the case of the Comisión 

Nacional de Vigilancia de Marea Roja (Carrillo-Ovalle, 2009; Leiva, 2008). Another country 

that has experienced this type of event is Canada, which began monitoring and research on 

the Atlantic and Pacific coasts in 1940 (McKenzie et al., 2021). In the same sense, the United 

States of America has registered harmful algal blooms; in which human, animal and 

ecological health have been affected. Ecuador is also another country in which algal bloom 

events have been recorded due to the fact that oceanographic characteristics play an 

important role in these events (Cucalón, 1989; Longhurst, 2006; Borbor-Córdoba et al., 

2019). Mexico is also part of the group of countries that suffer from HABs, as a result of 

which intoxications and human losses have been reported due to the consumption of 

contaminated shellfish (Alonso-Rodríguez et al., 2015; Salcedo-Garduño et al., 2018). 
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1.2 Statement of the problem 

Harmful algal blooms are sometimes called “red tides” (HABs). Large color shifts in the 

Pacific Ocean’s coastal regions can be attributed to this phenomenon, which occurs when 

pigments in the water absorb sunlight. Human and animal health can be negatively impacted 

by HABs, which are microalgae blooms that produce marine toxins in their metabolism, 

causing illness or even death in some cases. That is why it is critical that even if a hazardous 

bloom has not been detected in the area, residents should avoid touching any surface scum or 

severely discolored water. Because depending on how closely one comes into contact with 

the HABs, they may induce various symptoms, including rashes, gastrointestinal pains, 

diarrhea, and even liver problems (Lynch, 2018). 

1.3 General and Specific Objectives  

General Objective 
 

Carry out an exploratory analysis of the most important harmful algal bloom (HABs) in the 

Pacific Ocean Coasts, with particular reference to Ecuador. 

 

Specific Objectives 
 

 Explore the toxins which are present in the main events of HABs. 

 Immunological identification of toxins presents in algal blooms in Ecuador. 

 Comparison of toxins present in algal blooms in different countries having coast in 

the Pacific Ocean. 
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Chapter 2: Harmful Algal Blooms (HABs) 

 Contrary to the popular belief, HABs represent an international issue, not unique to 

any particular country (Band-Schmidt et al., 2010). Thus, in 2000, the International 

Conference on Harmful Algae (ICHA) began, its precursor was the French Research Institute 

for the Exploitation of the Sea. This conference covers a wide range of HABs, and brings 

together professionals and concerned citizens to discuss and evaluate recent scientific 

findings and developments in the field. In 2016, the conference was hosted in Brazil. In 2016, 

the conference was hosted in Brazil; in October 2018, it was held in France; Japan will host 

the 20th annual conference in 2023, specifically in Hiroshima (Fig. 1).   

Figure 1. The 20th International conference on Harmful Algae.  

 

However, the cyanobacteria that cause algal blooms that create microcystin are the 

focus of another international research group at the International Conference on Toxic 

Cyanobacteria Harmful Algae Blooms. Therefore, the eleventh edition of the conference was 

held in May 2019 in Krakow, Poland. It is important to emphasize that when microcystin 

broke out worldwide in the early 21st century, the International Cytomegalovirus Control 

Committee (ICTC) was formed to deal with it. Finally, HABs can develop no matter the kind 

of body water, whether it is fresh or salty (Lynch,2018). 

Due to the ocean is intrinsically related to human health as a source of nutrients and 

overall well-being. Harmful algal bloom (HAB) events are of concern to the scientific 

community. These natural events can grow in response to rising sea surface temperatures, 

thermocline shoaling, coastal upwelling, and other unknown causes (Borbor-Córdova et al., 
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2018; Fleming et al., 2014; McCabe et al., 2016; Moore et al., 2008). For example, 

phytoplankton proliferation in aquatic habitats is a natural occurrence that occurs worldwide. 

This represent nutritional foundation of aquatic food webs, and as photosynthesizing 

creatures, they are also a major contributor to the global carbon cycle. Nonetheless, several 

species of phytoplankton and benthic microalgae generate large biomass and hazardous cell 

aggregations known as HABs (Busch et al., 2013; Smayda, 1997). As a result, coastal regions 

on all continents are reporting large accumulations of phytoplankton, macroalgae, and 

occasionally colorless heterotrophic protists. 

Therefore, the presence of large numbers of these organisms can cause a variety of 

undesirable effects, including the formation of red, mahogany, brown, or green tides; the 

floating of scums on the surface; the covering of beaches with biomass or exudates; and the 

depletion of oxygen levels due to excessive respiration or decomposition (Manivasagan, 

2015).  

Microalgal and phytoplankton blooms have contributed to “red tides” in coastal seas 

worldwide (HABs). In addition, HABs are organisms that can significantly lower the oxygen 

levels in natural water systems while also harming the aquatic life in lakes and coastal areas 

(Anderson, 2012; Anderson et al., 2017; Borbor-Cordova et al., 2019; Hallegraeff, 1993; Pal 

et al., 2020). Moreover, HABs indicate an ecosystem that is out of balance, typically brought 

on by the multiple environmental changes brought on by the expanding global human 

footprint and climate change. These adjustments can generally be divided into three groups 

(Fig. 2). 

Figure 2. Causes of HABs (Nicholls et al., 1982; Watson et al., 1999; Søndergaard et 

al., 2007; Noges et al., 2010; Carey et al., 2012; Francis et al., 2014; Watson et al., 

2015). 

Such events occur in less productive systems, especially those with some degree of 

human intervention, such as acidification, organic loading, or a history of restorative nutrient 

reduction. HABs are more severe and frequent in eutrophic and mesotrophic ecosystems, 
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although they also occur there (Carey et al., 2012; Francis et al., 2014; Nicholls et al., 1982; 

Nõges et al., 2010; Søndergaard et al., 2007; S. B. Watson et al., 1999, 2015). However, is 

important consider that certain factors, including upwelling systems and water column 

stratification brought on by low wind stress and marine heat waves, may limit the prevalence 

of HABs. Oceanographic and climatic conditions also impact their proliferation (Pal et al., 

2020). Diatoms, dinoflagellates, and cyanobacteria are just a few phytoplankton species that 

produce blooms in freshwater and marine habitats (Pal et al., 2020; Sangolkar et al., 2006, 

2009). 

HABs are becoming increasingly widespread in coastal locations and have spread 

worldwide (Glibert et al., 2014; Gobler et al., 2017; Hallegraeff, 2010). Although coastal 

eutrophication and increased monitoring have had a role in these patterns, there is growing 

acknowledgment that climate change has also played a role in the worldwide intensification 

of some HABs (Anderson, 2012; Glibert et al., 2014; Gobler et al., 2017; Wells et al., 2015). 

Biotoxins that build up in the tissues of bivalve clams can cause most cases of PSP in humans 

have been observed following ingestion of bivalves (Hégaret et al., 2009; Shumway, 1990). 

Residents who live near or downstream of blooms may get respiratory problems due to some 

pollutants becoming aerosolized (Backer et al., 2003; Cheng et al., 2007; Pierce et al., 2003). 

Toxins generated by HABs endanger marine creatures, fish, seabirds, crabs, and seagrasses 

(Griffith & Gobler, 2020). 

Another factor important of Harmful Algal Blooms is the relationship with the 

ecological processes are influenced by species individual metabolic capacity and 

interconnecting metabolic networks. Examples include maritime habitats, where autotrophy 

greatly affects the carbon cycle on a global scale. Periodic dinoflagellate blooms, which can 

produce toxins and cause a localized oxygen scarcity, can have severe ecological and 

economic effects as opposed to having a positive impact on atmospheric carbon 

(Manivasagan & Kim, 2015; Morey et al., 2011). 

A variety of HABs jeopardizes water quality, living resources health, and Pacific 

coast community’s economy. These HABs regularly cross jurisdictional boundaries. 

Effective HABs control will involve cooperation and coordination on an international and 

interstate scale (Lewitus et al., 2012; Manivasagan & Kim, 2015). A regionally coordinated 

effort will be required to understand the causes and effects of west-coast HABs fully. 



 

7 

 

Chapter 3: HABs species life cycle dynamics 

The dynamics and effects of HABs are heavily influenced by the multi-stage life 

cycles of the phytoplankton species responsible for them. There are different 

morphologies, environmental interactions, behaviors, and responsibilities at each life 

cycle stage. Asexual reproduction, or a dormant cyst stage in the life cycle of some HABs 

species, such as the Alexandrium dinoflagellates, allows these organisms to overwinter in 

sediments and generate blooms in temperate locations. The cyst stage is a successful 

method of survival and dissemination, allowing species to be carried by ocean currents, 

fish, or even people (via ballast water discharge). A small number of cysts moved to a 

new place can serve as the start of a new colony. Pseudo-nitzschia diatoms, like many 

other species, undergo sexuality but do not appear to have a true resting stage. Toxigenic 

cyanobacteria species that cause blooms in freshwaters, like Nostoc, have evolved a 

technique for surviving in hostile environments by creating thick-walled resting cells 

called akinetes (Azanza et al., 2018). 

3.1 Dinoflagellate Life Cycle. 

Most dinoflagellates, including Alexandrium, reproduce asexually by a process called 

fission. A single parent cell develops and divides into two offspring during this process. 

When environmental factors, including a lack of nutrients, sunshine, or animal grazing, do 

not prevent further expansion, hazardous algal populations can build up to stunning but 

disastrous heights. 

Because of a drop in food supply, several animals have shifted to sexual reproduction 

and a new life stage. The gametes produced by the cells combine to form the diploid, motile 

zygote (called a planozygote). Planozygotes develop a cyst that lies latent in the ocean floor’s 

sediments. These cysts can stay viable for years, giving a species a fighting chance against 

nutritional deprivation, harsh winters, or animal consumption. When conditions are right, the 

cysts will germinate, releasing a wave of photosynthetically active cells into the water 

column. 

For survival and spread, the cyst stage is a smart choice. Every time a bloom enters 

the cyst stage, it becomes more portable, making it easier to transport it by ocean currents, 
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fish, or even people (via ballast water discharge) to new bodies of water where it can be 

deposited as a “seed” population and colonize. 

3.2 Pseudo-nitzchia Life Cycle. 

Diatoms (like Pseudo-nitzschia) have both asexual and sexual stages in their life 

cycles, just as dinoflagellates. One daughter cell is the same size as the parent cell, and the 

other is somewhat smaller during asexual reproduction. 

Most diatoms experience a population decline in mean cell size over time due to 

asexual reproduction, which can be reversed by engaging in sexual reproduction. When two 

parent cells align, one will generate four “active” gametes, while the other will produce four 

“passive” gametes during sexual reproduction. To create an auxospore, the active gametes 

travel to the site of the passive gametes and merge with them. 

With their protective properties, auxospores help cells recover their original 

dimensions as they grow and divide. Cell division will continue in diatoms that cannot 

engage in sexual reproduction, but the mean size of the daughter cells will decline until the 

organisms die. Because of this, diatoms can be tricky to keep alive in culture for extended 

periods. Although diatoms do not make cysts, some research suggests they may enter a 

“quiescent phase” that helps them survive in harsh environments (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Simplified life cycle of a Pseudo-nitzchia (Woods Hole Oceanographic Institution, 

2019). 
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3.3 Cyanobacteria (Nostocales) Life Cycle. 

The Life Cycle of Nostoc-Class Cyanobacteria Unicellular to more complex 

filamentous and colonial structures characterize freshwater cyanobacteria’s morphology and 

cellular organization. Gas-filled vacuoles in many cells propel them to the ocean’s surface, 

where they can make use of sunlight to fuel the photosynthetic process. 

Cellular fission is the asexual reproduction mechanism used by cyanobacteria, in 

which a single parent cell divides into two identical daughter cells. Summer is when 

cyanobacteria bloom, and their effects are most commonly seen because bloom formation is 

primarily driven by water temperature and the availability of nutrients like phosphorus and 

nitrogen. 

In nutrient-poor environments, certain species of cyanobacteria can transform into 

heterocysts, specialized cells that can take in nitrogen by fixing it from the air. Cyanobacteria 

that develop heterocyst is also making akinetes, which are bottom-dwelling, winter-dormant 

cells with thick walls. As long as environmental conditions are good, the akinete will secrete 

a germling cell that will continue photosynthesizing and dividing to form a colony. Thus, the 

bloom cycle to repeat (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Simplified life cycle of a Cyanobacteria (Nostocales) Life Cycle (Kaplan-Levy et 

al., 2010; Hense & Beckmann, 2006). 
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Chapter 4: Main toxins Harmful Algal Blooms 

(HABs) 

4.1 Saxitoxin (PSP, Paralytic Shcellfish Poisoning) 

4.1.1 Saxitoxin producing microalgae species.   

Some marine dinoflagellates and various kinds of cyanobacteria produce alkaloids 

called saxitoxins (STXs), also known as paralytic shellfish poisoning (PSP) toxins (Fig. 5). 

The toxin was first isolated from the butter clam (Saxidermus) and was identified in 1957 by 

Shantz et al. because it has the name Saxitoxin (STX). They were first discovered in mollusks 

after human poisonings were traced back to the intake of fish and shellfish  

STXs prevent action potentials from spreading along an axon by inhibiting sodium 

channels in nerve cells. The effects can be devastating, from mild symptoms like tingling or 

numbness in the tongue or the back of the throat to more serious ones like respiratory failure 

and death. Tingling and numbness are the results of damage to sensory neurons, while 

weakening or paralysis of the corresponding muscles results from damage to motor neurons. 

Numerous PSP instances have provided a detailed description of the outcomes of STX 

poisoning in humans and animals. An example of how dangerous it can be being whales that 

have eaten contaminated organisms die after hours of exposure to the toxin. 

Regulators are worried about its weaponization and powerful toxicological effects on 

animals and humans, despite its widespread usage in neurochemical and molecular biology 

research (Gad, 2014). 

Alexandrium catenella, Gymnodium catenatum, Alexandrium cohorticula, 

and Pyrodinium bahamense are among the saxitoxin-producing microalgae species. The toxic 

potency of Saxitoxin is derived from tetrahydropurine compounds composed of two 

guanidine moieties fused in a stable azaketal linkage (Ogongo, 2015). And the freshwater 

cyanobacteria Aphanizomenon gracile, Cylindrospermopsis raciborskii, and Dolichospermum 

spp. (Brown et al., 2019; Kellmann & Neilan, 2007; Ongley et al., 2016; Wiese et al., 2010). 
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Figure 5. Structure of saxitoxin and its derivatives. 

 

4.1.2 Saxitoxin poisoning and mechanism of action. 

The most common way people become exposed to saxitoxin is through eating 

shellfish that have been contaminated. Some red tide victims have reported breathing issues 

after being exposed to even minute levels of the toxin in the spray produced by the crashing 

waves. The Chemical Weapons Convention of 1993 led to the destruction of several weapons 

that could have contained saxitoxin. The most common sources of saxitoxin are scallops, 

oysters, mussels, cockles, univalve mollusks, clams, puffer fish, and whelks. Some 

herbivorous fish and crabs, such as the Atlantic thorny lobster and the Australian xanthid 

crab, have been discovered to have lower quantities of the toxin (Gab, 2014). 

Due to differences in each person’s sensitivity, the methods employed to calculate the 

dose, and the victim’s access to quality medical treatment, STXeq doses that resulted in either 

moderate side effects or death in people varied significantly. The estimated range for an oral 

dose of STXeq to produce mild symptoms was 120–4128 µg, and the range for a lethal dose 

was 456–12400 µg. Although eating 300 µg STXeq proved lethal in some instances, 

administering somewhat greater doses of the toxin has also been associated with the absence 

of toxic symptoms (World Health Organization, 2019). 

Clinical signs of Saxitoxin poisoning can vary depending on the extent of exposure. 

Consumption of toxins-accumulating fish or shellfish is frequently linked to high exposure 

levels, as are dinoflagellate blooms (in marine habitats) or cyanobacterial blooms (freshwater 

environments). Depending on many different factors, a few minutes to 72 hours may pass 

 SAXITOXIN                  NEOSAXITOXIN           DECARBAMOYLSAXI 
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between exposure and the start of clinical symptoms. At relatively low exposure levels, 

moderate paresthesia-often described as a tingling sensation-are experienced in the mouth 

and on the extremities. After longer exposures, a creeping numbness of the tongue, throat, 

and limbs develops. High exposure levels may also cause sudden muscle paralysis and 

respiratory collapse (Garcı́a et al., 2004; Malik et al., 2020; Miller et al., 2017; Montebruno, 

1993; van der Merwe, 2014). 

Other physicochemical properties can be seen in Table 1. When ingested orally or 

through the mucous membranes, saxitoxin is quickly absorbed into the body, and the possible 

cause is that most STXs are universally hydrophilic, except for those having two sulfate 

groups. Because of its persistence at low pH and high temperatures, saxitoxin can linger in 

the body for a long time before being expelled or digested. The after-effects could linger for a 

few days, but other symptoms, including a lack of muscle strength and coordination, could 

persist for a few weeks. However, both of these processes are time-consuming (Gad, 2014). 

 

 

Table 1. The characteristics of typical saxitoxins in their free base form (World Health 

Organization, 2020). 

 

Saxitoxins are voltage-gated sodium channel blockers that are selective and 

reversible. Saxitoxins can pass across the blood-brain barrier, and as a result, they can 

paralyze the central nervous system by blocking sodium channels. Following this, vasomotor 

nerve inactivation, relaxation of vascular smooth muscle, and possible hypotension may 

occur. Damage to the muscles that control breathing and heart function can be fatal. In adults, 

the mortality rate is 5.9%, although it appears to be greater in children (Borison & McCarthy, 

CASRN 35523-89-8 64296-20-4 58911-04-9

Chemical formula C10H17N7O4 C10H17N7O5 C9H16N6O3

Average molecular weigth
a 

(g/mol)
299.292 315.291 256.266

Monoisotpic mass
b
 (Da) 299.134 315.129 256.128

Kow
c -4.6 -4.3 -4.6

Proporty
Saxitoxin         

(STX) 

Neosaxitoxin 

(neoSTX)

Decarbamoylsaxi

toxin (dcSTX)



 

13 

 

1977; Huot et al., 1989; Tarnawa et al., 2007; van der Merwe, 2014; Walker et al., 2012). It 

has been estimated that 50 fatal dosages can be found in just one clam with contamination. 

 

4.1.3 Transfer of Saxitoxin in the trophic chain.  

While the chemical effects of salinity on the toxicity of STX in Alexandrium 

species have been researched for quite some time, more is needed about the biological 

impacts (Caruana & Amzil, 2018). Environmental factors and genetic makeup contribute 

differently to their development and the frequency of PSP outbreaks. To better monitor 

and foresee the emergence of blooms and PSP occurrences, it is helpful to have a firm 

grasp on the environmental conditions that contribute to STX production. In the following 

(Fig. 6), it is possible to observe how the cycle makes the tropical charm work. 

 

Figure 6. Representation of the interactions between toxic algae and shellfish (James et al., 

2010). 

 

4.1.4 Methods of detection and quantification of Saxitoxin.  

According to Cusick and Sayler (2013), immunoassays, in vitro functional assays, 

analytical techniques, in vitro cell assays, and in vivo animal bioassays are the five major 

categories of toxin analysis techniques (ELISA). In addition to approaches for toxin 
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detection, molecular tools that target toxin-producing organisms are becoming more 

prevalent. 

 

 

4.1.4.a Immunoassays 
  

Enzyme-linked immunosorbent assays, or ELISAs, are a class of biochemical 

experiments that rely on antibodies produced for the target analyte, with detection usually 

shown as a color shift. Many different assays have been developed for Saxitoxin and its 

derivatives, including direct and indirect formats, poly- and monoclonal antibodies, and a 

wide variety of other components (Cusick & Sayler, 2013). Usleber et al. (1991), as cited in 

Cusick and Sayler (2013), created a microtiter and a test strip assay for Saxitoxin using 

polyclonal antibodies. 

The Ridascreen rapid saxitoxin assay (R-BioPharm), the Abraxis enzyme-linked 

immunosorbent assay (ELISA) for paralytic shellfish poisoning (Abraxis), and the MaxSignal 

Saxitoxin ELISA (Promega) are other examples (Bio Scientific). The Ridascreen assay has 

been developed specifically for detecting shellfish, and it has a very high detection limit (50 

versus 0.02 g and 1.2 g/L, respectively). One potential drawback of ELISAs is cross-

reactivity among the many compounds, which is of no consequence if such reactions 

correlate with toxicity. Assay results can indicate true toxicity even though, for example, C-

toxins exhibit low cross-reactivity and low toxicity. However, the tests cannot identify the 

lethal decarbamoyl and N1-hydroxylated versions. This is why ELISAs are better suited for 

screening tools than quantitative assays (Humpage et al., 2010; Cusick & Sayler, 2013). 

 

4.1.4.b In vitro functional assays 
 

The receptor binding assay for toxin identification is an alternative to the MBA for 

routine monitoring (Cusick & Sayler, 2013). This test relies on the interaction between the 

toxins and one of their pharmacological targets, site 1 of the sodium channel, and was first 

introduced in 1984 by Davio and Fontelo, as cited in Cusick and Sayler (2013). Since then, it 

has been refined and adapted to a microtiter plate format (Vieytes et al., 1993; Doucette et al., 

1997; Cusick & Sayler, 2013). The assay involves competition between tritiated Saxitoxin 
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and unlabeled Saxitoxin (and its derivatives) for a limited number of receptor sites on the 

voltage-gated sodium channel in a rat membrane preparation (Cusick & Sayler, 2013). 

Liquid scintillation counting is used to determine how much-labeled Saxitoxin has 

been attached to a receptor, and the amount of unbound toxin is determined by subtracting the 

amount of labeled toxin that has been withdrawn. 

By the hierarchy of toxicity shown in the animal bioassay, the receptor binding 

affinities followed the same pattern: STX > GTX1/4 > neoSTX > GTX2/3 > dcSTX > 

GTX5. Recent worldwide multi-lab research has shown that the Receptor Binding Assay 

was able to accurately detect PSTs in the critical range of shellfish toxicities below, near 

and slight above the regulatory limit in comparison with MBA demonstrating its 

suitability for routine monitoring of shellfish (Van Dolan et al., 2012).  

 

4.1.4.c Analytical techniques 

 

Toxins can be detected, and their concentrations determined using analytical 

techniques. One of the earliest analytical approaches developed for saxitoxin detection is 

high-performance liquid chromatography (HPLC) (Sayfritz et al., 2008; EFSA, 2009; Cusick 

& Sayler, 2013; Rey et al., 2016), which is commonly used for the separation of organic 

substances. In the late 1970s, post-column derivatization using a silica-based stationary phase 

became the basis of the HPLC approach for saxitoxin analysis (Cusick & Sayler, 2013; Rey 

et al., 2016). Since then, numerous techniques for toxin separation employing pre- and post-

column oxidation with various columns have been developed (Sullivan, 1990; Cusick & 

Sayler, 2013). Converting poisons into fluorescent derivatives helped solve the problem of 

the toxins poor UV absorption, which had previously hampered their detection (Sullivan, 

1990; Cusick & Sayler, 2013). Many developments in sample extraction, column type, eluent 

composition, and oxidation procedures have improved the separation and detection of 

numerous congeners since the 1970s (Humpage et al., 2010; Cusick & Sayler, 2013; Rey et 

al., 2016). A method for quantitative assessment of PSTs in shellfish using pre-

chromatographic oxidation was proposed and accepted by the Association of Official 

Agricultural Chemists (AOAC) in the same year based on a joint study involving 16 

laboratories from 12 countries (Lawrence et al., 2005; Humpage et al., 2010). As a result of 

the developments in HPLC methods and their subsequent approval by monitoring agencies, 
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an LC-fluorescence detection (LC-FLD) approach has been recognized as an alternative to 

the MBA in the European Union (Turner & Hatfield, 2012; Cusick & Sayler, 2013). 

In order to identify unknown chemicals, quantify known materials, and elucidate 

molecular structural features, liquid chromatography-mass spectrometry (LC-MS) is a strong 

approach. It has been advocated as the universal approach for all marine toxins (Humpage et 

al., 2010; Cusick & Sayler, 2013) due to its widespread application in analyzing PSTs and 

other marine toxins. Another approach utilized in conjunction with MS is hydrophilic 

interaction liquid chromatography-tandem mass spectrometry (HILIC-MS/MS) (Qin et al., 

2008; Quintela et al., 2010). 

