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ABSTRACT 

 

 

 

Golden alga (Prymnesium parvum) is a toxin-producing, euryhaline species 

responsible for fish-kills worldwide. Although thought to have originated in high salinity 

habitats, P. parvum abundance in U.S. inland waters and its growth potential in the 

laboratory show a biphasic relationship to salinity, with peak abundance near 10-15 psu. 

It is unclear, however, if P. parvum can adapt to long-term exposure to high salinity in 

terms of growth potential. This information is necessary to understand the spatial 

distribution of golden alga blooms and especially their absence from Texas coastal 

habitats. A Texas strain of P. parvum maintained for ~3 years at 5 psu (inland-level 

salinity) in modified artificial seawater medium (ASM) was subjected to the following 

treatments over 5 continuous batch cultures: modified ASM at 5 psu (ASM-5), modified 

ASM with gradually-increasing salinity to 30 psu (ASM-5to30, increased by 5 psu/batch 

with NaCl), modified ASM at 30 psu increased with NaCl (ASM-30), and Instant 

Ocean®, a more complex salt mixture, at 30 psu (IO-30). Treatments were conducted in 

triplicate and each replicate served as inoculum (taken during late-exponential growth) 

for subsequent cultures. Cell density was measured every 3 days and exponential growth 

rate (r) and maximum density were determined. Growth rate was reduced when salinity 

directly increased from 5 to 30 psu in ASM but compensation occurred during the second 

culture round. Gradual adjustment did not influence this outcome, as inhibition of r was 

still observed during the fifth cycle when ASM salinity increased from 25 to 30 psu. 

Inhibition of maximum density was consistently observed in ASM-30 after direct transfer 

or gradual adjustment. Growth rate and maximum density in IO-30 were generally similar 
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to observations in ASM-5. In conclusion, adaptation to high salinity in ASM was 

observed for r but not maximum density, and relatively complex salt mixtures (e.g., IO) 

can compensate for the inhibitory effects of increased salinity. Findings may give insight 

on P. parvum’s ability to disperse into new environments of varying salinities.
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

Harmful Algae 

 

 
 

General Background 

 

 

 

Harmful algae are those algal species capable of producing negative effects from 

as minor as water discoloration to as major as mortality of aquatic and terrestrial life and 

disruption of entire ecosystems (Edvardsen & Paasche 1998; Granéli & Turner, 2006). 

Among the 72,500-known species of alga, 300 are considered harmful and among these, 

80 produce toxins (Granéli & Turner, 2006; Guiry, 2012). When algae associated with 

negative effects bloom, they are referred to as harmful algal blooms, or HAB. Non-toxin 

producing algae can still create HAB by creating anoxic, or oxygen depleted, 

environments, by blocking light, or by clogging fish gills leading to fish kills (Zingone & 

Enevoldsen, 2000; Anderson, 2009). Two of the better-known types of toxic HAB 

include cyanoHAB, caused by cyanobacteria, and red tides, caused by certain toxic 

dinoflagellates. 

Cyanobacteria, or blue-green algae, are the most common organisms implicated in 

inland HAB. Their blooms, known as cyanoHAB, are particularly prevalent due to their 

ability to adapt to long-term changes in climate and habitat (Paerl, 2017). Cyanobacteria 

were the first organism on Earth to develop photosynthetic capabilities, which allowed for 
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a vast range expansion (Potts & Whitton, 2000; Paerl, 2017). They have existed on a 

geological time scale and have persisted through climatic extremes ranging from ice ages 

to periods of extreme heat, even desiccation and volcanism (Paerl, 2017). By surviving in 

these harsh environments over many generations, they were able to adapt to their 

surroundings. These adaptations are evident by the physical and chemical traits unique to 

taxa who can survive in places on earth which are uninhabitable to most other organisms 

(Paerl, 2017). 

Present-day ecosystem changes are mostly anthropogenic, including 

eutrophication, hydrologic modifications like dam construction and water withdrawal, 

and climate change (Paerl, 2017). Under these conditions, cyanobacteria are thriving, 

which is noticeable by CyanoHAB range expansions (Huisman et al., 2005; Paerl & 

Otten, 2013). CyanoHAB are well-known for their adverse effects on human health 

including, but not limited to, fever, nausea, vomiting, diarrhea, blisters around the mouth, 

visual disturbances, neurological damage, and death (Codd et al., 2005). The route of 

exposure to humans by water contaminated with cyanobacteria is through ingestion, 

dermal contact, or inhalation of air around affected water (Stone & Bress, 2009). Aquatic 

ecosystems are also adversely affected by cyanoHAB. High-biomass blooms can lead to 

hypoxic and low-light environments, leading to mortality in fish, shellfish, invertebrate, 

and plant populations (Paerl, 2017). Toxins from cyanoHAB, called cyanotoxins, also 

affect aquatic life and can cause community structure and composition alteration through 

chemical inhibition and growth suppression of phytoplankton and zooplankton (Zanchett 

& Oliveira-Filho, 2013). CyanoHAB can be found in fresh, brackish, and marine water 

(Rao et al., 2002). Although cyanoHAB are the most commonly occurring, perhaps the 
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best-known types of marine HAB are red tides. 

The term “HAB” is relatively new. All marine HAB were once referred to as “red 

tides”, but because cellular pigmentation among algae are neither uniform, nor always 

red, this is a misnomer (Bushaw-Newton & Sellner, 1999). Harmful algal blooms can 

manifest as a variety of colors, some of which are green, golden, or brown, and 

sometimes there is no observable color change (Bushaw-Newton & Sellner, 1999). Two 

algal species that do cause a red-colored HAB include dinoflagellates in the genera 

Noctiluca and Alexandrium, and the species Gymnodinium breve (Bushaw-Newton & 

Sellner, 1999). Gymnodinium breve is mostly found in the Gulf of Mexico, where 

environmental conditions are favorable for this species to create HAB (Tester & 

Steidinger, 2003). Coastal upwelling is thought to play a big role in determining bloom 

formation of G. breve (Tester & Steidinger, 2003). This dinoflagellate can be found in the 

Gulf near a permanent seasonal thermocline, allowing for year-round HAB (Tester & 

Steidinger, 2003). This species is not sensitive to changes in light, as they have high 

photosynthetic capabilities at low light, yet can also withstand intense light (Tester & 

Steidinger, 2003). When environmental conditions are favorable, G. breve will reproduce 

and grow rapidly, creating a red tide, or HAB. This type of HAB results in fish kills, 

contamination of other marine life through direct contact and bioaccumulation, and 

irritation of the respiratory systems of terrestrial life which breathe near the impacted 

water body (Bushaw-Newton & Sellner, 1999). Although capable of great damage, this, 

and other harmful algal species’ presence do not always cause ecological disturbances 
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Causes and Consequences of HAB 

 

 

 

As primary producers, algae are an important food source for grazers (Bushaw- 

Newton & Sellner, 1999). During HAB, toxins may be produced to deter grazers such as 

zooplankton (Granéli & Turner, 2006). Combating predation may be a possible 

explanation of why some algae evolved to become harmful (Granéli & Turner, 2006). 

Allelopathy, the chemical inhibition of one plant or algal species by another, is an 

additional outcome of HAB toxin production (Granéli & Turner, 2006). This type of 

inhibition could also be a way that harmful algae have adapted to survive in conditions 

where food resources are sparse, by reducing competition from other phytoplankton 

species (Granéli & Turner, 2006). 

A typical HAB can last anywhere from days to months although the duration, 

frequency, and impacts are increasing globally (Glibert et al., 2005). Several factors may 

be responsible for these recent trends including increased anthropogenic eutrophication, 

climate change, spreading of algae by boats and the seafood industry, or even simply an 

increase in awareness leading to an increase in reporting (Hallegraeff, 1993). Most 

harmful algae favor warm water temperatures, allowing them to outcompete other algae 

who are not equipped to handle such temperatures (Paerl & Huisman, 2008). Rises in 

global temperatures lead to warmer surface waters which increase thermal stratification 

through decreasing the epilimnion’s, or upper layer’s, density (Paerl & Huisman, 2009). 

This, in turn, leads to decreased vertical mixing, allowing HAB to occur in deeper water 

(Paerl & Huisman, 2009). Warmer temperatures also decrease water’s viscosity which 

makes it easier for microorganisms to migrate, also leading to a broader vertical HAB 
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range (Paerl & Huisman, 2009). When a HAB creates a thick layer of algae, it absorbs 

light from the sun and in turn increases the water temperature (Paerl & Huisman, 2008). 

This can create a positive feedback mechanism furthering the HAB (Paerl & Huisman, 

2008). 

Increased evaporation due to higher temperatures coupled with less water input 

from summer droughts enhanced by climate change creates a more saline environment 

(Paerl & Huisman, 2009). Unusually saline environments can lead to “salt stress” and can 

cause cell leakage and toxin production in some cyanobacteria species already equipped 

with a tolerance for highly saline environments (Tonk et al., 2007). Increased 

atmospheric carbon dioxide (CO2), a driving force behind man-made climate change, 

increases dissolved CO2 in aquatic ecosystems which can promote the growth of some 

harmful algae (Wells et al., 2015). The increase in CO2 can also contribute to freshwater 

and ocean acidification, or lowered pH, which can change competitive relationships 

amongst harmful algae and other algae (Phillips et al., 2015; Wells et al., 2015). It is 

possible that ocean and freshwater acidification can also lead to a reduction in predators’ 

ability to control harmful algae (Wells et al., 2015). Extreme bursts of rainfall, another 

projected climate change occurrence, will aid the transport of land nutrients to water 

bodies through runoff, fueling HAB (Hallegraeff, 2010). Timing and intensity of coastal 

upwelling, the movement of nutrients from the ocean floor to the surface, is also 

projected to intensify through processes of climate change (Hallegraeff, 2010). An 

increase in nutrients through this phenomenon will also aid the growth of harmful algae 

(Hallegraeff, 2010). 

Impacts from HAB are not only ecologically damaging but can also be measured 
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on an economic level. Harmful algal blooms lead to losses in aquaculture and wild 

fisheries, reductions in tourism and associated service industries, and create illness- 

related costs (Bushaw-Newton & Sellner, 1999). Freshwater HAB alone are estimated to 

cost the United States 2.2-4.6 billion dollars annually (Dodds et al., 2009). Hoagland and 

Scatasta (2006) estimated that the United States and The European Union spend annual 

amounts of $12,429 and $4,162 per km of coastline on HAB, respectively. One species of 

harmful alga that has caused considerable monetary losses in recent years is golden alga, 

or Prymnesium parvum, a single-celled, euryhaline phytoplankton with a wide global 

range. 

Inhabiting waters of all continents except Antarctica (Granéli et al., 2012), P. 

parvum is seemingly capable of cohabitation with other aquatic organisms until it reaches 

a period of rapid growth and reproduction resulting in a HAB. Southard et al. (2010) 

states a conservative estimate of the cost of fish-kills in Texas due to P. parvum-related 

HAB up to the year 2009 at 34 million fish costing $13 million USD. A Texas Parks and 

Wildlife Department report, however, estimates local economies lost over $18 million in 

the year 2001 alone (TPWD, 2002). Economically important sport fishes are among the 

millions of aquatic organisms killed by P. parvum (TPWD, 2002). Time and resources 

spent mitigating and remediating P. parvum-related HAB are also costly (TPWD, 2002). 

