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HARMFUL ALGAL BLOOMS 

INTRODUCTION  

Harmful algal blooms (HABs) are thought to be caused by a combination of factors that allow for a sudden 

and exponential growth of algae (phytoplankton). These factors most likely include favorable water 

temperatures, currents, and the presence of nutrients on which the algae can feed [1]. However, it is 

difficult to pinpoint the exact cause of any particular HAB [1].  

Climate change is expected to increase the overall risk of HABs occurring in water bodies throughout the 

U.S., and an increase in algal blooms worldwide was considered very likely by the Intergovernmental Panel 

on Climate Change [2]. However, it should be noted that not all HABs can be directly attributed to climate 

impacts. Increases in the scope, duration, and frequency of HABs have also been attributed to non-climate 

stressors such as nutrient enrichment of coastal water bodies from anthropogenic sources and the 

introduction of invasive algal species from ships’ ballast water [3].  

HABs can cause a range of physiological and environmental effects. Some HABs produce toxins that can 

accumulate in filter-feeding shellfish [4, 5]. These toxins can then be passed through the food chain, leading 

to a variety of illnesses or even death when consumed by humans (see the Shellfish chapter for more 

information on shellfish poisoning) [6]. Pacific salmon and other fish species are also vulnerable to HABs 

(refer to Salmon chapter for more information). Other harmful algae can be non-toxic, but attain high 

biomass that can lead to decreases in biodiversity of the phytoplankton community and the amount of 

sunlight allowed to penetrate the water’s surface [7]. Additionally, the decomposition of algal blooms, toxic 

or non-toxic, can lead to decreases in dissolved oxygen with varying implications for marine life and habitat 

stability [6]. 

TYPES OF HARMFUL ALGAE 

This chapter will discuss harmful algae that have 

recently been found in the Pacific Northwest—

Alexandrium, Pseudo-nitzschia, Dinophysis, and 

Heterosigma akashiwo [8]—and how climate 

change (e.g., temperature increases, 

precipitation changes) is expected to alter the 

distribution, duration, and frequency of their 

associated blooms. Table 1 lists key traits of the 

aforementioned algae. Table 2 lists the 

environmental conditions necessary for those 

species’ growth. 
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Table 1. Common species and characteristics of harmful algae found in the Pacific Northwest.  

Name Type Seasonality1 Typical effects 

Alexandrium Dinoflagellate Approx. July - November Paralytic shellfish toxins, 

paralytic shellfish poisoning 

Dinophysis Dinoflagellate Approx. June - October Okadaic acid, diarrhetic shellfish 

poisoning 

Pseudo-nitzschia Diatom Approx. April – November; 

most prevalent in summer 

Domoic acid, amnesic shellfish 

poisoning 

Heterosigma akashiwo Raphidophyte Approx. May - June Unknown toxin, responsible for 

extensive fish mortality 

Table 2. Temperature and salinity ranges for optimal harmful algae growth  [9, 10, 11, 12, 13]. Average water 
temperatures during summer months in the Puget Sound region currently range between 53 and 56°F  [14]. 

Name Water Temperature Salinity 

Alexandrium 55 – 63°F 15 – 40 ppt. 

Dinophysis 59 – 90°F 30 – 33 ppt. 

Pseudo-nitzschia 56 – 65°F 15 – 40 ppt. 

Heterosigma akashiwo 62 – 73°F 20 – 35 ppt. 

Although not technically an algae, cyanobacteria is discussed in this chapter given its similar physiological 

responses to climate change and potential to cause HAB-like impacts (e.g., toxic blooms leading to beach 

closures). 

TEMPERATURE INCREASES 

This section explains how increased temperatures alter the geographic distribution, duration, and 

frequency of harmful algae in the Puget Sound region.  

GEOGRAPHIC DISTRIBUTION 

A study done by Jacobs et al. in 2015 found that blooms of Alexandrium have increased in geographic scope 

in Puget Sound since the 1950s [6]. Alexandrium’s expanding geographic scope is evidenced by its 

detection in Quilcene Bay—an area previously considered biotoxin-free—during fall of 2014 [15]. In this 

instance, the Washington State Department of Health reported toxin levels in shellfish to be 100 times the 

limit for human consumption [15]. Because Alexandrium blooms deposit cysts that remain dormant during 

winter, it is possible that Quilcene Bay will see Alexandrium blooms in future seasons [15]; however, there 

was a large decrease in Alexandrium cysts found in January 2016 compared to 2015 [16]. Knowing the 

location and quantity of dormant cysts can help managers anticipate future blooms [17]. It is unknown how 

many cysts are needed for a bloom to be initiated, but research is ongoing [16]. 