Quilliam laboratory’s original creation for most algal toxins, including PSTs, were 

separated and detected in concentrations ranging from 50 to 1000 and 5-30 nM, respectively, 

on a single run (Dell’Aversano et al., 2004; Cusick & Sayler, 2013). New advances have 

allowed excellent linearity throughout concentration ranges of 5-50 nM and 25-200 nM 

(Halme et al., 2012; Cusick & Sayler, 2013). 

 

4.1.4.d   In vitro cell assays 
 

The antagonist effects of the channel-blocking PSTs (Fig. 7A) in conjunction with 

veratridine and ouabine led to the development of multiple cell viability assays 

simultaneously. These tests were adapted from Kogure et al. (1988), which relied on 

tetrodotoxin’s (TTX) ability to shield veratridine- and ouabine-treated mouse neuroblastoma 

cells. Ouabine inhibits the activity of Na/K-ATPases, while veratridine opens sodium 

channels, resulting in cell swelling and final lysis (Fig. 7B). As a result of TTX’s actions, the 

cell is spared from swelling and eventual death caused by an excess of sodium ions. Kogure’s 

technique was based on microscopy; specifically, he counted the number of rounded cells 

following toxin administration. However, this technique was questioned because of the 

difficulty in counting which cells were rounded based on sodium uptake and the different 

morphologies of the mouse neuroblastoma cells (Cusick & Sayler, 2013). Colorimetric 

endpoints based on direct cell labeling, vital stain uptake, and tetrazolium dye reduction were 

used in the assays designed by Jellet et al. (1992), Gallacher and Birkbeck (1992), and 

Manger et al. (1993), allowing for automation and usage in a 96 well plate size. The assays 
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for this purpose detected 10 ng STX eq/mL extract (2.0 g STX eq/100 g shellfish tissue) 

(Cusick & Sayler, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. (A) Schematic representation of saxitoxin toxicity mechanism. (B) Ouabine 

inhibitory activity (Valério et al., 2010; Proteopedia). 

 

This neuroblastoma cell bioassay (Jelletet al., 1992) served as the basis for the 

commercially available MIST (Maritime in vitro Shellfish Test) (Jellet et al., 1998), which is 

available in several variants that are well-suited to either quantitative or qualitative screening 

(Cusick & Sayler, 2013). 

Toxin-induced membrane depolarization can be detected using voltage-sensitive 

fluorescent dyes, which has led to the development of a new type of in vitro cell test (Cusick 

& Sayler, 2013). To measure membrane potential, Nicholson et al. (2000) used the voltage-

sensitive fluorescent probe rhodamine 6D in a membrane-fractionated preparation of mouse 

synaptoneurosomal (Cusick & Sayler, 2013). 

In order to evaluate the toxin’s block of depolarization due to sodium channel 

opening, an assay was developed to measure Saxitoxin’s ability to inhibit veratridine-

A 

B 
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increased rhodamine 6G fluorescence. Antagonizing effects of veratridine and Saxitoxin on 

membrane potential are similarly at the heart of the experiment created by Louzao et al. 

(2003), with changes in membrane potential measured by the fluorescent probe bis-oxonol 

(Cusick & Sayler, 2013). Using the fluorescent probe bis-(1,3-diethylthiobarbituric acid) 

trimethine oxonol (DiSBAC2(3)), a method was developed for rapid detection of Saxitoxin 

and its derivatives down to 1 ng STX eq/mL within minutes, with a nearly linear dose-

response curve between 1 and 100 ng STX eq/mL (Manger, 2007; Cusick & Sayler, 2013). 

While these fluorescent probe functional assays show promise for sensitive and quick 

detection of Saxitoxin and its derivatives, more research is needed to ensure their reliability 

and widespread use (Humpage et al., 2010; Cusick & Sayler, 2013). 

 

4.1.4.e In vivo animal bioassays 
 

Regarding saxitoxin quantification, the mouse bioassay is the current “gold standard” 

(MBA). The Association of Official Analytical Chemists has worked to standardize and 

improve the MBA so that it may be used to take measurements rapidly and with sufficient 

accuracy. Nonetheless, this approach is coming under fire for its reliance on living creatures, 

and substitutes have either recently been accepted or are undergoing validation testing. The 

mouse bioassay is commonly used to quantify the efficacy of Saxitoxin, also known as 

relative toxicity, in the scientific literature. In this assay, a 1 mL test solution is injected 

(usually intraperitoneally) into a mouse weighing 17-23 g, and the time it takes for the mouse 

to die after injection is recorded (Cusick & Sayler, 2013). 

In terms of mice, the total count is one mouse unit defined as the amount of toxin that 

will kill a 20 g mouse in 15 min (Hall & Strichartz, 1990); this value is calculated by 

referring to a standard chart that incorporates the death duration and mouse weight (Cusick & 

Sayler, 2013). In terms of Saxitoxin, this is equivalent to 200 ng (Hall & Strichartz, 1990). 

Having too much salt in a sample can reduce its hazardous effects (Schantz et al., 1958); zinc 

buildup in oysters can kill mice at levels that would not harm humans (Aune et al., 1998; 

Cusick & Sayler, 2013). 

Metals were found to have a suppressive impact on the MBA in subsequent studies. 

Furthermore, there might be a seven-fold differential in neurotoxins depending on 

characteristics like gender and mouse strain (Aune et al., 2008; Cusick & Sayler, 2013). 
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Most nations have an action level of 80 μg STX equivalents per 100 g of shellfish 

(sometimes written as 400 MU per 100 g in the literature) (Egmond & Apeldoorn, 2004). 

However, Mexico and the Philippines have dropped this to 30 and 40 g STX eq per 100 g of 

shellfish, respectively (Humpage et al., 2010; Cusick & Sayler, 2013). Due to the FDA’s alert 

level for Saxitoxin being 80 g/100 g of shellfish meat, commercial shellfish harvesting in the 

US must be put on hold if elevated levels are found during routine monitoring (Louzao et al., 

2001). The MBA has a detection threshold of around. A shellfish with 40 μg STX eq per 

100g. Toxins can be screened for with a variant of this assay that employs sublethal markers 

of toxicity rather than time to death. Acetylcholine levels in mouse blood at predetermined 

intervals (Cheng et al., 2012) form the basis of this method (Cusick & Sayler, 2013). 

The assay’s detection limit was lower than the legal threshold for shellfish closures, 

which is set at 20 nanograms per milliliter (ng/mL) (Cusick & Sayler, 2013). 

4.2 Okadaic acid (DSP, Diarrhetic Shellfish Poisoning) 

4.2.1 Okadaic acid -producing microalgae species. 

Numerous dinoflagellate species belonging to the genera Dinophysis and 

Prorocentrum, as well as bacteria belonging to the Roseobacter clade, that interact with these 

dinoflagellates create these toxins. In the marine sponge genus Halichondria, okadaic acid 

was first identified (Emery et al., 2021; Solter & Beasley, 2013) (Fig. 8). 

 

 

 

  

 

Figure 8. Okadaic acid basic structure. 

 

4.2.2 Okadaic acid poisoning and mechanism of action. 

Shellfish accumulate the poisons, which are lipophilic polyethers, in their 

hepatopancreas. They are strong inhibitors of serine/threonine protein phosphatase 1 (PP1) 
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and 2A (PP2A) in vulnerable organisms (PP2A). The IC50 values for PP2A range from 0.07 

to 0.2nM for okadaic acid, while IC50 values for PP1 range from 3.4 to 19 nM. Myosin and 

other proteins are phosphorylated at higher levels due to PP1 and PP2A inhibition when 

ingested—the results in tightening smooth muscles and, perhaps, an increase in intestinal 

cells’ salt secretion. Abdominal cramps and fluid buildup within the digestive tract’s lumen 

are the results (Solter & Beasley, 2013). 

DSP, or diarrhetic shellfish poisoning, is Humans commonly used this term for 

poisoning caused by this class of poisons. Clinical signs and symptoms can range from 

moderate to severe, including nausea, vomiting, and stomach cramps (Diarrhetic shellfish 

poisoning (DSP), 1991; Barceloux, 2008; Watkins, 2008; Vilariño et al., 2018). It appears 

that mortality is rare. Dinophysistoxins are consumed when shellfish like mussels and 

scallops develop a filter-feeding infection because of the hazardous dinoflagellates (Solter & 

Beasley, 2013). 

4.2.3 Transfer of Okadaic acid in the trophic chain. 

The exploration of the processes involved in the accumulation and depuration of OA 

in marine animals is critical to a better understanding of this biotoxin’s influence on 

ecosystems and the efficient management of toxic episodes, hence limiting their impact on 

human health. The combination of analytical approaches with the study of sentinel marine 

organisms has thus far enabled researchers to comprehend the mechanisms of OA within the 

cell and its transmission across the food chain (Prego-Faraldo et al., 2013) (Fig. 9). 

 

 

 

 

 

 

 

 

 

 

Figure 9. OA transmission schematic diagram (Prego-Faraldo et al., 2013). 
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In bivalve mollusks, OA is primarily absorbed and stored in the digestive gland, either 

free or linked with higher densities of soluble lipoproteins (Svensson & Förlin, 2004; Blanco 

et al., 2007; Duinker et al., 2007; Rossignoli & Blanco, 2008; Rossignoli & Blanco, 2010; 

Prego-Faraldo et al., 2013). This interaction sequesters OA, restricting its transfer to other 

organs and impeding its removal from the body. In contrast, free OA is easily transported and 

rapidly eliminated by diverse passive detoxification pathways, including immediate OA 

excretion through the digestive tract (Blanco et al., 2007; Svensson, 2003; Prego-Faraldo et 

al., 2013). Furthermore, active depuration of OA in bivalves has been examined; however 

independent investigations based on both environmental and endogenous factors eventually 

ruled it unlikely (Prego-Faraldo et al., 2013). On the one hand, it has been proven that OA 

depuration control is unresponsive to rapid environmental changes. On the contrary, 

supplementary reports showed that neither organism length nor neither age played a 

significant role in the depuration rate of OA (Svensson & Förlin, 2004; Prego-Faraldo et al., 

2013). 

4.2.4 Methods of detection and quantification of Okadaic acid.  

In order to detect and quantify the okadaic acid strategies, it is possible to take the 

biological, chemical, and biochemical approaches (Fig. 10). 

 

Figure 10. Methods most commonly used for Okadaic Acid (OA) detection and 

quantification (Prego-Faraldo et al., 2013). 
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4.2.4.a Biological Methods 
 

The study of OA’s toxicological effect on either animals or tissues/cells forms the 

basis of its biological detection (Prego-Faraldo et al., 2013). Biological parameter-based 

methods were the first to be developed and are still the most used method for detecting 

marine biotoxins today. The Mouse BioAssay (MBA) is the gold standard for detecting OA 

in food samples, and its widespread use (Yasumoto et al., 1978; Prego-Faraldo et al., 2013) 

makes it stand out among biological approaches. However, the MBA’s limited specificity and 

sensitivity, as well as its reliance on test laboratory animals, presents both ethical and 

technical challenges in terms of its practical applicability (Vilariño et al., 2010; Prego-

Faraldo et al., 2013). 

Therefore, authorities have encouraged the development of alternative methods to 

improve or replace the MBA, such as the development of biological detection methods using 

alternative test organisms, such as the planktonic crustacean Daphnia Magna (Daphnia 

bioassay), which is a cheap tool that can measure OA levels up to 10 times below the MBA’s 

threshold (Vernoux et al., 1993; Prego-Faraldo et al., 2013). However, the approach is not 

sensitive enough to fully replace the MBA just yet (Garthwaite, 2000; Prego-Faraldo et al., 

2013). In a similar vein, alternative detection procedures based on molecular methodologies, 

such as cytotoxic assays based on the examination of morphological alterations of cultured 

cell lines exposed to OA (Croci et al., 1997; Amzil et al., 1992; Tubaro et al., 1996; Prego-

Faraldo et al., 2013), have been proposed. As a bonus, these methods eliminate the need to 

conduct experiments on live animals, allowing for greater sensitivity in diagnosing OA. 

Overall, the improvements to biological approaches for OA detection will pave the way for 

exciting new advancements shortly (Prego-Faraldo et al., 2013). 

 

4.2.4.b Biochemical Methods 
 

Although biological techniques are the gold standard for detecting marine biotoxins, 

they do not lend themselves to quantitative analysis of the chemicals of interest. Chemical 

detection and quantification approaches based on the chromatographic features of biotoxins 

(Gerssen et al., 2010; Gerssen et al., 2011) have been developed due to this nuisance (Prego-

Faraldo et al., 2013). The most common chemical techniques for OA detection rely on Liquid 

Chromatography (LC) or High-Performance Liquid Chromatography (HPLC) separation 
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strategies coupled with Mass Spectrometry (LC-MS), tandem mass spectrometry (LC-

MS/MS), FLuorimetric Detection (HPLC-FLD), and UltraViolet Detection (HPLC-UVD) 

(Prego-Faraldo et al., 2013; Vilariño et al., 2010; Christian & Luckas, 2007; Lee et al., 1987). 

Given the main importance of this biotoxin during DSP outbreaks along the European 

coasts (Falconer, 1993; Gerssen et al., 2010; Nincevic Gladan et al., 2011; Armi et al., 2011; 

Prego-Faraldo et al., 2013); the development of simple, rapid, sensitive, reproducible, and 

inexpensive detection methods for OA has been a key priority for some time. As a result of 

fusing biological and chemical approaches, highly effective biochemical techniques have 

been developed and are now being used for the detection and quantification of OA (Prego-

Faraldo et al., 2013). Inhibition of protein phosphatases is the most common target for these 

biotoxins detection procedures (Vieytes et al., 1997; Prego-Faraldo et al., 2013). 

One biochemical approach for detecting and quantifying OA is the Protein 

Phosphatase 2A (PP2A) inhibition assay (Tubaro et al., 1996; Prego-Faraldo et al., 2013). As 

long as some biochemical approaches continue to underestimate the overall amount of toxin 

in the samples (Morton & Donald, 1996; Prego-Faraldo et al., 2013), the MBA method will 

continue to be recommended. However, direct labeling ELISA techniques are being 

developed at the moment (Sassolas et al., 2013), and they are more sensitive to OA than 

indirect labeling assays (Prego-Faraldo et al., 2013). 

 

4.3 Brevetoxins (NSP, Neurotoxic Shellfish Poisoning) 

4.3.1 Brevetoxins -producing microalgae species. 

Brevetoxins produced by Karenia brevis, formerly known as Gymnodinium 

breve or Ptychodiscus breve (Davis, 1948; Gunter et al., 1947), and Chattonella, Fibrocapsa, 

and Heterosigma are those responsible for PSP and NSP, respectively (Daneshian et al., 

2013; Pistocchi et al., 2012; Plakas & Dickey, 2010; Solter & Beasley, 2013) (Fig. 11).  
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Figure 11. Brevetoxins basic structure. 

 

4.3.2 Brevetoxins poisoning and action mechanism 

Brevetoxins permeate cell membranes, including the blood-brain barrier, due to their 

lipid solubility. Brevetoxins bind to receptor site 5 on the voltage-gated sodium channel 

(VGSC) with high affinity and cause a channel-mediated Na+ ion influx. Nerve membrane 

depolarization and spontaneous firing cause neuro excitement. Only the nerve is depolarized 

in certain situations, although simultaneous nerve and muscle depolarization have been seen. 

Brevetoxins are quickly absorbed and transported throughout the body before being 

metabolized in the liver (Baden, 1983, 1989; Cattet & Geraci, 1993; M.-Y. Dechraoui et al., 

1999; M.-Y. B. Dechraoui et al., 2005; Huang et al., 1984; Hughes & Merson, 1976; Mark et 

al., 1990; McFarren et al., 1965; Poli et al., 1986; Sakamoto et al., 1987; Watkins et al., 2008; 

Wu & Narahashi, 1988). 

 

4.3.3 Transfer of Brevetoxins in the trophic chain. 

The data collected in the last decade indicate that trophic transmission of brevetoxins 

through the food chain is a phenomenon that is significantly more complicated than was 

previously believed. During a red tide bloom, brevetoxins are first intracellular in K. brevis; 

however, as the cells lyse or die, the toxins become even more widespread in the environment 

(Blum et al., 2000). During continuous blooms, brevetoxin levels in the environment can rise 

and damage several animal species in the food web through various routes of exposure, such 

as vectoring or accumulation of toxins at different trophic levels. The next diagram represent 
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depicts a generalized method for transferring brevetoxins in the environment (Pierce et al., 

1990; Tester, 2000; Landsberg, 2002) (Fig. 12). 

 

Figure 12. The propagation and impact of brevetoxins in the marine environment (Landsberg 

et al., 2009). 

 

4.3.4 Methods of detection and quantification of Brevetoxins. 

4.3.4.a Mouse bioassay 
 

The toxicity of shellfish exposed to K. brevis blooms was measured using a mouse 

bioassay through history. By a standard protocol (APHA, 1970), the mouse bioassay 

correlates the time to death with the toxicity per unit dosage (administered i.p.) of crude 

hazardous substances extracted from shellfish homogenate using diethyl ether (Plakas & 

Dickey, 2010). The outcomes are reported in mouse units (MU) per 100g of tissue, as 

determined using dose-response tables. One mouse unit is the crude toxin required to kill 

50 percent of test mice within 930 minutes (15.5h) (Plakas & Dickey, 2010). 
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4.3.4.b Cytotoxicity assay 
 

The cytotoxicity assay is based on the effects of brevetoxins on voltage-gated 

sodium channels (VGSC). In its conventional formulation (Manger et al., 1993), cells of a 

known neuroblastoma type (neuro-2a) are pre-treated with veratridine (binds to site 2 of 

VGSC) to induce migration of VGSC to the open state and ouabain to inhibit sodium-

potassium pump function. Brevetoxins bind to the veratridine-activated VGSC and 

enhance ion flow in a concentration-dependent way (Plakas & Dickey, 2010). 

 

4.3.4.c Receptor binding assay 
 

Receptor binding assay is a pharmacological technique based on brevetoxin’s 

affinity for its sodium channel receptor (Plakas & Dickey, 2010). Composite brevetoxins 

are typically evaluated in shellfish tissue extracts via binding competition with 

radiolabeled brevetoxin for receptor sites, utilizing separated membrane preparations 

from excitable tissues (Trainer & Poli, 2000) or whole-cell preparations (Bottein 

Dechraoui et al., 2007; Plakas & Dickey, 2010). 

 

4.4 Ciguatoxin (CFP, Ciguatera Fish Poisoning) 

4.4.1 Ciguatoxin -producing microalgae species. 

Gambierdiscus toxicus has been identified as the primary species responsible for CTX 

production (Fig. 13). This marine dinoflagellate thrives as an epiphyte on macroalgae on 

coral reefs, mangrove systems, and artificial surfaces or sand in tropical and subtropical 

seas. G. belizeanus, G. yasumotoi, G. polynesiensis, G. pacificus, and G. australes were later 

described as additional Gambierdiscus species. Several species have been described as toxin 

production, but their direct involvement in CFP outbreaks has never been proven. Cases 

ascribed to G. toxicus, on the other hand, might have been caused by 

different Gambierdiscus species (Caillaud et al., 2010; Chinain et al., 1999; Faust, 1995; 

Hales et al., 1999; Holmes, 1998; Rhodes et al., 2010; Villareal et al., 2007). 



 

27 

 

 

 

 

 

 

 

 
 

 

 

Figure 13. Ciguatoxin basic structure. 

 

4.4.2 Ciguatoxin poisoning and mechanism of action. 

CTX is one of nature’s most powerful chemicals. Despite being toxic to humans at 

concentrations as low as 0.08 to 0.1 g/kg, one of the ciguatoxins (P-CTX-1, found in the 

Pacific Ocean) seldom accumulates to deadly levels in fish. CTX stimulates voltage-gated 

sodium channels, increasing sodium ion permeability and depolarizing the nerve cell. This 

depolarization of nerve cells is considered to be the source of the wide range of neurological 

symptoms associated with CFP (Arias, 2006; Baden et al., n.d; Cameron et al., 1991; 

Friedman et al., 2008; Lehane & Lewis, 2000; Nicholson & Lewis, 2006). 

CTX is reported to have rather high toxicity in humans, causing symptoms such as 

perioral numbness and paralysis, reversal of temperature feeling, muscle and joint pains, 

headache, itching tachycardia, hypertension, impaired vision, and paralysis (Daneshian et al., 

2013). 

4.4.3 Transfer of Ciguatoxin in the trophic chain.  

Mills (1956) was the first to offer the food chain hypothesis, which implies that the 

transmission of poisons along the food web explains CFP migration. Mills proposed that 

phytoplankton have a role in toxin production. Randall (1958) later supported this 
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implication. The isolation of a hazardous marine benthic dinoflagellate, later 

named Gambierdiscus toxicus, provided more proof; it was considered a credible source of 

CTXs (Yasumoto et al., 1977). Adachi and Fukuyo (1979) verified that both wild and 

farmed G. toxicus produce CTX precursors (known as gambiertoxins) (Satake et al., 1996). It 

was proposed that the transfer of CTXs along the food web would begin with dinoflagellates, 

then progress to herbivorous grazing fish, and finally to carnivorous fish that fed on the 

grazers (Garcon, 1979; Caillaud et al., 2010). 

Some of these toxins accumulate in fish tissue and can be converted into forms (e.g., 

CTX-1B and 51-hydroxyCTX-3C) that are ultimately responsible for human intoxication 

(Caillaud et al., 2010). 

 

4.4.4 Methods of detection and quantification of Ciguatoxin. 

4.4.4.a Bioassays with animals 
 

Attempts to employ a variety of animals to screen ciguatoxicity in fish have been 

proposed; however, except for mice, animal bioassays have met with minimal success 

(Banner, 1976). In vivo bioassays involve feeding or exposing animals to fish samples or 

administering fish extract by injection. Among these assays, mammalian-based approaches 

utilizing mangoose (Banner et al., 2006) or cat (Bagnis et al., 1985) may elicit symptoms 

similar to those observed in humans exposed to CTX-containing foods (Caillaud et al., 2010). 

4.4.4.b Bioassay utilizing tissues 
 

The contractile activity of CTXs was studied on isolated guinea pig atria and was 

found to have a prolonged, positive ionotropic impact on electrically stimulated atria 

(Miyahara et al., 1979; Caillaud et al., 2010). This effect was refined to allow the 

detection of CTX-containing fish extract using the guinea pig atrium test (Caillaud et al., 

2010). The test compared the amplitude of contraction of the guinea pig atrial after the 

administration of the extract to the amplitude of contraction of the untreated (Kimura et 

al., 1982; Caillaud et al., 2010). This assay validated ionotropic action in fish extract 

(Campora et al., 2008; Caillaud et al., 2010) when CTXs were present in high amounts 

(Caillaud et al., 2010). 
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4. 5 Domoic acid (ASP, Amnesic Shellfish Poisoning) 

4.5.1 Domoic acid -producing microalgae species. 

Domoic acid (DA) is currently known to be produced by 11 species of pennate 

diatoms in the genus Pseudo-nitzschia (P. multiseries, P. pseudelicatissima, P. delicatissima, 

P. australis, P. seriata, P. fraudulenta, P. pungens, P. turgidula, P. multistriata, P. 

calliantha, P. cuspidata, and P. galaxiae) as well as a related species, Nitzschia navis-

varingica (Bates & Trainer, 2006; Bejarano et al., 2008; Kotaki et al., 2000) (Fig. 14). 

 

 

 

 

 

 

 

 

Figure 14. Domoic acid basic structure. 

4.5.2 Domoic acid poisoning and mechanism of action. 

Domoic acid (DA) harms animals with sophisticated central nervous systems. This 

biotoxin is a derivative of glutamic acid, an amino acid, and kainic acid, an excitatory 

neurotoxin. Because of its structural similarities to both substances, DA can bind tightly to 

glutamate receptors and displace both drugs from binding sites, enhancing its lethal potential. 

Glutamic acid is a major excitatory neurotransmitter in the central nervous system, found in 

almost 40% of all neuronal synaptic locations (Bejarano et al., 2008; Coyle & Puttfarcken, 

1993). 