With several variables contributing to the economic impact of P. parvum, the exact 

amount is difficult to pinpoint, but the estimates of past damage make the species a great 

cause for concern. 
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Golden Alga 

 

 
 

Anatomy 

 

 

 

Prymnesium parvum is a eukaryote which belongs to the kingdom Chromista, 

phylum Baptista, class Coccolithophyceae, order Prymnesiales, and family 

Prymnesiaceae (Cavalier-Smith, 2018). It is only one of fifteen haptophytes that occur in 

inland waters (Eikrem et al., 2016). Prymnesium parvum is motile with two lophotrichous 

flagella ranging from 12 to 15 micrometers in length (Green et al., 1982). A haptonema 

(Figure 1.1) is located on the same end as the flagella, ranging from 3 to 5 micrometers 

(Green et al., 1982). This feature allows the cell to attach to objects and is involved in 

phagotrophy (McLaughlin, 1958; Prescott, 1968). Cell size ranges from 8 to 11 

micrometers-long and 4 to 6 micrometers-wide (Green et al., 1982). Prymnesium 

parvum’s shape can be described as an ellipsoid or a narrow oval, sometimes compressed, 

with a rounded or tapered posterior end and an obliquely truncate anterior end (Green et 

al., 1982). Prymnesium parvum cells contain one nucleus centrally located between two 

yellow-green chloroplasts (Green et al., 1982). The outer-membrane of the nuclear 

envelope engulfs the chloroplast endoplasmic reticulum which also has its own 

membrane (Lee, 1980). An accumulation of a reserve metabolite thought to be 

chrysolaminarin can be found in the posterior end (Green et al., 1982). The Golgi 

apparatus is positioned between the bases of the flagella and the nucleus (Bold & Wynn, 

1983). Also found in the anterior end is the one contractile vacuole, although it is not 

always present (Lee, 1980). Muciferous bodies, or mucocysts, can be found in helical 



Texas Tech University, Emily Richardson, May 2019 
 

8  

rows under the pellicle (Lee, 1980; Green et al., 1982). Prymnesium parvum may be 

distinguished from closely related species by the haptonema-to-cell length ratio, the 

flagella-to-cell length ratio, and the type of scales present, all visible through light 

microscopy (Chang & Ryan, 1985). Body scales are layered with the outer scale being 

narrow with inflexed rims and the inner layer being wide with strongly inflexed rims 

(Green et al., 1982). Prymnesium parvum’s life cycle involves two haploid stages and one 

diploid (Roelke et al., 2016). When faced with unfavorable conditions, P. parvum can 

form cysts to promote the survival of the species (Green et al., 1982). 

 

 

Golden Alga HAB 

 

 

 

During a bloom, P. parvum produces allelopathic and toxic compounds (Yariv & 

Hestrin, 1961; Shilo, 1971; 1981). Allelopathy refers to the inhibition of growth or death 

of a plant or alga caused by chemicals produced by another plant or alga. Chemicals 

produced by some algae, however, can also impact the health and survival of aquatic or 

terrestrial animals, such as fishes. Igarashi et al. (1996) identified two specific 

compounds produced by P. parvum called prymnesin-1 and prymnesin-2, concluding that 

they were toxins. Later studies sought to identify these toxins, some rejecting their 

presence. For example, Henrikson et al. (2010), could not detect prymnesins 1 and 2 and 

instead concluded that toxic fatty acids were responsible for the ichthyotoxic properties 

of P. parvum. Manning and La Claire (2013), however, confirmed the existence of 

prymnesins 1 and 2 using ultra high-resolution mass spectrometry and were also able to 

find the toxins both within the cells and in the extracellular environment. 
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Water quality can influence the potency of these toxins, for example, the presence 

of Ca2+, Mg2+, and polyamines all greatly enhance ichthyotoxicity (Reich & Rotberg, 

1958; Ulitzer & Shilo, 1964; 1966; Shilo, 1971; Rijn & Shilo, 1989). Cell abundance also 

influences toxicity, with fish kills occurring in waters containing as few as 20,000 cells 

ml-1 (VanLandeghem et al., 2015a). Prymnesium parvum toxins primarily attack gill- 

breathing organisms (Shilo, 1981). No adverse effects to aquatic insects or mammals 

have been reported (Shilo, 1972; Linam et al., 1991; TPWD, 2007). 

As a mixotroph, P. parvum can obtain energy from photosynthesis, from an 

uptake in dissolved organic matter, or by preying on other algae, zooplankton, and 

bacteria (Remmel et al., 2011; Roelke et al., 2016). Toxin production can also benefit P. 

parvum by reducing competition or slowing down prey (Nejstgaard & Solberg, 1996; 

Fistarol et al., 2003; Tillmann, 2003; Sopanen et al., 2006). Another theory pertaining to 

the cause of fish mortalities by P. parvum is that the cells themselves damage gills, not 

the toxins that they produce (Remmel & Hambright, 2012). Remmel and Hambright 

(2012) conclude that P. parvum cells use gill tissue as a food source and the process of 

nutrient acquisition is what leads to the extensive damage to the gills. 

 

 

Distribution 

 

 

 

Worldwide 
 

 

 
The earliest records of P. parvum-related fish kills were in the Netherlands in the 

1920s and then in the late 1930s, in brackish coastal waters of Denmark and in a brackish 
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pool on the Isle of Wight in England (Carter, 1937; Shilo & Aschner, 1953; Moestrup, 

1994). Prymnesium parvum is thought to have been in Germany’s Baltic coast as early as 

the 1890s, with official documentation in the early 1930s (Moestrup, 1994). Prymnesium 

parvum was then reported to have invaded fish ponds in Israel in 1947 and spread rapidly 

through nearby brackish inland waters (Shilo & Shilo, 1953). Since 1963, China has 

reported many fish kills in carp ponds due to P. parvum blooms (Guo et al., 1996). 

Affected species included, in decreasing order of sensitivity, Hypophthalmichtys nobilis, 

Ctenopharyogodon idella, Cirrhina molitorella, Carassius auratus, and Noemacheillus 

sp. Cantor (Guo et al., 1996). Green et al. (1982) documented P. parvum in the English 

Bay of British Columbia in 1969, with the possibility of earlier occurrences. In 1969, P. 

parvum was found in the River Thurne, a brackish coastal river in England, along with 

many other HAB forming species (Bales et al., 1993). Increased levels of guano in the 

water were thought to be the reason for this outbreak, leading to widespread fish-kills 

throughout the River Thurne system through the mid-1970s (Bales et al., 1993). Mixed 

HAB containing P. parvum have been documented in the Vasse-Wannerup estuary of 

Australia every year during January-March since the 1970s (Hallegraeff, 1992). 

Aquaculture enclosures in the Sandsfjord system in Norway were contaminated with P. 

parvum in 1989, killing enclosed Oncorhynchus mykiss and Salmo salar populations 

along with a few wild fish in the system (Kaartvedt et al., 1991). Mixed HAB containing 

P. parvum similar to those found in Australia were then documented in the Sandsfjord 

regularly during summer seasons (Larsen & Bryant, 1998). The Oued Mellah Reservoir 

in Morocco experienced P. parvum-related fish kills in the fall of 1998 and 1999 (Sabour 

et al., 2000). Prymnesium parvum has also been implicated in fish kills in Bulgaria, 
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Germany, Palestine, Scotland, South Africa, and Spain (Rahat & Jahn, 1965; 

Reichenbach-Klinke, 1973; Comin & Ferrer, 1978; Johnsen & Lein, 1989; Dietrich & 

Hesse, 1990; Linam et al., 1991). More recently, P. parvum has been identified in areas it 

had not been seen before, including Chile, Brazil, Japan, the eastern Mediterranean, and 

Balkans (Nakayama et al., 2005; Beltrami et al., 2007; Bergesch et al., 2008; Genitsaris et 

al., 2009; Michaloudi et al., 2009; 2012; Oikonomou et al., 2012; Vasas et al., 2012). 

 

 

United States 
 

 

 
Prymnesium parvum was first documented in the United States in the Texas 

portion of the Pecos River of Texas in the 1980s (James & De La Cruz, 1989). Water 

bodies throughout Texas and in the New Mexico portion of the Pecos River remained the 

only affected waters until 2005, when P. parvum was detected in lagoons and reservoirs 

near Phoenix, Arizona (Sager et al., 2008). Currently, P. parvum has been detected in 23 

states, most of which are in the south and southwest (Figure 1.2) (Roelke et al., 2016). 

Genetic analysis of P. parvum from the United States shows similarities to strains found 

in Europe (Lutz-Carrillo et al., 2010). A Scottish strain is closely related to the P. parvum 

found in Texas, South Carolina, and Wyoming. Prymnesium parvum found in Diversion 

Lake in Texas, however, more closely resembled samples from Denmark and Norway 

(Lutz-Carrillo et al., 2010). A strain from England was closest to a sample from Maine 

(Lutz-Carrillo et al., 2010). Lutz-Carrillo et al. (2010) also found that the genetic 

similarities between samples from South Carolina, Wyoming, and Texas, excluding the 

sample from Diversion Lake, were so similar that they are thought to be from a single 
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source which resulted in a range expansion. The samples from Texas shared the most 

recent common ancestor with the Scottish sample, suggesting the range expansion 

process began in Texas (Lutz-Carrillo et al., 2010). This is corroborated by the fact that 

P. parvum-related HAB in the United States were first reported in Texas. Possible 

explanations for dispersal from Scotland to Texas include transportation via birds, 

airborne transportation, ocean currents, and anthropogenic factors such as global 

aquaculture sales (Maynard, 1968, as cited in Kristiansen, 1996; Hallegraeff & Gollasch, 

2006). A retrospective study of trends in water quality and P. parvum blooms in Texas 

reservoirs concluded that major dispersals since the 1980s may have been driven by 

novel introductions into pre-existing favorable habitat but that once established, 

additional range expansions could occur due to natural or anthropogenic changes in water 

quality (Patiño et al., 2014). Talarski et al. (2016) theorize that P. parvum originated in 

inland waters and evolved to higher salinities, eventually migrating into oceans. There is 

not a current consensus on origins of P. parvum in the United States, however, the most 

widely accepted theory seems to be a novel introduction beginning in Texas. 

 

 

Texas 
 

 

 
Prymnesium parvum first became a known problem in Texas water bodies in the 

1980s (Table 1.1). The first suspected kill occurred in the Brazos river in 1981, followed 

by another suspected kill in California Creek, also in the Brazos River basin, in 1982 

(TPWD, 2019). There were no more reported kills until 1985, which is the year of the 

first few confirmed kills in the Pecos River (TPWD, 2019). A few HAB occurred in the 
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years between 1985 and 2000, followed by a rapid expansion in 2001, including an 

extreme kill to the Red River basin in the Dundee State Fish Hatchery and nearby in 

Diversion Lake where a total of about five and a half million fish were killed. Currently, 

five river basins in Texas have experienced recurring P. parvum-related HAB, including 

the Brazos, Canadian, Colorado, Red, and Rio Grande (Figure 1.3) (TPWD, 2005; Sager 

et al., 2008; Toé, 2017). A few HAB have been reported in areas other than the five 

affected basins including a reflecting pool in San Jacinto State Park in the San Jacinto 

River basin in Harris County and in private ponds in Cameron, Jim Hogg, Kleberg, and 

Nueces Counties (Birdsong, 2013). These were contained events, however, and did not 

lead to recurring blooms in their water systems. 

 

 

Factors Influencing Growth and Distribution 

 

 

 

Salinity 
 

 

 
Although thought to have originated in high salinity habitats, P. parvum found in 

inland Texas waters show a biphasic relationship to salinity (Israël et al., 2014; Nicholls, 

2015). This is also true in a laboratory setting, with maximum growth rate and cell 

abundance generally increasing from 5 to ~10-15 psu and decreasing at higher salinities 

(Rashel & Patiño, 2017). Prymnesium parvum blooms also seem to occur mostly at the 

intermediate range of salinity (Roelke et al., 2016). It has been theorized that at low 

salinity levels, P. parvum population density may be too small to produce enough toxins 

cumulatively to result in a HAB, while at high salinities there may be a large enough 



Texas Tech University, Emily Richardson, May 2019 
 

14  

population but not enough stress to warrant the toxin production necessary to cause a 

HAB (Figure 1.4) (Roelke et al., 2016). However, a positive relationship between growth 

potential and salinity has not been found in tests where P. parvum cultures are subjected 

to different high salinity levels in a laboratory setting (Rashel & Patiño, 2017). 