                                                                 

1 While seasonality refers to when blooms typically occur under normal circumstances and historical trends, studies describing when 

blooms occur are highly variable depending on the geographic location and environmental conditions of the study area. As such, 

these figures are approximations and should only be considered as a general reference. For example, it is possible for blooms to 

occur outside of these “seasons” depending on various environmental conditions (e.g., upwelling, excess nutrient runoff, 

heatwaves, etc.).  
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The increasing distribution of Alexandrium blooms has largely been attributed to warmer water [5]. Warm 

temperatures increase the stratification of the water column, with nutrient-rich cold water settling at 

further depths instead of mixing with warmer surface water. Because phytoplankton need to remain at the 

surface to absorb sunlight for photosynthesis, the types of phytoplankton that have high nutrient needs will 

not thrive under increased stratification [18]. Some research shows that with increased drought and 

stratification, phytoplankton will see a decline in overall growth [19]. However, dinoflagellates like 

Alexandrium and Dinophysis have lower-nutrient requirements and the ability to swim below the surface, 

and are therefore expected to be favored under stratified conditions that may be amplified under 

projected climate change [20]. As a result, it is possible that even if phytoplankton growth declines overall, 

these harmful algae will make up a larger percentage of the population. 

Projected warming in the Puget Sound region is also expected to favor growth of other prominent harmful 

algae [21]. This is supported by a 2016 study that found unprecedented domoic acid concentrations 

(caused by Pseudo-nitzschia) in large marine mammals harvested in Alaska, in what is considered to be the 

first example of algal toxin poisoning there [22]. Additionally, 2015 saw what was potentially the largest 

continuous Pseudo-nitzschia bloom ever when it extended from Southern California to Alaska [23]. Growth 

rates of Pseudo-nitzschia in the English Channel were highest in water temperatures between 56 and 65°F 

in a study by Thorel et al. [24]. It should be noted that not all subspecies of Pseudo-nitzschia produce 

domoic acid, so it is difficult to tell if an increase in Pseudo-nitzschia blooms would automatically cause an 

increase in domoic acid or amnesic shellfish poisoning [25]. However, it is a reasonable assumption that 

more overall Pseudo-nitzschia blooms would increase the potential for amnesic shellfish poisoning and 

closure of beaches. 

The optimal temperature range for Heterosigma akashiwo growth is 62 to 73°F [13]. A study by Fu et al. 

concluded that Heterosigma akashiwo could, in general, become more dominant over the next 100 years 

since increased temperatures, especially when combined with elevated carbon dioxide levels, stimulate its 

growth [26]. 

DURATION AND FREQUENCY 

In addition to expanding in geographic scope, HABs are expected to occur at longer durations and with 

greater frequency. Because each of the main HAB species impacting the Puget Sound watershed rely, in 

part, on warm waters for growth, the global increase in the frequency of HABs can be expected here as 

temperatures are projected to get warmer [26]. Projections for Puget Sound show water temperature 

increases by the 2090s that will allow HABs to develop two months earlier in the year and persist for up to 

two months longer when compared to present day [5]. 

Recent observations of Puget Sound waters by NOAA found Dinophysis had a sustained presence in 

Western Washington from April to December of 2012, with the highest concentrations found in 

Quartermaster Harbor (Vashon Island) and Sequim Bay (Olympic Peninsula) [8]. Pseudo-nitzschia was also 

common during the same testing period, and was also most prevalent at Quartermaster Harbor and 

Sequim Bay [8]. Heterosigma akashiwo was found during this testing period, but with a more variable 

presence; Port Townsend (Olympic Peninsula) saw sustained levels of Heterosigma akashiwo from February 

to November of 2012 [8].  

With regard to Alexandrium, Jacobs et al. in 2015 found that blooms tend to occur most often when water 

temperature exceeds 55°F [5]. As air and water temperatures continue to increase in the Puget Sound 

region, the annual window of water temperatures exceeding 55°F will expand [6]. Moore et al. in 2015 

used climate change scenarios from a regional climate model to project future growth of Alexandrium. The 

study concluded that Puget Sound can expect strong warming trends in surface air temperatures and that 
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future conditions will support both higher growth rates and a longer bloom season of Alexandrium relative 

to present day [4].  