4.5.3 Transfer of Domoic acid in the trophic chain. 

The absorption of DA into sediments could have been enduring effects on the 

aquatic food web (Trainer et al., 2012). DA is stored by zooplankton, molluscan shellfish, 

crustaceans, cephalopods, and worms during hazardous Pseudo-nitzschia blooms (Bargu 

et al., 2002; Goldberg, 2003; Maneiro et al., 2005), confirming its steady transmission 
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across the marine food web. Consumption of infected food products (such as squid, 

scallops, mussels, and razor clams) is humans most common route of DA poisoning 

(Trainer et al., 2012; Lefebvre & Robertson, 2010; Kvitek et al., 2008). 

 

4.5.4 Methods of detection and quantification of Domoic acid. 

4.5.4.a Liquid chromatography-mass spectrometry with a high level of 

performance.  
 

Several modified or innovative LC-MS approaches for detecting DOM have been 

utilized. Lately, laser ablation electrospray ionization-high resolution mass spectrometry 

(LAESI-HRMS) has been used for DOM measurement with LODs ranging from 0.24 to 

1.6 mg DOM/kg tissue. It can identify samples containing less than 5 mg DOM/kg of wet 

clam tissue, which is one-fourth of the regulation limit (Beach et al., 2016). 

 

4.5.4.b Enzyme-linked immunosorbent assay 
 

ELISA is often used to detect DOM in shellfish (Branaa et al., 1999; Kawatsu et al., 

1999), blue mussels (Tsao et al., 2007; Kleivdal et al., 2007), clams (Yu et al., 2004), pacific 

oysters, king scallops (Kleivdal et al., 2007), bivalve molluscs (Johnson et al., 2016), human 

bodily fluids (Smith & Kitts, 1994), and seawater (Garthwaite et al., 1998). 

ELISA kits have also been utilized to measure dissolved DOM samples from pseudo-

nitzschia (LOD of 6.8 ng/L) (Sun et al., 2011; Saeed et al., 2017). 
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Chapter 5: Main events of HABs 

5.1 The United States of America 

Each year, several “hot spots” along the West Coast of the United States experience 

harmful algal blooms. Many marine birds and mammals are susceptible to a neurotoxic 

produced by some HABS; this toxin is called Domoic acid and can accumulate in shellfish, 

other invertebrates, and even fish (Lewitus et al., 2012). 

The accumulation of algal toxins in shellfish, which can poison humans and animals 

who eat or absorb contaminated seafood, is one of the most serious repercussions of HABs in 

the United States (Anderson et al., 2021). Paralytic shellfish poisoning (PSP), diarrhetic 

shellfish poisoning (DSP), neurotoxic shellfish poisoning (NSP), amnesic shellfish poisoning 

(ASP), and azaspiracid shellfish poisoning (AZP) are all names given to human poisoning 

syndromes caused by eating shellfish. Recreationally gathered shellfish pose the biggest 

threat to human health; commercially harvested shellfish and finfish are strictly regulated to 

ensure their safety. Paralytic shellfish poisoning-causing Alexandrium catenella blooms also 

occur nearly annually in this area. Sporadic occurrences of additional HABs, especially 

threatening animal and ecological health, also occur in these areas. Dinoflagellates are 

responsible for all these diseases except ASP, which is caused by the toxin domoic acid, 

produced primarily by diatoms of Pseudo-nitzschia. In the next figure, it is possible to 

identify one of the most common hotspots in the United States on the west coast (Anderson et 

al., 2021) (Fig. 15). 

 

Figure 15. Illustration of a harmful algal bloom off the Californian coast in 2017 (NOAA). 
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The first verified case of diarrhetic shellfish poisoning in the United States occurred 

in July 2011; where the Washington Department of Health reported to the Public Health–

Seattle & King County that a family’s health was compromised when they ate mussels that 

had been picked for fun, three of the family members symptoms appeared 4, 7, and 14 hours 

(2, 5, and 45 years old) after eating them (Lloyd et al., 2013). Mussels were collected from a 

public dock at Washington, Sequim, and Sequim Bay State Park (Lloyd et al., 2013). 

Towards this event, the dock was converted into a DSP monitoring site where hydrolyzed 

extracts were evaluated by liquid chromatography-tandem mass spectrometry on August 2, 

2011 (European Union Reference Laboratory for Marine Biotoxins, 2011; Lloyd et al., 2013) 

(Fig. 16).  

All analyses were conducted in negative ion mode with multiple-reaction monitoring 

and acidic chromatographic conditions (Lloyd et al., 2013). 

Figure 16. Timeline comparing blooms of Dinophysis spp. Dinoflagellates and diarrhetic 

shellfish poisoning toxin levels were detected in mussels collected in 2011 from Sequim Bay 

State Park, Sequim, Washington (Lloyd et al., 2013). 

 

The OA equivalents of all OA-related substances were established by calibration 

using the previously described European standard. Utilizing approved reference standards 

(OA, DTX-1, and DTX-2) from the National Research Council, retention time and equimolar 

response were validated above the FDA guideline threshold. DTX-1 was shown to be the 

primary DSP toxin in every case. These heightened levels of DSP toxins followed the dBy 

calibrating with the European standard mentioned before; the OA equivalents of all OA-
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related compounds were determined. Detection of Dinophysis blooms. Since then, shellfish 

contamination by diarrhetic shellfish toxins (DTX), most notably DTX-1, has resulted in the 

annual closure of over one hundred commercial and recreational shellfish harvesting 

locations in Washington State (Lloyd et al., 2013). 

Managers assume additional toxins, such as AZAs, are to blame for DSP-like 

symptoms reported by consumers who ate Puget Sound shellfish from locales with no DTX 

or Vibrio (Kim et al., 2017). 

In another study, sediment samples from Puget Sound, Washington, were used to 

isolate Azadinium spp. in a separate investigation. Light and electron microscopy were used 

to investigate the morphology of many species of Azadinium, all of which were conclusively 

identified. A new azaspiracid toxin was confirmed in situ at low concentrations utilizing a 

solid phase resin at various areas along the beaches of Puget Sound (Kim et al., 2017). 

The following methods detected Azadinium in sediment samples: DNA extraction 

from sediments and Quantitative PCR (Kim et al., 2017). In this study, they conducted 

several tests and found some interesting findings. Sediment samples from 15 sites in Puget 

Sound were collected using a hydraulically dampened Craib corer in January and February of 

2016. Until analysis, the top 0–1 cm of sediment from the core or grab samples was 

maintained in the dark at 4 °C (Craib, 1965). 

Then, they conducted a microscopy study. One of these experiments used cells under 

a stereomicroscope with dark field illumination, an inverted microscope, and a compound 

microscope with differential interference contrast optics. All the microscopy experiments 

throw the following results see Table 2. 

The detection of Azadinium in sediment samples were made by the following 

methods: DNA extraction from sediments and Quantitative PCR (Kim et al., 2017). Then, 

they conducted a microscopy study. One of these experiments carried out used cells under a 

stereomicroscope with dark field illumination, an inverted microscope and a compound 

microscope with differential interference contrast optics. All the microscopy experiments 

throw the following results see Table 2. 
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Table 2. Results of the microscopy experiments performed (Kim et al., 2017).

Strain Origin Station

Length (µm) 

Mean ±SD 

(Min-max)

Windth (µm) 

Mean ±SD 

(Min-max)

I/w ratio 

Mean 

±SD 

N Antapical spine Sequence data Accession number AZA

A. cuneatum 
35C4 Dabob Bay 13.2±1.4 

(10.5-16.3)

9.8±1.1                

(7.0-12.4)

1.36±0.10 106 LM SEM No LSU,ITS KY404229 ND

35A2 Dabob Bay 14.4±0.9 

(12.9-17.9)

11.1±0.9                

(9.4-12.8)

1.30±0.10 55 LM SEM No LSU,ITS KY404228 ND

965F5 Dabob Bay 14.4±0.9 

(12.4-18.1)

10.9±0.7               

(9.0-12.8)

1.32±0.06 100 LM SEM No LSU,ITS KY404225 ND

966G8 Dabob Bay 14.2±1.7 

(10.3-18.8)

10.6±1.5            

(7.2-14.3)

1.34±0.10 106 LM - No LSU,ITS KY404226 ND

968B10 Dabob Bay - - - - - - - LSU,ITS KY404227 ND

A. dalianense
121F6 Center Lynch Cove 15.6±1.5 

(11.0-18.9)

11.2±1.2                

(8.4-14.6)

1.40±0.11 106 LM SEM 74%(n=121) 

54%(n=100)

LSU,ITS KY404223 ND

962B8 Center Lynch Cove 15.4±1.4 

(12.6-19.7)

11.3±1.3                

(8.3-14.6)

1.37±0.11 106 LM SEM 20%(n=100) 

31%(n=100) 

37%(n=100)

LSU,ITS KY404222 ND

481F8 Center Lynch Cove 15.8±1.5 

(12.1-19.8)

11.0±1.3                

(8.5-13.9)

1.45±0.12 108 LM SEM  72%(n=105) LSU,ITS KY404220 ND

962B3 Center Lynch Cove 16.9±1.5 

(13.4-20.1)

12.2±1.2                

(8.8-15.8)

1.39±0.09 82 LM SEM 74%(n=101) 

83%(n=100)

LSU,ITS KY404221 ND

481F2 Center Lynch Cove 15.5±1.2 

(11.5-19.2)

11.2±1.1              

(8.7-16.5)

1.39±0.10 107 LM SEM No LSU,ITS KY404219 ND

A. poporum 
967B8 Dabob Bay 17.1±1.9 

(12.5-21.4)

12.8±1.6              

(8.7-16.6)

1.34±0.09 107 LM SEM No LSU,ITS KY404215 AZA-59

967G9 Dabob Bay 16.4±1.6 

(12.9-21.0)

11.6±1.1              

(9.0-16.2)

1.42±0.10 107 LM SEM No LSU,ITS KY404216 AZA-59

968B7 Dabob Bay 15.2±1.6 

(11.4-20.3)

11.2±1.4             

(8.0-15.9)

1.37±0.11 107 LM SEM No LSU,ITS KY404217 AZA-59

121E10 Center Lynch Cove 15.9±1.2 

(11.3-18.5)

11.0±1.1             

(8.5-16.6)

1.45±0.12 107 LM SEM No LSU,ITS KY404218 AZA-59

Morphological analysis

Strain information (LM-light microscopy; SEM - scanning electron microscopy, LSU - large subunit rDNA, ITS - internal transcribed spacer, ND - not detected; - - not analyzed).

Each row represents spine frequency determined on independent subcultures at different times. 
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The shellfish time series data gathered by state shellfish safety programs like those in 

Washington State, Oregon, and California has been extremely helpful in identifying patterns 

and hotspots. The strong relationship between toxins in species like the Dungeness crab and 

the razor clam is illustrated by data from a DA time series obtained near Long Beach, 

Washington. The correlation between rising clam abundance and rising crab abundance 

demonstrates the importance of razor clams as a food source for crabs. The Monitoring 

Oregon’s Coast for Harmful Algae data set and the California Department of Public Health 

Marine Biotoxin Monitoring Program monthly report are two more valuable data sets that 

shed light on environmental factors contributing to DA incidents (Anderson et al., 2021). 

The United States has been monitoring almost all harmful algae events all over the 

country. However, focusing only on the west pacific coast, it is possible to see that 

Washington has had the majority of cases reported achieving 111(Harmful Algal Information 

System) (Fig. 17) throughout history, making it an extremely important place to carry a 

different kind of experiments. The economic impact of H. akashiwo blooms in Washington 

State has ranged from $2 million to $6 million per episode (Anderson et al., 2021).  

  

 

 

 

 

 

 

 

 

Figure 17.  Location of events related to HABs, the West Pacific Coast in Washington.   
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Another incident was when mussels caught in the waters around Mount Desert Island 

were recalled in September 2017 by the state of Maine’s Department of Marine Resources. 

For fear of contamination with a marine neurotoxin, thousands of pounds of shellfish from 

five dealers in Maine were recalled. After a similar algal bloom in 2016, this was the second 

documented recall in history. Maine’s Department of Marine Resources issued the following 

safety notice: 

Those who eat tainted shellfish develop gastrointestinal symptoms within the first 24 

hours, such as nausea, vomiting, abdominal cramping, and diarrhea. Some people experience 

neurological conditions that persist, including dementia. While it is uncommon, the 

neurotoxic can be lethal, especially in the elderly and kids with diabetes, chronic renal 

disease, and hypertension (Harmful Algal Information System). 

Moreover, because of recent issues with net pen collapse, salmon aquaculture in Puget 

Sound has been banned as of 2017; there are no longer any records of mortalities attributable 

to H. akashiwo. Aquacultured fish mortality due to H. akashiwo has been documented most 

thoroughly in surrounding Canadian inland streams, which share territory with the USA, 

where detailed histories of H. akashiwo’s appearance may be found (Anderson et al., 2021). 

 

5.2 Canada 

The history of harmful algae (HA) studies in Canada began with research and 

monitoring of the Atlantic and Pacific coasts in the early 1940s. However, until the 

1980s, the coordinated national Canadian HA program was formally established. Several 

studies are evaluating the last three decades of harmful algal events. One of the most 

current takes 500 events from the Harmful Algal Event Database (HAEDAT) reported in 

Canada between 2000 and 2017 (McKenzie et al., 2021) to compare them (Fig. 18A and 

18B).  
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Figure 18. Major Locations of Harmful Algal Events in Canada (A) Pacific Coast 

and (B) Atlantic Coast (McKenzie et al., 2021). 
 

Neurotoxic and azaspiracid shellfish and ciguatera poisonings occur in other parts of 

the world, but these poisonings have not been linked to fish or shellfish harvested from 

Canadian marine waters (McIntyre et al., 2013). The Atlantic coast presents 279 events, and 

the Pacific coast 221 events. The nature of them, depending on the toxins and the damage they 

cause, was divided into three types: phycotoxins events associated with amnesic shellfish toxin 

(AST), diarrhetic shellfish toxin (DST), and paralytic shellfish toxin (PST) (The most common 

with 315 events). 
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5.2.a AST Events 
 

The principal toxin responsible for amnesic shellfish poisoning (ASP) is domoic acid 

(Fig. 19). Historically, domoic acid was identified from the macro red algae Chondria 

armata in Southern Japan. However, following the 1987 outbreak of ASP in Canada, marine 

diatoms of the genus Pseudo-nitzschia spp were also shown to produce domoic acid. The 

specie is widely distributed worldwide in warm and cold climates (Bates, 1989). Numerous 

strains of P. nitzschia are known to produce domoic acid, including P. multiseries, P. 

pseudodelicatissima, and P. australis. Warmer sea temperatures (14–17 ˚C) tend to be 

associated with higher domoic acid production. However, some strains, such as P. seriata, 

have adapted to growth in cooler waters at four ˚C (Jeffery et al., 2004; Ramsey et al., 1998). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 19. The chemical structures of domoic acid are its 50 diastereomers and its isomers, 

isodomoic acids A–H (Jeffery et al., 2004). 
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The toxin becomes an environmental and human health problem because shellfish 

consume the type of microalgae Pseudo-nitzschia spp in abundance when blooms 

occur. The biotoxin accumulates in their tissues, and when these shellfish are introduced 

into the human diet, they cause severe amnesic poisoning resulting in permanent short-

term memory loss (Trainer et al., 2012; Lefebvre & Robertson, 2010; Kvitek et al., 2008). 

 

5.2.b DST Events 
 

Diarrhetic Shellfish Poisoning (DSP) is caused by consuming okadaic acid (OA) 

group toxins, including OA, dinophysistoxin-1, 2 (DTX-1, and DTX-2), and 

dinophysistoxin-3 (DTX-3) which are produced by dinoflagellate algae Dinophysis 

spp., and Prorocentrum spp. (James et al., 2010; MacKenzie et al., 2002; Rossignoli et 

al., 2011). 

Most DSP outbreaks and toxin detections (primarily DTX-1) have been reported 

from eastern Canada (Todd, 1997). The cases have been primarily studied in British 

Columbia (BC) because seafood is a major industry in this province and contributes more 

than $233 million annually to the economy (BC Ministry of Agriculture, 2013). Infectious 

shellfish poisonings in BC have been reported to include those caused by Vibrio species, 

bacterial organisms prevalent in marine waters, and norovirus, an environmentally 

resistant virus, with humans as the only known reservoir. Most of the incidences 

attributed to the consumption of bivalve mollusks in BC are due to these two agents (The 

most common are attributed to V. parahaemolyticus) (Patel et al., 2009; Khaira & 

Galanis, 2007; McIntyre et al., 2013). In addition to human health effects, the lethal and 

sublethal effects of HABs on shellfish may also be a concern for shellfish farmers in BC. 

Various species of dinoflagellates (Protoceratium reticulatum, Noctiluca scintillans, 

Cochlodinium fulvescens), as well as raphidophytes (Heterosigma akashiwo), 

silicoflagellates (Dictyocha fibula and D. speculum), and diatoms (Rhizosolenia setigera, 

large Chaetoceros species) can produce harmful irritants or create low oxygen conditions 

causing shellfish mortality (Landsberg, 2002; Taylor & Trainer, 2002; Keppler et al., 

2005; Cassis et al., 2011; McIntyre et al., 2013). 
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5.2.c PST Events 
 

Paralytic shellfish toxins are potent neurotoxins that cause paralytic shellfish 

poisoning (PSP) in fish, birds, and mammals, including humans (Raposo et al., 2020). 

PST is a group of more than 50 neurotoxic alkaloids (Wiese et al., 2010) (Fig. 20). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20.  Chemical structures of common PST and M-toxin. 

 

PST are produced by marine dinoflagellates of the genera Alexandrium, 

Gymnodinium, and Pyrodinium. In Canada, it was reported that PST events had occurred 

annually on the Atlantic (196 events) and the Pacific (119 events) coast since 2000. Fish 

mortalities, after PST events, were the second most reported event on the two coasts (82 

events) (MacKenzie et al., 2002) (Fig. 21). 
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Figure 21. Harmful algal events reported in HAEDAT (2000 to 2017) for AST=amnesic 

shellfish toxin, DST=diarrhetic shellfish toxin, PST=paralytic shellfish toxin, and 

OTHER=marine mortalities for (A) Canada, (B) Atlantic Canadian coast, and (C) Pacific 

Canadian coast (MacKenzie et al., 2002). 

 

 

Multiple flagellate species have been linked to mass mortalities of farmed Atlantic 

salmon (Salmo salar) on the Pacific coast since 2001. These mortality events have 

occurred in most years, from 2001 to 2017, sometimes involving multiple species of 

flagellates. The Canadian HAEDAT events that resulted from phycotoxins (AST, PST, 

DST) included those that caused human morbidity or mortality, resulted in the closure of 

shellfish areas, or were associated with mass deaths of marine species (MacKenzie et al., 

2002).   
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5.3 Mexico 

Mexico has 11,000 kilometers of coastline and 1,567 square kilometers of bays, 

including 58 ports and stations in the Pacific Ocean and 59 in the Caribbean Sea and the 

Gulf of Mexico. Due to their geographical location and land ranges, the following ports 

are classified as national ports and serve as economic corridors: Cayo de Arcas, Veracruz, 

Coatzacoalcos, Tuxpan, and Altamira in the Gulf of Mexico; Punta Venado in the 

Caribbean Sea; and Ensenada, Isla Cedros, Lázaro, Cárdenas, and Manzanillo in the 

Pacific Ocean. Like other countries, Mexico has experienced the occurrence of “red tides” 

and events related to HABs, possibly as a result of the effects of climate change 

(Secretaría de Comunicaciones y Transportes, 2013; Zepeda-Ortega et al., 2017; Salcedo-

Garduño et al., 2018). Previously studies carried out by the Institute of Marine Sciences 

and Limnology, UNAM, analyzed Mexico’s Pacific coastline, harmful algal blooms, and 

marine biotoxins. The next taken from this study, summarizes the locations of harmful 

algal bloom (HABs) events registered in Mexico until 2002 (Ochoa et al., 2002) (Fig. 22). 

Figure 22.  Location of events related to HABs on the Mexican Coast (Ochoa et 

al., 2002). 

 

 

The types of marine biotoxins and human diseases associated with harmful algal 

blooms (HABs) along the Mexican coast are detailed in Table 3, 4 and 5, being 

dinoflagellates the taxa with the highest incidence.                                                
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Table 3. Marine biotoxins, human diseases, and microalgae of the Mexican coast 

(Salcedo-Garduño et al., 2018). 

 

Biotoxin/ Route of 

Acquisition

Poisoning/

Intoxication
Microalgae General Symptoms

Mechanism of

Action

Saxitoxin/ 

Consumption of 

cultivated or wild 

molluscs from 

affected areas.

Paralytic Shellfish 

Poisoning (PSP), 

from consumption of 

molluscs

Dinoflagellates:

Previous Name:

Alexandrium catenella,

Acatenella tamarense.

Current Name:

Gymnodinium catenatum

(*), G. mikimotoii A.

minutum (*), A.

tamiyavanichi (*), A.

andersoni , A. cohorticula,

A. minutum, A. tamarense,

A. monilatum(*),

Pyrodinium bahamense

var. compressum (*)

Cyanobacteria.

Cochlodinium,

Polykrikoides(*)

After 30 minutes:

tingling;

numbness in the

face, neck and

hands; headache;

nausea;

vomiting;

diarrhea;

difficulty

breathing;

muscle paralysis

and death from

respiratory

failure within 2-

24 hours after

consumption.

Binds to the sodium 

channel and inhibits 

electrical signals that 

maintain nervous 

system activity, 

vegetative and 

synaptic.

Brevetoxin/ 

Consumption of 

cultivated or wild 

molluscs from 

affected areas; 

aerosols of the toxins 

produced by wave 

action.

Neurotoxic Shellfish 

Poisoning from the 

consumption of 

molluscs (NSP)

Dinoflagellates: Previous Name: 

Ptychodiscus brevis, 

Gymnodinium breve  Current 

Name: Karenia brevis (*,**), 

K. brevisulcatum, K. 

selliformis, K. bidigitata, 

Karenia spp. Pfiesteria 

piscida (neurotoxic), P. 

Shumwayae.

Neurological 

symptoms after 3-6 

hours: chills; 

headache; muscle 

weakness; nausea; 

vomiting; diarrhea; 

feelings of hot and 

cold; irritated eyes; 

double vision; 

difficulty speaking 

and swallowing; 

death from 

respiratory arrest.

Depolarizing acts on 

active sodium 

channels, altering the 

properties of the 

membrane of excitable 

cells to favor the 

inward flow of sodium 

ions.

Domoic Acid/ 

Consumption of 

molluscs from 

affected areas

Amnesic Shellfish 

Poisoning from the 

consumption of 

contaminated 

molluscs (ASP).

Diatoms: Nitzschia pungens 

var, Multiseries 

Pseudonitzschia 

delicatissima, 

Pseudonitzschia multiseries, 

P. Pseudodelicatissima(*). 

Previous Name: N. 

pseudoseriata Hasle Current 

Name: Pseudonitzschia 

australis (*), P. seriata (*,**), 

P. Fraudulenta(*), P. 

multistriata, P. Pungens(*), 

P. Calliantha(*), P. 

Cuspidata(*), Amphora 

coffaeiformi, Nizschia navis-

varingica, Thalassiosira.

After 3-5 hours, 

gastrointestinal 

symptoms such as 

vomiting, diarrhea 

and abdominal 

cramps occur, with 

mild to severe pain, 

and dyspnea. 

Neurological 

symptoms such as 

disorientation, 

nausea, dizziness, 

low temperature, 

confusion and 

temporary memory 

loss.

Domoic acid binds 

with glutamate 

receptors located in 

the central nervous 

system. Domoic acid 

activates these 

receptors opening ion 

channels that allow 

passage into neurons 

of high concentrations 

of calcium ions, 

causing destruction of 

these cells and the loss 

of shortterm memory in 

affected individuals.
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Table 4. Marine biotoxins, human diseases, and microalgae of the Mexican coast (Salcedo-

Garduño et al., 2018). 

 

Biotoxin/ Route of 

Acquisition

Poisoning/

Intoxication
Microalgae General Symptoms

Mechanism of

Action

Okadaic Acid/ 

Consumption of 

molluscs from 

affected areas.

Diarrheic Shellfish 

Poisoning from the 

consumption of 

molluscs (DSP).