It is possible that the specific ions that contribute to salinity have different effects 

on P. parvum growth and distribution (Patiño et al., 2014; VanLandeghem et al., 2015a). 

Sites containing elevated P. parvum abundance in Texas show higher levels of fluoride, 

sulfate, calcium, magnesium and total hardness, all of which contribute to salinity (Patiño 

et al., 2014; VanLandeghem et al., 2015a). Prymnesium parvum toxicity also shows a 

positive relationship with calcium, magnesium, and total hardness (Yariv & Hestrin, 

1961; Ulitzer & Shilo, 1964; 1966; VanLandeghem et al., 2012). Unpublished data 

suggests that magnesium and sulfate are limiting factors in high salinity environments 

(Rashel & Patiño, in preparation). It is difficult to pinpoint exactly what variables play 

the biggest role in influencing P. parvum growth, abundance, and toxicity, but salinity 

associated variables are thought to have the greatest influence at the landscape scale 

(Patiño et al., 2014). 

 

Temperature 

 

Temperature is another influential factor on growth and distribution of P. parvum 

(VanLandeghem et al., 2015a). Blooms in brackish inland waters of Texas occur within 

the 10 to 20⁰C range, with most blooms occurring in the fall or early spring (Baker et al., 

2007; VanLandeghem et al., 2015b). In the Colorado River in Texas, peak abundance 
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occurs at 10 to 13⁰C and the largest decreases in cell abundance are observed around 18 

to 22⁰C. (VanLandeghem et al., 2015b). In a laboratory setting, however, the Texas strain 

of P. parvum shows highest growth and abundance at temperatures ranging from 25 to 

28⁰C (Baker et al., 2007). Temperature in a laboratory setting becomes highly inhibitory 

above 30⁰C or below 13⁰C (Baker et al., 2007, Rashel et al., 2017). Optimum 

temperature is independent from salinity and irradiance levels (Baker et al., 2007). 

Considering these observations, discrepancies in optimal temperatures between 

laboratory grown P. parvum and P. parvum found in natural settings may be due to other 

environmental factors. 

 

 

Nutrients 
 

 

 
Because P. parvum-related HAB are more frequently observed in eutrophic areas, 

it appears that nutrient availability is a key factor in determining population density and 

bloom potential (Hambright et al., 2010; 2015; VanLandeghem et al., 2015c). As seen in 

laboratory experiments, an imbalance between nitrogen and phosphorus in either 

direction enhances toxin production, with phosphorus being the most limiting (Dafni et 

al., 1972; Johansson & Granéli, 1999; Granéli & Johansson, 2003; Barreiro et al., 2005; 

Uronen et al., 2005; Valenti Jr. et al., 2010; Hambright et al., 2014). Contradictory results 

have been observed in-situ in the presence of natural phytoplankton species, specifically 

high P. parvum-related toxicity without nutrient enrichment, and lowered toxicity in 

inorganic phosphorus-deficient or inorganic nitrogen-deficient environments (Figure 1.5) 

(Errera et al., 2008; Roelke et al., 2016). 
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The influence of organic sources of nitrogen and phosphorus versus inorganic 

sources needs to be considered to fully understand their effects on P. parvum toxicity. 

Additional field studies have shown positive relationships between P. parvum toxicity 

and organic nitrogen and inorganic phosphorus (Israël et al., 2014; VanLandeghem et al., 

2015c). Disparities between P. parvum’s utilization of inorganic versus organic nutrient 

sources may also explain differences in bloom dynamics when comparing brackish water 

to seawater (VanLandeghem et al., 2015c). Prymnesium parvum’s ability to compete for 

phosphorus seems to increase in brackish inland waters, possibly meaning that P. parvum 

has biologically adapted to invade phosphorus-limited environments (Baker at al., 2009). 

 

 

Herbicides 
 

 

 
Atrazine is a common herbicide used in agriculture to control broadleaf and 

grassy weeds (Kiely et al., 2004). It works by inhibiting photosynthesis and disrupting the 

electron transport chain (deNoyelles et al., 1982; Lakshminarayana et al., 1992). Tests 

performed on P. parvum collected in the south-central United States have revealed that 

many regional phytoplankton are sensitive to atrazine while P. parvum is resistant 

(Roelke et al., 2016). This dynamic could lead to a competitive edge for P. parvum 

(Yates & Rogers, 2011). A recent study on the effects of the commonly used herbicide, 

glyphosate, on P. parvum, found that growth was stimulated by glyphosate at low 

concentrations, although inactive ingredients in the commercially available glyphosate- 

product, Roundup, may be inhibitory (Dabney & Patiño, 2018). 
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Management 

 

There are many treatment options available for waters infested with P. parvum. 

 

Among the more common chemical methods are ammonium sulfate, copper sulfate, 

chelated copper, potassium permanganate, and hydrogen peroxide (Barkoh et al., 2010). 

These treatments can be utilized in the presence of aquatic life under certain safety 

guidelines. There are also treatment options available to disinfect contained, lined 

structures without aquatic life present including ozone, UV light, and chlorination 

(Barkoh et al., 2010). Recent studies are looking at more natural ways to suppress P. 

parvum growth, notably utilizing extract from the invasive plant, Arundo donax, which 

has algicidal properties and has been shown to suppress growth of P. parvum (Patiño et 

al. 2018). 

 

 

Salinity Adaptation 

 

 

 

In an experiment where P. parvum were grown in media with salinities of 5 and 

30 psu over many months, found that thousands of salinity-associated genes differed 

between the two treatments (Talarski et al., 2016). Talarski et al. (2016) hypothesize that 

such genetic responses may indicate an ability to adapt to changing salinity levels. He 

(2010) alternatively suggests that the notion of this ability to adapt to salinity is false due 

to an expected low genetic diversity in cultures. He (2010) grew P. parvum cultures at the 

low salinities of 4, 1, and 0.5 psu inoculated from a stock at 5.8 psu for two growth 

cycles. They compared exponential growth rate, concluding that P. parvum could not 
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adapt to these low salinity levels as growth rate was not significantly different between 

the two growth cycles. Because adaptation occurs over many generations, perhaps the 

cell cultures used in the He (2010) experiment were not subjected to low salinities for 

long enough periods of time to allow for adaptation. If P. parvum is truly not able to 

adapt to low salinities, it is still possible that, according to Talarski et al. (2016), 

adaptation can occur at higher salinities. 

In a similar experiment, Hambright et al. (2014) analyzed salinity’s effect on P. 

parvum by inoculating flasks at broad range of salinities with stock cultures kept at 6 and 

15 g/l of Instant Ocean® (IO) for one growth cycle. They determined that an abrupt 

change in salinity has no effect on cell density, but salinity did have a positive association 

with both growth rate and toxicity (Hambright et al., 2014). Rashel and Patino (2017), 

however, found that an abrupt transfer to high salinity does affect cell density as well as 

growth rate by manipulating salinity only with the addition of NaCl instead of total ions 

as Hambright et al. (2014) did. These studies show different angles on one question: can 

P. parvum adapt to changing salinities? This study aims to clarify the answer to that 

question in regard to high-salinity adaptation. 
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OBJECTIVES 

 

 
 

Although thought to have originated in high-salinity habitats (Nicholls, 2015), P. 

parvum abundance in inland waters of the United States and its growth potential in the 

laboratory show a biphasic relationship to salinity, with peak abundance at ~10-15 psu 

(Israël et al., 2014; Rashel & Patiño, 2017). Additionally, P. parvum growth is reduced 

by over 50% after acute transfer from 5 psu in modified artificial seawater media (ASM) 

into 30 psu in modified ASM (Rashel & Patiño, 2017). It is unclear, however, if P. 

parvum can adapt to (compensate for) osmotic stress over a prolonged exposure to high 

salinity in terms of growth potential. This information is necessary to understand the 

spatial distribution of P. parvum blooms in inland waters of different salinities and their 

current absence from Texas coastal habitats (Nelson & Byrd, 2011). The objectives of 

this study were, therefore, to determine if P. parvum maintained at 5 psu in modified 

ASM can recover from acute osmotic stress (adapt) after an initial salinity shock of 30 

psu in modified ASM, or if growth suppression can be prevented by a gradual increase in 

salinity. An additional objective was to determine if growth suppression is also observed 

after abrupt transfer from 5 psu in modified ASM into a 30-psu environment with a 

complex ionic composition similar to coastal waters. Findings of this study may give 

insight on P. parvum’s ability to disperse into new environments, especially the saline 

habitats along the Texas coastline. 

  



Texas Tech University, Emily Richardson, May 2019 
 

20  

REFERENCES 

 

 

 

Anderson, D.M. (2009). Approaches to monitoring control and management of harmful 

algal blooms (HABs). Ocean & Coastal Management, 52(7), 342-347. 

 

Baker, J.W., Grover, J.P., Brooks, B.W., Ureña-Boeck, F., Roelke, D.L., Errera, R.M., 

Kiesling, R. (2007). Growth and toxicity of Prymnesium parvum (Haptophyta) as 

a function of salinity, light and temperature. Journal of Phycology, 43, 219-227. 

 

Baker, J.W., Grover, J.P., Ramachandrannair, R., Black, C., Valenti, T.W., Brooks, 

B.W., Roelke, D.L. (2009). Growth at the edge of the niche: an experimental 

study of the harmful alga Prymnesium parvum. Limnology and Oceanography, 

54, 1679– 1687. 

 

Bales, M., Moss, B., Phillips, G., Irvine, V., Stansfield, J. (1993). The changing 

ecosystem of a shallow, brackish lake, Hickling Broad, Norfolk, U.K. II. Long- 

term trends in water chemistry and ecology and their implications for restoration 

of the lake.  Freshwater Biology 29(1), 141-165. 

 

Barkoh, A., Smith, D.G., Southard, G.M. (2010). Prymnesium parvum control treatments 

for fish hatcheries. Journal of the American Water Resources Association 46(1), 

161-169. 

 

Barreiro, A., Guisande, C., Maneiro, I., Lien, T. P., Legrand, C., Tamminen, T., 

Lehtinen, S., Uronen, P., Granéli, E. (2005). Relative importance of the different 

negative effects of the toxic haptophyte Prymnesium parvum on Rhodomonas 

salina and Brachionus plicatilis. Aquatic Microbial Ecology 38, 259–267. 

 

Beltrami, O., Escobar, M. Collantes, G. (2007). New record of Prymnesium parvum f. 

patelliferum (Green, Hibberd, Piennar) Larsen stat. nov. (Prymnesiophyceae) 

from Valparaíso Bay. Investigaciones Marinas 35(1), 97-104. 

 

Bergesch, M., Odebrecht, C., Moestrup, Ø. (2008). Nanoflagellates from coastal waters 

of Southern Brazil (32⁰S). Botanica Marina 51(1), 35-50. 

 

Birdsong, T. (2013). Planning and investigations to address natural resource 

management issues resulting from toxic harmful algal blooms particularly 

golden alga (Prymnesium parvum). Final report as required by state wildlife 

grants program, Texas, Grant TX T-23-1 (F05AF0008). Texas Parks and 

Wildlife Department, Inland Fisheries Division. 