An increasing frequency of Dinophysis blooms is also a concern in the Puget Sound region [8]. In addition to 

Alexandrium, warmer waters have been shown to increase the growth and toxin production of Dinophysis 

as well [27]. Pseudo-nitzchia and Heterosigma akashiwo also show greater growth rates in response to 

elevated water temperatures [26]. 

PRECIPITATION 

NUTRIENT RUN-OFF 

Precipitation can have wide-ranging effects on the 

formation of HABs. One report states that the rain falling 

in the heaviest one percent of downpours has increased 

20% over the last 100 years throughout the U.S., and 

that downpours are expected to become more frequent 

as climate change worsens [2]. Climate change is 

expected to lead to more heavy rainfall events [28, 21], 

which could increase the runoff of nutrients (e.g., 

nitrates, phosphates, ammonium) that are often a food source for phytoplankton [2, 29]. These nutrients 

are most often associated with agricultural activities (e.g., manure, fertilizer), stormwater, and wastewater 

(e.g., septic systems, sewage) [30]. Reproduction can happen rapidly when runoff combines with the 

favorable environmental conditions (i.e. temperature and salinity), where cell growth can reach up to 

1,000,000 cells per liter in large blooms [29]. 

Outside of heavy rainfall, projections also show that the percentage of precipitation during winter months 

falling as rain will increase into the future [21]. More research is needed to determine if increased winter 

precipitation and heavy rainfall events coincide with the typical seasonality of HABs, but in such cases 

where abnormal runoff events do coincide with HAB seasons, the potential for HAB-related impacts could 

become greater. 

DRIER, WARMER SUMMERS 

Projections for drier and warmer summers could also affect the formation of HABs in Puget Sound and 

freshwater lakes. For Puget Sound, less precipitation and higher rates of evaporation mean that less 

freshwater will flow into the Sound [21]. This will increase the salinity of the water, which can lead to salt-

stress that in turn causes certain bacterial cells to leak and release toxins [28]. Warmer freshwater inputs 

and increasing air temperatures will also contribute to warmer marine water temperatures region-wide, 

potentially leading to more stratification.  

In freshwater lakes, heavy rain events followed by warm, dry conditions can result in water bodies retaining 

excess nutrients from runoff for longer periods of time [28]. In essence, heavy rainfall adds nutrients to a 

water body while high temperatures and dry weather act to close off the water body and heat it up—thus 

creating ideal conditions for algal blooms [31]. This is especially true for freshwater HABs and 

cyanobacteria blooms [31], which can be responsible for the closure of freshwater lakes to recreation and 

other uses. 
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OCEAN ACIDIFICATION 

As with increased water temperatures and nutrient runoff, elevated levels of carbon dioxide in water can 

also catalyze the growth of some phytoplankton. Case studies based on modeling scenarios that project 

future carbon dioxide concentrations in lakes suggest that dissolved carbon dioxide will increase and allow 

for more algal blooms because algae require carbon dioxide for photosynthesis [32]. A study by Lu et al. in 

2006 examined the physiological changes in two strains of cyanobacteria when exposed to seawater at 

350, 600, and 800 ppm dissolved carbon dioxide, and found that growth increased by 36.7% in water at 

800 ppm when compared to the 350 ppm baseline [33]. (The 

current level of dissolved carbon dioxide in Puget Sound is 

approximately 700 ppm [34].) Even though algal blooms work to 

remove dissolved carbon dioxide from water during 

photosynthesis and elevate pH levels, models show that carbon 

dioxide concentrations will eventually increase to a point where 

algal blooms will not deplete dissolved carbon dioxide effectively 

enough to avoid adverse impacts on water chemistry [32]. 

Cyanobacteria are particularly sensitive to increased dissolved 

carbon dioxide concentrations; observations of cyanobacteria 

blooms under elevated dissolved carbon dioxide showed increased photosynthesis, nitrogen fixation, and 

division rates [35]. Cyanobacteria produce cyanotoxins that function similarly to toxins produced by various 

types of phytoplankton described earlier [36]. Multiple studies have found that cyanobacteria carry the 

potential to produce paralytic shellfish toxins, for example [37, 38].  