Dinoflagellates: Dinophysis 

acuninata ( ), Dinophysis 

caudata (*,**), D. norvegica 

(*), D. fortii (*,**), D. 

sacculus (*,**), D. miles ( ), 

D. acuta, D. mitra, D. 

rotundata, D. rapa, D. tripos, 

Dinophysis spp., 

Prorocentrum lima (*,**), P. 

arenarium, P.belizeamum, P. 

cassubicum, P. concavum, P. 

emarginatum, P. 

hoffmannianum, P. 

maculosum, P. dentatum(*), 

P. minimum(*), P. gracile, 

Procentrum spp., 

Phalacroma rotundatum.

After 30 minutes, 

gastrointestinal 

symptoms such as 

diarrhea, nausea, 

vomiting, abdominal 

pain and chronic 

exposure promotes 

the formation of 

tumors in the 

digestive system.

Phosphorylase and 

phosphatase inhibitor 

with the latter 

regulating cellular 

functions such as 

mutagenesis.

Ciguatera Scaritoxin 

Maitotoxin 

Ciguatoxin/ Transfer 

through the trophic 

chain; consumption 

of tropical and 

subtropical fishes.

Ciguatera Dinoflagellates: Gambierdiscus 

toxicus (Maitotoxin) (*,**), 

G. australes, G. pacificus, G. 

polynesiensis, G. yasumotoi, 

Ostreopsis heptagona, 

Ostreopsis spp. (*,**), Coolia 

spp. ( , ), Prorocentrum 

lima(*,**) .

Development of 

symptoms after 12 to 

24 hours: 

gastroenteric 

symptoms such as 

acute gastroenteritis, 

metallic taste, 

nausea, diarrhea, 

stomach pains; 

neurological 

symptoms such as 

numbness and 

tingling of hands and 

feet, muscle pain, 

paresthesia in 

extremities, 

tachycardia, 

bradycardia, 

hallucinations, and 

death from 

respiratory failure.

Depolarizing activates 

sodium channels, 

altering membrane 

properties of excitable 

cells to favor the 

inward flow of sodium 

ions
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Biotoxin/ Route of 

Acquisition

Poisoning/

Intoxication
Microalgae General Symptoms

Mechanism of

Action

Neosaxitoxin 

Saxitoxin/ Direct 

contact or water 

consumption.

Cyanobacteria Cyanophyta, Aphanazomenon 

flosaquae, Anabaena 

circinalis. Ocillatoria. 

Microcystis sp. M. 

aeruginosa. Trichodesmium 

erythraeum(*,**) and T. 

Thiebautii.

Acute toxicity: skin 

irritation, atypical 

pneumonia, vomiting 

abdominal pain and 

acute gastroenteritis, 

liver diseases, tumors 

by chronic exposure.

Binds to the sodium 

channel and inhibits 

electrical signals that 

maintain higher nervous 

system, vegetative and 

synaptic activity

 

 

 

 

Table 5. Marine biotoxins, human diseases, and microalgae of the Mexican coast (Salcedo-

Garduño et al., 2018). 

 

Poisonings caused by dinoflagellates have been recorded on the coasts of the Gulf 

of California, Baja California Sur, Sonora, Sinaloa, Colima, Michoacán, Jalisco, 

Guerrero, Oaxaca, and Chiapas in the Pacific littoral. In addition to the presence of 

diatoms that produce the domoic acid toxin in the Gulf of California, Baja California Sur, 

Sinaloa, Nayarit, and Chiapas and diatoms that produce the domoic acid toxin in the Gulf 

of California, Baja California Sur, Sinaloa, Nayarit and Chiapas (Ochoa, 2003). Next 

image is shown the phytoplankton, which produces toxins in HABs. On the coast of 

Mexico (Fig. 23). 

 

Figure 23. The location of phytoplankton which produces toxins in HABs, is reported on the 

Mexican Coast (Salcedo-Garduño et al., 2018). 

 

Among the events on the Pacific coast were caused by Pseudo nitzschia 

fraudulenta, P. pseudodelicatissima, P. pungens, and other diatoms that affected the 
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coastal fauna of the Bay of La Paz stand out (Guluarte-Castro & Bañuelos, 2007; 

Salcedo-Garduño et al., 2018). The government authorities of Baja California Sur 

estimated that the fishing families of this bay were affected. As a result, the government 

distributed $70,000 in economic assistance and food pantries. The region was declared to 

be in a state of emergency. Federal agencies such as SEDESOL and SAGARPA, among 

others, provided the affected fishermen with additional resources through programs such 

as temporary employment (Salcedo-Garduño et al., 2018). 

In Oaxaca, 14 HABs from species producing paralyzing toxins were identified 

between 1989 and 2014. In addition, 139 poisonings and 9 deaths were attributed to the 

consumption of saxitoxin-contaminated mollusks. These incidents caused more than 

$500,000 in damages and necessitated a 708 days’ sanitary closure to protect public 

health (Alonso-Rodríguez et al., 2015; Salcedo-Garduño et al., 2018). 

In the state of Oaxaca, 14 HABs originating from species that produce paralyzing 

toxins have been identified between the years 1989 and 2014. In addition, 139 poisonings 

and 9 deaths were attributed to the consumption of saxitoxin-contaminated mollusks. 

These incidents caused more than $500,000 in damages and necessitated a 708 days’ 

sanitary closure to protect public health (Alonso-Rodríguez et al., 2015; Salcedo-Garduño 

et al., 2018). 

In 2007, the proliferation of the dinoflagellate Ceratium divaricatum along the 

northeast coast of Ensenada, Baja, California, caused anoxic conditions that led to the 

death of lobsters, starfish, and crabs. Lobsters were the most affected, with dead biomass 

above 5 tons (Orellana-Cepeda, 2007; Salcedo-Garduño et al., 2018). In the same year, 

HABs caused by the dinoflagellate Akashiwo sanguinea were reported in the region from 

Punta Abreojos to La Bocana, BCS, killing approximately 100,000 locusts (Panulirus 

interruptus). In addition, 2.5 tons of abalone (Haliotis spp.), farmed oysters (Crassostrea 

spp.), as well as various species of snails and fish, perished (Gómez-Tagle, 2007; Gárate-

Lizárraga et al., 2007; Gárate et al., 2007; Salcedo-Garduño et al., 2018). This event 

resulted in a loss of approximately $1,784,616 (Salcedo-Garduño et al., 2018). 
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5.4 Guatemala 

The government could not point out the organism responsible for this incident on the 

Pacific coast in 1985. Nevertheless, one of the most noteworthy catastrophes was another one 

that happened in 1987, where 187 persons got poisoned, and 24 died because of the event. 

Despite human losses, the cause, Pyrodinium bahamense var compressum, was identified 

(Carrillo-Ovalle, 2009; Rosales-Loessener, 1989). 

Since the organism was founded, the nation created the Comisión Nacional de 

Vigilancia de Marea Roja, made up of the Unidad Nacional de Pesca y Acuicultura 

(UNIPESCA), Instituto Nacional de Sismología, Vulcanología, Meteorología e Hidrología 

(INSIVUMEH), and the Ministerio de Agricultura Ganadería y Alimentación (MAGA) 

(Carrillo-Ovalle, 2009; Leiva, 2008). 

Following 1989, 1990, 1995, and 2001, new events analogous to the earlier ones were 

presented to the same organism. Toxins were found in the water over time, reaching 27,000 

cells per liter (cells/liter). A red water alert was issued for the entire nation because the 

tolerance level was around 3000 cells/lit (Fig. 24). 

Figure 24. Quetzal port: Zone where the samples were collected. 
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            As shown in the Table 6, the highest level of saxitoxin is found in Las Lisas, a beach 

in southwestern Guatemala. 

 

Table 6. Levels of saxitoxin, 2001 (UNIPESCA, 2001 as cited Carrillo-Ovalle, 2009). 

 

 

 

 

Fecha Procedencia Molusco Saxitoxina 

*UR/100g

22/8/2001 Champerico Mejillón 280

22/8/2001 Champerico Ostra 162

25/8/2001 Pto. San José Ostra 291

25/8/2001 Las Lisas Concha 254

25/8/2001 Las Lisas Mejillón 806

25/8/2001 Las Lisas Almeja 90

25/8/2001 Champerico Ostra 144

28/8/2001 Las Lisas Concha 247

28/8/2001 Las Lisas Mejillón 629

29/8/2001 Tecojate Almeja 300

29/8/2001 Tecojate Concha 200

29/8/2001 Las Lisas Mejillón 508

29/8/2001 Las Lisas Almeja ND

29/8/2001 Las Lisas Concha 117

29/8/2001 Las Lisas Concha ND

29/8/2001 Tecojate Mejillón 287

29/8/2001 Tecojate Concha 425

30/8/2001 Tecojate Concha 450

30/8/2001 Las Lisas Concha 708

30/8/2001 Las Lisas Mejillón 175

30/8/2001 Tecojate Mejillón 147

3/9/2001 Mejillón 480

3/9/2001 Almeja 156

3/9/2001 Crassostrea 321

12/9/2001 Mejillón 160

2/9/2001 Anadara 92
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This becomes important for the Figure 25 as it shows how the toxins during 2005 

gathered in the same region mentioned. 

 

 

 

 

 

 

 

 

 

Figure 25. Chlorophyll concentrations during 2005, Pacific coast of Guatemala (Sistema 

Regional de Visualización y Monitoreo de Mesoamérica, n.d.). 

 

Despite all the research that has been done, in May of 2022, this particular country 

claimed 4 lives, prompting the Guatemalan government to declare a temporary fishing 

restriction on the whole Pacific coast (Ministerio de Salud Publica y Asistencia social, 2022). 

5.5 Ecuador 

Oceanographic features have an impact on the occurrence of HABs. Two 

biogeographical areas can be identified on South America’s Ecuadorian coast of the 

eastern tropical Pacific: The Gulf of Guayaquil, which the Humboldt Current influences, 

and the northern coast, which the warm Panama Current influences (Cucalon, 1989; 

Longhurst, 2006; Borbor-Cordova et al., 2019). 

For years, “red tides” have occurred along Ecuador’s coast (Borbor-Cordova et 

al., 2019). Since 1968, 132 incidents have been noted by Ecuadorian researchers, with 

reports of fish, young shrimp, and shrimp larvae mortality (Torres, 2000; Torres, 2011; 
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Torres, 2013; Torres, 2015; Torres, 2017; Torres & Tapia, 2002; Borbor-Cordova et al., 

2019). 

Sadly, at this moment, Ecuador does not have a formal HABs monitoring program 

to identify the specific phytoplankton species responsible for producing the toxins. 

However, there is a recent study that integrates the features of the equatorial ocean, 

synthesized from reports gathered during “red tide” incidents and biological data received 

from synoptic remote sensing to determine which oceanic circumstances cause the 

dispersion and occurrence of seasonal HAB in the ocean of the coast of Ecuador. The 

next figure shows the areas taken to carry out the study, defined by the two 

biogeographical areas mentioned above, and the provinces and coastal cities involved 

(Borbor-Cordova et al., 2019) (Fig. 26). 

Figure 26.  Location of events related to HABs on the Ecuadorian Coast (Borbor-Cordova et 

al., 2019). 

 

According to the study by Borbor-Cordova et al. (2019), the data utilized for 

remote sensing observation were the monthly averages of five variables collected in 

Zones 1 and 2 along the coast of Ecuador from 1997 to 2017 while accounting for the 

seasons of rain and drought. The oceanographic variables were: Sea surface temperature 

(SST), Absorption due to phytoplankton at 443 nm (m^-1) (aph), Chlorophyll an 
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(mg/m^3) and photosynthetically active radiation (Einstein/m^2/day). At the same time, 

the atmospheric variable was Precipitation (mm). The process needs mean and standard 

deviation for each variable to normalize it. Several satellites and sensors were employed 

throughout the investigation to assess and contrast the variables with HABs incidents. 

Phytoplankton statistics, on the other hand, were derived from 67 algal bloom 

occurrences documented from 1997 to 2017 in the literature produced by reports from 

shrimp hatchery producers, the National Institute of Fisheries, and the Ecuadorian Navy 

Army Oceanographic Institute (INOCAR). Table 7, 8 and 9 lists the potentially hazardous 

algal blooms (HABs) seen in Zones 1 and 2 on the coast of Ecuador. The dinoflagellates 

(DINO), centric diatoms (CDIAT), pennate diatoms (PDIAT), and ciliates were the 

phytoplankton taxonomic groups (PTG) of the events (CILI). The species were divided 

into toxic (TOX) and non-toxic (NOC) (Borbor-Cordova et al., 2019). 
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Table 7. List of potentially harmful algal blooms (HABs) recorded in events along the coast of Ecuador (1997–2017) (Borbor-

Cordova et al., 2019). 

 

N
Max log 

cells 
N

Max log 

cells 
N

Max log 

cells 

Diarrhetic Shellfish Poisoning 

(DSP)

Dinophysis caudata  (Saville-

Kent, 1881)
DINO TOX 1 1

Ignatiades and Gotsis-Skretas, 2010; Nagai 

et al., 2011; Anderson et al., 2017
Torres, 2000, 2006, 2011

Dinophysis spp. (Ehrenberg, 

1839)
DINO TOX 1

Yasumoto et al., 1985; Hallegraeff, 1993; 

Lloyd et al., 2013; Reguera el al., 2014
Torres, 2011

Gonyaulax spp. (Diesing, 

1866)
DINO TOX 1 Wang, 2008 Torres and Palacios, 2007a

Prorocentrum mexicanum 

(Osoio-Tafall, 1942)
DINO TOX 1 3.37 1

Ignatiades and Gotsis-Skretas, 2010; 

Muciño-Marquez et al., 2015

Coello,2010; Torres, unpublished data 

(u.d)

Prorocentrum micans 

(Ehrenberg, 1834)
DINO TOX 1 3.38 2 1 Razali et al., 2015; Lee et al., 2016

Torres, 2000, u.d; Torres anda Tapia, 

2002; Torres and Palacios, 2007b

Diarrhetic Shellfish Poisoning 

(DSP) and Venerupin 

Shellfish Poisoning

Prorocentrum cordatum 

(Ostenfeld) (Dodge, 1975)
DINO TOX 1 3 Heil et al., 2005; Lundholm, 2011

Torres et al., 2004; Torres and 

Palacios, 2007b; Torres, 2011

Paralytic Shellfish Poisoning 

(PSP)

Alexandrium spp. (Halim, 

1960)
DINO TOX 1

Wang, 2008; Anderson et al., 1990, 2017; 

Food and Agriculture Organization  [FAO], 

2004; Ignatiades and Gotsis-Skeretas, 2010

Torres and Palacios, 2007a

Gymnodinium catenatum 

(Graham, 1943)
DINO TOX 1 3 6.05 1 Ignatiades and Gotsis-Skretas, 2010

Jiménez and Intriago, 2001; Torres 

and Palacios, 2007a; Torres, u.d.

Gymnodinium spp. (Stein, 

1878)
5.22 6 7.05 6 7.45 Wang, 2008

Torres, 2000, 2006, 2011, u.d; Torres 

and Palacios, 2007a

Amnesic Shellfish Poisoning 

(ASP)

Pseudo-nitzschia spp. 

(Peragallo and Peragallo, 1900)
DINO TOX 1 6.68

Rhodes et al., 1998; Trainer et al., 2012; 

Anderson et al., 2017
Torres, 2006,2011

Species PTG Type

References for toxicity References for HABs 

recurrences in Ecuador

Wet season

ZONE 1 ZONE 2 

Wet season Dry season 
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N
Max log 

cells 
N

Max log 

cells 
N

Max log 

cells 

Potentially Ichthyotoxic 

Species

Gyrodinium spp. (Kofoid and 

Swezy, 1921)
DINO NOC 2 4.45 3 2 7.75

Alonso-Rodiguez and Páez-Osuna, 2003; 

Ignatiades and Gotsis-Skretas, 2010

Torres, 2000, 2011, u.d; Torres et al., 

2004; Torres and Palacios, 2007b

Margalefidinium catenatum 

(Okamaru, 1916; Gómez et al., 

2017)

DINO NOC 2 6.94 1 1

Cortes et al., 2004; Matasuoka et al., 2008; 

Kudela and Gobler, 2012; Gómez et al., 

2017

Torres et al., 2004; Torres, 2011, 

2016, u.d.

Potentially Fish-Killing and 

Bloom-forming Species

Mesodinium rubrum 

(Lohmann,1908)
CILI NOC 9 6.69 4 7.06

Jiménez and Intriago, 2001; Cortés-Lara, 

2002; Gárate-Lizárraga et al., 2002; Wang 

et al., 2008; Torres, 2011

Torres, 2000, 2006, 2011; Jiménez 

and Intriago, 2001; Coello, 2003; 

Jiménez and Gualancañay, 2006; 

Coello and Cajas, 2007

Coscinodiscus spp. (Ehrenberg, 

1839)
CDIAT NOC 1 5.20 1 4.30 Mathew et al., 1988; Torres, 2011

Torres and Palacios, 2007b; Coello et 

al., 2010

Skeletonema costatum 

(Greville)(Cleve, 1873)
CDIAT NOC 1 6.10 1 5.88 4 6.14

Hallegraeff, 1993; Suaréz and Guzmán, 

1994; Chen et al., 2007; Anderson et al., 

2017

Torres et al., 2004; Torres and 

Palacios, 2007b; Coello et al., 2010; 

Torres, 2016

Akashiwo sanguinea (K. 

Hirasaka)(Daugbjerg et al., 

2000)

DINO NOC 1 7.15
Hallegraeff, 2004; White et al., 2014; 

Anderson et al., 2017

 Coello, 2003; Torres et al., 2004; 

Torres, 2011

Ceratium tripos  (O.F. 

Muller)(Nitzsch, 1817)
DINO NOC 1

Suaréz and Guzmán, 1994; Hallegraeff, 

2004; Torres at al., 2004; Torres, 2011
Torres, 2000

Cochlodinium spp.  (Schutt, 

1896)
DINO NOC 2 6.72 1 6.64

Hallegraeff, 2004; Kudela and Gobler, 

2012; Razali et al., 2015

Torres, 2000, 2011; Torres at al., 

2004;Torres, 2011

Kryptoperidinium foliaceum 

(F. Stein) (Lindemann, 1924)
DINO NOC 1 4.00

Kempton et al., 2002; Saburova et al., 

2012; Merino-Virgilio et al., 2014

Jiménez and Gualancañay, 2006; 

Torres, 2011

Levanderina fissa  (Levander) 

(Moestrup et al., 2014)
DINO NOC 6 7.00

Alonso-Rodriguez and Paez-Osuna, 2003; 

Gárate-Lizárraga, 2014

Jiménez and Intriago, 2001; Jiménez 

and Gualancañay, 2006; Torres, 2011

Noctiluca scintillans 

(Macartney) (Kofoid and 

Swezy, 1921)

DINO NOC 2 3.97 2 6.06 4 641

Thangaraja et al., 2007; Wang et al., 2008; 

Ibrahem and Al-Shawi, 2015; Razali et al., 

2015

Torres, 2000, 2011, 2016, u.d.; Coello, 

2003; Torres at al., 2004 

Prorocentrum gracile  (Schutt, 

1895)
DINO NOC 2

Gul and Saifullah, 2011; Muciño-Márquez 

et al., 2015; Anderson et al., 2017

Jiménez and Intriago, 2001; Torres at 

al., 2004

Tripos furca  (Ehrenberg)    

(Gómez, 2013)
DINO NOC 2 3

Edwards et al., 2006; Ibrahem and Al-

Shawi, 2015; Razali et al., 2015; Yurimoto 

et al., 2015

Torres, 2000, 2006, 2011; Torres and 

Palacios, 2007a

References for toxicity References for HABs 

recurrences in Ecuador

Wet season Dry season Wet seasonSpecies PTG Type

ZONE 1 ZONE 2 

         

Table 8. List of potentially harmful algal blooms (HABs) recorded in events along the coast of Ecuador (1997–2017) 

(Borbor-Cordova et al., 2019). 
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N
Max log 

cells 
N

Max log 

cells 
N

Max log 

cells 

Chaetoceros levis    (Schutt, 

1896)
CDIAT NOC 1 Razali et al., 2015 Torres, 2000

Thalassiosira spp. (Cleve, 

1873; Hasle, 1973)
CDIAT NOC 1 4.37 2 6.70 1 5.48

Hallegraeff, 2004; Torres, 2011; Anderson 

et al., 2017

Torres and Palacios, 2007a; Coello et 

al., 2010; Torres, 2011, u.d.

Navicula spp. (Blainville, 1825) PDIAT NOC 1 4.48
Alonso-Rodriguez and Paez-Osuna, 2003; 

Razali et al., 2015
Coello et al., 2010

Asterionella frauenfeldii 

(Grunow, 1863)
PDIAT NOC 1 1

Perumal et al., 1999; Jugnu and Kripa, 

2008; Naha et al., 2014
Torres, 2000; Torres at al., 2004 

Nitzschia longissima 

(Brébisson) (Pritchard, 1861)
PDIAT NOC 1

Merino-Virgilio et al., 2014; Razali et al., 

2015; Anderson et al., 2017 
Torres at al., 2004

Thalassionema nitzschioides 

(Grunow) (Mereschkowsky, 

1902)

PDIAT NOC 2 4.78

Perumal et al., 1999; Merino-Virgilio et al., 

2014; Begum et al., 2015; Padmakumar et 

al., 2018

 Torres at al., 2004; Coello et al., 

2010

Ceratium spp.  (Schrank, 

1793)
DINO NOC 1

Thangaraja et al., 2007; Gómez et al., 2008; 

Padmakumar et al., 2018 

Jiménez and Gualancañay, 2006; 

Torres, 2011

Ceratium trichoceros 

(Ehrenberg) ( Saville-Kent, 1881 

; Kofoid and Swezy, 1921) 

DINO NOC 1 1

Jiménez and Intriago, 2001; Thangaraja et 

al., 2007; Torres, 2011; Ibrahem and Al-

Shawi, 2015

Jiménez and Intriago, 2001

Protoperidinium quarnerense 

(B. Schröder) (Balech, 1974)
DINO NOC 1  Torres at al., 2004; Gómez et al., 2008 Torres, 2000

Pyrophacus steinii DINO NOC 2 1 Razali et al., 2015; Wall and Cicily, 2015 Torres, 2000, 2011, u.d

Triadinium polyedricum 

(Schiller) (Wall and Dale, 1971)
DINO NOC 1 Shin et al., 2016 Torres and Palacios, 2007a

Tripos macroceros  (Ehrenberg) 

(Gómez, 2013)
DINO NOC 2 1

Thangaraja et al., 2007; Torres, 2011; 

Ibrahem and Al-Shawi, 2015
Torres, 2000

Tripos dens  (Ostenfeld and 

Johannes Schmidt) (Gómez, 

2013)

DINO NOC 1 3 6.54 1

Homer et al., 1997; Pitcher and Calder, 

2000; Alonso-Rodriguez and Páez-Osuna, 

2003; Torres, 2011

Torres and Palacios, 2007a; Torres, 

2011

References for toxicity References for HABs 

recurrences in Ecuador

Wet season Dry season Wet seasonSpecies PTG Type

ZONE 1 ZONE 2 

The table includes potentially toxic (TOX) and non-toxic (NOC) species. The toxic species or humans are represented through syndromes. The non-toxic species are: (I) Potentially ichthyotoxic species-

this group causes physical damage or irritation of the gills, are toxigenic, and cause hypoxia from oxygen depletion. It is also capable of causing the massive death of fish. The causal mechanisms are 

uncertain and the studies carried out are inconclusive (Andersen, 2012); (ii) Potentially fish-killing species-this group differs from the previous one because the death of the fish is caused by the decrease 

of oxygen as a consequence of the bloom's great biomass; (iii) Potentially bloom-forming species. The species are classified in four phytoplankton taxonomic groups (PTG): dinoflagellates (DINO), 

centric diatoms (CDIAT), pennate diatoms, and ciliates (CILI). N, number of occurrences. Log C, maximum abundances in log 10 (cells/L). The occurrences and concentrations are shown by dry and wet 

seasonality in the study areas (Zone 1 and Zone 2).