 

Bold, H.D., Wynne, M.J. (1983). Introduction to the algae, 2nd Ed. Prentice-Hall, Inc. 

Englewood Cliffs, NJ. pp. 417-428. 



Texas Tech University, Emily Richardson, May 2019 
 

21  

Bushaw-Newton, K.L., Sellner, K.G. (1999). Harmful algal blooms. In: NOAA’s State of 

the Coast Report. Silver Spring, MD: National Oceanic and Atmospheric 

Administration. Available at: 

https://aamboceanservice.blob.core.windows.net/oceanservice- 

prod/websites/retiredsites/sotc_pdf/hab.pdf. Accessed February 15, 2019. 

 

Carter, N. (1937). New or interesting algae from brackish water. Archiv für 

Protistenkunde 90, 1-68. 

 

Cavalier-Smith, T. (2018). Kingdom Chromista and its eight phyla: a new synthesis 

emphasising periplastid protein targeting, cytoskeletal and periplastid evolution, 

and ancient divergences. Protoplasma 255(1), 297–357. 

 

Chang, F.H., Ryan, K.G. (1985). Prymnesium calathiferum sp. nov. 

(Prymnesiophyceae), a new species isolated from Northland, New Zealand. 

Phycologia 24, 191-198. 

 

Codd, G.A., Morrison, L.F., Metcalf, J.S. (2005). Cyanobacterial toxins: risk 

management for health protection. Toxicology and Applied Pharmacology 203, 

264-272. 

 

Comin, F.A., Ferrer, X. (1978). Mass development of the phytoflagellate Prymnesium 

parvum Carter (Haptophyceae) in a coastal lagoon in the Ebro Delta. Oecologia 

Aquatica 3, 207-210. 

 

Dabney, B.L., Patiño, R. (2018). Low-dose stimulation of growth of the harmful alga, 

Prymnesium parvum, by glyphosate and glyphosate-based herbicides. Harmful 

Algae 80, 130-139. 

 

Dafni, Z., Ulitzurm S, Shilo, M. (1972). Influence of light and phosphate on toxin 

production and growth of Prymnesium parvum. Journal of General Microbiology 

70, 199–207. 

 

deNoyelles, F., Kettle, W.D., Sinn, D.E. (1982). The responses of plankton communities 

in experimental ponds to atrazine, the most heavily used pesticide in the United 

States. Ecology 63: 1285–1293. 

 

Dietrich, W., Hesse, K.J. (1990). Local fish kill in a pond at the German North Sea 

Coast associated with a mass development of Prymnesium sp. 

Meeresforschung/Reports on Marine Research, 33(1), 104-106. 

 

Dodds, W.K., Bouska, W.W., Eitzmann, J.L., Pilger, T.J., Pitts, K.L., Riley, A.J., 

Schloesser, J.T., Thornbrugh, D.J. (2009). Eutrophication of U.S. freshwaters: 

analysis of potential economic damages. Environmental Science & Technology, 

43(1), 12-9. 



Texas Tech University, Emily Richardson, May 2019 
 

22  

Edvardsen, B., Paasche, E. (1998). Bloom dynamics and physiology of Prymnesium and 

Chrysochromulina. In: Andersen D.M., Cembella, A.D., Halegraeff, G.M. (Eds.), 

Physiological Ecology of Harmgul Algal Blooms. NATO ASI Series 41. Springer, 

Berlin, Heidelberg, New York, 193-208. 

 

Eikrem, W., Medlin, L.K., Henderiks, J., Rokitta, S., Rost, B., Probert, I., Throndsen, J., 

Edvardsen, B. (2016) Haptophyta. In: Archibald, J.M., Simpson, A.G.B., 

Slamovits, C.H. (Eds.), Handbook of Protists. Springer, Cham, Switzerland, 893- 

953. 

 

Errera, R. M., Roelke, D. L., Kiesling, R., Brooks, B. W., Grover, J. P., Schwierzke, L., 

Ureña-Boeck, F., Baker, J. W., Pinckney, J. L. (2008). The effect of imbalanced 

nutrients and immigration on Prymnesium parvum community dominance and 

toxicity: results from in-lake microcosm experiments, Texas, USA. Aquatic 

Microbial Ecology 52, 33–44. 

 

Fistarol, G.O., Legrand, C., Granéli, E. (2003). Allelopathic effect of Prymnesium 

parvum on a natural plankton community. Marine Ecology Progress Series 255, 

115–125. 

 

Genitsaris, S., Kormas, K.A., Moustaka-Gouni, M. (2009). Microscopic eukaryotes 

living in a dying lake (Lake Koronia, Greece). FEMS Microbiology Ecology 69, 

75-83. 

 

Glibert, P.M., Anderson, D.M., Gentien, P., Granéli, E., Sellner, K.G. (2005). The 

global, complex phenomena of harmful algal blooms. Oceanography 18(2) 136–

147. 

 

Granéli, E., Johansson, N. (2003). Increase in the production of allelopathic substances 

by Prymnesium parvum cells grown under N- or P-deficient conditions. Harmful 

Algae 2, 135–145. 

 

Granéli, E., Turner, J.T. (2006). An introduction to harmful algae. In: Granéli, E., 

Turner, J.T. (Eds.). Ecology of Harmful Algae Vol. 189. Springer, Berlin, 

Heidelberg. 3-7. 

 

Granéli, E., Edvardsen, B., Roelke, D.L., Hagström, J.A. (2012). The ecophysiology and 

bloom dynamics of spp. Harmful Algae 14, 260-270. 

 

Green, J.C., Hibberd D.J., Pienaar, R.N. (1982). The taxonomy of Prymnesium 

(Prymnesiophyceae) including a description of a new cosmopolitan species, P. 

patellifera sp. nov., and further observations on P. parvum N. Carter. British 

Phycological Journal 17, 363-382. 

 

 



Texas Tech University, Emily Richardson, May 2019 
 

23  

Guiry, M. D. (2012). How many species of algae are there? Journal of Phycology 48, 

1057–1063. 

 

Guo, M., Harrison, P.J., Taylor, F.J.R. (1996). Fish kills related to Prymnesium parvum 

N. Carter (Haptophyta) in the People's Republic of China. Journal of Applied 

Phycology 8(2), 111-117. 

 

Hallegraeff, G.M. (1992). Harmful algal blooms in the Australian Region. Marine 

Pollution Bulletin 25(5-8), 186-190. 

 

Hallegraeff, G.M. (1993). A review of harmful algal blooms and their apparent global 

increase. Phycologia 32(2), 79-99. 

 

Hallegraeff, G.M. (2010). Ocean climate change, phytoplankton community responses, 

and harmful algal blooms: a formidable predictive challenge. Journal of 

Phycology 46(2), 220-235. 

 

Hallegraeff, G., Gollasch, S. (2006). Anthropogenic introductions of microalgae. In: 

Ecology of Harmful Algae, Granéli, E., Turner, J.T. (Eds.), Springer-Verlag, 

Berlin, Heidelberg, 379-390. 

 

Hambright, K.D., Zamor, R.M., Easton, J.D., Glenn, K.L., Remmel, E.J., Easton, A.C. 

(2010). Temporal and spatial variability of an invasive toxigenic protist in a 

North American subtropical reservoir. Harmful Algae 9, 568–577. 

 

Hambright, K.D., Easton, J.D., Zamor, R.M., Beyer, J., Easton, A.C., Allison, B. (2014). 

Regulation of growth and toxicity of a mixotrophic microbe: implications for 

understanding range expansion in Prymnesium parvum. Freshwater Science 33, 

745–754. 

 

Hambright, K.D., Beyer, J.E., Easton, J.D., Zamor, R.M., Easton, A.C., Hallidayschult, 

T.C. (2015). The niche of an invasive marine microbe in a subtropical freshwater 

impoundment. ISME Journal 9, 256–264. 

 

He, X. (2010). Growth and toxicity of Prymnesium parvum in long-term cultures at low 

temperature and salinity. Master’s thesis, The University of Texas at Arlington, 

Arlington, Texas, USA, pp. 35. 

 

Henrikson, J.C., Gharfeh, M.S., Easton, A.C., Easton, J.D., Glenn, K.L., Shadfan, M., 

Mooberry, S.L., Hambright, K.D., Cichewicz, R.H. (2010). Reassessing the 

ichthyotoxin profile of cultured Prymnesium parvum (golden algae) and 

comparing it to samples collected from recent freshwater bloom and fish kill 

events in North America. Toxicon 55(7), 1396-1404. 

 

 



Texas Tech University, Emily Richardson, May 2019 
 

24  

Hoagland, P., Scatasta, S. (2006). The economic effects of harmful algal blooms. In 

Granéli, E., Turner, J.T. (Ed.s), Ecology of Harmful Algae, Ecological Studies, 

Vol. 189, Springer, Verlag, Berlin, Heidelberg. 391-402. 

 

Huisman, J.M., Matthijs H.C.P., Visser, P.M. (2005). Harmful cyanobacteria. Springer 

Aquatic Series 3. Springer, Dordrecht, The Netherlands, pp. 243. 

 

Igarashi, T., Satake, M., Yasumoto, T. (1996). Prymnesin-2: a potent ichthyotoxic and 

hemolytic glycoside isolated from the red alga Prymnesium parvum. Journal of 

the American Chemical Society 118, 479–480. 

 

Israël, N.M.D. (2013). Surface water quality in the Pecos River Basin: associations with 

golden alga presence and unplugged oil/gas well densities. Master’s thesis, 

Texas Tech University, Lubbock, Texas. 

 

Israël, N.M.D., VanLandeghem, M.N., Denny, S.D., Ingle, J., Patiño, R. (2014). Golden 

alga presence and abundance are inversely related to salinity in a high-salinity 

river ecosystem, Pecos River, USA. Harmful Algae 39, 81–91. 

 

James, T., De La Cruz, A. (1989). Prymnesium parvum Carter (Chrysophyceae) as a 

suspect of mass mortalities of fish and shellfish communities in Western Texas. 

Texas Journal of Science 41(4), 429-430. 

 

Johansson, N., Granéli, E. (1999). Influence of different nutrient conditions on cell 

density, chemical composition and toxicity of Prymnesium parvum (Haptophyta) 

in semi-continuous cultures. Journal of Experimental and Marine Biology and 

Ecology 239, 243–258. 

 

Johnsen, T. M., Lein, T.E. (1989). Prymnesium parvum Carter (Prymnesiophyceae) in 

association with macroalgae in Ryfylke, Southwestern Norway. Sarsia 74(4), 

277-281. 

 

Kaartvedt, S., Johnsen, T.M., Aksnes, D.L., Lie, U., Svendsen, H. (1991). Occurrence of 

the toxic phytoflagellate Prymnesium parvum and associated fish mortality in a 

Norwegian fjord system. Canadina Journal of Fisheries and Aquatic Sciences 

48(12), 2316-2323. 

 

Kiely, T., Donaldson, D., Grube, A. (2004). Pesticides industry sales and usage 2000 and 

2001 market estimates. U.S. Environmental Protection Agency Technical Report. 

pp. 48. 

 

Kristiansen, J. (1996). Dispersal of freshwater algae – a review. Hydrobiologia 336, 

151- 157. 

 

 



Texas Tech University, Emily Richardson, May 2019 
 

25  

Lakshminarayana, J.S.S., O’Neill, H.J., Jonnavithula, S.D., Leger, D.A., Milburn, P.H. 

(1992). Impact of atrazine-bearing agricultural tile drainage discharge on 

planktonic drift of a natural stream. Environmental Pollution 76, 201–210. 

 

Larsen, A., Bryant, S. (1998). Growth rate and toxicity of Prymnesium parvum and 

Prymnesium patelliferum (Haptophyta) in response to changes in salinity, light 

and temperature. Sarsia 83(5), 409-418. 