Blooms of cyanobacteria are predominantly found in freshwater ecosystems [38], so it is unclear how 

ocean acidification, specifically, may affect future increases in cyanobacteria growth in salt and brackish 

water bodies. However, it is possible for cyanobacteria to enter salt and brackish water from freshwater 

origins. A study published in 2015 by Preece et al. detected cyanobacteria originating from freshwater lakes 

with outflows to Puget Sound in local mussels [39]. This is the first known instance of a bivalve species 

accumulating cyanotoxins that entered Puget Sound from freshwater sources [39]. While further research is 

needed, it is possible that these instances may become more frequent as the acidity of local estuaries 

increases. 

Lastly, acidification has been observed to affect the growth of many species of phytoplankton, and is 

thought to have become a more influential contributor in the development of HABs worldwide under 

current carbon emissions scenarios and when acting in concert with other climate impacts [40]. For 

example, a study by Tatters et al. in 2012 found that the toxicity of Pseudo-nitzchia blooms, specifically, is 

increased by acidifying ocean waters—calling it “carbon fertilization” [41]. 

HYPOXIA FROM HABS 

Algal blooms, harmful or not, can indirectly impact marine life by increasing cases of hypoxia. Hypoxia 

refers to oxygen depletion in marine ecosystems to the point that oxygen levels become too low to support 

marine life. Algal blooms contribute to the depletion of dissolved oxygen by creating excess organic matter 

that decomposes. These excessive algal blooms are often caused by eutrophication (i.e. the increased 

availability of one or more limiting factors needed for photosynthesis, such as sunlight, carbon dioxide, or 

nutrients), which can be a natural event or human-induced [42]. In such cases, hypoxic zones lead to 

massive fish and shellfish kills and devastation of habitat [43]. Such events can also have extensive 

economic impacts on coastal communities like the Port Gamble S’Klallam Tribe that rely on marine 

organisms for subsistence and livelihoods [44].  

RESEARCH NEED: Will 

more HABs in Puget 

Sound create more 

hypoxic zones? 



PORT GAMBLE S’KLALLAM TRIBE | CLIMATE CHANGE IMPACT ASSESSMENT 

 
 

 

PAGE 6 IMPACTS ON NATURAL SYSTEMS | HARMFUL ALGAL BLOOMS 

Hypoxia can be caused by other factors aside from algal blooms. Oxygen levels in water bodies naturally 

varies, for example during upwelling events [45]. Such was the case at Hood Canal in 2006, when massive 

fish kills were recorded after upwelling combined with altered wind patterns and kept low-oxygen water at 

the surface [46]. Hood Canal has a long history of hypoxia, due mostly to the Canal’s underwater 

topography, which makes it difficult for water to exchange [47]. Human activity and climate act as 

additional factors to hypoxic zones in Hood Canal [47]. 

Since stratification is a large contributor to hypoxia, the relationship between stratification and HABs is 

important in understanding how HABs can lead to hypoxic zones [48]. Under usual conditions, regular 

mixing of bottom waters and oxygen-rich surface waters occurs, keeping decaying phytoplankton from 

creating hypoxic conditions; under stratified conditions, however, mixing of different layers of the water 

column is restricted, and depleted oxygen at further depths is not replenished [49].  

Currently, relatively few cases of hypoxia directly related to high biomass HABs have been documented in 

the United States [48]. However, the apparent linkages between climate change, HABs, and stratification of 

coastal waters suggest that hypoxia could become more prevalent in the future. 

LOOKING AHEAD 

As HABs have increasingly become a threat to marine 

ecosystems, and the wildlife and humans that rely on them, a 

number of monitoring and management initiatives have been 

developed [50]. Examples of these actions taking place in 

Washington State include the Olympic Region Harmful Algal 

Bloom partnership (ORHAB), the Pacific Northwest HAB Bulletin, 

and the Sound Toxins Partnership [50]. The goal of these projects 

is to provide sufficient warning of HAB events through 

collaborative monitoring and information sharing among federal, 

state, tribal, and local governments as well as marine resource-

based businesses [50].   

 shows the monitoring sites of the ORHAB and Sound Toxins 

projects.  

 

Figure 1. Sound Toxins and ORHAB 
monitoring sites [51].  
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