         

Table 9. List of potentially harmful algal blooms (HABs) recorded in events along the coast of Ecuador (1997–2017) 

(Borbor-Cordova et al., 2019). 
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The study finds that the presence of hazardous HABs in Zone 1 correlates 

with low levels of DINO and CDIAT. These biological features appear to be 

associated with high SST, PRE, and PAR values and low chl-a and aph values (443 

nm). In contrast, non-toxic HABs correspond to an abundance of DINO and CILI, 

low SST and PRE, and a high pH. All of these environmental features define the wet 

season. During the wet season in Zone 2, TOX events corresponded to high levels of 

DINO biomass and elevated SST, PAR, and PRE. During the dry season, however, 

low PRE and PAR and cooler waters were associated with an excess of CDIAT. 

These characteristics are related to NOC species (Borbor-Cordova et al., 2019). 

The results of this study show that larger biomass of HABs was observed in 

Zone 2 than in Zone 1 when eutrophic and oligotrophic systems were considered, 

with Dinoflagellates being the taxonomic group most closely related to HABs all 

along the Ecuadorian coast. Dinoflagellates adapt by colonizing, attaining high 

biomass levels, and becoming potentially dangerous species in nutrient-rich, high-

irradiation estuarine settings like Zone 2. While in Zone 1 oligotrophic, with its 

stratified and high irradiation conditions, a nutrient stress tolerant assemblage of 

dinoflagellate species was produced at very low levels of biomass (Smayda & 

Reynolds, 2003; Suparna, 2005; Smayda & Trainer, 2010; Corcoran et al., 2014; 

Borbor-Cordova et al., 2019). 

The study’s final finding is the danger of HABs in the Estero Salado in the 

wet season, at the entrance of the Guayas Estuary, Manta and La Libertad in the dry 

season, Gulf of Guayaquil, Jambeli Channel. For instance, Zone 2 had significant 

concentrations of two species that are thought to be hazardous, Gymnodinium 

catenatum and Karenia brevis, particularly during the rainy season. However, 

during the rainy season, low amounts of Prorocentrum micans and Prorocentrum 

mexicanum were found in the oligotrophic Zones 1 and 2, respectively (Borbor-

Cordova et al., 2019). 

 

5.5.1 Effects of red tide on human health 
 

The most common health problems associated with red tide are 

gastrointestinal, respiratory and neurological illnesses. Generally, individuals who 

become ill from exposure to harmful algal toxins do so by ingesting contaminated 
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shellfish. However, some harmful algal toxins also end up in the air and infect 

humans. People get sick from eating clams collected during red tides and, to a lesser 

extent, from windblown toxins in the form of aerosol. In this particular case of 

Ciguatoxin poisoning, the illness known as ciguatera is caused by eating 

contaminated fish. Red tide toxins are generally heat stable, so no matter how well 

seafood is cooked, people become intoxicated once they ingest it. In addition, they 

can cause irritation to the eyes and mucous membranes of bathers, which is known 

as the aerosol effect (Mendoza Avilés, 2016). 

 

5.5.2 Effects of red tide on animal populations 
 

The majority of shellfish filter seawater to gather food. When they eat, they ingest toxic 

phytoplankton and accumulate toxins in their flesh, which become dangerous, even fatal to fish. 

Figure 27 shows the monthly record of red tide and fish mortality (1968-2009) in Ecuador. 

Figure 27. Monthly record of red tide and organism mortality (1968-2009) (Torres, 

2013). 

 

 Neurotoxins from harmful algal blooms can kill large numbers of fish, washing 

thousands ashore. Dead fish remain a health risk because of the danger of being eaten by birds 

or marine mammals that become infected by eating them. Thanks to cytochromes, the massive 

proliferation of microalgae reaches a concentration of millions of algae cells per liter of 

seawater, so much so that they can turn seawater from red to yellow. Excessive growth of algae 

populations is accompanied by the production of toxins, which can lead to the destruction of 

marine fauna. The deaths of various marine species, such as whales and turtles, have been 

linked to red tides. The toxins even create foam that makes the feathers of seabirds no longer 

waterproof, which causes the birds to die. 



 

57 

 

 

5.5.3 Immunological Test 

5.5.3.1 Methodology 
 

The study area where the bivalve samples were taken was on the Pacific coasts 

of Machala, Posorja and Santa Elena (Fig. 28). 

Figure 28. Sampling location in Ecuador (Borbor-Córdova et al., 2018). 

 

5.5.3.1.a Interpretation Test – DSP, PSP and ASP 

In order to perform the detection of DSP, PSP and ASP the Interpretation Test was 

used, which can yield three results, such as (Lira, 2019): 

1) If the T-line is darker than the Positive result below, the test is Negative (Fig. 

29A). 

2) If the T-line is equal to or fainter than the Positive result below, the test is 

Positive. When in doubt, consider the test Positive. Positive results should be 

confirmed with analytical testing (Fig. 29B). 

3) In the C line is equal to or fainter than the invalid test below, the test is invalid. 

Repeat the assay with a new test. If the same result occurs, the sample contains 

an unknown agent that inhibits the test reaction; an alternative testing method 

should be used (Fig. 29C). 
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 Figure 29. (A) Negative result; (B) Positive result, (C) Invalid result of 

Interpretation Test (Interpretation Test). 
 

5.5.3.2 Results 
 

According to the results obtained in the interpretation test, it came out positive 

for Okadaic acid since a result similar to that shown in the interpretation guide is 

displayed (Lira, 2019) (Fig. 30).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30.  Positive result of Interpretation Test. 

(A) 

(B) 

(C) 
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According to the results obtained in the interpretation test, it came out 

negative for Saxitoxin since a result similar to that shown in the interpretation guide 

is displayed (Lira, 2019) (Fig. 31).  

 

 

 

 

 

 

 

 

 

 

 

Figure 31.  Negative result of Interpretation Test. 

 

 

According to the results obtained in the interpretation test, it came out 

negative for Domoic acid since a result similar to that shown in the interpretation 

guide is displayed (Lira, 2019) (Fig. 32). 

 

Figure 32.  Negative result of Interpretation Test. 
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Chapter 6: Conclusions 

Harmful algal bloom, also known as red tide, is a spread of aquatic microalgae, 

visible to the naked eye because the ocean turns a different color than usual. The 

expression red tide is usually used to refer to large concentrations of phytoplankton in 

certain coastal areas of the ocean that become blotchy. This are mainly caused by the 

rapid growth of dinoflagellates, a type of phytoplankton. However, seawater must 

contain abundant food to promote the explosive growth of dinoflagellates otherwise 

they will never grow. The main problem from red tide is the generation of toxins which 

are harmful for human and animals as well. 

In Canada there are several studies are evaluating the last three decades of 

harmful algal events. Also here there are presence of phycotoxins events associated with 

amnesic shellfish toxin (AST), diarrhetic shellfish toxin (DST), and paralytic shellfish 

toxin (PST). 

In United States of America marine birds and mammals are susceptible to a 

neurotoxic produced by some HABS and the main poisoning that are affecting the 

population are Paralytic shellfish poisoning (PSP), diarrhetic shellfish poisoning (DSP), 

neurotoxic shellfish poisoning (NSP), amnesic shellfish poisoning (ASP), and 

azaspiracid shellfish poisoning (AZP) are all names given to human poisoning 

syndromes caused by eating shellfish. However, there are some laboratories that are 

studying and monitoring the effects of the mentioned toxins. 

In Mexico, there are some diseases documented from consumption of molluscs. 

The toxins here are Saxitoxin, Brevetoxin, Domoic Acid, Okadaic Acid, Ciguatoxin. 

In Guatemala some research also establish toxins contend found in the water 

over time. And, there are Institutes working such as Comisión Nacional de Vigilancia 

de Marea Roja. Moreover, related with marine species the highest level of saxitoxin is 

found in Las Lisas. 

Since other country’s use the data and reports of some Institutions and 

commissions Ecuador does not have a formal monitoring program to identify the 

specific phytoplankton species responsible for producing the toxins. However, there is a 

potentially harmful algal blooms (HABs) recorded in events along the coast of Ecuador 
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1997–2017 that show content of dinoflagellates (DINO), centric diatoms (CDIAT), 

pennate diatoms (PDIAT), and ciliates were the phytoplankton taxonomic groups (PTG) 

of the events (CILI), there is and advice to stablish a technique to understand the 

incidence of these species. It is also important to note that the samples taken from 

bivalves in Posorja, Machala and Santa Elena showed positive results for Okadaic acid 

and negative results for Domoic acid and Saxitoxin. For future research work it is 

necessary to consider those samples that showed positive results and develop HPLC and 

Mass Spectroscopy for a better identification of the toxin. 

Finally, after this research, it is possible to see how red tides have not only harm 

humans by eating contaminated food. They also affect all sea life as well as the sea 

water making it dangerous for humans to swim or even collecting shellfish especially 

since symptoms can appear an hour later since contact. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

62 

 

BIBLIOGRAPHY 

[EURLMB] European Union Reference Laboratory for Marine Biotoxins. (2015). EU-

harmonised standard operating procedure for determination of lipophilic marine 

biotoxins in molluscs by LC-MS/MS. Version. 5. 

ADACHI, R., & FUKUYO, Y. (1979). The Thecal Structure of a Marine Toxic 

Dinoflagellate Gambierdiscus toxicus gen. et sp. nov. Collected in a Ciguatera-

endemic Area. NIPPON SUISAN GAKKAISHI, 45(1), 67–71. 

https://doi.org/10.2331/suisan.45.67 

Alonso-Rodríguez, R., Mendoza-Amézquita, E., Velásquez-López, S. A., Seim, J. A., & 

Martínez-Rodríguez, V. M. (2015). Florecimientos algales nocivos producidos 

por Pyrodinium bahamense en Oaxaca, México (2009-2010). salud pública de 

méxico, 57(4), 343-351. 

Al-Tebrineh, J., Pearson, L. A., Yasar, S. A., & Neilan, B. A. (2012). A multiplex qPCR 

targeting hepato- and neurotoxigenic cyanobacteria of global significance. 

Harmful Algae, 15, 19–25. https://doi.org/10.1016/j.hal.2011.11.001 

Amzil, Z., Pouchus, Y. F., Le Boterff, J., Roussakis, C., Verbist, J. F., Marcaillou-

Lebaut, C., & Masselin, P. (1992). Short-time cytotoxicity of mussel extracts: A 

new bioassay for okadaic acid detection. Toxicon, 30(11), 1419–1425. 

https://doi.org/10.1016/0041-0101(92)90517-9 

Anderson, D. (2012). HABs in a changing world: a perspective on harmful algal 

blooms, their impacts, and research and management in a dynamic era of 

climactic and environmental change HHS Public Access. In Harmful Algae 

(Vol. 2012). 

Anderson, D., Boerlage, S., & Dixon, M. (2017). Harmful Algal Blooms (HABs) and 

Desalination: a Guide to Impacts, Monitoring and Management. 

https://repository.oceanbestpractices.org/handle/11329/644 

Anderson, D. M., Fensin, E., Gobler, C. J., Hoeglund, A. E., Hubbard, K. A., Kulis, D. 

M., Landsberg, J. H., Lefebvre, K. A., Provoost, P., Richlen, M. L., Smith, J. L., 

Solow, A. R., & Trainer, V. L. (2021). Marine harmful algal blooms (HABs) in 

the United States: History, current status and future trends. Harmful Algae, 102, 

101975. https://doi.org/10.1016/j.hal.2021.101975 

https://doi.org/10.2331/suisan.45.67
https://doi.org/10.1016/j.hal.2011.11.001
https://doi.org/10.1016/0041-0101(92)90517-9
https://doi.org/10.1016/j.hal.2021.101975


 

63 

 

APHA, 1970. Subcommittee of Laboratory Methods for Examination of Shellfish. 

Method of bioassay of Gymnodinium brevetoxin(s), pp. 61–68. In: 

Recommended Procedures for the Examination of Seawater and Shellfish, fourth 

ed. American Public Health Association, Washington, DC. 

Arias, H. R. (2006). Marine Toxins Targeting Ion Channels. In Marine Drugs  (Vol. 4, 

Issue 3). https://doi.org/10.3390/md403037 

Armi, Z., Turki, S., Trabelsi, E., Ceredi, A., Riccardi, E., & Milandri, A. (2011, 

September 16). Occurrence of diarrhetic shellfish poisoning (DSP) toxins in 

clams (Ruditapes decussatus) from Tunis north lagoon. Environmental 

Monitoring and Assessment, 184(8), 5085–5095. 

https://doi.org/10.1007/s10661-011-2324-z 

Aune, T., Aasen, J. A., Miles, C. O., & Larsen, S. (2008). Effect of mouse strain and 

gender on LD50 of yessotoxin. Toxicon, 52(4), 535–540. 

https://doi.org/10.1016/j.toxicon.2008.06.025 

Aune, T., Ramstad, H., Heidenreich, B., Landsverk, T., Waaler, T., Egaas, E., & 

Julshamn, K. (1998). Zinc accumulation in oysters giving mouse deaths in 

paralytic shellfish poisoning bioassay. Journal of Shellfish Research, 17(4), 

1243–1246. 

Azanza, R. V., Brosnahan, M. L., Anderson, D. M., Hense, I., & Montresor, M. (2018). 

The Role of Life Cycle Characteristics in Harmful Algal Bloom Dynamics. 

Ecological Studies, 133–161. https://doi.org/10.1007/978-3-319-70069-4_8 

Backer, L. C., Fleming, L. E., Rowan, A., Cheng, Y.-S., Benson, J., Pierce, R. H., Zaias, 

J., Bean, J., Bossart, G. D., Johnson, D., Quimbo, R., & Baden, D. G. (2003). 

Recreational exposure to aerosolized brevetoxins during Florida red tide events. 

Harmful Algae, 2(1), 19–28. https://doi.org/https://doi.org/10.1016/S1568-

9883(03)00005-2 

Baden, D. G. (1983). Marine Food-Borne Dinoflagellate Toxins (G. H. Bourne, J. F. 

Danielli, & K. W. B. T.-I. R. of C. Jeon (Eds.); Vol. 82, pp. 99–150). Academic 

Press. https://doi.org/https://doi.org/10.1016/S0074-7696(08)60824-4 

Baden, D. G. (1989). Brevetoxins: unique polyether dinoflagellate toxins. The FASEB 

Journal, 3(7), 1807–1817. 

https://doi.org/https://doi.org/10.1096/fasebj.3.7.2565840 

https://doi.org/10.1007/978-3-319-70069-4_8


 

64 

 

Baden, D. G., Fleming, L. E., & Bean, J. A. (n.d.). Marine toxins. In P. B. Vinken  GW; 

de Wolff, FA (Ed.), Handbook of clinical neurology, 65, revised ser. 21 (pp. 

141–175). Elsevier. 

Bagnis, R., Chanteau, S., Chungue, E., Drollet, J. H., Lechat, I., Legrand, A. M., ... & 

Tetaria, C. (1985). Comparison of the cat bioassay. The mouse bioassay and the 

mosquito bioassay to detect ciguatoxicity in fish. In Proceedings of the fifth 

international coral reef congress, Tahiti 27 May- 1 June 1985, (Vol. 4, pp. 491-

496). 

Banner, A. H. (1976). Biology and geology of coral reefs. Academic Press, New 

York, 3, 177-213. 

Banner, A. H., Scheuer, P. J., Sasaki, S., Helfrich, P., & Alender, C. B. (2006). 

OBSERVATIONS ON CIGUATERA-TYPE TOXIN IN FISH*. Annals of the 

New York Academy of Sciences, 90(3), 770–787. https://doi.org/10.1111/j.1749-

6632.1960.tb26421.x 

Barceloux, D. G. (2008). Medical toxicology of natural substances: foods, fungi, 

medicinal herbs, plants, and venomous animals. John Wiley & Sons. 

Bargu, S., Powell, C., Coale, S., Busman, M., Doucette, G., & Silver, M. (2002). Krill: a 

potential vector for domoic acid in marine food webs. Marine Ecology Progress 

Series, 237, 209–216. https://doi.org/10.3354/meps237209 

Bates, S. S., & Trainer, V. L. (2006). The Ecology of Harmful Diatoms BT  - Ecology of 

Harmful Algae (E. Granéli & J. T. Turner (Eds.); pp. 81–93). Springer Berlin 

Heidelberg. https://doi.org/10.1007/978-3-540-32210-8_7 

Baut, C. M. L., Amzil, Z., Vemoux, J. P., Pouchus, Y. F., Bohec, M., & Simon, J. F. 

(1994). Studies on the detection of okadaic acid in mussels: Preliminary 

comparison of bioassays. Natural Toxins, 2(5), 312–317. 

https://doi.org/10.1002/nt.2620020510 

BC Ministry of Agriculture. (2013). British Columbia seafood industry 2013 year in 

review. In British Columbia Ministry of Agriculture 

Beach, D. G., Walsh, C. M., Cantrell, P., Rourke, W., O’Brien, S., Reeves, K., & 

McCarron, P. (2016). Laser ablation electrospray ionization high-resolution 

mass spectrometry for regulatory screening of domoic acid in shellfish. Rapid 

Communications in Mass Spectrometry, 30(22), 2379–2387. 

https://doi.org/10.1002/rcm.7725 

https://doi.org/10.1111/j.1749-6632.1960.tb26421.x
https://doi.org/10.1111/j.1749-6632.1960.tb26421.x
https://doi.org/10.3354/meps237209


 

65 

 

Bejarano, A. C., VanDola, F. M., Gulland, F. M., Rowles, T. K., & Schwacke, L. H. 

(2008). Production and Toxicity of the Marine Biotoxin Domoic Acid and Its 

Effects on Wildlife: A Review. Human and Ecological Risk Assessment: An 

International Journal, 14(3), 544–567. 

https://doi.org/10.1080/10807030802074220 

Blanco, J., Mariño, C., Martín, H., & Acosta, C. P. (2007). Anatomical distribution of 

diarrhetic shellfish poisoning (DSP) toxins in the mussel Mytilus 

galloprovincialis. Toxicon, 50(8), 1011–1018. 

https://doi.org/10.1016/j.toxicon.2007.09.002 

Blum, P. C., Henry, M. S., Pierce, R. H., Payne, S. R., & Lyons, J. (2000). INTRA‐

CELLULAR AND EXTRA‐CELLULAR TOXINS IN THE RED TIDE 

DINOFLAGELLATE, GYMNODINIUM BREVE. Journal of Phycology, 36(s3), 

7–7. https://doi.org/10.1046/j.1529-8817.1999.00001-19.x 

Borbor-Córdova, M. J., Pozo-Cajas, M., Cedeno-Montesdeoca, A., Mantilla Saltos, G., 

Kislik, C., Espinoza-Celi, M. E., Lira, R., Ruiz-Barzola, O., & Torres, G. 

(2018). Risk Perception of Coastal Communities and Authorities on Harmful 

Algal Blooms in Ecuador   . In Frontiers in Marine Science   (Vol. 5). 

https://www.frontiersin.org/articles/10.3389/fmars.2018.00365 

Borbor-Cordova, M. J., Torres, G., Mantilla-Saltos, G., Casierra-Tomala, A., Bermúdez, 

J. R., Renteria, W., & Bayot, B. (2019). Oceanography of Harmful Algal 

Blooms on the Ecuadorian Coast (1997–2017): Integrating Remote Sensing and 

Biological Data   . In Frontiers in Marine Science   (Vol. 6). 

https://www.frontiersin.org/articles/10.3389/fmars.2019.00013 

Borison, H. L., & McCarthy, l. E. (1977). Respiratory and circulatory effects of 

saxitoxin in the cerebrospinal fluid. British Journal of Pharmacology, 61(4), 

679–689. https://doi.org/https://doi.org/10.1111/j.1476-5381.1977.tb07561.x 

Bottein Dechraoui, M. Y., Wang, Z., & Ramsdell, J. S. (2007). Intrinsic potency of 

synthetically prepared brevetoxin cysteine metabolites BTX-B2 and 

desoxyBTX-B2. Toxicon, 50(6), 825–834. 

https://doi.org/10.1016/j.toxicon.2007.06.013 

Bouaïcha, N., Hennion, M. C., & Sandra, P. (1997). Determination of okadaic acid by 

micellar electrokinetic chromatography with ultraviolet detection. Toxicon, 

35(2), 273–281. https://doi.org/10.1016/s0041-0101(96)00069-4 

https://doi.org/10.1016/j.toxicon.2007.06.013


 

66 

 

Branaa, P., Naar, J., Chinain, M., & Pauillac, S. (1999). Preparation and 

Characterization of Domoic Acid−Protein Conjugates Using Small Amount of 

Toxin in a Reversed Micellar Medium:  Application in a Competitive Enzyme-

Linked Immunosorbent Assay. Bioconjugate Chemistry, 10(6), 1137–1142. 

https://doi.org/10.1021/bc990041o 

Brown, P., Zhou, Y., Tan, A.-C., El-Esawi, M. A., Liehr, T., Blanck, O., Gladue, D. P., 

Almeida, G. M. F., Cernava, T., Sorzano, C. O., Yeung, A. W. K., Engel, M. S., 

Chandrasekaran, A. R., Muth, T., Staege, M. S., Daulatabad, S. V, Widera, D., 

Zhang, J., Meule, A., … Consortium, R. (2019). Large expert-curated database 

for benchmarking document similarity detection in biomedical literature search. 

Database, 2019, 1–67. https://doi.org/10.1093/database/baz085 

Bürk, C., Usleber, E., Dietrich, R., & Märtlbauer, E. (1995). Production and 

characterization of antibodies against neosaxitoxin utilizing a novel immunogen 

Synthesis procedure. Food and Agricultural Immunology, 7(4), 315–322. 

https://doi.org/10.1080/09540109509354891 

Busch, J. A., Zielinski, O., & Cembella, A. D. (2013). 8 - Optical assessment of harmful 

algal blooms (HABs). In J. Watson & O. B. T.-S. O. and I. Zielinski (Eds.), 

Woodhead Publishing Series in Electronic and Optical Materials (pp. 171-

214e). Woodhead Publishing. 

https://doi.org/https://doi.org/10.1533/9780857093523.2.171 

Caillaud, A., De la Iglesia, P., Darius, H. T., Pauillac, S., Aligizaki, K., Fraga, S., 

Chinain, M., & Diogène, J. (2010). Update on Methodologies Available for 

Ciguatoxin Determination: Perspectives to Confront the Onset of Ciguatera Fish 

Poisoning in Europe. In Marine Drugs  (Vol. 8, Issue 6). 

https://doi.org/10.3390/md8061838 

Cameron, J., Flowers, A. E., & Capra, M. F. (1991). Electrophysiological studies on 

ciguatera poisoning in man (Part II). Journal of the Neurological Sciences, 

101(1), 93–97. https://doi.org/https://doi.org/10.1016/0022-510X(91)90022-Y 

Campora, C. E., Dierking, J., Tamaru, C. S., Hokama, Y., & Vincent, D. (2008). 

Detection of ciguatoxin in fish tissue using sandwich ELISA and neuroblastoma 

cell bioassay. Journal of Clinical Laboratory Analysis, 22(4), 246–253. 

https://doi.org/10.1002/jcla.20250 

https://doi.org/10.1080/09540109509354891


 

67 

 

Carey, C. C., Ewing, H. A., Cottingham, K. L., Weathers, K. C., Thomas, R. Q., & 

Haney, J. F. (2012). Occurrence and toxicity of the cyanobacterium Gloeotrichia 

echinulata in low-nutrient lakes in the northeastern United States. Aquatic 

Ecology, 46(4), 395–409. https://doi.org/10.1007/s10452-012-9409-9 

Carrillo-Ovalle, H. L. (2009). Fase I: Estudio de los florecimientos  algales  (mareas  

rojas),  en  el  Pacífico de Guatemala (Fodecyt No. 31-2007). Guatemala:  

Secretaria  Nacional  de  Ciencia  y  Tecnología 

Caruana, A. M., & Amzil, Z. (2018). Microalgae and toxins. In Microalgae in health 

and disease prevention (pp. 263-305). Academic Press. 

Cassis, D., Pearce, C., & Maldonado, M. (2011). Effects of the environment and culture 

depth on growth and mortality in juvenile Pacific oysters in the Strait of 

Georgia, British Columbia. Aquaculture Environment Interactions, 1(3), 259–

274. https://doi.org/10.3354/aei00025 

Cattet, M., & Geraci, J. R. (1993). Distribution and elimination of ingested brevetoxin 

(PbTx-3) in rats. Toxicon, 31(11), 1483–1486. 

https://doi.org/https://doi.org/10.1016/0041-0101(93)90214-4 

Centers for Disease Control and Prevention. (2022). Harmful Algal Bloom (HAB)-

Associated Illness. https://www.cdc.gov/habs/environment.html 

Cheng, J., Pi, S., Ye, S., Gao, H., Yao, L., Jiang, Z., Song, Y., & Xi, L. (2012). A new 

simple screening method for the detection of paralytic shellfish poisoning toxins. 