 

Lee, R.E. (1980). Phycology. Cambridge University Press, Cambridge. pp. 478. 

 

Linam, G., Ralph, J., Glass, J. (1991). Toxic blooms, an unusual algae threatens aquatic 

resources. Chihuahuan Desert Discovery 28, 6-7. 

 

Lutz-Carrillo, D.J., Southard, G.M., Fries, L.T. (2010). Global genetic relationships 

among isolates of golden alga (Prymnesium parvum). Journal of the American 

Water Resources Association 46, 24-32. 

 

Manning, S.R., La Claire, J.W. (2010). Prymnesins: toxic metabolites of the golden 

alga, Prymnesium parvum Carter (Haptophyta). Marine Drugs 8(3), 678-704. 

 

Manning, S.R., La Claire, J.W. (2013). Isolation of polyketides from Prymnesium 

parvum (Haptophyta) and their detection by liquid chromatography/mass 

spectrometry metabolic fingerprint analysis. Analytical Biochemistry 442(2), 

189-195. 

 

Maynard, N.G. (1968). Significance of air-borne algae. Zeitschrift fu¨r allgemeine 

Mikrobiologie, Morphologie, Physiologie, Genetik und Ӧkologie der 

Mikroorganismen 8, 225-226. 

 

McLaughlin, J.J.A. (1958). Euryhaline chrysomonads: nutrition and toxigenesis in 

Prymnesium parvum, with notes on Isochrysis galbana and Monochrysis lutheri. 

Journal of Protozoology 5(1), 75-81. 

 

Michaloudi, E., Moustaka-Gouni, M., Gkelis, S., Pantelidakis, K. (2009). Plankton 

community structure during an ecosystem disruptive algal bloom of Prymnesium 

parvum. Journal of Plankton Research 31, 301-309. 

 

Michaloudi, E., Moustaka-Gouni, M., Pantelidakis, K., Katsiapi, M., & Genitsaris, S. 

(2012). Plankton succession in the temporary lake Koronia after intermittent dry- 

out. Journal of Plankton Research 31, 301-309. 

 

Moestrup, Ø. (1994). Economic Aspects: ‘blooms’, nuisance species, and toxins. In: 

Green, J.C., Leadbetter, B.S.C. (Eds.), The Haptophyte Algae. The Systematics 

Association, Vol. 51. Claredon Press, Oxford, 265-285. 

 



Texas Tech University, Emily Richardson, May 2019 
 

26  

Nakayama, T., Yoshida, M., Noël, M.H., Kawachi, M., Inouye, I. (2005). Ultrastructure 

and phylogenetic position of Chrysoculter rhomhoideus gen. et sp. nov. 

(Prymnesiophyceae), a new flagellate haptophyte from Japanese coastal waters. 

Phycologia 44, 369-383. 

 

Nejstgaard, J. C., Solberg, P.T. (1996). Repression of copepod feeding and fecundity by 

the toxic haptophyte Prymnesium patelliferum. Sarsia 81(4), 339–344. 

 

Nelson, J., Byrd, M. (2011). Occurrence of Prymnesium parvum (golden alga) in Texas 

intertidal waters 2008 and 2009. TPWD Management Data Series No. 264, 

Austin, Texas, pp. 21. 

 

Nicholls, K.H. (2015). Haptophyte algae. In: Wehr, D., Smith, R.G., Kociolek, J.P. 

(Eds.), Freshwater Algae of North America (Second Edition). Academic Press, 

Boston, 587-605. 

 

Oikonomou, A., Katsiapi, M., Karayanni, H., Moustaka-Gouni, M., Kormas, K.A. 

(2012). Plankton microorganisms coinciding with two consecutive mass fish kills 

in a newly reconstructed lake. The Scientific World Journal, Article ID 504135, 

pp. 14. 

 

Paerl, H.W. (2017). Controlling harmful cyanobacterial blooms in a climatically more 

extreme world: management options and research needs. Journal of Plankton 

Research 39(5), 763-771. 

 

Paerl, H.W., Huisman, J. (2008). Blooms like it hot. Science 320, 57-58. 

 

Paerl, H.W., Huisman, J. (2009). Climate change: a catalyst for global expansion of 

harmful cyanobacterial blooms. Environmental Microbiology Reports 1, 27–37. 

 

Paerl, H.W., Otten, T.G. (2013). Harmful cyanobacterial blooms: causes, consequences 

and controls. Microbial Ecology 65, 995-1010. 

 

Patiño, R., Dawson, D., VanLandeghem, M.M. (2014). Retrospective analysis of 

associations between water quality and toxic blooms of golden alga (Prymnesium 

parvum) in Texas reservoirs: implications for understanding dispersal 

mechanisms and impacts of climate change. Harmful Algae 17(3), 1-11. 

 

Patiño, R., Rashel, R., Rubio, A., Longing, S. (2018). Growth-suppressing and algicidal 

properties of an extract from Arundo donax, an invasive riparian plant, against 

Prymnesium parvum, an invasive harmful alga. Harmful Algae 71, 1-9. 

 

Phillips, J.C., McKinley, G.A., Bennington, V., Bootsma, H.A., Pilcher, D.J., Sterner, 

R.W., Urban, N.R. (2015). The potential for CO2-induced acidification in 

freshwater: a great lakes case study. Oceanography 28(2), 136–145. 



Texas Tech University, Emily Richardson, May 2019 
 

27  

Potts, M., Whitton, B.A. (2000). The biology and ecology of cyanobacteria. Blackwell 

Scientific Publications, Oxford, UK. 

 

Prescott, G.W. (1968). The algae: a review. Houghton Mifflin Co., Boston. pp. 436. 

 

Rahat, M., Jahn, T.L. (1965). Growth of Prymnesium parvum in the dark; note on the 

ichthyotoxin formation. Journal of Protozoology 12(2), 246-250. 

 

Rao, P.V., Gupta, N., Bhaskar, A.S., Jayaraj, R. (2002). Toxins and bioactive 

compounds from cyanobacteria and their implications on human health. Journal 

of Environmental Biology 23(3), 215-224. 

 

Rashel, R.H., Patiño, R. (2017). Influence of genetic background, salinity, and inoculum 

size on growth of the icthyotoxic golden alga (Prymnesium parvum). Harmful 

Algae 66, 97-104. 

 

Rashel, R.H., Patiño, R. (In preparation). Growth responses of the icthyotoxic 

haptophyte, Prymnesium parvum, to changes in sulfate and fluoride 

concentrations. 

 

Reich, K., Rotberg, J. (1958). Some factors influencing the production of toxin 

poisonous to fish in bacteria-free cultures of Prymnesium. Bulletin of the 

Research Council of Israel 78, 199-202. 

 

Reichenbach-Klinke, H. (1973). Fish pathology. T.F.H. Publications, Neptune City, NJ. 

pp. 512. 

 

Remmel, E.J., Kohmescher, N., Larson, J.H., Hambright, K.D. (2011). Experimental 

study of harmful algae-zooplankton interactions and the ultimate grazing 

defense. Limnology and Oceanography 56, 461–470. 

 

Remmel, E.J., Hambright, K.D. (2012). Toxin-assisted micropredation: experimental 

evidence shows that contact micropredation rather than exotoxicity is the role of 

Prymnesium toxins. Ecology Letters 15, 126-132. 

 

Rijn, J, Shilo, M. (1989). Environmental factors in fish culture systems. In: Shilo, M., 

Sarig, S. (Eds), Fish culture in warm water systems. CRC Press Inc: Boca 

Raton, FL, USA, 163–177. 

 

Roelke, D.L., Barkoh, A., Brooks, B.W., Grover, J.P., Hambright, K.D., LaClaire, J.W., 

Moeller, P.D.R., Patiño, R. (2016). A chronicle of a killer alga in the west: 

ecology, assessment, and management of Prymnesium parvum blooms. 

Hydrobiologia 764(1), 29-50. 

 

 



Texas Tech University, Emily Richardson, May 2019 
 

28  

Sabour, B., Loudiki, L.M., Oudra, B., Oubraim, S., Fawzi, B., Fadlaoui, S., Chlaida, M., 

Vasconcelos, V. (2000). Blooms of Prymnesium parvum associated with fish 

mortalities in a hypereutrophic brackish lake in Morocco. Harmful Algae News 

no. 21: An IOC Newsletter on Toxic Algae and Algal Blooms. The 

Intergovernmental Oceanographic Commission of UNESCO, November. 

 

Sager, D.R., Barkoh, A., Buzan, D.L., Fries, L.T., Glass, J.A., Kurten, G.L., Ralph, J.J., 

Singhurst, E.J., Southard, G.M., Swanson, E. (2008). Toxic Prymnesium parvum: 

a potential threat to U.S. reservoirs. In: Allen, M.S., Maceina, M.J. (Eds), 

Balancing fisheries management and water uses for impounded river systems, 

American Fisheries Society, Symposium 62, Bethesda, Maryland, 261-273. 

 

Shilo, M. (1971). Toxins of chrysophyceae. In: Kadis, S., Ciegler, A., Ajl, S.J. (Eds), 

Microbial toxins, Academic Press, New York, NY, U.SA., 7–14. 

 

Shilo, M. (1972). Toxigenic algae. In: Hockenhill II, O. (Ed), Progress in industrial 

microbiology, volume 2. Churchhill Livingstone Press, Edinburgh, U.K., 233– 

265. 

 

Shilo, M. (1981). The toxic principles of Prymnesium parvum. In: Carmichael, W.W. 

(Ed.). The water environment: algal toxins and health, Plenum Press, New 

York, NY, U.S.A., 37–47. 

 

Shilo, M., Aschner, M. (1953). Factors governing the toxicity of cultures containing 

phytoflagellate Prymnesium parvum Carter. Journal of General Microbiology 8, 

333-343. 

 

Shilo, M., Shilo, M. (1953). Conditions which determine the efficiency of ammonium 

sulphate in the control of Prymnesium parvum in fish breeding ponds. Applied 

Microbiology 1, 330-333. 

 

Sopanen, S., Koski, M., Kuuppo, P., Uronen, P., Legrand, C., Tamminen, T. (2006). 

Toxic haptophyte Prymnesium parvum affects grazing, survival, egestion and egg 

production of the calanoid copepods Eurytemora affinis and Acartia bifilosa. 

Marine Ecology Progress Series 327, 223–232. 

 

Southard G. M., Fries, L.T., Barkoh, A. (2010). Prymnesium parvum: the Texas 

experience. Journal of the American Water Resources Association 6(1), 14-23. 

 

Stone, D., Bress, W. (2009). Addressing public health risks for cyanobacteria in 

recreational freshwaters: the Oregon and Vermont framework. Integrated 

Environmental Assessment and Management 3(1), 137-143. 

 

 

 



Texas Tech University, Emily Richardson, May 2019 
 

29  

Talarski, A., Manning, S.R., La Claire, J.W. (2016). Transcriptome analysis of the 

euryhaline alga, Prymnesium parvum (Prymnesiophyceae): effects of salinity on 

differential gene expression. Phycologia 55(1), 33-44. 

 

Tester, P.A., Steidinger K.A. (2003). Gymnodinium breve red tide blooms: initiation, 

transport, and consequences of surface circulation. Limnology and Oceanography 

42(5), 1039-1051. 

 

Tillmann, U. (2003). Kill and eat your predator: a winning strategy of the planktonic 

flagellate Prymnesium parvum. Aquatic Microbial Ecology 32, 73–84. 

 

Toé, S.J. (2017). Distribution of golden alga in the Brazos River and Rio Grande basins. 

Master’s thesis, Texas Tech University, Lubbock, Texas. 

 

Tonk, L., Bosch, K., Visser, P.M., Huisman, J. (2007). Salt tolerance of the harmful 

cyanobacterium Microcystis aeruginosa. Aquatic Microbial Ecology 46, 117-

123. 

 

TPWD (Texas Parks and Wildlife Department). (2002). Toxic golden algae in Texas. 

Available at: 

https://tpwd.texas.gov/landwater/water/environconcerns/hab/media/report.pdf. 

Accessed October 20, 2017. 

 

TPWD (Texas Parks and Wildlife Department). (2005). Golden alga blooms causing 

problems on Lake Granbury. Available at: 

https://tpwd.texas.gov/newsmedia/releases/?req=200 50105a. Accessed October 

19, 2017. 

 

TPWD (Texas Parks and Wildlife Department). (2007). Golden alga responsible for fish 

kill on Pecos River. Available at: 

https://tpwd.texas.gov/newsmedia/releases/?req=20070326a. Accessed October 

19, 2017. 

 

TPWD (Texas Parks and Wildlife Department). (2019). Kills & Spills Team data 

provided by Travis Tidwell, Texas Parks & Wildlife Department, Austin, Texas. 

 

Ulitzer, S., Shilo, M. (1964). A sensitive assay system for determination of the 

ichthyotoxicity of Prymnesium parvum. Journal of General Microbiology 36(2), 

161–169. 

 

Ulitzur, S., Shilo, M. (1966). Mode of action of Prymnesium parvum ichthyotoxin. 

Journal of Eukaryotic Microbiology 13, 332-336. 

 

 

 



Texas Tech University, Emily Richardson, May 2019 
 

30  

Uronen, P., Lehtinen, S., Legrand, C., Kuuppo, P., Tamminen, T. (2005). Haemolytic 

activity and allelopathy of the haptophyte Prymnesium parvum in nutrient-

limited and balanced growth conditions. Marine Ecology Progress Series 299, 

137–148. 

 

Valenti Jr., T.W., James, S.V., Lahousse, M., Schug, K.A., Roelke, D.L., Grover, J.P., 

Brooks, B.W. (2010). A mechanistic explanation for pH-dependent ambient 

aquatic toxicity of Prymnesium parvum Carter. Toxicon 55, 990–998. 

 

VanLandeghem, M.M., Meyer, M.D., Cox, S.B., Sharma, B., Patiño, R. (2012). Spatial 

and temporal patterns of surface water quality and ichthyotoxicity in urban and 

rural river basins in Texas. Water Research 46, 6638-6651. 

 

VanLandeghem, M. M., Denny, S., Patiño, R. (2015a). Predicting the risk of toxic 

blooms of golden alga from cell abundance and environmental covariates. 

Limnology and Oceanography: Methods,13(10), 568-586. 

 

VanLandeghem, M. M., Farooqi, M., Southard, G. M., Patiño, R. (2015b). Associations 

between water physicochemistry and Prymnesium parvum presence, abundance, 

and toxicity in West Texas reservoirs. Journal of the American Water Resources 

Association 51(2), 471-486. 

 

VanLandeghem, M. M., Farooqi, M., Southard, G. M., Patiño, R. (2015c). 

Spatiotemporal associations of reservoir nutrient characteristics and the invasive 

Prymnesium parvum in West Texas. Journal of the American Water Resources 

Association 51(2), 487-501. 

 

Vasas, G., M-Hamvas, M., Borics, G., Gonda, S., Math, C., Jambrik, K., Nagy, Z.L. 

(2012). Occurrence of toxic Prymnesium parvum blooms with high protease 

activity is related to fish mortality in Hungarian ponds. Harmful Algae 17, 102- 

110. 

 

Watson, S. (2001). Literature review of the microalga Prymnesium parvum and its 

associated toxicity. Texas Parks and Wildlife Document. pp. 39. 

 

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. 

 

Yariv, J., Hestrin, S. (1961). Toxicity of the extracellular phase of Prymnesium parvum 

cultures. Journal of General Microbiology 24, 165. 

 

 

 



Texas Tech University, Emily Richardson, May 2019 
 

31  

Yates, B.S., Rogers, W.J. (2011). Atrazine selects for ichthyotoxic Prymnesium parvum, 

a possible explanation for golden algae blooms in lakes of Texas, USA. 

Ecotoxicology 20, 2003–2010. 

 

Zanchett, G., Oliveira-Filho, E.C. (2013). Cyanobacteria and cyanotoxins: from impacts 

on aquatic ecosystems and human health to anticarcinogenic effects. Toxins 

5(10), 1896-1917. 

 

Zingone, A., Enevoldsen, H.O. (2000). The diversity of harmful algal blooms: a 

challenge for science and management. Ocean & Coastal Management 43(8-9), 

725-748.



Texas Tech University, Emily Richardson, May 2019 
 

32  

Table 1.1: Summary of reported fish-kills in Texas due to Prymnesium parvum from 1981-2018. Information was compiled 

from Southard et al. (2010), Watson (2001), the Texas Parks and Wildlife Department (TPWD) website, information provided 

by Travis Tidwell, TPWD, and reports from our laboratory. 
 

Basin Water Body Year(s) of Documented Fish Kills Fish Kills (n) 

Brazos Brazos River- Austin County 2007 1 

 Brazos River- Fort Bend County 2006 1 

 Brazos River- Brazos County 20071
 1 

 Brazos River- Burleson County 20071
  

 Brazos River- Hill County 2006 1 

 Brazos River- Hood County 2005, 2006, 2011 3 

 Brazos River- Knox County 2006* 1 

 Brazos River- McLennan County 2007, 2015 2 

 Brazos River- Milam County 20071
  

 Brazos River- Palo Pinto County 2010 1 

 Brazos River- Parker County 2012 1 

 Brazos River- Robertson County 20071
  

 Brazos River- Somervell County 2013* 1 

 Brazos River- Stonewall County 1981* 1 

 Brazos River- Waller County 2009 1 

 Brazos River- Washington County 2007 1 

 Brazos River- Young County 1997, 2003, 2006 3 

 Buffalo Springs Lake 2003, 2006, 2008, 2012, 2014 5 

 California Creek 1982*,19882
 2 

 Clear Fork 2012, 2013 2 

 Lake Brazos 2007 1 

 Lake Granbury 2001, 2003, 2003-2004, 2004-2005, 2005, 2005-2006, 2007, 2009, 2010, 2011, 

2011-2012, 2013, 2018* 

15 

 Lake Sweetwater 2003, 2017 2 

 Lake Whitney 2001, 2003, 2004-2005, 2005, 2006, 2007, 2010, 2012 11 

 Lubbock Canyon Lakes 2003, 2005, 2006, 2008, 2016 5 

 North Anson Lake 2012 2 

 Paint Creek 19882, 1989 1 

 Possum Kingdom Lake 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2018* 15 

 Ransom Canyon Lake 2006, 2012, 2014 3 

 Rock Creek 2007 2 

 Stinking Creek 1992 1 

Canadian Lake Meredith 2003, 2006, 2008*, 2008, 2010-2011 5 

Colorado Beal Park Pond 2003, 2006, 2016 3 

* represents suspected fish-kills, n represents the same fish-kill event across locations, only counted once towards total fish-kills, Bold represents two fish-kills in one 
year 
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Table 1.1 Continued 

Basin Water Body Year(s) of Documented Fish Kills Fish Kills (n) 

Colorado (continued) Brady Creek Reservoir 2012, 2015 2 
 C.J. Kelly Park Pond 2004, 2007 2 

 Champion Creek Reservoir 2014 1 

 Colorado River- Coke County 1989, 20033, 2009 3 

 Colorado River- Coleman County 19894
 1 

 Colorado River- Concho County 20033
  

 Colorado River- Mills County 19894
  

 Colorado River- Mitchell County 20033
  

 Colorado River- Runnels County 19894, 2001, 20033, 2004, 2005, 2006 5 

 Comanche Trail Park Pond 2008 1 

 Concho River 2007 1 

 E.V. Spence Reservoir 2001-2002, 2003, 2004, 2005, 2006, 2008, 2010, 2013, 2017 13 

 Elm Creek 2009, 2017 3 

 Kellus Turner Park Pond 2006 1 

 Lake Austin 20135
 1 

 Lake Colorado City 2001-2002, 2002-2003, 2004, 2005, 2006, 2007, 2008, 2014, 2015, 2017 10 

 Lake Nasworthy 2014 1 

 Moss Creek Lake 2001, 2005 2 

 Mountain Creek Reservoir 2007 1 

 O.H. Ivie Lake 2004, 2017 2 

 Peyton Creek 20135
  

 Wadley-Barron Park Pond 2002, 2004-2005, 2011 3 

Red Baylor Lake 2003, 2004, 2005, 2006, 2008 7 

 Bellknap Creek 2006 1 

 Childress Lake 2004, 2006, 2008 3 

 Diversion Lake 2001, 2002, 2004, 2005, 2006, 2007, 2008 8 

 Dundee State Fish Hatchery 2001, 2005 2 

 Lake Kemp 2002, 2003, 2005, 2005-2006, 2006, 2007-2008 7 

 Lake Pauline 2005 1 

 Lake Texoma 2003-2004, 2006, 2007, 2017 4 

 Lake Wichita 2004, 2007, 2009, 2012 5 

 Lebanon Pool 2004, 2006 2 

 Little Wichita River 2004, 2006 2 

 Nocona Pool 2004 1 

 Plum Lake 2004, 2008, 2010-2011, 2011 4 

 Wichita River- Clay County 2011 1 

 Wichita River- Wichita County 2012, 2013* 2 

* represents suspected fish-kills, n represents the same fish kill event across locations, only counted once towards total fish-kills, Bold represents two fish-kills in one 
year. 
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Table 1.1 Continued 

Basin Water Body Year(s) of Documented Fish Kills Fish Kills (n) 

Rio Grande Ascarate Lake 2016 1 

 Balmorhea Lake 2004, 2006, 2007, 2008, 2010 5 

 Pecos River- Crockett County 19856, 19937,1994*, 19958, 2005 5 

 Pecos River- Loving County 2007 1 

 Pecos River- Pecos County 19869, 19937, 2007 2 

 Pecos River- Reeves County 1989 1 

 Pecos River- Terrell County 19869, 19937, 19958, 2005 1 

 Pecos River- Val Verde County 19856, 1985, 19869, 19937, 2014 2 

 Red Bluff Reservoir 1985*,1988-1989, 2003, 2004, 2006, 2007* 5 

 Rio Grande- Val Verde County 2015 1 

Total   221 

* represents suspected fish-kills, n represents the same fish-kill event across locations, only counted once towards total fish-kills, Bold represents two fish-kills in one 
year
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Figure 1.1: Light micrograph of two P. parvum cells (UTEX 2797). “P” represents the 

posterior end while “A” represents the anterior end. Adapted from Manning & La Claire, 

2010. 
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Figure 1.2: Map of golden alga distribution in the United States. States shaded with a 

golden color have documented P. parvum. From Israël (2013).
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Figure 1.3: Confirmed and suspected locations of fish-kills caused by golden alga, 

Prymnesium parvum, in Texas between 1981 and 2018. 
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Figure 1.4: Relationship between salinity and incidence of Prymnesium parvum blooms 

in natural systems. From Roelke et al. (2016). 
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Figure 1.5: Influence of nutrient additions with stoichiometric imbalance to Prymnesium 

parvum toxicity to fish. Nutrients added deficient in either nitrogen or phosphorus only 

partially reduced toxicity. From Roelke et al. (2016), modified from Errera et al. (2008). 
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CHAPTER 2 

 

 

 

SALINITY ADAPTATION IN THE HARMFUL ALGA, PRYMNESIUM PARVUM 

 

 

 

Introduction 

 

 
 

Golden alga, Prymnesium parvum, is a euryhaline haptophyte which has been 

described in coastal or brackish inland waters of all continents except Antarctica (Granéli 

et al., 2012). Prymnesium parvum coexists with other aquatic organisms without major 

ecological disruption until it reaches a period of rapid growth resulting in a harmful algal 

bloom, or HAB (Granéli et al., 2012). During a HAB, toxins released by P. parvum affect 

gill-breathing organisms, often leading to widespread fish kills and ecological damage 

(Sager et al., 2008; Johnsen et al., 2010; VanLandeghem et al., 2013). 