Chinese Journal of Oceanology and Limnology, 30(5), 786–790. 

https://doi.org/10.1007/s00343-012-1097-8 

Cheng, Y. S., Yue, Z., Irvin, C. M., Kirkpatrick, B., & Backer, L. C. (2007). 

Characterization of Aerosols Containing Microcystin. In Marine Drugs  (Vol. 5, 

Issue 4). https://doi.org/10.3390/md504136 

Chinain, M., Faust, M. A., & Pauillac, S. (1999). MORPHOLOGY AND 

MOLECULAR ANALYSES OF THREE TOXIC SPECIES OF 

GAMBIERDISCUS (DINOPHYCEAE): G. PACIFICUS, SP. NOV., G. 

AUSTRALES, SP. NOV., AND G. POLYNESIENSIS, SP. NOV. Journal of 

Phycology, 35(6), 1282–1296. https://doi.org/https://doi.org/10.1046/j.1529-

8817.1999.3561282.x 

Christian, B., & Luckas, B. (2007). Determination of marine biotoxins relevant for 

regulations: from the mouse bioassay to coupled LC-MS methods. Analytical 

https://doi.org/10.3354/aei00025


 

68 

 

and Bioanalytical Chemistry, 391(1), 117–134. https://doi.org/10.1007/s00216-

007-1778-x 

Chu, F. S., Huang, X., & Hall, S. (1992). Production and Characterization of Antibodies 

Against Neosaxitoxin. Journal of AOAC INTERNATIONAL, 75(2), 341–345. 

https://doi.org/10.1093/jaoac/75.2.341 

Corcoran, A. A., Richardson, B., & Flewelling, L. J. (2014, October). Effects of 

nutrient-limiting supply ratios on toxin content of Karenia brevis grown in 

continuous culture. Harmful Algae, 39, 334–341. 

https://doi.org/10.1016/j.hal.2014.08.009 

Coyle, J. T., & Puttfarcken, P. (1993). Oxidative Stress, Glutamate, and 

Neurodegenerative Disorders. Science, 262(5134), 689–695. 

https://doi.org/10.1126/science.7901908 

Craib, J. S. (1965). A Sampler for Taking Short Undisturbed Marine Cores. ICES 

Journal of Marine Science, 30(1), 34–39. 

https://doi.org/10.1093/icesjms/30.1.34 

Croci, L., Cozzi, L., Stacchini, A., De Medici, D., & Toti, L. (1997). A rapid tissue 

culture assay for the detection of okadaic acid and related compounds in 

mussels. Toxicon, 35(2), 223–230. https://doi.org/10.1016/s0041-

0101(96)00124-9 

Cucalon, E. (1989). “Oceanographic characteristics off the coast of Ecuador,” in A 

Sustainable Shrimp Mariculture Industry for Ecuador, eds S. Olsen and L. 

Arriaga (Narragansett, RI: Coastal Resources Center), 183–196. 

Cusick, K., & Sayler, G. (2013). An Overview on the Marine Neurotoxin, Saxitoxin: 

Genetics, Molecular Targets, Methods of Detection and Ecological Functions. 

Marine Drugs, 11(12), 991–1018. https://doi.org/10.3390/md11040991 

Cyanobacteria. 

(n.d.). https://www.chemeurope.com/en/encyclopedia/Cyanobacteria.html 

Daneshian, M., Botana, L., Dechraoui Bottein, M.-Y., Buckland, G., Campàs, M., 

Dennison, N., Dickey, R., Diogène, J., Fessard, V., Hartung, T., Humpage, A., 

Leist, M., Molgó, J., Quilliam, M., Rovida, C., Suarez-Isla, B. A., Tubaro, A., 

Wagner, K., Zoller, O., & Dietrich, D. (2013). A Roadmap for Hazard 

Monitoring and Risk Assessment of Marine Biotoxins on the Basis of Chemical 

https://doi.org/10.1093/icesjms/30.1.34


 

69 

 

and Biological Test Systems. ALTEX, 30, 487–545. 

https://doi.org/10.14573/altex.2013.4.487 

Davio, S. R., & Fontelo, P. A. (1984). A competitive displacement assay to detect 

saxitoxin and tetrodotoxin. Analytical Biochemistry, 141(1), 199–204. 

https://doi.org/10.1016/0003-2697(84)90446-9 

Davis, C. C. (1948). Gymnodinium Brevis Sp. Nov., A Cause of Discolored Water and 

Animal Mortality in the Gulf of Mexico. Botanical Gazette, 109(3), 358–360. 

https://doi.org/10.1086/335488 

Dechraoui, M.-Y. B., Tiedeken, J. A., Persad, R., Wang, Z., Granade, H. R., Dickey, R. 

W., & Ramsdell, J. S. (2005). Use of two detection methods to discriminate 

ciguatoxins from brevetoxins: Application to great barracuda from Florida Keys. 

Toxicon, 46(3), 261–270. 

https://doi.org/https://doi.org/10.1016/j.toxicon.2005.04.006 

Dechraoui, M.-Y., Naar, J., Pauillac, S., & Legrand, A.-M. (1999). Ciguatoxins and 

brevetoxins, neurotoxic polyether compounds active on sodium channels. 

Toxicon, 37(1), 125–143. https://doi.org/https://doi.org/10.1016/S0041-

0101(98)00169-X 

Dell’Aversano, C., Eaglesham, G. K., & Quilliam, M. A. (2004). Analysis of 

cyanobacterial toxins by hydrophilic interaction liquid chromatography–mass 

spectrometry. Journal of Chromatography A, 1028(1), 155–164. 

https://doi.org/10.1016/j.chroma.2003.11.083 

Diarrhetic shellfish poisoning (DSP). (1991). CDR (London, England: Weekly), 1(24), 

107. https://doh.wa.gov/community-and-environment/shellfish/recreational-

shellfish/illnesses/biotoxins/diarrhetic-shellfish-poisoning  

Doucette, G. J., Logan, M. M., Ramsdell, J. S., & Van Dolah, F. M. (1997). 

Development and preliminary validation of a microtiter plate-based receptor 

binding assay for paralytic shellfish poisoning toxins. Toxicon, 35(5), 625–636. 

https://doi.org/10.1016/s0041-0101(96)00189-4 

Dubois, M., Demoulin, L., Charlier, C., Singh, G., Godefroy, S., Campbell, K., Elliott, 

C., & Delahaut, P. (2010). Development of ELISAs for detecting domoic acid, 

okadaic acid, and saxitoxin and their applicability for the detection of marine 

toxins in samples collected in Belgium. Food Additives &Amp; Contaminants: 

Part A, 27(6), 859–868. https://doi.org/10.1080/19440041003662881 

https://doi.org/10.1016/0003-2697(84)90446-9
https://doi.org/10.1016/j.chroma.2003.11.083
https://doh.wa.gov/community-and-environment/shellfish/recreational-shellfish/illnesses/biotoxins/diarrhetic-shellfish-poisoning
https://doh.wa.gov/community-and-environment/shellfish/recreational-shellfish/illnesses/biotoxins/diarrhetic-shellfish-poisoning


 

70 

 

Duinker, A., Bergslien, M., Strand, Olseng, C., & Svardal, A. (2007). The effect of size 

and age on depuration rates of diarrhetic shellfish toxins (DST) in mussels 

(Mytilus edulis L.). Harmful Algae, 6(2), 288–300. 

https://doi.org/10.1016/j.hal.2006.10.003 

EFSA. (2009). Scientific opinion of the panel on contaminants in the food chain on a 

request from the European Commission on marine biotoxins in shellfish—

Saxitoxin group. EFSA J., 1019, 1-76. 

Egmond, H. P., & Van Apeldoorn, M. E. (2004). Marine biotoxins (No. 80). Food & 

Agriculture Org. 

Emery, H., Traves, W., Rowley, A. F., & Coates, C. J. (2021). The diarrhetic shellfish-

poisoning toxin, okadaic acid, provokes gastropathy, dysbiosis and susceptibility 

to bacterial infection in a non-rodent bioassay, Galleria mellonella. Archives of 

Toxicology, 95(10), 3361–3376. https://doi.org/10.1007/s00204-021-03132-x 

Enosawa, M., Kageyama, S., Sawai, K., Watanabe, K., Notomi, T., Onoe, S., Mori, Y., 

& Yokomizo, Y. (2003, September). Use of Loop-Mediated Isothermal 

Amplification of the IS            900            Sequence for Rapid Detection of 

Cultured            Mycobacterium avium            subsp.            paratuberculosis. 

Journal of Clinical Microbiology, 41(9), 4359–4365. 

https://doi.org/10.1128/jcm.41.9.4359-4365.2003 

Falconer, I. R. (1993). Algal Toxins in Seafood and Drinking Water (1st ed.). Academic 

Press. 

Faust, M. A. (1995). OBSERVATION OF SAND-DWELLING TOXIC 

DINOFLAGELLATES (DINOPHYCEAE) FROM WIDELY DIFFERING 

SITES, INCLUDING TWO NEW SPECIES. Journal of Phycology, 31(6), 996–

1003. https://doi.org/https://doi.org/10.1111/j.0022-3646.1995.00996.x 

Fleming, L. E., McDonough, N., Austen, M., Mee, L., Moore, M., Hess, P., Depledge, 

M. H., White, M., Philippart, K., Bradbrook, P., & Smalley, A. (2014). Oceans 

and Human Health: A rising tide of challenges and opportunities for Europe. 

Marine Environmental Research, 99, 16–19. 

https://doi.org/https://doi.org/10.1016/j.marenvres.2014.05.010 

Food and Agricultural Organization. Marine Biotoxins FAO Food and Nutrition Paper 

80; Food and Agricultural Organization of the United Nations: Rome, Italy, 

2004. 



 

71 

 

Francis, T. B., Wolkovich, E. M., Scheuerell, M. D., Katz, S. L., Holmes, E. E., & 

Hampton, S. E. (2014). Shifting Regimes and Changing Interactions in the Lake 

Washington, U.S.A., Plankton Community from 1962–1994. PLOS ONE, 9(10), 

e110363. https://doi.org/10.1371/journal.pone.0110363 

Friedman, M. A., Fleming, L. E., Fernandez, M., Bienfang, P., Schrank, K., Dickey, R., 

Bottein, M.-Y., Backer, L., Ayyar, R., Weisman, R., Watkins, S., Granade, R., & 

Reich, A. (2008). Ciguatera Fish Poisoning: Treatment, Prevention and 

Management. In Marine Drugs  (Vol. 6, Issue 3). 

https://doi.org/10.3390/md6030456 

Gallacher, S., & Birkbeck, T. (1992). A tissue culture assay for direct detection of 

sodium channel blocking toxins in bacterial culture supernates. FEMS 

Microbiology Letters, 92(1), 107–107. https://doi.org/10.1111/j.1574-

6968.1992.tb05242.x 

Gárate-Lizárraga, I., Band-Schmidt, C. J., Verdugo-Díaz, G., Muñetón-Gómez, M. D. 

S., & Félix-Pico, E. F. (2007). Dinoflagelados (Dinophyceae) del sistema 

lagunar Magdalena-Almejas. Estudios ecológicos en bahía Magdalena, 145-

174. 

Garcı́a, C., del Carmen Bravo, M., Lagos, M., & Lagos, N. (2004). Paralytic shellfish 

poisoning: post-mortem analysis of tissue and body fluid samples from human 

victims in the Patagonia fjords. Toxicon, 43(2), 149–158. 

https://doi.org/https://doi.org/10.1016/j.toxicon.2003.11.018 

Garcon, M. (1979). Ecological survey of a dinoflagellate possibly responsible for the 

induction of ciguatera. Bull Jap Soc Sci Fish, 45, 3-9. 

Garneau, M. V., Schnetzer, A., Countway, P. D., Jones, A. C., Seubert, E. L., & Caron, 

D. A. (2011). Examination of the Seasonal Dynamics of the Toxic 

Dinoflagellate Alexandrium catenella at Redondo Beach, California, by 

Quantitative PCR. Applied and Environmental Microbiology, 77(21), 7669–

7680. https://doi.org/10.1128/aem.06174-11 

Garthwaite, I. (2000). Keeping shellfish safe to eat: a brief review of shellfish toxins, 

and methods for their detection. Trends in Food Science &Amp; Technology, 

11(7), 235–244. https://doi.org/10.1016/s0924-2244(01)00006-1 

Garthwaite, I., Ross, K. M., Miles, C. O., Hansen, R. P., Foster, D., Wilkins, A. L., & 

Towers, N. R. (1998). Polyclonal antibodies to domoic acid, and their use in 

https://doi.org/10.1111/j.1574-6968.1992.tb05242.x
https://doi.org/10.1111/j.1574-6968.1992.tb05242.x


 

72 

 

immunoassays for domoic acid in sea water and shellfish. Natural Toxins, 6(3‐

4), 93-104. 

Gerssen, A., Mulder, P. P., & de Boer, J. (2011). Screening of lipophilic marine toxins 

in shellfish and algae: Development of a library using liquid chromatography 

coupled to orbitrap mass spectrometry. Analytica Chimica Acta, 685(2), 176–

185. https://doi.org/10.1016/j.aca.2010.11.036 

Gerssen, A., Pol-Hofstad, I. E., Poelman, M., Mulder, P. P., Van den Top, H. J., & De 

Boer, J. (2010). Marine Toxins: Chemistry, Toxicity, Occurrence and Detection, 

with Special Reference to the Dutch Situation. Toxins, 2(4), 878–904. 

https://doi.org/10.3390/toxins2040878 

Glibert, P. M., Icarus Allen, J., Artioli, Y., Beusen, A., Bouwman, L., Harle, J., Holmes, 

R., & Holt, J. (2014). Vulnerability of coastal ecosystems to changes in harmful 

algal bloom distribution in response to climate change: projections based on 

model analysis. Global Change Biology, 20(12), 3845–3858. 

https://doi.org/https://doi.org/10.1111/gcb.12662 

Gobler, C. J., Doherty, O. M., Hattenrath-Lehmann, T. K., Griffith, A. W., Kang, Y., & 

Litaker, R. W. (2017). Ocean warming since 1982 has expanded the niche of 

toxic algal blooms in the North Atlantic and North Pacific oceans. Proceedings 

of the National Academy of Sciences, 114(19), 4975–4980. 

https://doi.org/10.1073/pnas.1619575114 

Goldberg, J. D. (2003). Domoic acid in the benthic food web of Monterey Bay, 

California. 

Gómez-Tagle, A. (2007). Informe de evaluación correspondiente al mes de agosto del 

2007. Componentes Inocuidad y Sanidad Acuícola. Comité de Sanidad Acuícola 

de BCS, Baja California Sur, 7. 

González, J., Leira, F., Fontal, O., Vieytes, M., Arévalo, F., Vieites, J., Bermúdez-

Puente, M., Muñiz, S., Salgado, C., Yasumoto, T., & Botana, L. (2002). Inter-

laboratory validation of the fluorescent protein phosphatase inhibition assay to 

determine diarrhetic shellfish toxins: intercomparison with liquid 

chromatography and mouse bioassay. Analytica Chimica Acta, 466(2), 233–246. 

https://doi.org/10.1016/s0003-2670(02)00597-4 



 

73 

 

Griffith, A. W., & Gobler, C. J. (2020). Harmful algal blooms: A climate change co-

stressor in marine and freshwater ecosystems. Harmful Algae, 91, 101590. 

https://doi.org/https://doi.org/10.1016/j.hal.2019.03.008 

Guluarte-Castro, A. L., & Bañuelos, M. A. (2007). Florecimiento de Algas Nocivas 

(Marea roja) en la Bahía de La Paz, Baja California Sur. Red Sanitaria, 3, 1-4. 

Gunter, G., Smith, F. G. W., & Williams, R. H. (1947). Mass Mortality of Marine 

Animals on the Lower West Coast of Florida, November 1946-January 1947. 

Science (New York, N.Y.), 105(2723), 256–257. 

https://doi.org/10.1126/SCIENCE.105.2723.256-A 

Hales, S., Weinstein, P., & Woodward, A. (1999). Ciguatera (Fish Poisoning), El Niño, 

and Pacific Sea Surface Temperatures. Ecosystem Health, 5(1), 20–25. 

https://doi.org/https://doi.org/10.1046/j.1526-0992.1999.09903.x 

Hall, S., & Strichartz, G. (1990). Marine toxins: Origin, structure, and molecular 

pharmacology: Origin, structure, and molecular pharmacology (S. Hall & G. 

Strichartz, Eds.). American Chemical Society. 

Hallegraeff, G. M. (1993). A review of harmful algal blooms and their apparent global 

increase. Phycologia, 32(2), 79–99. https://doi.org/10.2216/i0031-8884-32-2-

79.1 

Hallegraeff, G. M. (2010). OCEAN CLIMATE CHANGE, PHYTOPLANKTON 

COMMUNITY RESPONSES, AND HARMFUL ALGAL BLOOMS: A 

FORMIDABLE PREDICTIVE CHALLENGE1. Journal of Phycology, 46(2), 

220–235. https://doi.org/https://doi.org/10.1111/j.1529-8817.2010.00815.x 

Halme, M., Rapinoja, M. L., Karjalainen, M., & Vanninen, P. (2012). Verification and 

quantification of saxitoxin from algal samples using fast and validated 

hydrophilic interaction liquid chromatography–tandem mass spectrometry 

method. Journal of Chromatography B, 880, 50–57. 

https://doi.org/10.1016/j.jchromb.2011.11.015 

Hégaret, H., Wikfors, G. H., & Shumway, S. E. (2009). 2 - Biotoxin contamination and 

shellfish safety. In S. E. Shumway & G. E. B. T.-S. S. and Q. Rodrick (Eds.), 

Woodhead Publishing Series in Food Science, Technology and Nutrition (pp. 

43–80). Woodhead Publishing. 

https://doi.org/https://doi.org/10.1533/9781845695576.1.43 

https://doi.org/10.1016/j.jchromb.2011.11.015


 

74 

 

Hense, I., & Beckmann, A. (2006). Towards a model of cyanobacteria life cycle—

effects of growing and resting stages on bloom formation of N2-fixing species. 

Ecological Modelling, 195(3–4), 205–218. 

https://doi.org/10.1016/j.ecolmodel.2005.11.018 

Holmes, M. J. (1998). GAMBIERDISCUS YASUMOTOI SP. NOV. 

(DINOPHYCEAE), A TOXIC BENTHIC DINOFLAGELLATE FROM 

SOUTHEASTERN ASIA. Journal of Phycology, 34(4), 661–668. 

https://doi.org/https://doi.org/10.1046/j.1529-8817.1998.340661.x 

Huang, J. M., Wu, C. H., & Baden, D. G. (1984). Depolarizing action of a red-tide 

dinoflagellate brevetoxin on axonal membranes. Journal of Pharmacology and 

Experimental Therapeutics, 229(2), 615 LP – 621. 

http://jpet.aspetjournals.org/content/229/2/615.abstract 

Huang, X., Hsu, K. H., & Chu, F. S. (1996). Direct Competitive Enzyme-Linked 

Immunosorbent Assay for Saxitoxin and Neosaxitoxin. Journal of Agricultural 

and Food Chemistry, 44(4), 1029–1035. https://doi.org/10.1021/jf950717j 

Hughes, J. M., & Merson, M. H. (1976). Fish and Shellfish Poisoning. New England 

Journal of Medicine, 295(20), 1117–1120. 

https://doi.org/10.1056/NEJM197611112952006 

Humpage, A. R., Magalhaes, V. F., & Froscio, S. M. (2010). Comparison of analytical 

tools and biological assays for detection of paralytic shellfish poisoning toxins. 

Analytical and Bioanalytical Chemistry, 397(5), 1655–1671. 

https://doi.org/10.1007/s00216-010-3459-4 

Humpage, A. R., Magalhaes, V. F., & Froscio, S. M. (2010c, January 26). Comparison 

of analytical tools and biological assays for detection of paralytic shellfish 

poisoning toxins. Analytical and Bioanalytical Chemistry, 397(5), 1655–1671. 

https://doi.org/10.1007/s00216-010-3459-4 

Hungerford, J. M., & Wekell, M. M. (2019). Analytical methods for marine toxins. 

In Food Poisoning (pp. 415-473). Routledge. 

Huot, R. I., Armstrong, D. L., & Chanh, T. C. (1989). In vitro and in situ inhibition of 

the sodium channel blocker saxitoxin by monoclonal antibodies. Journal of 

Toxicology and Environmental Health, 27(3), 381–393. 

https://doi.org/10.1080/15287398909531308 

https://doi.org/10.1016/j.ecolmodel.2005.11.018


 

75 

 

James, K. J., Carey, B., O’Halloran, J., van Pelt, F. N. A. M., & Skrabáková, Z. (2010). 

Shellfish toxicity: human health implications of marine algal 

toxins. Epidemiology and Infection, 138(7), 927–940. 

https://doi.org/10.1017/S0950268810000853 

Jeffery, B., Barlow, T., Moizer, K., Paul, S., & Boyle, C. (2004). Amnesic shellfish 

poison. Food and Chemical Toxicology, 42(4), 545–557. 

https://doi.org/10.1016/j.fct.2003.11.010 

Jellett, J. F., Doucette, L. I., & Belland, E. R. (1998). The MIST (TM) shipable cell 

bioassay kits for PSP: An alternative to the mouse bioassay. Journal of Shellfish 

Research, 17, 1653-1655. 

Jellett, J. F., Marks, L. J., Stewart, J. E., Dorey, M. L., Watson-Wright, W., & 

Lawrence, J. F. (1992). Paralytic shellfish poison (saxitoxin family) bioassays: 

Automated endpoint determination and standardization of the in vitro tissue 

culture bioassay, and comparison with the standard mouse bioassay. Toxicon, 

30(10), 1143–1156. https://doi.org/10.1016/0041-0101(92)90430-d 

Jellett, J.F.; Doucette, L.I.; Belland, E.R. The MIST (TM) shipable cell bioassay kits for 

PSP: An alternative to the mouse bioassay. J. Shellfish Res. 1998, 17, 1653–

1655.  

Johnson, S., Harrison, K., & Turner, A. D. (2016). Application of rapid test kits for the 

determination of Amnesic Shellfish Poisoning in bivalve molluscs from Great 

Britain. Toxicon, 117, 76–83. https://doi.org/10.1016/j.toxicon.2016.03.017 

Kaplan-Levy, R. N., Hadas, O., Summers, M. L., Rücker, J., & Sukenik, A. (2010). 

Akinetes: Dormant Cells of Cyanobacteria. Dormancy and Resistance in Harsh 

Environments, 5–27. https://doi.org/10.1007/978-3-642-12422-8_2 

Kawatsu, K., Hamano, Y., & Noguchi, T. (1999). Production and characterization of a 

monoclonal antibody against domoic acid and its application to enzyme 

immunoassay. Toxicon, 37(11), 1579–1589. https://doi.org/10.1016/s0041-

0101(99)00106-3 

Kawatsu, K., Hamano, Y., Sugiyama, A., Hashizume, K., & Noguchi, T. (2002). 

Development and Application of an Enzyme Immunoassay Based on a 

Monoclonal Antibody against Gonyautoxin Components of Paralytic Shellfish 

Poisoning Toxins. Journal of Food Protection, 65(8), 1304–1308. 

https://doi.org/10.4315/0362-028x-65.8.1304 



 

76 

 

Kellmann, R., & Neilan, B. A. (2007). BIOCHEMICAL CHARACTERIZATION OF 

PARALYTIC SHELLFISH TOXIN BIOSYNTHESIS IN VITRO1. Journal of 

Phycology, 43(3), 497–508. https://doi.org/https://doi.org/10.1111/j.1529-

8817.2007.00351.x 

Keppler, C. J., Hoguet, J., Smith, K., Ringwood, A. H., & Lewitus, A. J. (2005). 