Many environmental factors influence golden alga distribution, growth, and 

toxicity. These include temperature, salinity, nutrient availability, altered hydrology, pH, 

(Granéli et al., 2012; Patiño et al., 2014; Roelke et al., 2016) and possibly herbicides 

present in the water column (Yates and Rogers, 2011; Dabney and Patiño, 2018). It is 

likely that the actual drivers of bloom formation differ between and within watersheds 

depending on regional or local conditions.  The primary environmental variable thought 

to influence P. parvum distribution in inland waters at the landscape scale, however, is 

salinity (Israël et al., 2014; Patiño et al., 2014; VanLandeghem et al., 2015). 

Prymnesium parvum HAB were first reported in the United States in the Texas 

portion of the Pecos River in the 1980s after a massive fish-kill event (James & De La 
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Cruz, 1989). Currently, P. parvum in the U.S. has been detected in 23 states, most of 

which are in the south and southwest regions of the country (Roelke et al., 2016). Genetic 

analyses of P. parvum strains found in the U.S. suggest that its range expansion began in 

Texas with a strain, UTEX-LB2797, that closely resembles P. parvum found in Scotland 

(Lutz-Carrillo et al., 2010). Possible explanations for dispersal from Scotland to Texas 

include transportation via birds, air, ocean currents, or anthropogenic factors such as 

global aquaculture sales (Maynard, 1968, as cited in Kristiansen, 1996; Hallegraeff & 

Gollasch, 2006). A retrospective study of trends in water quality and P. parvum blooms 

in Texas reservoirs concluded that major dispersals since the 1980s may have been driven 

by novel introductions into pre-existing favorable habitat but that once established, 

additional range expansions could occur due to natural or anthropogenic changes in water 

quality (Patiño et al., 2014). 

Although thought to have originated in high-salinity habitats (Nicholls, 2015), P. 

parvum found in inland waters of Texas and New Mexico seem to show a biphasic 

relationship to salinity (Israël et al., 2014). In the laboratory, maximum growth rate and 

cell abundance of P. parvum in laboratory cultures generally increase from a salinity of 5 

to ~10-15 psu and decrease at higher salinities (Rashel & Patiño, 2017). A possible 

explanation for the biphasic relationship between salinity and abundance in the field is 

that P. parvum strains in inland Texas waters have adapted to the low end of the brackish 

salinity range, thus lowering their salinity tolerance overall (Israël et al., 2014). If the 

species has in fact adapted to relatively low salinity after long-term residence in inland 

habitats, it seems likely that it also may have the ability to regain a higher-salinity habitat 

preference. 
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Transfer of P. parvum (UTEX-LB2797) from a brackish salinity of 5.8 psu to 

nearly freshwater levels (as low as 0.5) in a laboratory setting over two growth cycles 

(culture rounds) did not result in notable adaptation in terms of growth performance (He, 

2010); namely, growth was suppressed and remained suppressed at the lower salinities 

throughout exposure. The possibility of adaptation to high salinity has been noted, 

however, based on significant differences in expression of salinity-associated genes 

between P. parvum cultured over several months in salinities of 5 and 30 psu, both 

originally starting from 5 psu (Talarski et al., 2016). 

Given the general lack of information and uncertainty about the ability of inland 

strains of P. parvum to adapt to changes in salinity, additional research is needed to 

understand this potential. This information may be especially important from a 

management perspective because P. parvum is currently absent from high-salinity, 

coastal waters in Texas (Nelson & Byrd, 2011). The objective of this study was, 

therefore, to determine if P. parvum can adapt to high salinity during a gradual salinity 

increase in a standard culture medium, after an abrupt salinity increase in standard 

medium, or after an abrupt increase in a medium with relatively complex salt 

composition similar to those of coastal environments. 

 
 

Materials and Methods 

 

 
 

General Incubation Conditions and Procedures 

 

 

 

The strain of P. parvum used in this study, UTEX-LB2797, was originally 
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isolated form the Colorado River in Texas (University of Texas algal collection). Stock 

cultures for this study were continuously maintained for ~3 years prior to the study in 

artificial seawater medium (ASM; https://utex.org/products/artificial-seawater-medium) 

adjusted to a salinity of 5 as described by Rashel and Patiño (2017). 

A plant starter light stand (Green State Gardener, Burlington VT, USA), supplied 

with full-spectrum LED lights was used for the cultures. Photoperiod was set to 12 L:12 

D and light intensity was monitored weekly with a light meter pen (Thermo Fisher 

Scientific, Waltham, MA, USA) at four set locations. Average readings during the study 

were ~5,500 lux. The light stand was located in an air-conditioned room set at 21.5⁰C. A 

temperature data logger (Thermo Fisher Scientific, Waltham, MA, USA) recorded the 

temperature of the tray’s surface every 10 minutes. The data from the logger was 

monitored weekly and average temperature per light and dark period per day was 

reported. The daily average temperature during the study was 23.7⁰C (N=105, SE=0.08) 

when the lights were on and 21.6⁰C (N=105, SE = 0.06) when the lights were off. 

Experimental cultures were made in 100 ml of appropriate medium in 250-ml 

glass flasks. The starting cell density in each flask was 100 cells ml-1 and cell abundance 

was determined every 3 days. Aliquots of 500 μl were taken per flask, each sub-sample 

was counted 3 times using a hemocytometer, and the average count was reported for each 

flask (Rashel & Patiño, 2017). The limit of detection (LOD) for this method is 333 cells 

ml-1. When the average value was below the LOD (as was the case in a few instances on 

day 3), it was replaced using the formula LOD/√2 (Croghan & Egeghy, 2003). 
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Experimental Design 

 

 

UTEX-LB2797 cultures were subjected to the following salinity treatments over 

five continuous batch cultures: modified ASM at 5 psu (ASM-5) as the control; modified 

ASM with salinity gradually increasing to 30 psu by raising salinity with NaCl in 

increments of 5 psu per batch (ASM-5to30); modified ASM at 30 psu raised with NaCl 

(ASM-30); and Instant Ocean® at 30 psu (IO-30). Modified ASM is a relatively simple 

seawater solution and was used to test effects of salinity increase by adding NaCl, while 

IO contains a more complete suite of salts that better represents authentic seawater 

(Atkinson & Bingman, 1998). Treatments were conducted in triplicate and each replicate 

served as inoculum for subsequent cultures – taken during the late-exponential phase on 

day 18 of their growth cycle. Batch cultures were maintained for 30 days to monitor their 

growth. 

 

 

Growth Indices and Statistical Analyses 

 

 

 

Maximum cell abundance was defined as the highest cell count achieved in each 

culture flask per culture round (Rashel & Patiño, 2017). Exponential growth rate (r) was 

calculated using cell abundance counts during the early exponential growth phase (see 

Results). Abundance values (ln-transformation) were regressed against time (counting 

day) and the slope of the regression line was used as estimate of r for each replicate flask. 

Differences in growth indices among treatments were assessed with Mixed Model 

ANOVA, which tested the effects of time and salinity and where time, or culture round, 
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was the within-subjects factor and salinity treatment was the between-subjects factor. 

This model allowed for comparisons between treatments at each culture round and for 

comparisons within each treatment across rounds. Mean separations were assessed with 

Tukey’s Honest Significant Difference test. The assumptions of homogeneity of 

variances, normality of distribution, and sphericity were tested using Levene’s test, 

Shapiro-Wilk test, and Mauchly’s test, respectively. Statistical analyses were conducted 

using R (R Core Team, 2018) with packages afex (Singmann et al., 2018), car (Fox & 

Weisberg, 2011), and emmeans (Lenth, 2018). 

 

 
Results 

 

 
 

The ln-transformed growth curve of P. parvum grown under the present culture 

conditions typically showed a lag phase on days 0 to 3; early-exponential phase on days 3 

to 12 – used to calculate r; late-exponential or transition phase – of lower slope than r and 

somewhat variable in duration but typically seen on days 12 to 24; stationary phase where 

cell abundance changed little and usually lasted until day 30; and a decline phase 

thereafter (not shown). Maximum cell abundance was always observed during the 

stationary phase (Figure 2.1). 

 

For maximum cell abundance, there was a significant difference across the five 

culture rounds and between salinity treatments, and a significant interaction between 

round and treatment (Table 2.1). For r, there was a significant difference across the five 

culture rounds and no significant differences between treatments, but there was a 

significant interaction between round and treatment (Table 2.1). All parametric 
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assumptions for these analyses were met (Table 2.2). 

Growth performance in the control treatment (5 psu) remained relatively 

unchanged across the five rounds of culture in terms of maximum abundance (Figure 2.2) 

and r (Figure 2.3). When salinity was gradually changed in modified ASM from 5 to 30 

psu (ASM-5to30), maximum abundance did not become significantly different from the 

control (ASM-5) until it reached 30 psu (round 5), at which time maximum abundance 

was inhibited (Figure 2.4); however a trend toward lower values was noticed in round 4 

when salinity reached 25 psu (Figures 2.2 & 2.4). Relative to control values, r in ASM- 

5to30 significantly increased during round 3 when salinity reached 20 psu, and then 

decreased during round 5 when salinity reached 30 psu (Figure 2.5). 

The abrupt transfer from 5 to 30 psu in modified ASM (ASM-30) caused an 

immediate reduction in maximum abundance relative to control values that lasted for the 

entire duration of the study (Figure 2.4). Growth rate of ASM-30 was also suppressed 

during the first culture round but compensation (recovery) occurred by the second round 

(Figure 2.5) and, over time, a trend towards increasing r values was observed (Figure 

2.3). This positive trend in r after abrupt transfer to ASM-30 was especially notable when 

juxtaposed with the negative trend observed when salinity was gradually adjusted in the 

ASM-5to30 treatment (Figure 2.3). Abrupt transfer to IO-30, a much more complex 

medium than ASM-30, did not significantly affect growth performance relative to the 

control in terms of r (Figure 2.5). In addition, no immediate effects were noted for 

maximum abundance (during round 1) although this variable was higher than control 

values in rounds 2 and 4 (Figure 2.4). 
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Discussion 

 

 
 

Adaptation can be described as an evolutionary process by which organisms 

acquire hereditary traits necessary to survive and reproduce in changing environments. 

While adaptation generally occurs over many generations, it can occur relatively rapidly 

in single-celled organisms that reproduce on exponential scales (Amaral-Zettler et al., 

2002; Kraemer & Boynton, 2017). The generation time of individuals that reproduce 

mitotically depends upon their population doubling time; namely, reproductive fitness 

can be measured by r (Johnson & Mangel, 2006; Kraemer & Boynton, 2017). For the 

purpose of this study, therefore, adaptation is defined as an increase in growth 

performance over time. In relatively complex organisms – for example, the teleost fishes 

Lepomis macrochirus and Oncorhynchus mykiss – adaptation has been observed in as few 

as 13 to 15 generations, respectively (Holland et al., 1974; Ineno et al., 2005). In the 

present study with P. parvum, an estimated 9 generations occurred per round, with an 

average of about 42 generations over the course of the study. It is therefore possible that 

Prymnesium parvum, as a mitotically reproducing organism, can experience adaptation 

within this time frame. 

Adaptation to high salinity was observed for r after an abrupt transfer of P. 

parvum to high salinity in modified ASM. Consistent with the study of Rashel and Patiño 

(2017), r was acutely reduced in P. parvum upon transfer from 5 to 30 psu (ASM-30) 

during the first round of culture. Relative to control cultures, however, compensation 

(adaptation) to high salinity occurred rapidly, during the second round, within about 16 

generations. A positive within-treatment trend was observed thereafter during the 
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continuous exposure to the high salinity (30 psu). Curiously, gradual adjustment in 

modified ASM (ASM-5to30) did not prevent the inhibitory effect of high salinity on 

growth. Not only was r still reduced relative to control values as salinity reached 30 psu 

during the last culture round but a negative trend was also evident, especially as salinity 

reached 25 psu. These observations together suggest the existence of a threshold salinity 

of ~25-30 psu that is acutely stressful to and impairs growth of P. parvum regardless of 

prior exposure history, and that adaptation will ensue if exposure to over-the-threshold 

salinity persists beyond one culture round. 

Salinity in modified ASM was raised from 5 to 30 psu by adding NaCl. The 

negative effect of an abrupt transfer to high salinity under these conditions may be an 

intrinsic property of high salinity or of the individual ions responsibly for it, Cl- or Na+. 

This study did not address cellular mechanisms but, based on an analysis of differential 

gene expression at low and high salinity, a previous study of P. parvum proposed that 

osmotic stress at high salinity is due to the high Cl- concentration (Talarski et al., 2016). 

Instant Ocean® (IO) medium at 30 psu (IO-30) contains a complex suite of ions that 

closely resembles the ionic composition of seawater (Atkinson & Bingman, 1998). The 

IO-30 concentrations of Cl- and Na+, however, are similar to those of ASM-30 (Rashel & 

Patiño, in preparation). Curiously, unlike the effects of acute transfer to high salinity in 

modified ASM, acute transfer to high salinity in IO did not affect r. These observations 

suggest one or more of the other ions present in IO-30 mitigates the inhibitory effect of 

high salinity, or of high Cl- and Na+ concentrations, on P. parvum growth. There is 

evidence suggesting Mg2+ plays a major role in maintaining growth potential after acute 

transfer to high salinity (Rashel & Patiño, in preparation). 
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While acute transfer to high salinity in ASM also suppressed maximum cell 

abundance during the first culture round, unlike r this suppression was permanent; 

namely, adaptation did not occur for maximum abundance over the course of the study. 

Additionally, a gradual increase in salinity to 30 psu did not prevent the occurrence of 

growth inhibition relative to low-salinity control values, and a negative trend became 

evident as salinity gradually reached 25 psu. The reason for maximum abundance, or 

maximum population size, remaining suppressed after abrupt transfer to high salinity in 

ASM (ASM-30) despite r being able to adapt (return to original low-salinity values) 

during the second culture round is uncertain. Exponential growth rate and maximum 

abundance are typically positively correlated in batch cultures (e.g., Rashel & Patiño, 

2017). Inspection of the growth curves of this study (Figure 2.1), however, indicates that 

the slope of the late-exponential phase (days 12-24) is of lesser magnitude in ASM-30 

that in ASM-5. Thus, the permanent suppression of maximum abundance by high salinity 

(in ASM) may be due to demographic changes that occur relatively late in the growth 

cycle. As was the case for r, abrupt transfer to high salinity in IO did not have an acute 

effect on maximum density. Maximum abundance was elevated during rounds 2 and 4 

relative to control values but not at other times. In addition, no within-treatment trend in 

maximum abundance was detected for IO-30. 

Prymnesium parvum has been observed in the lower reaches of the Brazos and 

Colorado Rivers (TPWD, 2019), suggesting that this species has had direct access to 

Texas coastal waters and potentially has for many years. Because this species has not 

been documented in high-salinity Texas coastal or marine habitats, it appears that there 

may be barriers to its expansion to the coast. Results from this and other (Rashel & 
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Patiño, in preparation) studies show that the ionic composition of receiving waters is key 

to determine growth performance, suggesting the possibility that estuarine waters may 

lack the appropriate proportion of ions to mitigate the inhibitory effect of high salinity on 

growth. It is also possible that resident grazers, who are already acclimated to estuarine 

environments, may be preying upon P. parvum and preventing them from becoming 

established. Resident phytoplankton may also be outcompeting P. parvum for resources. 

Suboptimal estuarine conditions (temperature or nutrient levels, types, or stoichiometry) 

may also hinder growth of P. parvum. 

Due to anthropogenic eutrophication and climate change, the ionic composition of 

Texas coastal waters is continuously changing (Thronson & Quigg, 2008). Furthermore, 

the increasing human population in coastal areas is leading to water demands that will 

likely change the regional hydrology, possibly increasing the habitat favorability of P. 

parvum (TWDB, 2012; Roelke et al., 2016). The ecological (Sager et al., 2008; Johnsen 

et al., 2010; VanLandeghem et al., 2013) and financial (Oh & Ditton, 2008; Southard et 

al., 2010) damages caused by toxic blooms of P. parvum in inland waters have been 

considerable. Expansion of this species to the Texas coast could have devastating 

consequences to the ecology and natural resources of this region. This study showed that 

P. parvum is able to thrive in media of similar salinity and ionic composition to coastal 

waters, and to elevate or restore its growth rate following osmotic stress. Considering the 

historical evidence of rapid range expansion (Lutz-Carrillo et al., 2010) and its current 

proximity to the coast (TPWD, 2019), P. parvum may be able to overcome potential 

barriers and become established in the waters of the Texas coast following long-term 

exposure and adaptation to estuarine environments.
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Table 2.1: Output of Mixed model ANOVAs for maximum cell abundance and growth 

rate (r) of P. parvum grown at different salinity treatments over five continuous culture 

rounds. Initial inoculation of all treatments in the first culture round was from a P. 

parvum stock maintained at a salinity of 5 in modified artificial seawater medium (ASM) 

for ~3 years. Treatments included a control at a salinity of 5 in modified ASM (ASM-5), a 

gradual salinity increase of modified ASM to 30 (ASM-5to30, 5/batch with NaCl), an 

abrupt increase into 30 raised with NaCl (ASM-30), and an abrupt increase into Instant 

Ocean® at 30 (IO- 30). DFn = degrees of freedom numerator. DFd = degrees of freedom 

denominator. 
 

 Response DFn, DFd F-value P-value 

Across Rounds Maximum abundance 4, 32 4.25 0.007 

 r 4, 32 11.73 <0.001 

Between Treatments Maximum abundance 3, 8 61.45 <0.001 

 r 3, 8 1.24 0.36 

Interaction Maximum abundance 12, 32 4.69 <0.001 

 r 12, 32 9.45 <0.001 
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Table 2.2: Assumptions testing for Mixed model ANOVAs for maximum cell abundance 

and growth rate (r) of P. parvum grown at different salinity treatments over five 

continuous culture rounds. Initial inoculation of all treatments in the first culture round 

was from a P. parvum stock maintained at a salinity of 5 in modified artificial seawater 

medium (ASM) for ~3 years. Treatments included a control at a salinity of 5 in modified 

ASM (ASM-5), a gradual salinity increase of modified ASM to 30 (ASM-5to30, 5/batch 

with NaCl), an abrupt increase into 30 raised with NaCl (ASM-30), and an abrupt increase 

into Instant Ocean® at 30 (IO-30). Levene’s test (F) was used to test the assumption of 

homogeneity of variances, the Shapiro-Wilk (W) test was used to test normality of 

distribution, and Mauchly’s test for sphericity (χ2) was used to test sphericity. 
 

 Response Test statistic P- value 

F Maximum abundance 0.94 0.45 

 r 1.02 0.41 

W Maximum abundance 0.98 0.30 

 r 0.97 0.24 

χ2(4) Maximum abundance 0.33 0.64 

 r 0.39 0.74 
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Figure 2.1: Growth of P. parvum at different salinity treatments over five continuous 30-

day batch cultures transformed to their natural log and percent of control at day 30. Initial 

inoculation of all treatments in the first culture round was from a P. parvum stock 

maintained at a salinity of 5 in modified artificial seawater medium (ASM) for ~3 years. 

Treatments included a control at a salinity of 5 in modified ASM (ASM-5), a gradual 

salinity increase of modified ASM to 30 (ASM-5to30, 5/batch with NaCl), an abrupt 

increase into 30 raised with NaCl (ASM-30), and an abrupt increase into Instant Ocean® 

at 30 (IO-30). Markers represent mean values (n=3) for each treatment transformed to 

percent of cell abundance of the ASM-5 control on day 30 in their respective rounds.
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Figure 2.2: Maximum cell abundance of P. parvum at different salinity treatments over 

time (round). Initial inoculation of all treatments in the first culture round was from a P. 

parvum stock maintained at a salinity of 5 in modified artificial seawater medium (ASM) 

for ~3 years. Treatments included a control at a salinity of 5 in modified ASM (ASM-5), a 

gradual salinity increase of modified ASM to 30 (ASM-5to30, 5/batch with NaCl), an 

abrupt increase into 30 raised with NaCl (ASM-30), and an abrupt increase into Instant 

Ocean® at 30 (IO-30). Bars represent mean values (n=3) of highest cell count per 

treatment over each 30-day growth cycle (round), and error bars represent the standard 

error of the means. Bars associated with common letters are not significantly different 

(α= 0.05). 
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Figure 2.3: Growth rate (r) of P. parvum at different salinity treatments over time (round). 

Initial inoculation of all treatments in the first culture round was from a P. parvum stock 

maintained at a salinity of 5 in modified artificial seawater medium (ASM) for ~3 years. 

Treatments included a control at a salinity of 5 in modified ASM (ASM-5), a gradual 

salinity increase of modified ASM to 30 (ASM-5to30, 5/batch with NaCl), an abrupt 

increase into 30 raised with NaCl (ASM-30), and an abrupt increase into Instant Ocean® 

at 30 (IO-30). Bars represent mean values (n=3) of r, and error bars represent the standard 

error of the means. Bars associated with common letters are not significantly different 

(α= 0.05). 
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Figure 2.4: Maximum cell abundance of P. parvum at different salinity treatments over 

five continuous batch cultures. Initial inoculation of all treatments in the first culture round 

was from a P. parvum stock maintained at a salinity of 5 in modified artificial seawater 

medium (ASM) for ~3 years. Treatments included a control at a salinity of 5 in modified 

ASM (ASM-5), a gradual salinity increase of modified ASM to 30 (ASM-5to30, 5/batch 

with NaCl), an abrupt increase into 30 raised with NaCl (ASM-30), and an abrupt increase 

into Instant Ocean® at 30 (IO-30). Bars represent mean values (n=3) of highest cell count 

per treatment over each 30-day growth cycle (round), and error bars represent the standard 

error of the means. Bars associated with common letters are not significantly different (α = 

0.05).
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Figure 2.5: Growth rate (r) of P. parvum at different salinity treatments over five 

continuous batch cultures. Initial inoculation of all treatments in the first culture round 

was from a P. parvum stock maintained at a salinity of 5 in modified artificial seawater 

medium (ASM) for ~3 years. Treatments included a control at a salinity of 5 in modified 

ASM (ASM-5), a gradual salinity increase of modified ASM to 30 (ASM-5to30, 5/batch 

with NaCl), an abrupt increase into 30 raised with NaCl (ASM-30), and an abrupt increase 

into Instant Ocean® at 30 (IO-30). Bars represent mean r (n=3), and error bars represent 

the standard error of the means. Bars associated with common letters are not significantly 

different (α = 0.05). 