Sublethal effects of the toxic alga Heterosigma akashiwo on the southeastern 

oyster (Crassostrea virginica). Harmful Algae, 4(2), 275–285. 

https://doi.org/10.1016/j.hal.2004.05.002 

Khaira, G., & Galanis, E. (2007). Descriptive epidemiology of Vibrio parahaemolyticus 

and other Vibrio species infections in British Columbia: 2001-2006. Canada 

communicable disease report = Releve des maladies transmissibles au 

Canada, 33(11), 12–22. 

Kim, J. H., Tillmann, U., Adams, N. G., Krock, B., Stutts, W. L., Deeds, J. R., Han, M. 

S., & Trainer, V. L. (2017). Identification of Azadinium species and a new 

azaspiracid from Azadinium poporum in Puget Sound, Washington State, USA. 

Harmful Algae, 68, 152–167. https://doi.org/10.1016/j.hal.2017.08.004 

Kimura, L., Hokama, Y., Abad, M., Oyama, M., & Miyahara, J. (1982). Comparison of 

three different assays for the assessment of ciguatoxin in fish tissues: 

Radioimmunoassay, mouse bioassay and In vitro guinea pig atrium assay. 

Toxicon, 20(5), 907–912. https://doi.org/10.1016/0041-0101(82)90078-2 

Kleivdal, H., Kristiansen, S. I., Nilsen, M. V., & Briggs, L. (2007). Single-Laboratory 

Validation of the Biosense Direct Competitive Enzyme-Linked Immunosorbent 

Assay (ELISA) for Determination of Domoic Acid Toxins in Shellfish. Journal 

of AOAC INTERNATIONAL, 90(4), 1000–1010. 

https://doi.org/10.1093/jaoac/90.4.1000 

Kleivdal, H., Kristiansen, S. I., Nilsen, M. V., Goksyr, A., Briggs, L., Holland, P., 

McNabb, P., Aasheim, A., Aune, T., Bates, S., Bavington, C., Caron, D., 

Doucette, G., Gago-Martinez, A., Gallacer, S., Grieve, M., Haley, S., Hess, P., 

Hughes, P., . . . White, P. (2007). Determination of Domoic Acid Toxins in 

Shellfish by Biosense ASP ELISAA Direct Competitive Enzyme-Linked 

Immunosorbent Assay: Collaborative Study. Journal of AOAC 

INTERNATIONAL, 90(4), 1011–1027. https://doi.org/10.1093/jaoac/90.4.1011 



 

77 

 

Kogure, K., Tamplin, M. L., Simidu, U., & Colwell, R. R. (1988). A tissue culture assay 

for tetrodotoxin, saxitoxin and related toxins. Toxicon, 26(2), 191–197. 

https://doi.org/10.1016/0041-0101(88)90171-7 

Kotaki, Y., Koike, K., Yoshida, M., Van Thuoc, C., Huyen, N. T. M., Hoi, N. C., 

Fukuyo, Y., & Kodama, M. (2000). DOMOIC ACID PRODUCTION IN 

NITZSCHIA SP. (BACILLARIOPHYCEAE) ISOLATED FROM A SHRIMP-

CULTURE POND IN DO SON, VIETNAM. Journal of Phycology, 36(6), 

1057–1060. https://doi.org/https://doi.org/10.1046/j.1529-8817.2000.99209.x 

Kvitek, R., Goldberg, J., Smith, G., Doucette, G., & Silver, M. (2008). Domoic acid 

contamination within eight representative species from the benthic food web of 

Monterey Bay, California, USA. Marine Ecology Progress Series, 367, 35–47. 

https://doi.org/10.3354/meps07569 

Landsberg, J. H. (2002, April). The Effects of Harmful Algal Blooms on Aquatic 

Organisms. Reviews in Fisheries Science, 10(2), 113–390. 

https://doi.org/10.1080/20026491051695 

Landsberg, J., Flewelling, L., & Naar, J. (2009). Karenia brevis red tides, brevetoxins in 

the food web, and impacts on natural resources: Decadal advancements. 

Harmful Algae, 8(4), 598–607. https://doi.org/10.1016/j.hal.2008.11.010 

Lawrence, J. F., Niedzwiadek, B., Menard, C., Rojas de Astudillo, L., Biré, R., 

Burdaspal, P. A., Ceredi, A., Davis, B., Dias, E., Eaglesham, G., Franca, S., 

Gallacher, S., Graham, D., Hald, B., Heinze, L., Hellwig, E., Jonker, K. M., 

Kapp, K., Krys, S., . . . Yen, I. C. (2005). Quantitative Determination of 

Paralytic Shellfish Poisoning Toxins in Shellfish Using Prechromatographic 

Oxidation and Liquid Chromatography with Fluorescence Detection: 

Collaborative Study. Journal of AOAC INTERNATIONAL, 88(6), 1714–1732. 

https://doi.org/10.1093/jaoac/88.6.1714 

Lee, J. S., Yanagi, T., Kenma, R., & Yasumoto, T. (1987). Fluorometric determination 

of diarrhetic shellfish toxins by high-performance liquid chromatography. 

Agricultural and Biological Chemistry, 51(3), 877–881. 

https://doi.org/10.1271/bbb1961.51.877 

Lefebvre, K. A., & Robertson, A. (2010). Domoic acid and human exposure risks: A 

review. Toxicon, 56(2), 218–230. https://doi.org/10.1016/j.toxicon.2009.05.034 

https://doi.org/10.1016/0041-0101(88)90171-7
https://doi.org/10.1093/jaoac/88.6.1714


 

78 

 

Lehane, L., & Lewis, R. J. (2000). Ciguatera: recent advances but the risk remains. 

International Journal of Food Microbiology, 61(2), 91–125. 

https://doi.org/https://doi.org/10.1016/S0168-1605(00)00382-2 

Leiva, A. (2008). Eventos de Marea Roja ocurrido en el Océano Pacífico de 

Guatemala. Tesis de Licenciatura. Universidad San Carlos de Guatemala. 

Guatemala. 

Lewitus, A. J., Horner, R. A., Caron, D. A., Garcia-Mendoza, E., Hickey, B. M., 

Hunter, M., Huppert, D. D., Kudela, R. M., Langlois, G. W., Largier, J. L., 

Lessard, E. J., RaLonde, R., Jack Rensel, J. E., Strutton, P. G., Trainer, V. L., & 

Tweddle, J. F. (2012). Harmful algal blooms along the North American west 

coast region: history, trends, causes, and impacts. Harmful Algae, 19, 133–159. 

https://doi.org/10.1016/J.HAL.2012.06.009 

Lira, R. (2019, 28-30 November). Análisis Exploratorio de Toxinas Presentes En 

Mariscos Durante Eventos de Marea Roja “Bloom De Algas Nocivas” HABs) y 

su Impacto en Salud Humana en la Costa de Guayaquil, Ecuador. XLIII 

Jornadas Nacionales de Biología 2019, Urcuqui, Ecuador. 

Lloyd, J. K., Duchin, J. S., Borchert, J., Quintana, H. F., & Robertson, A. (2013). 

Diarrhetic Shellfish Poisoning, Washington, USA, 2011. Emerging Infectious 

Diseases, 19(8), 1314–1316. https://doi.org/10.3201/eid1908.121824 

Longhurst, A. R. (2006). Ecological Geography of the Sea (2nd ed.). Academic Press. 

Louppis, A. P., Badeka, A. V., Katikou, P., Paleologos, E. K., & Kontominas, M. G. 

(2010). Determination of okadaic acid, dinophysistoxin-1 and related esters in 

Greek mussels using HPLC with fluorometric detection, LC-MS/MS and mouse 

bioassay. Toxicon, 55(4), 724–733. 

https://doi.org/10.1016/j.toxicon.2009.10.026 

Louzao, M. C., Vieytes, M. R., Cabado, A. G., Vieites Baptista de Sousa, J. M., & 

Botana, L. M. (2003). A Fluorimetric Microplate Assay for Detection and 

Quantitation of Toxins Causing Paralytic Shellfish Poisoning. Chemical 

Research in Toxicology, 16(4), 433–438. https://doi.org/10.1021/tx025574r 

Louzao, M., Vieytes, M., Baptista de Sousa, J., Leira, F., & Botana, L. (2001). A 

Fluorimetric Method Based on Changes in Membrane Potential for Screening 

Paralytic Shellfish Toxins in Mussels. Analytical Biochemistry, 289(2), 246–

250. https://doi.org/10.1006/abio.2000.4942 



 

79 

 

MacKenzie, L., Holland, P., McNabb, P., Beuzenberg, V., Selwood, A., & Suzuki, T. 

(2002). Complex toxin profiles in phytoplankton and Greenshell mussels (Perna 

canaliculus), revealed by LC–MS/MS analysis. Toxicon, 40(9), 1321–1330. 

https://doi.org/10.1016/s0041-0101(02)00143-5 

Malik, J. K., Bharti, V. K., Rahal, A., Kumar, D., & Gupta, R. C. (2020). Chapter 31 - 

Cyanobacterial (blue-green algae) toxins (R. C. B. T.-H. of T. of C. W. A. 

(Third E. Gupta (Ed.); pp. 467–478). Academic Press. 

https://doi.org/https://doi.org/10.1016/B978-0-12-819090-6.00031-3 

Maneiro, I., Iglesias, P., Guisande, C., Riveiro, I., Barreiro, A., Zervoudaki, S., & 

Granéli, E. (2005). Fate of domoic acid ingested by the copepod Acartia clausi. 

Marine Biology, 148(1), 123–130. https://doi.org/10.1007/s00227-005-0054-x 

Manivasagan, P., & Kim, S.-K. (2015). Chapter 34 - An Overview of Harmful Algal 

Blooms on Marine Organisms (S.-K. B. T.-H. of M. M. Kim (Ed.); pp. 517–

526). Academic Press. https://doi.org/https://doi.org/10.1016/B978-0-12-

800776-1.00034-0 

Manger, R., Leja, L., Lee, S., Hungerford, J., & Wekell, M. (1993). Tetrazolium-Based 

Cell Bioassay for Neurotoxins Active on Voltage-Sensitive Sodium Channels: 

Semiautomated Assay for Saxitoxins, Brevetoxins, and Ciguatoxins. Analytical 

Biochemistry, 214(1), 190–194. https://doi.org/10.1006/abio.1993.1476 

Manger, R., Woodle, D., Berger, A., & Hungerford, J. (2007). Flow cytometric 

detection of saxitoxins using fluorescent voltage-sensitive dyes. Analytical 

Biochemistry, 366(2), 149–155. https://doi.org/10.1016/j.ab.2007.04.010  

Mark, P., Charles, T., Judith, P., & Harry, H. (1990).  ACS Symposium Series. In S. 

Hall & G. Strichartz (Eds.), Detection, Metabolism, and Pathophysiology of 

Brevetoxins (Vol. 418, pp. 176–191). 

https://apps.dtic.mil/sti/pdfs/ADA218293.pdf 

McCabe, R. M., Hickey, B. M., Kudela, R. M., Lefebvre, K. A., Adams, N. G., Bill, B. 

D., Gulland, F. M. D., Thomson, R. E., Cochlan, W. P., & Trainer, V. L. (2016). 

An unprecedented coastwide toxic algal bloom linked to anomalous ocean 

conditions. Geophysical Research Letters, 43(19), 10,366-10,376. 

https://doi.org/10.1002/2016GL070023 

McFarren, E. F., Tanabe, H., Silva, F. J., Wilson, W. B., Campbell, J. E., & Lewis, K. 

H. (1965). The occurrence of a ciguatera-like poison in oysters, clams, and 

https://doi.org/10.1016/j.ab.2007.04.010


 

80 

 

Gymnodinium breve cultures. Toxicon, 3(2), 111–123. 

https://doi.org/https://doi.org/10.1016/0041-0101(65)90005-X 

McIntyre, L., Cassis, D., & Haigh, N. (2013). Formation of a Volunteer Harmful Algal 

Bloom Network in British Columbia, Canada, Following an Outbreak of 

Diarrhetic Shellfish Poisoning. Marine Drugs, 11(11), 4144–4157. 

https://doi.org/10.3390/md11114144 

McKenzie, C. H., Bates, S. S., Martin, J. L., Haigh, N., Howland, K. L., Lewis, N. I., 

Locke, A., Peña, A., Poulin, M., Rochon, A., Rourke, W. A., Scarratt, M. G., 

Starr, M., & Wells, T. (2021). Three decades of Canadian marine harmful algal 

events: Phytoplankton and phycotoxins of concern to human and ecosystem 

health. Harmful Algae, 102, 101852. https://doi.org/10.1016/j.hal.2020.101852 

Mendoza Avilés, H. E. (2016). Percepción del riesgo climático de mareas rojas en las 

comunidades costeras de: Puerto Hondo, Posorja y Santa Elena. Escuela 

Superior Politécnica del Litorial , 1-81. Obtenido de 

https://www.dspace.espol.edu.ec/retrieve/3b8f679a-2918-4d65-bc52-

1b4af6b482bb/D-76529.pdf 

Micheli, L., Di Stefano, S., Moscone, D., Palleschi, G., Marini, S., Coletta, M., Draisci, 

R., & delli Quadri, F. (2002). Production of antibodies and development of 

highly sensitive formats of enzyme immunoassay for saxitoxin 

analysis. Analytical and Bioanalytical Chemistry, 373(8), 678–684. 

https://doi.org/10.1007/s00216-002-1399-3 

Miller, T. R., Beversdorf, L. J., Weirich, C. A., & Bartlett, S. L. (2017). Cyanobacterial 

Toxins of the Laurentian Great Lakes, Their Toxicological Effects, and 

Numerical Limits in Drinking Water. In Marine Drugs  (Vol. 15, Issue 6). 

https://doi.org/10.3390/md15060160 

Mills, A. R. (1956). Poisonous fish in the South Pacific. Journal of Tropical Medicine 

and Hygiene, 59(5), 99-103. 

Miyahara, J. T., Akau, C. K., & Yasumoto, T. (1979). Effects of ciguatoxin and 

maitotoxin on the isolated guinea pig atria. Research communications in 

chemical pathology and pharmacology, 25(1), 177–180. 

Montebruno, D. (1993). Poisoning by the consumption of shellfish contaminated with 

paralytic venom in the XII Region, Chile. Anatomopathological study. Revista 

https://doi.org/10.3390/md11114144


 

81 

 

Médica de Chile, 121(1), 94–97. 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-

0343301142&partnerID=40&md5=495b8aae20c23832caa3b8f6b9ef4f7e 

Moore, S. K., Trainer, V. L., Mantua, N. J., Parker, M. S., Laws, E. A., Backer, L. C., & 

Fleming, L. E. (2008). Impacts of climate variability and future climate change 

on harmful algal blooms and human health. Environmental Health, 7(2), S4. 

https://doi.org/10.1186/1476-069X-7-S2-S4 

Morey, J. S., Monroe, E. A., Kinney, A. L., Beal, M., Johnson, J. G., Hitchcock, G. L., 

& Van Dolah, F. M. (2011). Transcriptomic response of the red tide 

dinoflagellate, Karenia brevis, to nitrogen and phosphorus depletion and 

addition. BMC Genomics, 12(1), 346. https://doi.org/10.1186/1471-2164-12-346 

Mori, Y., Nagamine, K., Tomita, N., & Notomi, T. (2001). Detection of Loop-Mediated 

Isothermal Amplification Reaction by Turbidity Derived from Magnesium 

Pyrophosphate Formation. Biochemical and Biophysical Research 

Communications, 289(1), 150–154. https://doi.org/10.1006/bbrc.2001.5921 

Morton, S. L., & Donald, R. (1996). Determination of okadaic acid content of 

dinoflagellate cells: A comparison of the HPLC-fluorescent method and two 

monoclonal antibody ELISA test kits. Toxicon, 34(8), 947–954. 

https://doi.org/10.1016/0041-0101(96)00026-8 

Mouratidou, T., Kaniou-Grigoriadou, I., Samara, C., & Kouimtzis, T. (2006). Detection 

of the marine toxin okadaic acid in mussels during a diarrhetic shellfish 

poisoning (DSP) episode in Thermaikos Gulf, Greece, using biological, 

chemical and immunological methods. Science of the Total Environment, 366(2–

3), 894–904. https://doi.org/10.1016/j.scitotenv.2005.03.002 

Murray, S. A., Wiese, M., Stüken, A., Brett, S., Kellmann, R., Hallegraeff, G., & 

Neilan, B. A. (2011). sxtA            -Based Quantitative Molecular Assay To 

Identify Saxitoxin-Producing Harmful Algal Blooms in Marine Waters. Applied 

and Environmental Microbiology, 77(19), 7050–7057. 

https://doi.org/10.1128/aem.05308-11 

Nagai, S., & Itakura, S. (2012). Specific detection of the toxic dinoflagellates 

Alexandrium tamarense and Alexandrium catenella from single vegetative cells 

by a loop-mediated isothermal amplification method. Marine Genomics, 7, 43–

49. https://doi.org/10.1016/j.margen.2012.03.001 



 

82 

 

Nicholls, K. H., Beaver, J. L., & Estabrook, R. H. (1982). Lakewide odours in Ontario 

and New Hampshire caused by Chrysochromulina breviturrita Nich. 

(Prymnesiophyceae). Hydrobiologia, 96(1), 91–95. 

https://doi.org/10.1007/BF00006281 

Nicholson, G. M., & Lewis, R. J. (2006). Ciguatoxins: Cyclic Polyether Modulators of 

Voltage-gated Iion Channel Function. In Marine Drugs  (Vol. 4, Issue 3). 

https://doi.org/10.3390/md403082 

Nicholson, R. A., Li, G. H., Buenaventura, E., & Graham, D. (2002). A rapid and 

sensitive assay for paralytic shellfish poison (PSP) toxins using mouse brain 

synaptoneurosomes. Toxicon, 40(6), 831–838. https://doi.org/10.1016/s0041-

0101(02)00083-1  

Nincevic Gladan, Z., Ujevic, I., Milandri, A., Marasovic, I., Ceredi, A., Pigozzi, S., 

Arapov, J., & Skejic, S. (2011). Lipophilic Toxin Profile in Mytilus 

galloprovincialis during Episodes of Diarrhetic Shellfish Poisoning (DSP) in the 

N.E. Adriatic Sea in 2006. Molecules, 16(1), 888–899. 

https://doi.org/10.3390/molecules16010888 

NJ Department of Environmental Protection. (2021).  2021 Cyanobacterial Harmful 

Algal Bloom (HAB) Freshwater Recreational Response Strategy. 

Nõges, P., Mischke, U., Laugaste, R., & Solimini, A. G. (2010). Analysis of changes 

over 44 years in the phytoplankton of Lake Võrtsjärv (Estonia): the effect of 

nutrients, climate and the investigator on phytoplankton-based water quality 

indices. Hydrobiologia, 646(1), 33–48. https://doi.org/10.1007/s10750-010-

0178-y 

NOAA. What is eutrophication? National Ocean Service website, 

https://oceanservice.noaa.gov/facts/eutrophication.html, 10/05/17 

Notomi, T. (2000). Loop-mediated isothermal amplification of DNA. Nucleic Acids 

Research, 28(12), 63e–663. https://doi.org/10.1093/nar/28.12.e63 

Ochoa, J. L. (2003). ENSO phenomenon and toxic red tides in Mexico. Geofísica 

Internacional, 42(3), 505-515. 

Ochoa, J. L., Hernández-Becerril, D. U., Lluch-Cota, S., Arredondo-Vega, B. O., 

Núñez-Vázquez, E., Heredia-Tapia, A., ... & Alonso-Rodríguez, R. (2002). 

Marine biotoxins and harmful algal blooms in Mexico’s Pacific littoral. Harmful 

https://doi.org/10.1016/s0041-0101(02)00083-1
https://doi.org/10.1016/s0041-0101(02)00083-1


 

83 

 

algal blooms in the PICES region of the North Pacific. PICES Scientific Report, 

(23), 119-128. 

Ogongo, B. (2015). Observation of the Saxitoxin Producing Microalgae in the Kenyan 

Kilindini Port Creek Waters. Journal of Fisheries and Aquatic Science. 

https://doi.org/10.3923/jfas.2015. 

Ongley, S. E., Pengelly, J. J. L., & Neilan, B. A. (2016). Elevated Na+ and pH influence 

the production and transport of saxitoxin in the cyanobacteria Anabaena 

circinalis AWQC131C and Cylindrospermopsis raciborskii T3. Environmental 

Microbiology, 18(2), 427–438. https://doi.org/https://doi.org/10.1111/1462-

2920.13048 

Orellana-Cepeda, E., Canino-Herrera, R., del Angel, E. S., Granados-Machuca, C., 

Valdez, M., & Morales-Zamorano, L. A. (2007). Florecimiento de Ceratium 

divaricatum frente a la costa Noroeste de Ensenada, Baja California, durante la 

primavera de 2007. Resúmenes del II Taller sobre Florecimientos Algales 

Nocivos, Ensenada, BC CICESE, CET-MAR, México, 12. 

Pal, M., Yesankar, P. J., Dwivedi, A., & Qureshi, A. (2020). Biotic control of harmful 

algal blooms (HABs): A brief review. Journal of Environmental Management, 

268, 110687. https://doi.org/10.1016/j.jenvman.2020.110687 

Patel, M. M., Hall, A. J., Vinjé, J., & Parashar, U. D. (2009). Noroviruses: A 

comprehensive review. Journal of Clinical Virology, 44(1), 1–8. 

https://doi.org/10.1016/j.jcv.2008.10.009 

Pierce, R. H. (1990). Red tide toxin (brevetoxin) enrichment in marine aerosol. Toxic 

Marine Phytoplankton. 

Pierce, R. H., Henry, M. S., Blum, P. C., Lyons, J., Cheng, Y. S., Yazzie, D., & Zhou, 

Y. (2003). Brevetoxin Concentrations in Marine Aerosol: Human Exposure 

Levels During a Karenia brevis Harmful Algal Bloom. Bulletin of 

Environmental Contamination and Toxicology, 70(1), 165. 

https://doi.org/10.1007/S00128-002-0170-Y 

Pistocchi, R., Guerrini, F., Pezzolesi, L., Riccardi, M., Vanucci, S., Ciminiello, P., 

Dell’Aversano, C., Forino, M., Fattorusso, E., Tartaglione, L., Milandri, A., 

Pompei, M., Cangini, M., Pigozzi, S., & Riccardi, E. (2012). Toxin Levels and 

Profiles in Microalgae from the North-Western Adriatic Sea—15 Years of 



 

84 

 

Studies on Cultured Species. In Marine Drugs  (Vol. 10, Issue 1). 

https://doi.org/10.3390/md10010140 

Plakas, S. M., & Dickey, R. W. (2010). Advances in monitoring and toxicity assessment 

of brevetoxins in molluscan shellfish. Toxicon, 56(2), 137–149. 

https://doi.org/https://doi.org/10.1016/j.toxicon.2009.11.007 

Poli, M. A., Mende, T. J., & Baden, D. G. (1986). Brevetoxins, unique activators of 

voltage-sensitive sodium channels, bind to specific sites in rat brain 

synaptosomes. Molecular Pharmacology, 30(2), 129 LP – 135. 

http://molpharm.aspetjournals.org/content/30/2/129.abstract 

Prego-Faraldo, M., Valdiglesias, V., Méndez, J., & Eirín-López, J. (2013). Okadaic 

Acid Meet and Greet: An Insight into Detection Methods, Response Strategies 

and Genotoxic Effects in  Marine Invertebrates. Marine Drugs, 11(8), 2829–

2845. https://doi.org/10.3390/md11082829 

Qin, F., Zhao, Y. Y., Sawyer, M. B., & Li, X. F. (2008). Hydrophilic Interaction Liquid 

Chromatography−Tandem Mass Spectrometry Determination of Estrogen 

Conjugates in Human Urine. Analytical Chemistry, 80(9), 3404–3411. 

https://doi.org/10.1021/ac702613k 

Quintela, O., Lendoiro, E., Cruz, A., de Castro, A., Quevedo, A., Jurado, C., & López-

Rivadulla, M. (2010). Hydrophilic interaction liquid chromatography–tandem 

mass spectrometry (HILIC-MS/MS) determination of cocaine and its 

metabolites benzoylecgonine, ecgonine methyl ester, and cocaethylene in hair 

samples. Analytical and Bioanalytical Chemistry, 396(5), 1703–1712. 

https://doi.org/10.1007/s00216-009-3393-5 

Ramsey, U. P., Douglas, D. J., Walter, J. A., & Wright, J. L. (1998). Biosynthesis of 

domoic acid by the diatom Pseudo-nitzschia multiseries. Natural Toxins, 6(3–4), 

137–146. https://doi.org/10.1002/(sici)1522-7189(199805/08)6:3/4<137::aid-

nt28>3.0.co;2-l 

Randall, J. E. (1958). A review of ciguatera, tropical fish poisoning, with a tentative 

explanation of its cause. Bulletin of Marine Science, 8(3), 236-267 

Raposo, M. I. C., Gomes, M. T. S. R., Botelho, M. J., & Rudnitskaya, A. (2020). 

Paralytic Shellfish Toxins (PST)-Transforming Enzymes: A Review. Toxins, 

12(5), 344. https://doi.org/10.3390/toxins12050344 

https://doi.org/10.1021/ac702613k


 

85 

 

Rey, V., Botana, A., Alvarez, M., Antelo, A., & Botana, L. (2016). Liquid 

Chromatography with a Fluorimetric Detection Method for Analysis of Paralytic 

Shellfish Toxins and Tetrodotoxin Based on a Porous Graphitic Carbon Column. 

Toxins, 8(7), 196. https://doi.org/10.3390/toxins8070196 

Rhodes, L., Smith, K., & De Salas, M. (2007). DNA probes, targeting large sub‐unit 

rRNA, for the rapid identification of the paralytic shellfish poison producing 

dinoflagellate,Gymnodinium catenatum. New Zealand Journal of Marine and 

Freshwater Research, 41(4), 385–390. 

https://doi.org/10.1080/00288330709509928 

Rhodes, L. L., Smith, K. F., Munday, R., Selwood, A. I., McNabb, P. S., Holland, P. T., 

& Bottein, M.-Y. (2010). Toxic dinoflagellates (Dinophyceae) from Rarotonga, 

Cook Islands. Toxicon, 56(5), 751–758. 

https://doi.org/https://doi.org/10.1016/j.toxicon.2009.05.017 

Rosales-Loessener,  F.  (1989).  The  Guatemalan experience with red tides and 

paralytic shellfish poisoning. In:  G. Hallegraeff, & J. L., Maclean (Eds). 

Biology, Epidemiology and Management of Pyrodinium Red Tides (pp. 49-51), 

Manila, Philippines: International Center for Living Aquatic Resources 

Management 

Rossignoli, A. E., & Blanco, J. (2008). Cellular distribution of okadaic acid in the 

digestive gland of Mytilus galloprovincialis (Lamarck, 1819). Toxicon, 52(8), 

957–959. https://doi.org/10.1016/j.toxicon.2008.09.003  

Rossignoli, A. E., & Blanco, J. (2010). Subcellular distribution of okadaic acid in the 

digestive gland of Mytilus galloprovincialis: First evidences of lipoprotein 

binding to okadaic acid. Toxicon, 55(2–3), 221–226. 

https://doi.org/10.1016/j.toxicon.2009.07.022 

Rossignoli, A. E., Fernández, D., Regueiro, J., Mariño, C., & Blanco, J. (2011). 

Esterification of okadaic acid in the mussel Mytilus galloprovincialis. Toxicon, 

57(5), 712–720. https://doi.org/10.1016/j.toxicon.2011.02.003 

Saeed, A. F., Awan, S. A., Ling, S., Wang, R., & Wang, S. (2017). Domoic acid: 

Attributes, exposure risks, innovative detection techniques and therapeutics. 

Algal Research, 24, 97–110. https://doi.org/10.1016/j.algal.2017.02.007 

https://doi.org/10.1080/00288330709509928
https://doi.org/10.1016/j.toxicon.2008.09.003
https://doi.org/10.1016/j.toxicon.2009.07.022


 

86 

 

Sakamoto, Y., Lockey, R. F., & Krzanowski, J. J. (1987). Shellfish and fish poisoning 

related to the toxic dinoflagellates. Southern Medical Journal, 80(7), 866–872. 

https://doi.org/10.1097/00007611-198707000-00016 

Salcedo-Garduño, M. G., Castañeda-Chávez, M. D. R., Lango-Reynoso, F., & Galaviz-

Villa, I. (2018). Harmful Algal Blooms (HABS) along Mexican Coasts. 

Preprints. https://doi.org/10.20944/preprints201812.0352.v1 

Sangolkar, L. N., Maske, S. S., & Chakrabarti, T. (2006). Methods for determining 

microcystins (peptide hepatotoxins) and microcystin-producing cyanobacteria. 

Water Research, 40(19), 3485–3496. 

https://doi.org/https://doi.org/10.1016/j.watres.2006.08.010 

Sangolkar, L. N., Maske, S. S., Muthal, P. L., Kashyap, S. M., & Chakrabarti, T. 

(2009). Isolation and characterization of microcystin producing Microcystis 

from a Central Indian water bloom. Harmful Algae, 8(5), 674–684. 

https://doi.org/https://doi.org/10.1016/j.hal.2008.12.003 

Sassolas, A., Catanante, G., Hayat, A., Stewart, L. D., Elliott, C. T., & Marty, J. L. 

(2013). Improvement of the efficiency and simplification of ELISA tests for 

rapid and ultrasensitive detection of okadaic acid in shellfish. Food Control, 

30(1), 144–149. https://doi.org/10.1016/j.foodcont.2012.05.028 

Satake, M., Ishibashi, Y., Legrand, A. M., & Yasumoto, T. (1996). Isolation and 

Structure of Ciguatoxin-4A, a New Ciguatoxin Precursor, from Cultures of 

DinoflagellateGambierdiscus toxicusand ParrotfishScarus gibbus. Bioscience, 

Biotechnology, and Biochemistry, 60(12), 2103–2105. 

https://doi.org/10.1271/bbb.60.2103 

Sayfritz, S., Aasen, J., & Aune, T. (2008). Determination of paralytic shellfish 

poisoning toxins in Norwegian shellfish by liquid chromatography with 

fluorescence and tandem mass spectrometry detection. Toxicon, 52(2), 330–340. 

https://doi.org/10.1016/j.toxicon.2008.06.001 

Schantz, E. J., McFarren, E. F., Schafer, M. L., & Lewis, K. H. (1958). Purified 

Shellfish Poison for Bioassay Standardization. Journal of AOAC 

INTERNATIONAL, 41(1), 160–168. https://doi.org/10.1093/jaoac/41.1.160 

Secretaría de Comunicaciones y Transportes. (2013). Anuario estadístico del sector, 

Secretaría de Comunicaciones y Transportes, Ciudad de México, México. 2013 

https://doi.org/10.1093/jaoac/41.1.160


 

87 

 

Shumway, S. E. (1990). A Review of the Effects of Algal Blooms on Shellfish and 

Aquaculture. Journal of the World Aquaculture Society, 21(2), 65–104. 

https://doi.org/https://doi.org/10.1111/j.1749-7345.1990.tb00529.x 

Smayda, T. J. (1997). What is a bloom? A commentary. Limnology and Oceanography, 

42(part2), 1132–1136. https://doi.org/10.4319/LO.1997.42.5_PART_2.1132 

Smayda, T. J., & Reynolds, C. S. (2003). Strategies of marine dinoflagellate survival 

and some rules of assembly. Journal of Sea Research, 49(2), 95–106. 

https://doi.org/10.1016/s1385-1101(02)00219-8 

Smayda, T., & Trainer, V. (2010). Dinoflagellate blooms in upwelling systems: 

Seeding, variability, and contrasts with diatom bloom behaviour. Progress in 

Oceanography, 85(1–2), 92–107. https://doi.org/10.1016/j.pocean.2010.02.006 

Smith, D., & Kitts, D. (1994). A competitive enzyme-linked immunoassay for domoic 

acid determination in human body fluids. Food and Chemical Toxicology, 

32(12), 1147–1154. https://doi.org/10.1016/0278-6915(94)90130-9 

Solter, P. F., & Beasley, V. R. (2013). Phycotoxins. In Haschek and Rousseaux’s 

Handbook of Toxicologic Pathology (pp. 1155–1186). 

https://doi.org/10.1016/B978-0-12-415759-0.00038-8 

Søndergaard, M., Jeppesen, E., Lauridsen, T. L., Skov, C., Van Nes, E. H., Roijackers, 

R., Lammens, E., & Portielje, R. O. B. (2007). Lake restoration: successes, 

failures and long-term effects. Journal of Applied Ecology, 44(6), 1095–1105. 

https://doi.org/https://doi.org/10.1111/j.1365-2664.2007.01363.x 

Sullivan, J. J. (1990). High-Performance Liquid Chromatographic Method Applied to 

Paralytic Shellfish Poisoning Research. Marine Toxins, 66–77. 

https://doi.org/10.1021/bk-1990-0418.ch004 

Sun, J., Hutchins, D. A., Feng, Y., Seubert, E. L., Caron, D. A., & Fu, F. X. (2011). 

Effects of changing p CO2  and phosphate availability on domoic acid 

production and physiology of the marine harmful bloom diatom Pseudo-

nitzschia multiseries. Limnology and Oceanography, 56(3), 829–840. 

https://doi.org/10.4319/lo.2011.56.3.0829 

Suparna, M. (2005). Harmful phytoplankton blooms indicate the existence of 

allelopathic interactions. In Proceedings of the 4th World Congress on 

Allelopathy,” Establishing the Scientific Base”, Wagga Wagga, New South 

https://doi.org/10.1016/s1385-1101(02)00219-8
https://doi.org/10.1016/0278-6915(94)90130-9
https://doi.org/10.1021/bk-1990-0418.ch004


 

88 

 

Wales, Australia, 21-26 August 2005 (pp. 355-358). Centre for Rural Social 

Research, Charles Sturt University. 

Svensson, S. (2003). Effects, dynamics and management of okadaic acid in blue 

mussels, Mytilus edulis. Göteborg University, Department of Zoology-

Zoophysiology. 

Svensson, S., & Förlin, L. (2004). Analysis of the importance of lipid breakdown for 

elimination of okadaic acid (diarrhetic shellfish toxin) in mussels, Mytilus 

edulis: results from a field study and a laboratory experiment. Aquatic 

Toxicology, 66(4), 405–418. https://doi.org/10.1016/j.aquatox.2003.11.002 

Tang, X., Yu, R., Zhou, M., & Yu, Z. (2012). Application of rRNA probes and 

fluorescence in situ hybridization for rapid detection of the toxic dinoflagellate 

Alexandrium minutum. Chinese Journal of Oceanology and Limnology, 30(2), 

256–263. https://doi.org/10.1007/s00343-012-1142-7 

Tarnawa, I., Bolcskei, H., & Kocsis, P. (2007). Blockers of Voltage-Gated Sodium 

Channels for the Treatment of Central Nervous System Diseases. In Recent 

Patents on CNS Drug Discovery (Discontinued) (Vol. 2, Issue 1, pp. 57–78). 

https://doi.org/http://dx.doi.org/10.2174/157488907779561754 

Taylor, F. J. R., & Trainer, V. L. (2002). Harmful algal blooms in the PICES region of 

the North Pacific. 

Tester, P. A. (2000). Vectorial transport of toxins from the dinoflagellate Gymnodinium 

breve through copepods to fish. Journal of Plankton Research, 22(1), 47–62. 

https://doi.org/10.1093/plankt/22.1.47 

TODD, E. (1997). Seafood-associated diseases and control in Canada. Revue 

Scientifique Et Technique De L’OIE, 16(2), 661–672. 

https://doi.org/10.20506/rst.16.2.1058 

Torres, G. (2000). Mareas Rojas durante 1989-1999 en aguas ecuatorianas. Acta 

Oceanogr. Pac. 10, 127–136. 

Torres, G. (2011). Eventos de Mareas Rojas: Estrategias de Manejo Preventivas en 

Ecuador. Master’s thesis, Universidad de Guayaquil, Guayaquil. 

Torres, G. (2013). Eventos de Mareas Rojas: Estrategias de Manejo Preventivas en 

Ecuador. Master’s thesis, Universidad de Guayaquil, Guayaquil. 

Torres, G. (2015). Evaluación de Mareas Rojas durante 1968-2009 en Ecuador. Acta 

Oceanogr. Pac. 20, 89–98. 



 

89 

 

Torres, G. (2017). Evaluacion del Fitoplacnton Como un Mecanismo Preventivo a la 

Ocurrencia de Bloom Algal Frente a las Costas de Esmeraldas, Manta, La 

Libertad y Puerto Bolivar en Ecuador 2013-2015. Ph.D. thesis, Universidad 

Nacional Mayor de San Marcos, Lima. 

Torres, G., and Tapia, M. (2002). Distribución del fitoplancton en la región costera del 

mar ecuatoriano, durante diciembre 2000. Acta Oceanogr. Pac. 11, 63–72. 

Trainer, V. L., & Poli, M. A. (2000). Assays for Dinoflagellate Toxins, Specifically 

Brevetoxin, Ciguatoxin, and Saxitoxin. Animal Toxins, 1–19. 

https://doi.org/10.1007/978-3-0348-8466-2_1 

Trainer, V. L., Bates, S. S., Lundholm, N., Thessen, A. E., Cochlan, W. P., Adams, N. 

G., & Trick, C. G. (2012). Pseudo-nitzschia physiological ecology, phylogeny, 

toxicity, monitoring and impacts on ecosystem health. Harmful Algae, 14, 271–

300. https://doi.org/10.1016/j.hal.2011.10.025 

Tsao, Z. J., Liao, Y. C., Liu, B. H., Su, C. C., & Yu, F. Y. (2007). Development of a 

Monoclonal Antibody against Domoic Acid and Its Application in Enzyme-

Linked Immunosorbent Assay and Colloidal Gold Immunostrip. Journal of 

Agricultural and Food Chemistry, 55(13), 4921–4927. 

https://doi.org/10.1021/jf0708140 

Tubaro, A., Florio, C., Luxich, E., Sosa, S., Loggia, R. D., & Yasumoto, T. (1996). A 

protein phosphatase 2A inhibition assay for a fast and sensitive assessment of 

okadaic acid contamination in mussels. Toxicon, 34(7), 743–752. 

https://doi.org/10.1016/0041-0101(96)00027-x 

Tubaro, A., Florio, C., Luxich, E., Vertua, R., Della loggia, R., & Yasumoto, T. (1996). 

Suitability of the MTT-based cytotoxicity assay to detect okadaic acid 

contamination of mussels. Toxicon, 34(9), 965–974. 

https://doi.org/10.1016/0041-0101(96)00073-6 

Turner, A. D., & Hatfield, R. G. (2012). Refinement of AOAC Official MethodSM 

2005.06 Liquid Chromatography-Fluorescence Detection Method to Improve 

Performance Characteristics for the Determination of Paralytic Shellfish Toxins 

in King and Queen Scallops. Journal of AOAC INTERNATIONAL, 95(1), 129–

142. https://doi.org/10.5740/jaoacint.11-184 

Turner, A. D., Dhanji-Rapkova, M., Algoet, M., Suarez-Isla, B. A., Cordova, M., 

Caceres, C., Murphy, C. J., Casey, M., & Lees, D. N. (2012). Investigations into 



 

90 

 

matrix components affecting the performance of the official bioassay reference 

method for quantitation of paralytic shellfish poisoning toxins in oysters. 

Toxicon, 59(2), 215–230. https://doi.org/10.1016/j.toxicon.2011.11.013 

Turrell, E., & Stobo, L. (2007). A comparison of the mouse bioassay with liquid 

chromatography–mass spectrometry for the detection of lipophilic toxins in 

shellfish from Scottish waters. Toxicon, 50(3), 442–447. 

https://doi.org/10.1016/j.toxicon.2007.04.002 

Usleber, E., Schneider, E., & Terplan, G. (1991). Direct enzyme immunoassay in 

microtitration plate and test strip format for the detection of saxitoxin in 

shellfish. Letters in Applied Microbiology, 13(6), 275–277. 

https://doi.org/10.1111/j.1472-765x.1991.tb00627.x 

Usup, G., Leaw, C. P., Cheah, M. Y., Ahmad, A., & Ng, B. K. (2004). Analysis of 

paralytic shellfish poisoning toxin congeners by a sodium channel receptor 

binding assay. Toxicon, 44(1), 37–43. 

https://doi.org/10.1016/j.toxicon.2004.03.026 

Vale, P., & De M. Sampayo, M. A. (1999). Comparison between HPLC and a 

commercial immunoassay kit for detection of okadaic acid and esters in 

Portuguese bivalves. Toxicon, 37(11), 1565–1577. 

https://doi.org/10.1016/s0041-0101(99)00105-1 

Valério, E., Chaves, S. & Tenreiro, R. (2010). Diversity and Impact of Prokaryotic 

Toxins on Aquatic Environments: A Review. Toxins, 2(10), 2359-2410. 

https://doi.org/10.3390/toxins2102359 

van der Merwe, D. (2014). Chapter 31 - Freshwater cyanotoxins (R. C. B. T.-B. in T. 

Gupta (Ed.); pp. 539–548). Academic Press. 

https://doi.org/https://doi.org/10.1016/B978-0-12-404630-6.00031-2 

Van Dolah, F. M., Fire, S. E., Leighfield, T. A., Mikulski, C. M., Doucette, G. J., 

Andersson, Bean, L., Couture, D., DeGrasse, S., DeLeon, A., Dell’Ovo, V., 

Flewelling, L., Holland, P., Langlois, G., Lewis, R., Masuda, M., McNabb, P., 

Mikulski, C., Niedzwiadek, B., . . . Tubaro, A. (2012). Determination of 

Paralytic Shellfish Toxins in Shellfish by Receptor Binding Assay: 

Collaborative Study. Journal of AOAC INTERNATIONAL, 95(3), 795–812. 

https://doi.org/10.5740/jaoacint.cs2011_2 



 

91 

 

Vernoux, J. P., Le Baut, C., Masselin, P., Marais, C., Baron, B., Choumiloff, R., 

Proniewski, F., Nizard, G., & Bohec, M. (1993). The use ofDaphnia magnafor 

detection of okadaic acid in mussel extracts. Food Additives and Contaminants, 

10(5), 603–608. https://doi.org/10.1080/02652039309374184 

Vieites, J. M., Leira, F., Botana, L. M., & Vieytes, M. R. (1996). Determination of DSP 

toxins: comparative study of HPLC and bioassay to reduce the observation time 

of the mouse bioassay. Archives of Toxicology, 70(7), 440–443. 

https://doi.org/10.1007/s002040050296 

Vieytes, M., Cabado, A., Alfonso, A., Louzao, M., Botana, A., & Botana, L. (1993). 

Solid-Phase Radioreceptor Assay for Paralytic Shellfish Toxins. Analytical 

Biochemistry, 211(1), 87–93. https://doi.org/10.1006/abio.1993.1237 

Vieytes, M., Fontal, O., Leira, F., de Sousa, J., & Botana, L. (1997). A Fluorescent 

Microplate Assay for Diarrheic Shellfish Toxins. Analytical Biochemistry, 

248(2), 258–264. https://doi.org/10.1006/abio.1997.2127 

Vilariño, N., Louzao, M. C., Vieytes, M. R., & Botana, L. M. (2010). Biological 

methods for marine toxin detection. Analytical and Bioanalytical Chemistry, 

397(5), 1673–1681. https://doi.org/10.1007/s00216-010-3782-9 

Vilariño, N., Louzao, M., Abal, P., Cagide, E., Carrera, C., Vieytes, M., & Botana, L. 

(2018). Human Poisoning from Marine Toxins: Unknowns for Optimal 

Consumer Protection. Toxins, 10(8), 324. 

https://doi.org/10.3390/toxins10080324 

Villareal, T. A., Hanson, S., Qualia, S., Jester, E. L. E., Granade, H. R., & Dickey, R. 

W. (2007). Petroleum production platforms as sites for the expansion of 

ciguatera in the northwestern Gulf of Mexico. Harmful Algae, 6(2), 253–259. 

https://doi.org/https://doi.org/10.1016/j.hal.2006.08.008 

Walker, J. R., Novick, P. A., Parsons, W. H., McGregor, M., Zablocki, J., Pande, V. S., 

& Du Bois, J. (2012). Marked difference in saxitoxin and tetrodotoxin affinity 

for the human nociceptive voltage-gated sodium channel (Nav1.7). Proceedings 

of the National Academy of Sciences, 109(44), 18102–18107. 

https://doi.org/10.1073/pnas.1206952109 

Watkins, S. M., Reich, A., Fleming, L. E., & Hammond, R. (2008). Neurotoxic 

Shellfish Poisoning. In Marine Drugs  (Vol. 6, Issue 3). 

https://doi.org/10.3390/md6030431 



 

92 

 

Watson, S. B., Brownlee, B., Satchwill, T., & McCauley, E. (1999). The use of solid 

phase microextraction (SPME) to monitor for major organoleptic compounds 

produced by chrysophytes in surface waters. Water Science and Technology, 

40(6), 251–256. https://doi.org/https://doi.org/10.1016/S0273-1223(99)00565-X 

Watson, S. B., Whitton, B. A., Higgins, S. N., Paerl, H. W., Brooks, B. W., & Wehr, J. 

D. (2015). Chapter 20 - Harmful Algal Blooms. In J. D. Wehr, R. G. Sheath, & 

J. P. B. T.-F. A. of N. A. (Second E. Kociolek (Eds.), Aquatic Ecology (pp. 873–

920). Academic Press. https://doi.org/https://doi.org/10.1016/B978-0-12-

385876-4.00020-7 

Wells, M. L., Trainer, V. L., Smayda, T. J., Karlson, B. S. O., Trick, C. G., Kudela, R. 

M., Ishikawa, A., Bernard, S., Wulff, A., Anderson, D. M., & Cochlan, W. P. 

(2015). Harmful algal blooms and climate change: Learning from the past and 

present to forecast the future. Harmful Algae, 49, 68–93. 

https://doi.org/https://doi.org/10.1016/j.hal.2015.07.009 

Wiese, M., D’Agostino, P. M., Mihali, T. K., Moffitt, M. C., & Neilan, B. A. (2010). 

Neurotoxic Alkaloids: Saxitoxin and Its Analogs. In Marine Drugs  (Vol. 8, 

Issue 7). https://doi.org/10.3390/md8072185 

World Health Organization. (2020). Cyanobacterial toxins: microcystins. background 

document for development of WHO guidelines for drinking-water quality and 

guidelines for safe recreational water environments. World Health Organization: 

Geneva, Switzerland. 

World Health Organization, W. (2019). Cyanobacterial toxins: Saxitoxins Background 

document for development of WHO Guidelines for Drinking-water Quality and 

Guidelines for Safe Recreational Water Environments. 

http://apps.who.int/bookorders. 

Wu, C. H., & Narahashi, T. (1988). Mechanism of Action of Novel Marine Neurotoxins 

on Ion Channels. Annual Review of Pharmacology and Toxicology, 28(1), 141–

161. https://doi.org/10.1146/annurev.pa.28.040188.001041 

Yasumoto, T., Nakajima, I., Bagnis, R., & Adachi, R. (1977). Finding of a 

dinoflagellate as a likely culprit of ciguatera. NIPPON SUISAN GAKKAISHI, 

43(8), 1021–1026. https://doi.org/10.2331/suisan.43.1021 

https://doi.org/10.2331/suisan.43.1021


 

93 

 

Yasumoto, T., Oshima, Y., & Yamaguchi, M. (1978). Occurrence of a new type of 

shellfish poisoning in the Tohoku district. NIPPON SUISAN GAKKAISHI, 

44(11), 1249–1255. https://doi.org/10.2331/suisan.44.1249 

Yu, F. Y., Liu, B. H., Wu, T. S., Chi, T. F., & Su, M. C. (2004). Development of a 

Sensitive Enzyme-Linked Immunosorbent Assay for the Determination of 

Domoic Acid in Shellfish. Journal of Agricultural and Food Chemistry, 52(17), 

5334–5339. https://doi.org/10.1021/jf049303t 

Zepeda-Ortega, I. E., Ángeles-Castro, G., & Carrillo-Murillo, D. G. (2017). 

Infraestructura portuaria y crecimiento económico regional en México. 

Economía Sociedad Y Territorio, 337–366. 

https://doi.org/10.22136/est002017806 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.22136/est002017806

		2023-03-15T09:53:56-0500


		2023-03-15T09:54:56-0500




